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High expression of microRNA-31 and its host gene LOC554202
predict favorable outcomes in patients with
colorectal cancer treated with oxaliplatin
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Abstract. The expression levels of microRNA-31 (miR-31) and
LOC554202 have been previously investigated in colorectal
cancer (CRC) and their oncogenic and/or tumor suppressive
roles have been described. The aim of the present study was to
examine the role of miR-31 and its host gene LOC554202 in
the prognosis of patients with CRC. Patients with CRC treated
with oxaliplatin-based chemotherapy between June 2005 and
March 2010 were recruited to the First Affiliated Hospital of
China Medical University. Tumor and adjacent mucosal tissues
were collected. The detection of miR-31 and/or LOC554202
was performed with probe hybridization targeting. Correlation
analysis was performed among the expression levels of miR-31,
LOC554202, and their association with clinicopathological
parameters and/or survival rates. miR-31 and LOC554202
were expressed at high levels in CRC (P<0.01) compared with
adjacent intestinal mucosa. A linear correlation was noted
for the two markers in CRC tissues (P<0.01). The expres-
sion of miR-31 was significantly higher in adenocarcinoma
than in the adjacent intestinal mucosa (P<0.01), whereas the
expression of LOC554202 was significantly higher in the
adenocarcinoma and the rectal cancer tissue regions (P<0.01).
The high expression levels of miR-31 and LOC554202 were
associated with high disease-free survival (DFS) and overall
survival (OS) rates (P<0.05). Associations between the
increase in DFS and OS and the elevated expression levels of
miR-31 and LOC554202 were present in patients with colon
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cancer but not in patients with rectal cancer (P<0.05). These
data indicated that miR-31 and LOC554202 may be potential
markers for evaluation of the prognosis of patients treated with
oxaliplatin-based chemotherapy.

Introduction

Colorectal cancer (CRC) is one of the most common types of
cancer worldwide, which affects the gastrointestinal tract and
is associated with a high mortality rate due to its rapid progres-
sion from the initial time period of the diagnosis (1-3). CRC is
the fifth leading cause of cancer-associated mortality for men
and women in China (4). Although the disease can be success-
fully treated following an early diagnosis, the majority of
patients with CRC present at an advanced pathological stage.
Consequently, the survival rate of these patients is consider-
ably low. The identification of novel molecular markers can
assist in the early detection of CRC and the prevention of the
disease.

MicroRNAs (miRNAs) comprise a class of small,
non-coding RNA molecules, 20-22 nucleotides in length,
which regulate the post-transcriptional processes of several
genes. To date, ~1,000 miRNAs have been identified that
regulate the function of >50% of human genes (5). Several
miRNAs have elevated expression in human tumors and act
in an oncogenic manner, whereas others have reduced expres-
sion and act as tumor suppressors (6,7). miRNAs have been
identified to possess altered expression in CRC (8). miRNA-31
(miR-31) was shown to be upregulated in BRAF-mutated CRC
compared with wild-type CRC, and an association was identi-
fied between the expression of miR-31 and proximal tumor
location (9). Despite investigations that have been performed in
the field of miRNAs and CRC, investigations of changes in the
expression levels of miR-31 in different regions of colorectal
tissue, and putative associations with other factors involved
in the regulation of gene transcription have been limited. The
LOC554202 gene, which is located on human chromosome 9,
has been shown to possess an intron region responsible for
the transcription of miR-31 (10). LOC554202 is transcribed
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into a long non-coding RNA (IncRNA). IncRNAs are a class
of RNA sequences abundantly expressed in the nucleus and
cytoplasm, which possess >200 nucleotides and are involved
in the regulation of translation, although they do not possess
protein-coding potential (11). IncRNAs can be targeted for
tumor diagnosis and/or treatment, suggesting a broad prospect
for diagnosis, prognosis, and targeted therapy (12-14). IncRNAs
have been found to exist in tumors and are important in their
development and progression (15-17). It is important to note
that LOC554202 and miR-31 are derived from the same major
gene locus, 9p21.3, which indicates that the transcriptional
fragment of miR-31 is in the first intron of LOC554202. Both
of these sequences share a common promoter. As a conse-
quence, LOC554202 is the host gene of miR-31, and miR-31
is the classic-intron miRNA of LOC554202. Intron miRNAs
and their corresponding host genes typically exhibit the same
expression profile, indicating that they exert a similar func-
tion (18). The expression levels of LOC554202 were found to
be upregulated in breast cancer, and the knockdown of this
RNA was associated with decreased cellular proliferation and
induction of apoptosis, which suggested an oncogenic func-
tion (19). The contradictory results of the majority of studies
performed on miR-31 and cancer are summarized in Table I.
LOC554202 and miR-31 are abnormally expressed in multiple
types of tumor, including CRC (20,21). LOC554202 and
miR-31 have been shown to be involved in the development
and progression of CRC (20,22,23). However, the expression
levels of LOC554202 and miR-31 in CRC and their effect on
the progression of CRC following oxaliplatin-based chemo-
therapy remain to be elucidated.

Therefore, the aim of the present study was to examine
the expression levels of miR-31 and its host gene LOC554202,
and their impact on the overall survival rate of patients with
oxaliplatin-treated CRC.

Materials and methods

Study population. Patients with CRC who received oxali-
platin-based chemotherapy were recruited between June
2005 and March 2010 at the First Affiliated Hospital of
China Medical University (Shenyang, China). The inclusion
criteria were as follows: i) Initially diagnosed with CRC;
ii) tissue specimens were approved for experimental analysis;
iii) patients who received oxaliplatin-based FOLFOX and/or
XELOX regimens. The principle of chemotherapy is based
on the body surface area of the patient and was calculated
according to the National Comprehensive Cancer Network
(NCCN) guidelines (www.nccn. org). The FOLFOX regimen
included 200 mg of oxaliplatin (intravenous infusion) with
600 mg of calcium folinate (intravenous infusion) and 6 g of
fluoride (intravenous infusion 48 h). The XELOX regimen
included 200 mg of oxaliplatin (intravenous infusion) with
capecitabine (oral, 2,000 mg/m? body surface area per day,
twice orally, 14 days per course). The interval time of the
chemotherapy was 21 days. The medication regimen did not
significantly change with the NCCN update, thus the medica-
tion for all sample patients was considered as an application of
the same chemotherapeutic regimen.

The exclusion criteria were as follows: i) Incomplete patient
information and/or lack of follow-up; ii) lack of LOC554202
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and/or miR-31 detection; iii) loss and/or damage of clinical
samples; iv) patients with history of myocardial infarction,
cerebral infarction, atrial myxoma, aortic valve regurgita-
tion, pulmonary infarction, renal failure dialysis treatment
history, high risk of hypertension, respiratory failure, chronic
obstructive pulmonary disease, and/or human immunodefi-
ciency virus; v) serious postoperative complications, including
intestinal fistula, anastomotic obstruction and pulmonary
infarction; and vi) preoperative adjuvant chemotherapy and/or
radiotherapy.

Cancer tissues and the intestinal mucosa were obtained
postoperatively. The clinical staging of the patients was
performed in accordance with the WHO (World Health
Organization) and tumor-node-metastasis staging guide-
lines (24). The patients included in the present study were
phase III, phase IV and/or phase II at high risk. According to
the differentiation of the tumor, the patients were classified into
Grade 1 (poorly differentiated, medium-poorly differentiated),
Grade 2 (medium differentiation), and Grade 3 (medium-well
differentiated, well differentiated). All patients underwent
enhanced CT examination of pulmonary and abdominal tissue
regions prior to surgery. The patients received routine CT scan-
ning and colonoscopy during follow-up in order to detect the
metastasis and/or recurrence of the tumor. The tumor adhesion
and vascular infiltration were investigated by intraoperative
and postoperative pathological examination. The postopera-
tive follow-up duration was 5 years. The average maximum
diameter for tumor foci was ~6 cm, which was used as the
dividing line of the tumor size.

The present study was approved by the Medical Ethics
Committee of the China Medical University at the First
Hospital of China Medical University. Written informed
consent was required by the patients for their participation in
the study, as requested by the ethical guidelines of the First
Hospital of China Medical University and the Medical Ethics
Committee of the Chinese Medical Universities. All patients
were anonymized.

Tissue microarray (TMA). Paraformaldehyde-fixed fresh
tissues from the central zone of the medial lobe were embedded
in paraffin and sliced into 4-ym sections. The sections were
stained with hematoxylin and eosin (H&E) and placed on
coverslips with specific mounting medium for observation
using an Nikon ECLIPSE 80i microscope (Nikon, Tokyo,
Japan). Subsequently, the central zone of tissues was stained,
and the paraformaldehyde-fixed tissues were re-organized to
a new TMA. A total of six TMAs, comprising three for the
cancer tissue and three for the adjacent mucosa, were obtained
and sliced into 4-ym sections for in situ hybridization (ISH)
analysis.

ISH analysis. The ISH was performed as previously
described (25). Briefly, the tissues were treated with hydrogen
peroxide at room temperature for 10 min. Subsequently, the
sections were boiled (95-100°C) in citric buffer for 15 min
and incubated with protease at 40°C for 30 min. The slides
were hybridized with the SVV probe in hybridization buffer
[6 SSC (1 SSC is 0.15 mol/1 NaCl, 0.015 mol/l Na-citrate),
25% formamide, 0.2% lithium dodecyl sulfate, and blocking
reagents] at 40°C for 2 h. The sequence biotin-digoxin and
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streptavidin-biotin complex amplifiers were added for 60 min
at 37°C, and chromogen 3,3'-diaminobenzidine tetrahydro-
chloride (DAB) was applied as a 0.02% solution containing
0.005% H,0, in 50 mM ammonium acetate-citrate acid
buffer (pH 6.0). The sections were lightly counterstained with
Mayer's hematoxylin and mounted on an Nikon ECLIPSE 80i
microscope (Nikon). The probes used for LOC554202 and
miR-31 detection were as follows: 5'-Dig-CTGTGGCTCTTC
TGGATCTCTAGG-Dig-3' and 5'-Dig-AGCTATGCCAGC
ATCTTGCCT-Dig-3', respectively.

Microarray analysis. The TMA was scanned using a
Pannoramic MIDI scanner (3D HISTECH, Budapest,
Hungary) and analyzed by Quant Center software (3D
HISTECH, Budapest, Hungary). An H-score evaluation was
performed. The histochemistry score (H-score) was evalu-
ated according to previous studies (26,27). The process was
performed as follows: The number of cells in each slice with
positive staining and its staining intensity were converted
into the corresponding values in order to semi-quantify
the staining of the tissues. The H-score score was obtained
following scanning of the tissue with Pannoramic
viewer 1.15.4 software (3D HISTECH, Budapest, Hungary).
The image was enlarged, and the image of the cancer tissue
was captured. The associated Quant Center Center V2.0
analysis software DensitoQuant program (3D HISTECH)
was used to automatically identify and set the dark brown
color on the section to as strongly positive and the brownish
yellow staining as medium. Positive, light yellow staining was
set as weakly positive and blue-violet staining was negative.
The percentage of positive cells was identified and analyzed
for each interception area. H-score = = (PI x I) = (negative
percentage x 0) + (weak positive percentage x 1) + (medium
positive percentage x 2) + (strong positive percentage x 3),
where PI represents the percentage of positive cell number,
I represents the intensity of staining, and the H-score score
ranges between 0 and 300. When all cells are strongly positive,
a maximum value of 300 can be reached, whereas when all
cells are negative, a minimum value of O is reached. In this
method, the number of positive cells in each section and its
staining intensity are converted into corresponding values
to enable the quantification of tissue staining, which is more
accurate than the traditional human microscopic assessment
of the degree of positivity.

Statistical analysis. Statistical analysis was performed using
SPSS 20.0 (IBM Corp., Armonk, NY, USA) and GraphPad
Prism 7.0 (GraphPad Software, Inc., La Jolla, CA, USA).
The classification data were analyzed using Pearson's
> and/or Fisher's tests. The survival rate was calculated using
the Kaplan-Meier method and the log-rank test. The multi-
variate COX proportional hazard regression model was used
to evaluate the association of multiple variables. P<0.05 was
considered to indicate a statistically significant difference.

Results
Baseline characteristics. A total of 221 patients with CRC

treated with oxaliplatin-based chemotherapy were enrolled
between June 2005 and March 2010 at the First Affiliated
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Initial data extraction
(n=221)

|
Receiving radiotherapy and
chemotherapy before surgery were
excluded (n=2)
|

Severe intestinal fistula and
anastomotic obstruction (n=6)
|
Other diseases that could affect
the survival (n=15)

Incomplete data (n=1)
|
Loss of follow up (n=15)
|

Damaged specimen (n=9)

Myelosuppression and severe
hand-foot syndrome (n=16)

Finally analysis (n=157)

Figure 1. Flow diagram for patient enrolment.

Hospital of China Medical University. A total of 64 patients
were excluded for the following reasons: Two patients were
excluded due to radiotherapy and chemotherapy treatment
prior to surgery, six were excluded due to severe intestinal
fistula and anastomotic obstruction, 15 were excluded for
having diseases that may affect the survival rate. A total of
15 patients lost contact information during follow-up, 9 had
damaged specimens, and 1 was omitted due to incomplete
clinical information. In addition, 16 failed to complete
chemotherapy, being excluded due to myelosuppression and
severe hand-foot syndrome (Fig. 1). In total, 157 patients were
included for analysis, with an average age of 64 years old
(17-88 years), comprising 87 (55.4.0%) men and 70 (44.6%)
women. The demographic data and clinical parameters,
including age, sex, family history, tumor differentiation,
pathological type, primary location, bowel mass, degree of
invasion, tumor size, adhesions, organ metastasis and vascular
infiltration, are listed in Table II. The numbers of patients
presenting with Grade 1, 2 and 3 tumors were 85 (54.1%),
60 (38.2%) and 12 (7.6%), respectively. The majority of the
pathological types were adenocarcinoma (142 cases), whereas
the remaining 15 cases were mucinous adenocarcinoma.
The majority of the tumor samples were larger in the intes-
tinal perimeter and penetrated the serosal layer; the primary
location of cancer was in the colon for 75 cases (47.8%) and
the rectum for 82 cases (52.2%). In 70 (44.6%) cases, tumor
diameter was =6 cm, whereas 87 cases (55.4%) exhibited a
tumor diameter of <6 cm. The majority of the tumors indi-
cated no adhesion, organ metastasis and/or vessel infiltration.
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Table II. Clinicopathological characteristics of patients with
colorectal cancer treated with platinum-based chemotherapy.

Characteristic Number of cases %
Total 157 100
Average age, years (range) 64 (17-88)
Age (years)

<64 77 490

>64 80 51.0
Sex

Male 87 554

Female 70 44.6
Family history

Positive 14 8.9

Negative 143 91.1
Differentiation

Grade 1 85 54.1

Grade 2 60 38.2

Grade 3 12 7.6
Pathological pattern

Adenocarcinoma 142 904

Mucinous adenocarcinoma 15 9.6
Primary organ

Colon 75 478

Rectum 82 52.2
Intestinal tract occupation

<12 45 28.7

>1/2 112 71.3
Infiltration

Invaded serosa 128 81.5

Non-invaded serosa 29 18.5
Size (cm)

<6 87 554

>6 70 44.6
Adhesion

Negative 149 94.9

Positive 8 5.1
Metastasis

Negative 128 81.5

Positive 29 18.5
Vascular invasion

Negative 141 89.8

Positive 16 10.2
DFS

Negative 49 31.2

Positive 108 68.8
OS

Survived 59 37.6

Deceased 98 624
Follow-up, months (range)

DFS 41.97 (1-110)

OS 53.75 (6-110)

DEFS, disease-free survival; OS, overall survival.

ONCOLOGY REPORTS 40: 1706-1724, 2018

A total of 49 cases were classified as disease-free survival
(DFS) subjects accounting for 31.2% of the total sample
size, whereas 108 cases (68.8%) exhibited CRC progression.
The average DFS time was 41.90 months (1-110 months); a
total of 59 (37.6%) patients survived, whereas 98 (62.4%)
patients succumbed to the disease. The mean OS time was
53.75 months (6-110 months).

Expression and correlation of LOC554202 and miR-31.
LOC554202 and miR-31 were positively expressed in the
nucleus and cytoplasm in cancer tissues (Fig. 2A and B),
whereas their expression was relatively weak in the adjacent
tissues (Fig. 2C and D). The expression score of LOC554202
in CRC was 155.24+59.94, which was significantly higher
than that noted in the adjacent tissues [64.16+£28.95 (0-1
17)] (Fig. 2E). The expression of miR-31 in CRC cancer
was 226.80+43.47 (0-276), which was significantly higher
compared with that observed in the adjacent tissues [78.59+
28.70 (7-166)] (Fig. 2F). Linear regression analysis indicated
a significant positive correlation between the expression
of LOC554202 and miR-31 in CRC (P<0.01, Fig. 2G). No
correlation was noted between the expression of LOC554202
and miR-31 in normal mucosal tissues (Fig. 2H). The results
indicated that the expression levels of LOC554202 and miR-31
were correlated in CRC but were not correlated in adjacent
normal tissues.

Analysis of LOC554202 and miR-31 in CRC by the receiver
operating characteristic (ROC) curve. The H-score scores of
LOC554202 and miR-31 in the CRC tissues were quantified
and classified. In the present study, the H-score of LOC554202
was determined as follows: Scores of 0-70 were classified as 1,
scores of 71-140 as 2, scores of 141-210 as 3, and scores of >211
as 4; the miR-31 H-scores were determined as follows: 0-85
was classified as 1, 86-170 was classified as 2, 171-230 was
classified as 3, and scores >230 were classified as 4.

An ROC curve was used to evaluate the optimal cut-off
value for LOC554202 and miR-31. The results indicated
that it was possible to distinguish the expression levels of
LOC554202 by the primary position of the CRC (P=0.008),
the pathological type (P=0.010), the DFS (P=0.025) and
the OS (P=0.016) (Fig. 3A-D). In addition, it was possible
to distinguish the expression levels of miR-31 by the
pathological type (P=0.040), the DFS (P=0.038) and the
OS (P=0.036) (Fig. 3F-H), although the primary position was
not effectively distinguished (P=0.421). The largest area under
the curve (AUC) of the ROC curve corresponded to the patho-
logical type (Fig. 3B and F). Therefore, the ROC curve of the
pathological type was selected for reference. Based on these
data, a 65% cut-off (H-score of 165) was defined for the expres-
sion level of LOC554202, and an 83% cut-off value (H-score
of 230) was defined for the expression level of miR-31.

Association between the expression levels of LOC554202 and
miR-31 and clinicopathological parameters of patients with
CRC treated with platinum-based chemotherapy. In order
to investigate whether the expression levels of LOC554202
and miR-31 in CRC tissues correlated with the clinicopatho-
logical parameters of the patients with CRC, Pearson's ¥ test
was used and logistic regression was adjusted to analyze the
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Figure 2. In situ hybridization of LOC554202 and miR-31 in (A and B) CRC tissues and (C and D) normal intestinal mucosa. The arrows indicate the represen-
tative staining parts in images (magnification, x400). (E) LOC554202 and (F) miR-31 H-scores in normal colorectal mucosa and CRC. Correlations between
LOC554202 and miR-31 in (G) CRC and (H) normal colorectal mucosa were analyzed by linear regression analysis. CRC, colorectal cancer; miR, microRNA.
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Figure 3. ROC curves were used to determine the cut-off scores for LOC554202 and miR-31 in colorectal cancer. The sensitivity and specificity for each
outcome were plotted and the AUC and P-values were calculated. ROC curves for LOC554202 and (A) primary organ, (B) pathological type, (C) OS, and
(D) DFS. ROC curves for miR-31 and (E) primary organ, (F) pathological type, (G) OS and (H) DFS. miR, microRNA; ROC, receiver operating character;

AUC, area under the curve; DFS, disease-free survival; OS, overall survival.

correlation between the expression of LOC554202 and/or
miR-31, the co-expression of LOC554202 and miR-31, and the
clinicopathological parameters.

Following stratification of the analysis of the pathological
types, it was concluded that 54.2% of the patients with adeno-
carcinoma exhibited a high expression of LOC554202, whereas
only 13.3% of the patients with mucinous adenocarcinoma
expressed LOC554202 [P=0.003, adjusted logistic regression
analysis P=0.007, adjusted OR (95% CI)=0.116 (0.025-0.548)].
The expression of miR-31 was high in 66.9% of the CRC
tissues from the patients with adenocarcinoma, and patients
with high expression of miR-31 accounted for 40% of patients
with mucinous adenocarcinoma (P=0.039). Following adjust-
ment by logistic regression analysis, the parameters were as

follows: P=0.038, adjusted OR (95% CI)=0.308 (0.101-0.937).
These data suggested that the elevated expression levels of
miR-31 and LOC554202 were likely to occur in patients with
adenocarcinoma (Table III).

In the primary location stratification analysis, 61% of
patients with rectal cancer exhibited high expression of
LOC554202, whereas only 38.7% of patients with colon
cancer exhibited high expression of LOC554202 (P=0.005).
The adjusted logistic regression analysis demonstrated the
following parameters: P=0.007, corresponding adjusted OR
(95% CI)=2.502 (1.290-4.850). Based on these results, it
was deduced that higher expression levels of LOC554202
were more likely to occur in rectal cancer than in colon
cancer (Table III).
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Analysis of DFS indicated that 44.4% of the patients with
tumor progression exhibited high expression of LOC554202,
whereas the percentage of patients without disease progression
was 63.3%. The data suggested that DFS exhibited a signifi-
cant correlation with the expression of LOC554202 (P=0.029).
The parameters estimated by the adjusted logistic regression
analysis were as follows: P=0.033, corresponding adjusted OR
(95% CI)=0.467 (0.232-0.940). In addition, miR-31 exhibited
high expression in 58.6% of patients with tumor progression
and 77.6% of patients without tumor progression. The propor-
tion with elevated expression of miR-31 was higher in the
population without tumor progression (P=0.020). The P-value
and OR derived by logistic regression analysis were P=0.023
and adjusted OR (95% CI)=0.406 (0.186-0.883), respectively.
The aforementioned results indicated that patients with low
expression levels of LOC554202 and miR-31 were more prone
to tumor progression (Table I1T).

Following assessment of the variable OS, the results indi-
cated that 62.5% of patients exhibited high expression levels
of LOC554202 in surviving patients, whereas only 43.4%
of the patients who succumbed to mortality exhibited high
expression of LOC554202 (P=0.024). The data were analyzed
by logistic regression analysis and the results were as follows:
P=0.029 and adjusted OR (95% CI)=0.474 (0.243-0.925).
The expression of miR-31 was high in 57.1% of patients who
succumbed to mortality and 76.3% of patients who survived.
The elevated expression of miR-31 was significantly different
between these two groups of patients [P=0.015, adjusted by
logistic regression analysis: P=0.018, adjusted OR (95% CI)=0
418 (0.203-0.862). These data indicated that patients with high
expression levels of miR-31 and LOC554202 were more likely
to survive (Table III).

No significant differences were found between the expres-
sion of miR-31 and/or LOC554202 and age, sex, family history,
tumor differentiation, tumor size, infiltration, adhesions and/or
organ metastasis were noted (Table III).

The correlation between the elevated expression levels of
LOC554202 and miR-31 and the clinicopathological param-
eters of patients treated with platinum-based chemotherapy
for CRC were analyzed. The patients that exhibited high
expression of miR-31 had high expression of LOC554202 in
the colon and in the rectum at percentages of 44.2 and 67.3%,
respectively. This association was significant (P=0.019) and the
P-value was decreased following adjusted logistic regression
analysis [P=0.015, adjusted OR (95% CI)=2.857 (1.127-6.651)].
LOC554202 and miR-31 were expressed at high levels
concomitantly in the rectum (Table IV). In the tumor progres-
sion group of subjects, 71.1% of patients with high expression
of LOC554202 presented without tumor progression, whereas
46.0% of patients with high expression of LOC554202
were noted in the tumor progression group (P=0.014). The
corresponding statistical parameters following adjustment
by logistic regression analysis were as follows: P=0.008,
adjusted OR (95% CI)=0.301 (0.124-0.726) (Table IV).
Therefore, LOC554202 and miR-31 exhibited synergistic
high expression, which was correlated with the inhibition of
tumor progression. Among patients who survived and those
who succumbed to mortality, expression of LOC554202
was high in 71.1 and 42.5%, respectively (P=0.005). The
corresponding statistical parameters following adjustment by
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logistic regression analysis were as follows: P=0.004, adjusted
OR (95% CI)=0.283 (0.121-0.662). The co-expression of
LOC554202 and miR-31 were associated with higher survival
rates (Table IV).

In patients with colon cancer, 56.0% of the subjects had high
expression of LOC554202 in the absence of tumor progres-
sion. However, only 30.0% of patients with tumor progression
exhibited high expression of LOC554202 [P=0.029, adjusted
by logistic regression P=0.034, corresponding adjusted OR
(95% CI1)=0.334 (0.121-0.921)] (Table 1V). Therefore, it was
hypothesized that the elevated expression of LOC554202
is associated with the inhibition of the progression of colon
cancer, whereas the low expression of this gene in colon cancer
is more likely to facilitate the tumor progression process.

Based on the aforementioned analysis, the expression
levels of miR-31, which were associated with high and/or low
expression of LOC554202 in patients with CRC exhibited a
significant correlation with the parameters of CRC primary
location, DFS and OS (Table V).

Association between the expression of LOC554202 and/or
miR-31 and the survival rates of patients with CRC treated
with platinum-based chemotherapy. The single factor log-rank
test and the multivariate Cox survival risk regression model
were used to analyze the correlation between LOC554202 and
miR-31 and the prognosis of patients with CRC treated with
oxaliplatin.

The mean DFS of patients with high expression of
LOC554202 was 56.246 months, and the 95% CI was
46.733-65.759 months. The mean DFS of patients with low
expression of LOC554202 was 40.68 months and the 95% CI
was 31.765-49.492 months (log-rank: P=0.018, Fig. 4A). The
results indicated that a high expression of LOC554202 signifi-
cantly prolonged the patient DFS (95% CI)=0.647 (0.441-0.9
49), P=0.026 (Table VI); the expression of LOC554202 was
significantly higher than that in the control group (P<0.05).
Further analysis of the correlation between LOC554202 and
OS indicated that the mean survival time (MST) of patients
with high expression of LOC554202 who received oxaliplatin
was 67.12 months. The 95% CI was 58.72-75.53 months.
Patients with a low expression of LOC554202 exhibited
an MST of 56.19 months (95% CI 48.37-64.01 months).
There was a statistically significant difference according
to the log-rank test results (P=0.024, Fig. 4B). Cox analysis
further indicated that a high expression of LOC554202 was
a protective factor for OS prolongation, corresponding to
HR (95% CI1)=0.64 (0.43-0.96), P=0.031 (Table VI).

In addition, significant correlations between the differential
expression of LOC554202 in patients with colon cancer (n=75)
and the DFS and OS were noted (Fig. 4C and D). The mean
DFS of the patients with high expression of LOC554202 was
64.19 months and the 95% CI was 49.34-78.67 months. The
mean DFS of patients with low expression of LOC554202
was 39.74 months and the 95% CI was 28.89-50.59 months.
The data indicated that the high expression of LOC554202
significantly prolonged the DFS in patients with colon cancer.
Furthermore, the results indicated that the MST of patients
with high expression of LOC554202 was 74.78 months and
the 95% CI was 62.988-86.761 months, whereas the MST of
patients with a low expression of LOC554202 was 58.3 months
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Table IV. Correlation between the expression of LOC554202 and miR-31 status in patients with colorectal cancer treated with

platinum-based chemotherapy

LOC554202 expression
Characteristic Low High P-value®*® Adjusted OR (95% CI)
All patients
miR-31
Low expression 33 (58.9) 23 (41.1) 0.084* 1 (reference)
High expression 45 (44.6) 56 (55.4) 0.097° 1.754 (0.903-3.408)
miR-31 low expression
Primary organ
Colon 17 (73.9) 6 (26.1) 0.057* 1 (reference)
Rectum 16 (48.5) 17 (51.5) 0.216° 2.141 (0.642-7.143)
DFS
Negative 7 (63.6) 4(364) 0.723* 1 (reference)
Positive 26 (57.8) 19 (42.2) 0.683° 1.345 (0.325-5.572)
(0N
Negative 9 (64.3) 5@35.7) 0.638* 1 (reference)
Positive 24 (57.1) 18 (42.9) 0.511° 1.551 (0.419-5.743)
miR-31 high expression
Primary organ
Colon 29 (55.8) 23 (44.2) 0.019° 1 (reference)
Rectum 16 (32.7) 33(67.3) 0.015" 2.857 (1.127-6.651)
DFS
Negative 11 (28.9) 27 (71.1) 0.014* 1 (reference)
Positive 34 (54.0) 29 (46.0) 0.008" 0.301 (0.124-0.726)
(0N
Negative 13 (28.9) 32 (71.1) 0.005° 1 (reference)
Positive 32(57.1) 24 (42.9) 0.004" 0.283 (0.121-0.662)
Primary organ: Colon
miR-31
Low expression 17 (73.9) 6(26.1) 0.137* 1 (reference)
High expression 29 (55.8) 23 (44.2) 0.143° 2.257 (0.759-6.710)
DFS
Negative 11 (44.0) 14 (56.0) 0.029° 1 (reference)
Positive 35 (70.0) 15 (30.0) 0.034" 0.334 (0.121-0.921)
(N
Negative 15(484) 16 (51.6) 0.053* 1 (reference)
Positive 31(70.5) 13 (29.5) 0.060° 0.394 (0.150-1.039)
Primary organ: Rectum
miR-31
Low expression 16 (48.5) 17 (51.5) 0.150* 1 (reference)
High expression 16 (32.7) 33 (67.3) 0.256° 1.708 (0.678-4.301)
DFS
Negative 7(29.2) 17 (70.8) 0.239* 1 (reference)
Positive 25 (43.1) 33 (56.9) 0.177° 0.492 (0.175-1.378)
(0N
Negative 7(25.0) 21 (75.0) 0.061* 1 (reference)
Positive 25 (46.3) 29 (53.7) 0.040" 0.343 (0.124-0.951)

*P-values calculated from two-sided y? tests or Fisher's exact test. *P-values calculated by unconditional logistic regression adjusted for age and
pathological pattern. “OR and 95% CI values were calculated by unconditional logistic regression adjusted for age and family history. miR,

microRNA; DFS, disease-free survival; OS, overall survival.
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Table V. miR-31 correlation with DFS and OS in relation to high and/or low expression of LOC554202 in patients with colorectal
cancer.

miR-31 expression

Characteristic Low High P-value*® Adjusted OR (95% CI)*

Loc554202 low expression

Primary organ

Colon 17 (37.0) 29 (63.0) 0.251° 1 (reference)

Rectum 16 (50.0) 16 (50.0) 0.078° 0.409 (0.151-1.104)
DFS

Negative 7(38.9) 11 (61.1) 0.738* 1 (reference)

Positive 26 (43.3) 34 (56.7) 0.867° 0.910 (0.301-2.749)
(0N

Negative 9 (40.9) 13 (59.1) 0.875% 1 (reference)

Positive 24 (42.9) 32 (57.1) 0.921° 0.949 (0.339-2.655)

Loc554202 high expression

Primary organ

Colon 6 (20.7) 23 (79.3) 0.209° 1 (reference)
Rectum 17 (33.3) 33 (64.7) 0.284° 0.548 (0.182-1.645)
DFS
Negative 4 (12.9) 27 (87.1) 0.011° 1 (reference)
Positive 19 29 0.007° 0.185 (0.055-0.626)
oS
Negative 5 32 0.004° 1 (reference)
Positive 18 24 0.003° 0.176 (0.056-0.553)
Primary organ: Colon
Loc554202
Low expression 17 29 0.137* 1 (reference)
High expression 6 23 0.143° 2.254 (0.759-6.698)
DFS
Negative 3 22 0.013° 1 (reference)
Positive 20 30 0.023° 0.208 (0.054-0.804)
oS
Negative 4 27 0.005* 1 (reference)
Positive 19 25 0.008" 0.185 (0.054-0.638)
Primary organ: Rectum
Loc554202
Low expression 16 16 0.150* 1 (reference)
High expression 17 33 0.256° 1.708 (0.678-4.301)
DFS
Negative 8 16 0.412° 1 (reference)
Positive 25 33 0.309° 0.591 (0.215-1.629)
(0N
Negative 10 18 0.547* 1 (reference)
Positive 23 31 0.404° 0.664 (0.254-1.738)

“P-values calculated from two-sided y? tests or Fisher's exact test. "P-values calculated by unconditional logistic regression adjusted for age and
pathological pattern. “OR and 95% CI values were calculated by unconditional logistic regression adjusted for age and family history. miR,
microRNA; DFS, disease-free survival; OS, overall survival.

with a 95% CI range of 48.48-67.58 months (P=0.029, The patients were further stratified and analyzed according
Fig. 4D). to expression levels of miR-31. A significant correlation
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Figure 4. Kaplan-Meier survival analysis of the expression of LOC554202 and miR-31 in patients with colon cancer. Kaplan-Meier for LOC554202: All
patients (A) DFS and (B) OS; Colon: (C) DFS and (D) OS; miR-31 high expression: (E) DFS and (F) OS. Kaplan-Meier for miR-31: All patients: (G) DFS and
(H) OS; LOC554202 high expression: (I) DFS and (J) OS; Colon: (K) DFS and (L) OS. miR, microRNA; DFS, disease-free survival; OS, overall survival.
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Figure 5. Kaplan-Meier survival analysis of the expression of LOC554202 and miR-31 in patients with rectal cancer. The miR-31 and LOC554202 increasing the
DFS and OS times was present in patients with colon cancer but not in patients with rectal cancer. miR-31 low expression: (A) DFS and (B) OS; LOC554202 low
expression: (C) DFS and (D) OS; Rectum (E) DFS and (F) OS; Rectum: (G) DFS and (H) OS. miR, microRNA; DFS, disease-free survival; OS, overall survival.

between the differential expression of LOC554202 and the
DFS and OS in patients with high expression of miR-31 was
noted (n=101) (Fig. 4E and F). The mean DFS of patients with
high co-expression of miR-31 and LOC554202 (n=56) was
63.61 months (95% CI was 52.18-75.05 months), whereas the

mean DFS of patients with low expression of LOC554202
and high expression of miR-31 (n=45) was 43.70 months
with a 95% CI of 31.839-55.094 months (P=0.020, Fig. 4E).
Corrected multivariate Cox analysis further suggested that
a high expression of LOC554202 was a protective factor for
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DFS prolongation in patients with high expression of miR-31
[corresponding HR (95% CI)=0.520 (0.314-0.861)] (P=0.011).
The analysis of OS demonstrated that the MST in patients with
high expression of miR-31 and LOC554202 was 73.74 months,
and the 95% CI was 63.70-83.78 months, whereas that of
the patients with low expression of LOC554202 and high
expression of miR-31was 56.69 months with a 95% CI range
of 46.04-67.34 months. These parameters were statistically
different according to the log-rank test (P=0.008, Fig. 4F).

The analysis of the association between the miRNA
differential expression and prognosis indicated that
patients with high expression of miR-31 exhibited an
average DFS of 55.582 months, with a 95% CI range of
46.93-64.24 months; the patients with low expression of
miR-31 had an average DFS of 36.63 months and the 95% CI
was 27.02-46.24 months (log-rank: P=0.010, Fig. 4G). Further
analysis of the correlation between miR-31 and OS demon-
strated that the MST in patients with high expression of miR-31
was 67.38 months with a 95% CI range of 59.63-75.13 months,
whereas the corresponding MST of the patients with low
expression of miR-31 was 53.63 months and the 95% CI
was 45.18-62.08 months (P=0.038, Fig. 4H). In addition, the
corrected multivariate Cox analysis indicated that a high
expression of miR-31 was a protective factor for extended
OS [HR (95% CI)=0.666 (0.446-0.995)] (P=0.047, Table VI).
The same as previous studies, the mean DFS of patients with
high co-expression of miR-31 and LOC554202 (n=56) was
63.61 months (95% CI was 52.18-75.05 months), whereas the
mean DFS of patients with low expression of miR-31 and high
expression of LOC554202 (n=23) was 38.565 months with a
95% CI of 23.838-53.293 months (P=0.019; Fig. 4I). Corrected
multivariate Cox analysis further suggested that a high expres-
sion of miR-31 was a protective factor for DFS prolongation in
patients with high expression of LOC554202 [corresponding
HR (95% CI)=0.431 (0.233-0.795)] (P=0.007). The analysis
of OS indicated that the MST in patients with high expression
of miR-31 and LOC554202 was 73.74 months, and the 95% CI
was 63.70-83.78 months, whereas that of the patients with low
expression of miR-31 and high expression of LOC554202 was
51.391 months with a 95% CI range of 38.208-64.574 months.
These parameters were statistically different according to the
log-rank test (P=0.009; Fig. 4]). Corrected multivariate Cox
analysis further suggested that a high expression of miR-31
was a protective factor for MST in patients with high expres-
sion of LOC554202 [corresponding HR (95% CI)=0.390
(0.204-0.746)] (P=0.004).

The expression of miR-31 was further analyzed with
regard to the primary location of the tumor. In patients with
CRC, the mean DFS of the patients with a high expres-
sion of miR-31 was 57.62 months and the 95% CI was
46.46-68.77 months. The mean DFS of patients with a low
expression of miR-31 was 29.49 months and the 95% CI was
17.24-41.75 months (log-rank: P=0.003, Fig. 4K). The data
indicated that miR-31 and LOC554202 not only significantly
improved the DFS of patients with platinum-based chemo-
therapy, but also improved the OS. The association between
the increase in DFS and OS and the disease incidence was
present in patients with colon cancer but not in patients with
rectal cancer (Fig. 5). In addition, the correlations between
the remaining clinicopathological parameters and DFS and
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OS were analyzed by multiple factors Cox analysis. The data
demonstrated that family history (P=0.037) and tumor organ
metastasis (P=0.033) were risk factors for the prognosis of
patients (Table VII).

Discussion

To the best of our knowledge, the present study is the first to
report that the elevated expression of miR-31 and LOC554202
are optimal predictors for the prognosis of patients with
oxaliplatin-treated CRC. These findings may provide novel
insights into CRC treatment.

It has been reported that at least 25% of miRNA sequences
are located in the host gene, a number of which are highly
conserved (28). Baskerville and Bartel reported that the
majority of intron miRNAs and their host genes possess a
related expression profile, where their expression levels are
consistent with each other, and both are controlled by the
promoter of the host gene, suggesting that they are related at a
functional and/or translational level (18). However, the expres-
sion levels of certain miRNA-coding genes are inconsistent
with the expression levels of their corresponding host genes,
and/or the opposite pattern is observed (29). In the present
study, the expression of LOC554202 was shown to be present
in CRC tissues (H-score=155.24), compared with normal
intestinal mucosal tissues, and the expression of miR-31 was
high in CRC (H-score=226.80). In addition, the expression
levels of LOC554202 and miR-31 were correlated in CRC
tissues in a concomitant pattern, which indicated increased
and/or decreased co-expression of the two sequences. These
results suggested that miR-31 may exert a regulatory role
and/or a positive feedback towards the host gene LOC554202.
The association between intron miRNAs and host genes
remains to be fully elucidated, and different expression
patterns exist between the two. It has been reported that ~1/3
of intron miRNAs have independent promoters and certain
miRNAs have different processing pathways following tran-
scription (30), and that these factors can lead to inconsistent
expression levels of miRNAs compared with their host genes.
LOC554202 and miR-31 share a common promoter (31),
although additional possible mechanisms may affect the
coherence of their expression.

In the present study, LOC554202 was expressed at high
levels in CRC tissues compared with normal intestinal mucosal
tissues, in contrast to a previous study by Ding et al (32). The
levels of miR-19a, miR-21, miR-29a, miR-92, miR-148a and
miR-200b were increased in CRC tissues according to miRNA
expression profiles, whereas the expression of miR-30c,
miR-133a and miR-145 were decreased. By comparison, it was
found that the miRNA expression profiles from cell lines and
cancer tissues were different. Therefore, the miRNA expres-
sion profile obtained from cell lines may not be suitable for
deducing the corresponding expression profile of clinical
samples. This may account for the contradictory findings
reported by Augoff et al, where it was shown that both miR-31
and LOC554202 were downregulated in triple negative breast
cancer cell lines (5), whereas the upregulation of these two
markers was observed in the present study. It is important to
note that Augoff et al investigated breast and cancer, not CRC,
cell lines, thus the findings may be attributed to the different
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tissue origin of the tumor to that in the present study. In the
low invasive breast cancer, LOC554202 and miR-31 were
expressed at low levels (5). Therefore, the roles of LOC554202
in the development of the tumor are complex, depending on the
different tissues of the tumor, and the different environments
and conditions, all of which may have a regulatory effect on cell
behavior. Bandre ef al used polymerase chain reaction analysis
to detect 156 miRNAs from 15 CRC cell lines. The expres-
sion levels were compared with the corresponding expression
levels in the CCD-18Co human normal colonic cell line. The
authors reported that the expression levels of miR-31 were
significantly different (17). In addition, the expression levels
of miR-31 were associated with the clinical stage of CRC,
which was significantly higher in stage IV CRC than stage II
CRC. The probe hybridization technique used in the present
study may be responsible for the conflicting results compared
with the experimental methods applied by Yang et al (21) and
Ding et al (32). However, the study by Ding ef al confirmed
that the expression level of LOC554202 was associated with
the occurrence and development of colon cancer and its high
expression was a predictor of colon cancer.

In the present study, the high expression of LOC554202 and
miR-31ncRNAs prolonged the survival rate of patients with
colon cancer who received chemotherapy following surgery,
although no correlation in patients with rectal cancer was noted.
Previous studies have shown that the role of LOC554202 in the
development of tumors is complex. Shi et al demonstrated that
LOC554202 was expressed at high levels in MDA-MB-231 and
MDA-MB-435S breast cancer cell lines, and LOC554202 was
associated with tumor staging (19). Following silencing of the
LOC554202 gene, cell proliferation was decreased, apoptosis
was increased, and migratory ability was decreased (19). The
results of the study by Yang et al support the hypothesis that
the expression of LOC554202 correlates with prognosis (21). In
addition, Ding et al indicated that the expression of LOC554202
was low in CRC, and inhibited cell proliferation and induced
apoptosis by activating the caspase signaling pathway (32). The
results of the present study suggested that LOC554202 can be
used as an independent biomarker for the prediction of the
postoperative prognosis of CRC.

The high expression of miR-31 in breast cancer inhibits the
activity and aggressiveness of breast cancer cells and improves
the OS rate of patients (33). Studies performed in patients
with gastric cancer have shown that miR-31 was expressed
at low levels in cancer tissues and can inhibit cell invasion
and migration (34); studies in hepatocellular carcinoma have
further shown that the overexpression of miR-31 can induce
the inhibition of cell proliferation and migration (35). In CRC,
miR-31 is expressed at high levels in cancer tissues and cells,
and its expression levels may be associated with the patho-
genesis, invasion, staging, and migration of CRC (8,9,23,36).
The results of the present study demonstrated that patients
with high expression levels of LOC554202 and miR-31, who
were treated with platinum-based chemotherapy postopera-
tively, exhibited longer DFS and OS times and reduced tumor
progression, compared with patients without treatment. These
findings suggested that platinum-based chemotherapeutic
drugs can regulate the two IncRNA-related genes and/or
signaling pathways, which may result in enhanced growth
inhibition and the inhibition of CRC cell invasion.
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The effects of miR-31 on the efficacy of platinum
compounds have been discussed extensively. It has been shown
that the expression levels of miR-31 are negatively correlated
with E2F transcription factor 2 (E2F2) and Enhancer of zeste
homolog 2 (EZH2) in malignant tumors including gastric,
ovarian and bladder cancer, and CRC (37-41). E2F2 and EZH2
can enhance drug resistance by inhibiting platinum-drug-medi-
ated apoptosis, whereas low expression levels of E2F2 and
EZH2 enhance platinum chemosensitivity (39,42-45). Li et al
reported that miR-31 in gallbladder cancer sensitized tumor
cells to platinum-based chemotherapy via control of the Src
proto-oncogene (40). The results of the present study suggested
that miR-31 was expressed at a high level in CRC and was asso-
ciated with longer DFS and OS times following platinum-based
chemotherapy. The data suggested that this effect may be
associated with miR-31 and/or other associated factors that
enhance drug sensitivity. A high expression of miR-31 in CRC
may improve the cell sensitivity to platinum-based agents and
enhance platinum-induced apoptosis via E2F2, EZH2 and/or
associated signaling transcription factors, which may facilitate
the efficacy of chemotherapeutic agents in order to increase
the survival rate of the patients following chemotherapy.

The present study is in alignment with previous studies
that have reported LOC554202 as a putative biomarker for
CRC (21,32). Although LOC554202 was shown to be down-
regulated in colon tumors, its expression pattern was associated
with the OS and DFS times of 178 patients with CRC, which
was in agreement with the other results of the present study. In
addition, miR-31 has been demonstrated to exert an oncogenic
role in colon cancer, which may partly explain the elevated
expression of LOC554202 in colon tumors noted in the present
study (46). It is important to note that the present study is
one of the few studies to have investigated the concomitant
expression of miR-31 and LOC554202 in patients with CRC
treated with oxaliplatin and their putative associations with
DFS and OS times.

Although colonic and rectal mucosal cells exert various
identical and/or similar cellular functions and signaling
pathways, differences have been reported. For example,
Ayiomamitis et al demonstrated that high expression levels of
mutL homolog 1 (MLH]1) in colon cancer tissues and adjacent
normal tissues were higher than those in patients with rectal
cancer and adjacent tissues (41). The silencing of MLHI in
lung cancer cells leads to increased expression of miR-31,
which may be responsible for the different expression levels of
miR-31 between rectal and colon cancer (47). Concomitantly,
the high expression levels of miR-31 and LOC554202 in rectal
cancer may be due to the feedback regulation of miR-31 toward
the host gene LOC554202. However, as the length of the tumor
was not counted from the distance of the anus, the hypothesis
that high expression levels of LOC554202 and miR-31 are
associated with specific tissue regions of the colorectal area
requires further investigation.

Although the majority of studies have concentrated on
the expression analysis of miRNA-31 in clinical samples,
few studies have demonstrated a plausible mechanism by
which these effects are mediated. Tazawa et al showed that
no induction of miR-34 was noted in p53™ cells following
treatment with DNA-damaging agent Adriamycin (15). This
tumor suppressive role was promoted via the E2F1 and E2F3
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proteins and was independent of apoptosis and caspase 3
activation (15).

It is important to note that the control of the expression
of miR-31 and its host gene LOC554202 may be attributed
to epigenetic regulation via mechanisms involving methyla-
tion and/or acetylation. It has been shown that the proximal
CpG islands located within the promoter or 5' untranslated
regions of miRNAs can epigenetically silence gene expres-
sion through DNA hypermethylation (48). Previous studies
have demonstrated that certain miRNA genes with
their corresponding host genes (hsa-mir-10a/HOXB4,
hsa-mir-126/EGFL7, hsa-mir-152/COPZ2, hsa-mir-191/
DALRD3, and hsa-mir-342/EVL) were found to be epige-
netically downregulated, and/or silenced either by histone
modification and/or CpG island hypermethylation in the
promoter region in cancer cells (48). Methylated mir-155,
mir-152, mir-137, and mir-31 host genes are considered as
promising diagnostic and/or prognostic biomarkers of prostate
cancer, whereas the methylation status of particular miRNA
host genes as independent variables and/or in combinations
may assist in the prediction of poor prognosis in patients with
prostate cancer preoperatively (49). With regard to miR-31, it
has been shown that promoter methylation was predictive of
biochemical prostate cancer recurrent survival rate (49). This
suggests that the silencing of this gene can affect its expression
and corresponding function with regard to cancer develop-
ment (49). In addition, Augoff et al demonstrated that loss of
miR-31 expression in triple negative breast cancer cell lines
was attributed to hypermethylation of its promoter-associated
CpG island (5). Further investigations on the epigenetic regu-
lation of miRNA/genes, including miR-31, may reveal novel
approaches for the prevention or treatment of human cancer.
Similarly, the contribution of miR-31 polymorphisms to the
survival rates of patients with CRC cannot be ruled out and
requires investigation in future investigations. To date, poly-
morphisms of miR-31 have been described in the involvement
of this RNA in the regulation of angiotensinogen expres-
sion and body fat distribution (50). The miR-31 rs13283671
polymorphism was previously described in lung cancer,
although it was not correlated with survival rate and/or certain
clinicopathological parameters (51).

The findings of the present study may initially appear
contradictory to the general hypothesis that a high expression
of miR-31 contributes to CCR development. LOC554202 is
an IncRNA, reported to be expressed at a high level in breast
cancer and associated with advanced pathologic stage and
tumor size (19). However, in CRC cells, LOC554202 has a
tumor suppressor role in the activation of specific caspase
cleavage cascades, and low expression of LOC554202 was
associated with advanced pathologic stage and increased
tumor size (32). miR-31 is a widely investigated miRNA and
studies have reported controversial conclusions regarding its
role in CRC cells (52-56). These studies suggest that a high
expression of this miRNA in cancer does not always result in
a decreased tumor growth, including that noted in cases of the
oncosuppressors p53 and phosphatase and tensin homolog. In
the present study, it was found that LOC554202 and miR-31
were expressed at high levels in oxaliplatin-treated CRC
specimens, and their higher expression predicted optimal
outcomes. As double-edged genes, the high expression levels
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of LOC554202 and miR-31 may be a responsive adaptation
to oxaliplatin treatment. Investigations of the underlying
mechanism of LOC554202 and miR-31 in oxaliplatin-treated
CRC are ongoing.

Previously published studies have produced contradic-
tory results with regard to the application of plasma levels of
miR-31. It has been shown that miR-31 levels in plasma are
upregulated in patients with CRC compared with healthy
subjects, and that clinical analysis of the expression of miR-31
in patients with colon cancer may facilitate the diagnosis of
colon cancer (57). By contrast, Jo et al investigated the miR
profiles of plasma from patients with rectal cancer during
chemoradiotherapy and found that plasma miRNA expression
levels did not necessarily represent the miRNA expression
levels in tumor tissues (58). This indicates that plasma miRs
cannot be used with certainty for prognosis as their expression
may be different with that in tumor tissues. Therefore, further
investigations are required to validate their application as
potential biomarkers in human plasma. The mechanism under-
lying the interaction between miR-31 and LOC554202 was not
examined in the present study and warrants further investiga-
tion in the future. Evidence in the literature remains limited,
and no information exists, to the best of our knowledge, with
regard to CRC. A previous study revealed an association with
the oncogene RNF144B in chordoma. Specifically, EZH2, a
binding protein of LOC554202, was positively regulated by
LOC554202, leading to the reduced expression of miR-31 (59).
Furthermore, the impaired function of miR-31 restored
expression of the RNF144B oncogene and maintained the
metastasis-promoting activity in vitro (59). These results were
also shown in vivo (§9). This mechanism requires investigation
in CRC in the future.

The present study had several limitations. The sample
size of the study was small, and the nature of the study was
retrospective. Further prospective studies are required to
confirm the prediction efficiency of miR-31 and LOC554202.
In addition, functional in vitro assays can provide insight into
the mechanism of action of LOC554202 in CRC. The impli-
cation of LOC554202 in cancer metastasis can be examined,
as it has been shown that miR-31 contributes to the invasion
and migration of CRC cells by the miR-31/factor-inhibiting
hypoxia-inducible factor 1 nexus (60). Loss of function and
gain of function experiments can determine whether the
expression of LOC554202 that is regulated by miR-31 is
responsible for cancer invasion. In addition, a meta-analysis is
likely to be a significant addition to this line of investigation in
examining the expression of miR-31 and LOC554202 in CRC.
However, the studies cited above contain significant heteroge-
neity for inclusion in a preliminary meta-analysis. This may
be examined in a separate report to include a careful selection
of studies with similar parameters for investigation, so as to
minimize bias.

In conclusion, miR-31 and its homologous host gene
LOC554202 were expressed at high levels and positively
correlated with CRC prognosis. The increased expression
of the latter RNA sequences prolonged the survival rate of
patients with CRC, notably those with colon cancer. miR-31
and LOC554202 may be potential markers for the evalua-
tion of the prognosis of postoperative patients treated with
oxaliplatin-based chemotherapy. In vivo and in vitro assays,
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and a large randomized controlled trial with a large sample
size are warranted to further elucidate the roles of LOC554202
and miR-31 in CRC.
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