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Background: MicroRNA-552 (miR-552) has been reported to correlate with the development and progression of various cancers, includ-
ing colorectal cancer (CRC). This study aimed to investigate miR-552 expression in cancer tissue samples compared to normal mucosal
tissue and its role as a diagnostic or prognostic marker in CRC patients. Methods: Normal mucosal tissues and primary cancer tissues
from 80 surgically resected CRC specimens were used. Quantitative real-time polymerase chain reaction was performed for miR-552
and U6 small nuclear RNA to analyze miR-552 expression and its clinicopathological significance. Immunohistochemistry for p53 and
phosphatase and tension homolog (PTEN) was performed to evaluate their association with miR-552 expression. Results: miR-552 ex-
pression was significantly higher in primary cancer tissues compared to normal mucosal tissues (p<.001). The expression level of miR-
552 was inversely correlated with that of PTEN (p=.068) and p53 (p=.004). Survival analysis showed that high miR-552 expression was
associated with worse prognosis but this was not statistically significant (p=.255). However, patients with CRC having high miR-552 ex-
pression and loss of PTEN expression had significantly worse prognosis than others (p=.029). Conclusions: Our results suggest that
high miR-552 expression might be a potential diagnostic biomarker for CRC, and its combined analysis with PTEN expression can pos-
sibly be used as a prognostic marker.
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Colorectal cancer (CRC) is a disease with a high mortality rate
affected by metastasis to other organs. The incidence of CRC has
increased worldwide, making it the third most common cancer,
next only to lung and breast cancers. Its mortality rate ranks
second globally [1]. In South Korea, CRC is the second most
common type of cancer after stomach cancer, caused by a west-
ernized dietary pattern [2]. Moreover, its mortality rate has
been rapidly increasing.

Previous studies on the mechanism of colorectal carcinogenesis
have demonstrated the potential of microRNAs (miRNAs) as
prognostic and diagnostic markers [3-5]. miRNAs are small
non-coding, single-stranded RNA molecules consisting of 19—
25 nucleotides capable of controlling hundreds of target genes
[6,7]. A miRNA either disassembles the mRNA or hinders its
translation to protein, preventing protein expression [8]. RNase
III Dicer disassembles pre-miRNA into a mature double-stranded
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miRNA of approximately 22 nucleotides; thereafter, it combines
with the RNA-indicated silencing complex, splitting the mRNA
itself or preventing mRNA transcription [9]. miRNAs are also
involved in the activity of over 50% of human genes by affecting
gene expression and dysregulation, which prevents the forma-
tion and progression of tumors. Therefore, miRNAs are involved
in formation or progression of various cancers [10]. For exam-
ple, miRNA are major regulators of the Wnt/B-catenin signaling
pathway during cell proliferation and survival [11-13]. Previous
studies suggest that there are changes in miRNA expression in
various cancer cells compared to normal cells [14-16]. Therefore,
alterations in miRNA expression can be used for cancer diagno-
sis [17,18].

Previous studies have shown that miR-552 is involved in the
carcinogenesis, progression, and metastasis of CRC [19-22]. It
has been reported that miR-552 promotes the proliferation and
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invasion of CRC cells by directly targeting DACH1 through
the Wnt/p-catenin signaling pathways [23]. miR-552 has been
shown to activate the Wnt/B-catenin signaling pathway to reg-
ulate the expression of the tumor suppressors p53 and phospha-
tase and tension homolog (PTEN) [22,24]. However, the correla-
tion of miR-552 expression and its clinicopathological significance
in CRC patients has not been investigated much.

This study aimed to verify the diagnostic and prognostic roles
of miR-552 expression in patients with CRC. In this study, miR-
552 expression was investigated via quantitative real-time reverse
transcription polymerase chain reaction (QRT-PCR) and analyzed
for an association with clinicopathological features. Moreover,
immunohistochemistry (IHC) for p53 and PTEN was conducted
to confirm the association with miR-552.

MATERIALS AND METHODS

Patients and samples

A total of 80 patients with CRC were enrolled for this study.
Normal mucosal tissues and primary cancer tissues were collected
from the CRC patients who underwent surgical resection at Seoul
National University Bundang Hospital. The histopathological
differentiation was classified according to the World Health Or-
ganization standards (5th edition) [25], and pPTNM was classi-
fied according to the American Joint Committee on Cancer (8th
edition) [26]. The clinicopathological characteristics of each pa-
tient including sex, age, location, tumor size, and presence of
lymphatic invasion were obtained from medical charts and pa-
thology reports. The patients were followed up from the date of
surgery either to the date of death or to the date of last follow-up.

Tissue microarray

The specimens of patients with CRC who underwent surgical
resection were collected from the formalin-fixed-paraffin-embed-
ded (FFPE) tissue. In each case, a 2 mm core sample was obtained
from the tumor area, and the samples from 80 patients were ar-
ranged into two tissue microarray (TMA) blocks.

miRNA isolation

The RecoverALL Total Nucleic Acid Isolation Kit (Life Tech-
nologies, Carlsbad, CA, USA) was used to extract total RNA
from the FFPE tissues. RNA extraction was performed as per
the manufacturer’s manual. The purity and quantity of the extract-
ed RNA were measured using a NanoDrop 2000/2000c spectro-
photometer (Thermo Fisher Scientific, Wilmington, DE, USA).
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cDNA synthesis

cDNA synthesis was performed on 10 ng of RNA from each
sample using the TagMan MictoRNA Reverse Transcript Kit
(Applied Biosystems, Foster City, CA, USA). cDNA was syn-
thesized using a C1000 Touch Thermal Cycler (Bio-Rad, Labo-
ratories, Foster City, CA, USA) with the following cycle: 16°C
for 30 minutes, 42°C for 30 minutes, and 85°C for 5 minutes.

gRT-PCR

The TagMan small RNA assay kit (ABI, Applied Biosystems)
was used to quantify miR-552; following the manufacturer’s in-
struction. qRT-PCR was conducted on the synthesized cDNA,
to evaluate miRINA expression, with the following cycle: 95°C
for 10 minutes, 95°C for 15 seconds, and 60°C for 1 minute.
U6 small nuclear RNA was used as the standardized control for
the target miRNA, miR-552.

gRT-PCR was performed to obtain the average value for
quantifying the expression. Each value of the threshold cycle
value (Ct value), obtained based on U6 expression was standard-
ized and analyzed by a relative quantification method. U6 was
used as the internal miRNA control, and the ACt (to compare
normal and tumor tissues) and AACt values were calculated.
The fold change of the gene was calculated using the estimated
284 27].

IHC

IHC for p53 (1:1,000, clone DO-7, DAKO, Santa Clara, CA,
USA) and PTEN (1:1,000, clone Y184, Abcam, Cambridge,
UK) was performed on 3-pm-thick sections from the TMA
block using a Ventana automated immunostainer (BenchMark
XT, Ventana Medical Systems, Tucson, AZ, USA), in accor-
dance with the manufacturer's instructions. IHC was interpret-
ed by intensity (negative, weak, and strong) and area (%). The
PTEN and p53 expression were classified into three categories:
(1) strong staining in >10% of the tumor cells was considered
as strong positive, (2) samples without any nuclear staining of
tumor cells were interpreted as negative, and (3) samples exhib-
iting weak staining in any area or patchy strong staining in < 10%
of tumor cells were regarded as weakly positive [28].

Statistical analysis

The miR-552 expression change was indicated by the median
with range. High and low miR-552 subgroups were classified
according to miR-552 expression levels with a cut-off of the me-
dian value [29]. Wilcoxon matched-pairs signed rank test was
used to compare the miR-552 manifestations of the two groups,
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and the Kruskal-Wallis test was used to compare TNM stage se- located in the right colon (ascending to transverse colon), have a
quential trends. For comparison of variables via category on clin- low histologic grade, and be of advanced stage, but without
ical findings, the chi square or Fisher exact test was used. Kaplan- statistical significance (p >.05).

Meier curves with log-rank test were used for survival analysis.

The Cox proportional hazards model was used for univariate Table 1. Correlation between the clinicopathological characteristics

and multivariate regression analyses. Linear-by-linear association of patients with colorectal cancer and miR-552 expression

analysis was used to compare miR-552 with p53, and PTEN Variable miR-652 expressi?n o o-value
expression patterns. PASW ver. 18.0 (IBM Co., Armonk, NY, Low High
USA) was used for statistical analysis. A p-value <.05 was con- /gge i\ 72.00(37-06)  74.00(44-97)  72.00 (37-97) g;g
. .. . €X .
sidered statistically significant. Male 20 (50.0) 24 (60.0) 44 55.0)
Female 20 (50.0) 16 (40.0) 36 (45.0)
RESULTS Tumor location 576
Right 7(17.5) 9(22.5) 16 (20.0)
. . . . 33 (82.5 31(77.5 64 (80.0
Expression of miR-552 in CRC tissue ,Leﬁ , €23) 77.9 €00
Histologic grade 675
Primary cancer tissues and matched normal mucosal tissues Lowgrade  36(90.0) 38 (95.0) 74(92.5)
were used to investigate the expression levels of miR-552 in pa- High grade 4(10.0) 2(5.0) 6(7.5
tients with CRC. The relative expression value of miR-552 was Tumorsize  4.25(0.9-9.0) 4.75(1.8-10.0) 4.50(0.9-10.0) 505
o . . pT 189
identified based on th.e internal conFrol of U6. Tbe ex.pressmn of oT12 12(300) 70475 19.038)
miR-552 was approximately four times higher in primary can- pT3-4 28 (70.0) 33(82.5) 61(76.9)
cer tissues than normal mucosal tissues; this was statistically sig- pN .056
nificant (p <.001) (Fig. 1A). pNO-1 35(87.5) 28 (70.0) 63(78.8)
pN2 5(12.5) 12 (30.0) 17 21.3)
. . L . .. M 204
Relationship between the clinicopathological characteristics MO 32 (80.0) 27 (67.5) 59 (73.8)
of CRC and miR-552 expression M1 8(20.0) 13 (32.5) 21(26.3)
gRT-PCR results showed that miR-552 expression increased PTNM 128
in the primary cancer tissue of patients with CRC. Based on these :I 1; g;g 12 gg g; 12 ﬁg Z;
results, the correlation with clinicopathological characteristics was " 16 40:0) 12 30.0) 28 (35.0)
analyzed by dividing the cases into low and high miR-552 sub- v 8(20.0) 13 (32.5) 21(26.3)
groups based on the median of the miR-552 AACt values (Table 1). Venous invasion >.99
Clinicopathological characteristics such as age, sex, tumor loca- \’\(‘O ?2 gggi fi gggi gi ggg;
. . . . es . . :
tion, hlsFo[oslc grade, tumor size, pT, PN, M,. pINM stage, aTnd Total 0 0 80
venous invasion were compared with the miR-552 expression Values are presented as median (range) or number (%)
status. The miR-552 high expression group tended to be male, miR-552, microRNA-552.
0.0104 -x 80Q 80
0.008 L 28 . 60 Lo
5 0.006- 3 a0 °® 5
&N & . g 40 °
0.004- 20 . o0 ©
0.002 10 L .:.. 0,® 0 20 e oo 'i'
ﬁ ° ﬂ:— °®
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Fig. 1. The expression level of miR-552 in the patients with colorectal cancer. (A) Comparative analysis of microRNA-552 (miR-552) expression
in normal mucosal tissues (normal) and primary cancer tissues (tumor) in 80 patients with colorectal cancer using quantitative real-time reverse
transcription polymerase chain reaction (by Wilcoxon matched-pairs signed rank test, ***p<.001). (B) miR-552 expression is relevant accord-
ing to pT stages (Mann Whitney test; p=.393). (C) miR-552 expression is relevant according to pTNM stages (Kruskal-Wallis test, p=.414).
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When the median miR-552 values were compared according Relationship between miR-552 expression status and PTEN
to pT and pTNM stage (Fig. 1B, C), the expression of miR-552 and p53 protein expression
was higher in pT3-4 than pT1-2, and higher in stage II-IV than IHC was performed to determine the expression of p53 and

stage [, but the difference was not statistically significant (p=.393 PTEN proteins (Fig. 2) and the association with the miR-552

and p =414, respectively). expression pattern was analyzed and compared. Negative expres-

& miR-552-N
<
0.001 7
0.0001 Sample 1 Sample 2 Sample 3
Normal | Tumor | Normal | Tumor | Normal | Tumor
| miR-552 Ct | 34.23 | 31.10 | 34.02 | 30.31 | 34.99 | 31.36
0.00001 UBCt | 2031 | 1972 | 20.90 | 20.74 | 21.18 | 19.682
[ Sample2 N PCRNTC [ Samplet N [l Sample3T [ Sample2 T [l RTNTC [ Samplet T Sample3 N
0.000001

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Cycle

Fig. 2. Immunohistochemical staining of phosphatase and tension homolog (PTEN) and p53 expression in patients with colorectal cancer: (A)
negative staining of PTEN, (B) weak positive staining of PTEN, (C) positive staining of PTEN, (D) negative staining of p53, (E) weak positive
staining of p53, and (F) positive staining of p53. (G) Representative amplification curves of microRNA-552 (miR-552) and U6 by real-time
polymerase chain reaction (PCR) methods. NTC, no template control.
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sion of PTEN and p53 was more frequently found in the high
miR-552 subgroup than in low subgroup (p=.068 and p =.004,
respectively) (Table 2).

Prognostic significance of miR-552 expression

Our study showed that miR-552 was upregulated in cancer
tissue when compared with normal tissue in patients with CRC.
Thereafter, we performed univariate and multivariate survival anal-
yses according to the miR-552 expression status. Kaplan-Meier
survival curves showed that the miR-552 high subgroup was
associated with worse prognosis, but this was not statistically sig-

Table 2. The relationship between PTEN and p53 protein expres-
sion by immunohistochemistry and miR-552 expression (linear-by-
linear association)

miR-552 expression

Total p-value
Low High
PTEN .068
Negative 3(7.7) 7(17.5) 10 (12.7)
Weak 13(33.3) 17 (42.5) 30 (38.0)
Positive 23 (59.0) 16 (40.0) 39 (49.4)
p53 .004
Negative 3(7.7) 14 (35.0) 17 (21.5)
Weak 3(7.7) 3(7.5) 6(7.6)
Positive 33(84.6) 23(567.5) 56 (70.9)
Total 39 40 79

PTEN, phosphatase and tension homolog; miR-552, microRNA-552.
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nificant (p = .255) (Fig. 3A). However, the miR-552 high and
PTEN-negative subgroup had significantly worse outcome than
the other subgroups (p =.029) (Fig. 3B). When multivariable
Cox regression analysis was performed with pTNM stage and
age, high miR-552 and PTEN-negative subgroup had a ten-
dency of worse prognosis, but with borderline statistical signifi-
cance (p =.077) (Supplementary Table S1).

DISCUSSION

The incidence of CRC is increasing every year. However, early
diagnosis is difficult and the disease has a high mortality rate due
to metastasis. Many recent studies have suggested altered expres-
sion of miRNAs in various cancers. For CRCs, researchers inves-
tigated how miRNAs contribute to carcinogenesis and regulate
the invasion and metastasis of cancer during disease progression.
miR-552, one of the miRNAs whose expression is altered in dif-
ferent types of cancers, has been found to be related to colorec-
tal, ovarian, breast, liver, and pancreatic cancers [23,24,30-32].
In this study, the expression of miR-552 in normal mucosa and
primary cancer tissue and the association with clinicopathological
characteristics of patients with CRC were analyzed. The results
showed that miR-552 in CRC showed an increased expression
in primary cancer tissue compared to normal mucosal tissue.

This is in accordance with the results of previous studies [19,33].

1.0
Others
0.8
s miR-552 high and PTEN negative
'z 06 A
>
2]
©
o
=
O 044
0.2
00 T T T T T T
0 20 40 60 80 100 120

Time (mo) (B)

Fig. 3. Kaplan-Meier univariate survival analysis according microRNA-552 (miR-552) and phosphatase and tension homolog (PTEN) expres-
sion status in patients with colorectal cancer. (A) miR-552 high group has worse prognosis than low group, but is not statistically significant
(p=.255). (B) miR-552 high and PTEN-negative group is significantly associated with poor prognosis when compared to others (p=.029).
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We determined the association between miR-552 and the
tumor suppressor genes, PTEN and p53. PTEN catalyzes the
dephosphorylation of phosphatidylinositol 3,4,5-trisphosphate
(PIP3) [34]. Loss of PTEN function increases PIP3 activity and
activates the phosphoinositide 3-kinase/protein kinase B (PKB
or AKT; hereafter referred to as AKT) signaling pathway to
promote cell growth, proliferation, and survival [35,36]. The
protein phosphatase activity of PTEN is involved in regulating
the cell cycle, preventing cells from growing or splitting too
quickly [24,37]. p53 expression rapidly increases when DNA
damage occurs in cells, leading to the expression of DNA repait-
ing enzymes to allow cells to survive, or the expression of BCL-2—
associated X protein and p53 upregulated modulator of apop-
tosis, which induce cell death, causing damaged cells to die on
their own [22,38,39]. Abnormalities in PTEN and p53 expres-
sion promote cancer development by inducing cell cycle, reduc-
ing apoptosis, and decreasing genomic stability. Previous in vivo
studies have shown that the 3'-untranslated region of PTEN and
£53 mRNA has a potential miR-552 binding site and the two
molecules interact, suggesting that miR-552 could regulate the
expression of PTEN and p53 [22,24,40,41]. miR-552 directly
targets PTEN and p53, reducing PTEN and p53 expression
levels when miR-552 is overexpressed [22,24,40]. Our results
also revealed frequent loss of PTEN expression or p53 negative
expansion in the high miR-552 subgroup using clinical samples
of CRC.

miR-552 had a tendency of increased expression in advanced
pT or pPTNM stage, but without statistical significance. In addi-
tion, the high miR-552 subgroup did not have a statistically sig-
nificant worse prognosis. However, the high miR-552 subgroup
with PTEN loss showed a statistically significant worse prog-
nosis. It is suggested that the combined status of miRNAs and
their target proteins may be more clinically significant than the
miRNAs themselves. Further studies are needed to clarify it.

An analysis of the correlation between clinicopathological
characteristics and miR-552 expression in patients with CRC
showed that the expression of miR-552 was high regardless of
age, sex, and tumor location (Table 1). However, a few previous
studies have shown that high miR-552 expression in CRC and
other cancers was correlated with aggressive clinicopathological
factors, such as higher histologic grade, lymph node metastasis,
and advanced TNM stage [19,33]. A potential reason why the
results of our study differ from those of the previous studies
could be the small sample size of our study. Therefore, a large
multicenter study would be necessary in the future. In addition
to cancer tissues of patients with CRC, miR-552 expression sta-
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tus in other tissues such as blood may be helpful for early diag-
nosis and detection of cancer recurrence.

miRNAs are expressed directly in cancer cells, or in cancer mi-
croenvironment such as cancer-associated fibroblasts (CAFs) and
various tumor-infiltrating immune cells. miR-21 expression in
CAFs was reported in CRC tissue using the in situ hybridiza-
tion method [42]. Previous studies have reported that miR-552
expression increased in various cancer tissues and cell-lines in-
cluding CRC, hepatocellular carcinoma, osteosarcoma, ovarian
cancer, gastric cancer, pancreas cancer, and lung cancer, suggest-
ing the possible expression of miR-552 in cancer cells. However,
our results could not demonstrate which cells expressed miR-552
because we used the real-time PCR. Further studies are needed
to reveal the source of miR-552 expression.

The results of this study suggest that increased miR-552 ex-
pression can be used as a diagnostic biomarker in patients with
CRC and that the combined analysis with PTEN expression may
be used as a prognostic marker, which can help diagnose and treat
patients with CRC in the future.
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