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Abstract: Background: MiR-24/378 is thought to be onco-miRNAs for their ability of enhancing tumor growth. The
objective of this study was to evaluate the potential predictive value of miR-24/378 expression in formalin-fixed
paraffin-embedded tissues of breast cancer patients. Methods: The expression of miR-24/378 was examined in
101 breast cancer patients and 40 controls using real-time quantitative PCR. All statistical analyses were performed
using SPSS16.0. Results: We found that miR-24 and miR-378 were significantly up-regulated in breast cancer pa-
tients compared with controls (all P < 0.01). The expression levels of the two miRNAs were highly correlated with
each other in breast cancer patients, with r = 0.778 between miR-24 and miR-378. Moreover, the two miRNAs
exhibited great capability of discriminating between cancer patients and controls by ROC analysis. MiR-24 and miR-
378 showed 0.79 and 0.807 AUC values respectively. Conclusions: Over-expression of miR-24 and miR-378 in FFPE
tissue of breast cancer patients might conduct as an ideal source for biomarker discovery and validation in breast

cancer patients.
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Introduction

MiRNAs are small (about 21 nucleotides long)
non-coding RNA and post-transcriptionally reg-
ulate gene expression by silencing different tar-
get mRNAs [1, 2]. MiRNAs are important post-
transcriptional regulators of gene expression in
plants, metazoans, and mammals [3]. By nega-
tively regulating the stability or translational
efficiency of target mMRNAs, miRNAs play impor-
tant roles in diverse regulatory pathways,
including tumor growth [4], cancer develop-
ment [5, 6], tumor invasion and metastasis [7],
control of development [8], apoptosis [9, 10],
cell proliferation [11], cell differentiation [12],
cellular self-renewal [13], division [14], protein
secretion [15] and viral infection [16].

Our previous studies have shown that miR-24
promotes tumor invasion and metastasis [7],
miR-93 enhances tumor metastasis and growth
[17, 18], and miR-378 promotes tumor growth
and cellular self-renewal [4, 13]. MiR-24, miR-

93 and miR-378 are all considered to be onco-
microRNAs for their role in enhancing tumor
growth. Aberrant expression of miRNA genes
contributes to the formation and progression of
cancer [6]. Recent studies have indicated that
miR-24 is highly expressed in the serum of
breast cancer patients [19], non small cell lung
cancer [20] and oral squamous cell carcinoma
[24]. Qian et al demonstrated that over-expres-
sion of miR-378 is frequently observed in AML
[22]. MiR-378 was also found up-regulated in
the serum of renal cell carcinoma patients [23].

Fresh and frozen tissue samples are the appro-
priate source of DNA, RNA and protein for clinic
and research. However, due to the limitation
and inefficiency of prospectively collecting fresh
and frozen samples, scientists are starting to
look for alternative stocks of archived samples
with potential utility for disease analysis such
as formalin-fixed paraffin-embedded (FFPE) tis-
sues [24]. RNA appears to be degraded in FFPE
tissue [25]. Interestingly, miRNAs have been
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Table 1. Expression level of miR24/378 and their diagnostic significance in breast cancer patients
Median in cancer patients Median in control Pvalue AUC Cutoffs Sensitivity (%) Specificity (%)

miR-24 3.262 0.275 <0.01 0.79 0.2066 62.5 90
miR-378 1.002 0.096 <0.01 0.807 0.0427 68 85
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control  Breast cancer

correlation between miR-24 and miR378

demonstrated to be stable when preserved in
FFPE tissue at room temperature because of
their shorter lengths. The expression of miR-
NAs in various cancers using FFPE tissues has
been successfully analyzed [26]. A high correla-
tion between miRNA expression levels derived
from FFPE and matched fresh-frozen tissues
have been revealed [24]. FFPE tissues are ideal
for miRNA study and immunohistochemistry
(IHC) which carries abundant pathological data.
FFPE tissues might conduct as an ideal source
for miRNA expression study, biomarker discov-
ery and validation [27].

Emerging evidence has suggested that miR-
24/378 is highly expressed in different cancers
and could conduct as potential biomarkers for
cancer detection. However, little is known about
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control  Breast cancer

Figure 1. Relative expression level of miR-24 (A)
and miR-378 (B) in 101 breast cancer patients
and 40 controls. MiRNA expression levels are
presented after log10 transformation, medium
of each miRNA in both control and breast can-
cer group was indicated as marked. Correlation
between miR-24 and miR-378, the spearman
correlation indicated high association between
the two miRNAs, with r=0.778 between miR-24
and miR-378 as shown in the scatter plot (C).

the expression level of miR-24/378 in FFPE tis-
sue of breast cancer patients and the correla-
tions between miR-24/378 and breast cancer.
In this study, we investigated expression of
miR-24/378 simultaneously in FFPE tissue of
breast cancer patients as well as the correla-
tions between them and breast cancer.
Moreover, we further analyzed potential predic-
tive value of miR-24/378 as novel potential bio-
markers for breast cancer patients.

Materials and methods
Patients and samples
FFPE tissue samples from 101 breast cancer

patients in the Affiliated People’s Hospital of
Jiangsu University was collected in this study.
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Additionally, FFPE tissue samples collected
from 40 cancer free donors were used as con-
trols. All samples were obtained according to
the guidelines of The Affiliated People’s
Hospital’'s protocol including patient consent
and specimen collection. The diagnosis and
classification of breast cancer patients were
based on the Tumor-Node-Metastasis (TNM)
system of American Joint Committee on Cancer
(AJCC) [28]. All cases were diagnosed with his-
tologically and clinically confirmed stages |, Il
and lll breast cancer.

RNA extraction and reverse transcription

Total RNA was extracted from 101 FFPE tissue
of breast cancer patients and 40 controls using
the RecoverAll™ Total Nucleic Acid Isolation Kit
(Ambion, catalog no: AM 1975) and reverse
transcribed to cDNA using miScript Reverse
Transcription Kit (Qiagen, catalog no. 218061).

Real-time quantitative PCR

Real-time quantitative PCR (RQ-PCR) was per-
formed according to the manufacturer’s instruc-
tions using miScript SYBR green PCR kit
(Qiagen, catalog no. 218073) with the manu-
facturer-provided miScript Universal primer and
miRNA-Specific forward primer: TGGCTGAGTT
CAGGAGGAACA (miR-24), CTCCTGACTCCAGGTC
CTGTGT (miR-378). RQ-PCR amplification was
described in our previous study [22].

Statistical analyses

All statistical analyses were performed using
spss16.0. The comparison of miRNA expres-
sion levels between patients and controls was
performed using the Mann-Whitney test. MiR-
24/378 expression levels were presented as
median of copies which were normalized to U6
expression. Spearman correlation coefficient
was used to analyze the correlation of miR-24
and miR-378 expression. The x? test was used
to analyze the association of miR-24 and miR-
378 expression with clinicopathological charac-
teristics. Receiver operator characteristic (ROC)
curve analysis was applied to assess the diag-
nostic significance of miRNAs. AUC (area under
a curve) was the area under the ROC curve, rep-
resenting the accuracy of using certain miRNA
expression to discriminate patients from con-
trols. Cutoff was the selected value of certain
miRNA, which could differentiate patients from
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controls with the most optimized sensitivity and
specificity. The correlations between miRNAs
and breast cancer were further determined
using univariable logistic regression as well as
multivariable logistic regression. All values
shown are two-sided, and a P-value <0.05 was
considered statistically significant.

Results

Expression and correlation of miR24/378 in
FFPE tissues of breast cancer patients

Both miR-24 and miR-378 exhibited higher
expression levels in breast cancer patients
compared with controls (all P<0.01) (Table 1)
(Figure 1A, 1B). The median of miR-24 level
was 3.262 and 0.275 in breast cancer patients
and in controls respectively. The median of
miR-378 level was 1.002 in breast cancer
patients and 0.096 in controls.

Furthermore, Spearman correlation analysis
revealed high association between the two
miRNAs, with r = 0.778 between miR-24 and
miR-378 as indicated in the scatter plot (Figure
1C).

A panel of highly specific and sensitive miR-
NAs for determination of breast cancer

ROC analysis was then performed to evaluate
the capability of using the miRNAs to discrimi-
nate between 101 patients and 40 controls.
Optimum cutoff values were determined. As
indicated in Table 1 and Figure 2, miR-24
showed 0.79 AUC with 62.5% sensitivity and
90% specificity in discriminating breast cancer
patients from controls (Figure 2A); while miR-
378 showed 0.807 AUC with 68% sensitivity
and 85% specificity (Figure 2B). The findings
imply that the selected miRNAs could hold
promise as biomarkers for breast cancer. As
shown in Figure 2C, the combination of the two
miRNAs produced 0.711 AUC, which was not
significantly difference from that of each indi-
vidual miRNA.

MiR-24 and miR-378 levels were also found sig-
nificantly correlated with breast cancer by uni-
variable logistic regression (P < 0.01, Table 2).
However, in multivariate regression analysis,
which included both of the two miRNAs, the cor-
relation between miRNAs and breast cancer
was greatly attenuated as show in Table 3.
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Table 2. Univariable Logistic regression model of miR24/378
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Figure 2. ROC curve analysis of the two miRNAs
in 101 breast cancer patients and 40 controls.
The area under the ROC curve (AUC) indicates
the accuracy for differentiating breast cancer
patients from controls in terms of sensitivity
and specificity. ROC curve of miR-24 (A), miR-24
showed 0.79 AUC with 62.5% sensitivity and 85%
specificity. ROC curve of miR-378 (B), miR-378
showed 0.807 AUC with 68% sensitivity and 90%
specificity. Combination of the two miRNAs pro-
duced 0.711 AUC (C).

Discussion

Regression coefficient (B)  SE

Wald. x?2 Pvalue Exp (B)

miR-24 2.437 0.501 22.982
miR-378 2.283 0.489 21.824

<0.01 11.839
<0.01 9.802

Aberrant expression patterns of
miRNAs have been reported in

Correlation of miR-24 and miR-378 expres-
sion with clinicopathological characteristics of
breast cancer

To further evaluate whether high-expression of
miR-24 and miR-378 was related to the clinical
progression of breast cancer, we analyzed the
association of the two miRNAs with the clinico-
pathological status of breast cancer patients.
High expression of miR-24/378 was not related
to most of the clinicopathological characteris-
tics of patients with breast cancer (Table 4).
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various cancers and dysregula-
tion of miRNAs are revealed to
highly correlate with the progression and prog-
nosis of different cancers [19-23]. Breast can-
ceristhought to be a heterogeneous neoplasm,
which involves various profile alterations in
both expression of miRNA and mRNA [27].
Abundant studies about the expression level of
various miRNAs and their functions in breast
cancer have been reported [27, 29]. Mar-Aguilar
F et al demonstrated up-regulation of miR-21,
miR-191 and down-regulation of miR-125b in
breast cancer patients [30]. Over-expression of
serum miR-155 was found in breast cancer
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Table 3. Multivariate logistical model of miR24/378

0.807 with 68% sensitivity

Regression coefficient (3) SE

Wald. x> Pvalue Exp (B)

and 85% specificity, exhib-

MiR-24
MiR-378

1.151
1.127

0.962 1.431 0.232 3.162
0.606 3.459 0.063 3.086

iting similar diagnostic abil-
ity. The combination of the

Table 4. Clinicopathological characteristics and expression of miR-24

and miR-378 in breast cancer

two miRNAs produced
0.711 AUC, showing no sig-
nificant difference from
0.79 and 0.807 AUC values

Characteristics ~ Cases miR24 expression level miR378 expression level of each individual miRNA
Low high P Low high P indistinguishing cancer pa-

Age (years) tients from controls, which
<40 19 10 9 0085 8 11 o627  Mightimplythatone single
20-55 34 18 16 19 15 miRNA is aIready.sufﬂgl.ent
55 48 23 o5 o o4 gnough for. the identifica-

) : tion, or which can be exp-
Histological grade lained by the highly correla-
| 47 20 27 0.093 22 25 0.686 tion between the two miR-

I 28 19 9 16 12 NAs. The association bet-
1l 26 12 14 13 13 ween miR-24/378 levels

N stage and breast cancer was fur-
0 60 27 23  0.786 27 33  0.461 ther confirmed by multivari-
1-3 23 14 9 13 10 ate and univariable logistic
4-9 10 7 3 7 3 regression. However, com-
>10 8 5 3 4 4 pared with univariable mo-
e
. el which included both o
neg-aT:lve 41 24 17 0.181 20 21 0.776 the two miRNAs, the corre-
positive 60 21 33 31 29 lation between the two
PR status miRNAs and breast cancer
negative 44 25 19 0.264 24 20 0.474 was attenuated. This differ-
positive 57 26 31 27 30 ence could be probably the

patients [31]. Recent studies revealed that
miRNAs might be ideal potential candidates as
therapeutic targets and novel biomarkers [27].

In this study, we detected the expression of
miR-24 and miR-378 in FFPE tissue of breast
cancers using RQ-PCR. We found that miR-24
and miR-378 showed higher expression levels
in breast cancer patients compared with
controls.

Due to the lack of current evidence about diag-
nostic ability of miR-24/378 in breast cancer
patients, we performed ROC curve analysis.
MiR24 expression in FFPE tissues of breast
cancer produced an AUC of 0.79 with sensitivity
of 62.5% and specificity of 90% in the identifi-
cation of breast cancer. These results showed
that miR-24 had considerable diagnostic power
to discriminate breast cancer patients from
controls. The result of ROC curve analysis also
revealed that miR-378 produced an AUC of

4265

results of the multi colin-
earity of the two miRNAs, since the two miRNAs
were highly correlated with each other by spear-
man correlation analysis, which makes the esti-
mation of individual miRNA’s predictive ability
inaccurate in that model.

Additionally, the correlation of miR-24 and miR-
378 with clinicopathological characteristics of
breast cancer were also analyzed. We found
that high expression of miR-24/378 was not
related to most of the clinicopathological char-
acteristics in breast cancer patients. MiR-24
and miR-378 are considered to be onco-
microRNAs [4, 7, 13, 17, 18]. Based on our
observations in the analysis of miR-24/378
expression level and clinical characteristics,
the lack of relation between miR-24/378 and
other clinicopathological characteristics might
suggest that the mechanism underlying the
high production of the two miRNAs is different
from that of other clinic factors in breast can-
cer, which makes them potential diagnostic

Int J Clin Exp Pathol 2014;7(7):4261-4267
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and prognostic biomarkers that are indepen-
dent from other known biomarkers.

FFPE tissues could be long-term stored and can
permanently preserve the architecture of tis-
sue. The biomarkers derived from FFPE tissues
are linked to pathological and clinical databas-
es and provide efficient biological insight.
Recent studies revealed that FFPE tissue is a
reliable source for detection of miRNA expres-
sion levels as compared with frozen tissues
[32-36]. Taken together, our study suggest that
over-expression of miR-24 and miR-378 in FFPE
tissues of breast cancer patients might con-
duct as a ideal source for biomarker discovery
and validation in breast cancer patients.

In conclusions, over-expression of miR-24 and
miR-378 in TTPE tissue of breast cancer
patients might conduct as an ideal source for
biomarker discovery and validation in breast
cancer patients.
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