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Abstract

Background: MicroRNA (miRNA) expression is known to be deregulated in cervical carcinomas. However, no data
is available about the miRNA expression pattern for the minimal deviation adenocarcinoma (MDA) of uterine cervix.
We sought to detect deregulated miRNAs in MDA in an attempt to find the most dependable miRNA or their
combinations to understand their tumorigenesis pathway and to identify diagnostic or prognostic biomarkers. We
also investigated the association between those miRNAs and their target genes, especially Notch1 and Notch2.

Methods: We evaluated miRNA expression profiles via miRNA microarray and validated them using.real-time PCR
assays with 24 formalin-fixed, paraffin-embedded tissue blocks of MDA and 11 normal proliferative endocervical
tissues as control. Expression for Notch1 and 2 was assessed by immunohistochemistry.

Results: MiRNA-135a-3p, 192-5p, 194-5p, and 494 were up-regulated, whereas miR-34b-5p, 204-5p, 299-5p, 424-5p,
and 136-3p were down-regulated in MDA compared with normal proliferative endocervical tissues (all P <0.05).
Considering the second-order Akaike Information Criterion consisting of likelihood ratio and number of parameters,
miR-34b-5p showed the best discrimination power among the nine candidate miRNAs. A combined panel of
miR-34b-5p and 194-5p was the best fit model to discriminate between MDA and control, revealing 100% sensitivity
and specificity. Notch1 and Notch2, respective target genes of miR-34b-5p and miR-204-5p, were more frequently
expressed in MDA than in control (63% vs. 18%; 52% vs. 18%, respectively, P <0.05). MiR-34b-5p expression level
was higher in Notch1-negative samples compared with Notch1-positive ones (P <0.05). Down-regulated miR-494
was associated with poor patient survival (P =0.036).

Conclusions: MDA showed distinctive expression profiles of miRNAs, Notch1, and Notch2 from normal proliferative
endocervical tissues. In particular, miR-34b-5p and 194-5p might be used as diagnostic biomarkers and miR-494 as a
prognostic predictor for MDA. The miR-34b-5p/Notch1 pathway as well as Notch2 might be important oncogenic
contributors to MDA.
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Table 1 Clinicopathological characteristics of patients
with minimal deviation adenocarcinoma (n =24)

Characteristics No. (%)

Age (median, range; yrs) 46 (30–59)

Tumor size

≤4 cm 15 (62.5)

>4 cm 9 (37.5)

Stage

Low (I/II) 21 (87.5)

High (III/IV) 3 (12.5)

Lymph node involvement

Absent 18 (75.0)

Present 6 (24.0)

Distant metastasis

Absent 20 (83.3)

Present 4 (16.7)

Overall survival (range; months) 4–135
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Background
Minimal deviation adenocarcinoma (MDA), also known
as adenoma malignum, is an extremely well-differentiated
variant of cervical adenocarcinoma in which most of
the cells lack the cytological features of malignancy [1].
Although MDA is an uncommon tumor and accounts
for only 1 to 3% of all cervical adenocarcinomas [1], it
deserves scrutiny because many non-neoplastic endocervi-
cal glandular lesions encountered in daily practice should
be differentiated from it. Because it is very difficult to
diagnose preoperatively if the proliferative endocervical
glandular lesion is definitely benign or malignant, espe-
cially in punch biopsy specimens [2], it would be crucial
to combine ancillary molecular or immunohistochemical
biomarkers with morphologic characteristics in order to
improve diagnostic accuracy. In 1998, a Japanese group
initially demonstrated that MDA showed immunoreac-
tivity with HIK1083 [3], and ever since this antibody has
been considered a promising tool for establishing the
diagnosis of MDA. However, its usefulness has been in
dispute because its immunoreactivity has also been
demonstrated in several proliferative endocervical glan-
dular lesions exhibiting gastric differentiation, including
lobular endocervical glandular hyperplasia (LEGH) or
gastric-type adenocarcinoma in situ (AIS), as well as in
MDA [4,5].
Whereas most cases of cervical carcinomas are known

to be associated with high-risk human papillomavirus in-
fection, MDA is usually found to be negative for human
papillomavirus [1,6,7]. Although some authors suggested
that MDA could be derived from LEGH and morpho-
logically usual-type AIS showing gastric immunopheno-
type [1,4], further studies would be needed to draw this
conclusion. Previous reports for prognosis of MDA have
not provided uniform data. Several investigators reported
poor prognosis [8-10], whereas some found a relatively
favorable prognosis similar to that for other well-
differentiated cervical adenocarcinomas [11-13]. Therefore,
difficulty in morphologic diagnosis, uncertain pathogenesis,
and variable clinical outcome data prevent clinicians
from guiding patient clinical management and treatment
effectively.
MicroRNAs (miRNAs) are small non-coding RNAs

that have been implicated in tumor development [14,15].
They regulate target gene expression either by mRNA
degradation or by translation repression [14-18]. In
general, each miRNA can regulate up to hundreds of
target genes [14-18]. During tumor development, aberrant
expression of miRNAs can either inactivate tumor sup-
pressor genes or activate oncogenes, thereby promoting
tumor formation [14-16,18,19]. Because expression of
miRNAs is tissue-specific [14,15], detectable in blood [20],
and correlates with clinical cancer behaviors [21], miRNAs
are potentially valuable biomarkers.
Until recently, several studies have identified either
up-regulated or down-regulated miRNAs in cervical
cancers using the global profiling method [22-29] or
the candidate miRNA approach [30]. However, most
studies determined miRNA expression profiles in
cervical squamous cell carcinomas [22-30], although
a few adenocarcinoma cases were included in the
cervical cancer category. There has been no report
about the miRNA expression profiles on an inde-
pendent set of cervical adenocarcinomas, in particu-
lar, MDA.
Characterization of the complex relationship between

deregulated miRNAs and their target genes in MDA
may not only help to define some of the molecular path-
ways that drive carcinogenesis, but those biomarkers
would also help to improve discrimination between
MDA and other glandular lesions and be of considerable
importance for the prediction of prognosis.

Methods
Tissue samples and patients
A total of 24 archived formalin-fixed paraffin-embedded
(FFPE) tissue blocks of MDA, excluding cases associated
with Peutz-Jeghers syndrome, were obtained from the
pathology department of 13 hospitals in Korea. A central
review with hematoxylin-eosin-stained slides was under-
taken by at least 10 pathologists from the Gynecological
Pathology Study Group of the Korean Society of Pathol-
ogists. Of 24 carcinomas, 11 cases were in stage Ib, 8 in
stage II, 1 in stage III, and 2 in stage IV, according to the
International Federation of Gynecology and Obstetrics
standards. A total of 11 cases of normal proliferative
endocervical tissue (NE) were obtained from the patients
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who had a hysterectomy for benign uterine pathologies,
such as adenomyosis or leiomyoma. For minimal deviation
adenocarcinoma, we selected only the mucinous variant of
MDA since they are the main targets and discrimination
from various non-neoplastic proliferative endocervical
lesions as well as normal endocervix must be made.
Only tissue blocks with more than 70% carcinoma con-
tent were used for this study. The clinicopathological
characteristics of the patients are summarized in Table 1.
This study protocol was approved by the Institutional
Review Board of Bucheon St. Mary’s Hospital from the
Catholic University of Korea.

RNA extraction
Total RNA was extracted from FFPE tissues using an
miRNeasy FFPE kit (Qiagen, Hilden, Germany) following
Figure 1 Unsupervised hierarchical clustering analysis based on miRN
(MDA) (C1–C8) and 8 normal proliferative endocervical tissues (NE) (N1–N8
miRNAs (green) in MDA compared to NE.
the manufacturer’s instructions. RNA concentration and
purity were assessed using a UV spectrophotometer.

MicroRNA expression profiling assay
For the selection of the candidate miRNAs, we evalu-
ated miRNA expression profiles of 8 MDA and 8 NE
samples which were randomly selected. The miRNA
Microarray System with miRNA Complete Labeling
and Hybridization kit (SurePrint G3 Human miRNA
Microarray, Release 18.0, 8×60K, Agilent Technologies,
Santa Clara, CA, USA) containing 1,887 human miRNA
oligonucleotide probes was used according to the manu-
facturer’s recommended protocol. The Agilent micro-
RNA Spike-In kit was used for in-process control to
measure labeling and hybridization efficiency. Arrays were
scanned on an Agilent Technologies G4900DA SureScan
A array data. Array data from 8 minimal deviation adenocarcinomas
) shows 47 overexpressed miRNAs (red) and 49 underexpressed
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scanner using 3-μm resolution. RNA hybridization and
scanning were performed by Macrogen Inc. (Seoul,
Korea).

Reverse transcription and quantitative real-time PCR
Reverse transcription and quantitative real-time PCR
(qRT-PCR) were performed for the validation of the
selected miRNAs using the MicroRNA TaqMan® Re-
verse Transcription Kit and the TaqMan MicroRNA
Assays in triplicate (Applied Biosystems, Foster City,
CA, USA). U6 small nuclear 2 (RNU6b) was used to
normalize input total small RNA. Absolute quantifi-
cation for each miRNA as well as RNU6b was per-
formed using a standard curve generated by serial
dilution of reverse-transcribed total RNA extracted
from VK2 cells, and expression of each miRNA was
presented as the ratio between miRNA and RNU6b
(RQ).
Figure 2 Validation of the differentially-expressed miRNAs from the m
miRNA in a validation set composed of normal proliferative endocervical ti
cervix is shown by an individual scatter plot.
Immunohistochemical analysis
Immunohistochemistry for Notch1 (Cell Signaling Tech-
nology, #3608, Danvers, MA, USA; dilution 1:100) and
Notch2 (sc-5545, Santa Cruz Biotechnology, Santa Cruz,
CA, USA; dilution 1:100) were performed using standard
staining procedures as described previously [31]. All cases
were reviewed and interpreted without knowledge of
other laboratory or clinical results. Immunohistochemical
reactions were categorized simply as positive or negative
because of the small number of tissue samples.

Raw data preparation and statistical analysis
Raw data from the microarray analysis were extracted using
the Agilent Feature Extraction Software (v11.0.1.1). The
array data were filtered by “gIsGeneDetected” =1 in all sam-
ples (1: detected). The selected “miRNAgtotalGeneSignal”
value was logarithmically transformed and normalized by
the quantile method. A comparative analysis between the
icroarray data with real-time quantitative PCR. Expression of each
ssues (NE) and minimal deviation adenocarcinoma (MDA) of uterine



Table 2 Univariate and multivariate logistic regression
analysis result and AICc values for differentiating MDA
from NE

ln miRNAs OR 95 % CI P value AICc value

miR-34b-5p 0.012 0.002–0.358 <0.001 10.069

miR-135a-3p 3.938 1.348–11.510 0.012 36.902

miR-136-3p 0.144 0.032–0.046 0.011 38.194

miR-192-5p 31.808 2.912–347.453 0.005 20.098

miR-194-5p 7.921 1.933–32.459 0.004 31.019

miR-204-5p 0.133 0.031–0.561 0.006 30.576

miR-299-5p 0.006 0.000 – 0.116 0.002 16.953

miR-424-5p 0.011 0.000–0.411 0.015 15.014

miR-494 26.278 1.861–370. 966 0.016 25.869

Best fit

ln miR-34b-5p 0.149 0.008–0.453 <0.001

ln miR-194-5p 4.035 1.150–50.958 0.032

constant 0.017 0.000–0.662 0.027 8.190

MDA, Minimal deviation adenocarcinoma; NE, Normal proliferative
endocervical tissue; OR, Odds ratio; CI, Confidence interval; AICc, Second-order
Akaike Information Criterion.

Table 3 Capabilities of the ln miRNAs to discriminate
MDA from NE

ln miRNAs AUC (SE) Sensitivity % Specificity % P value

miR-34b-5p 1.000 (0.000) 100.0 100.0 0.000

miR-135a-3p 0.833 (0.078) 70.8 81.8 0.002

miR-136-3p 0.814 (0.072) 70.8 90.9 0.003

miR-192-5p 0.955 (0.039) 91.7 100.0 0.000

miR-194-5p 0.943 (0.043) 95.8 81.8 0.000

miR-204-5p 0.886 (0.060) 80.3 90.9 0.000

miR-299-5p 0.981 (0.013) 91.6 90.9 0.000

miR-424-5p 0.981 (0.021) 100.0 90.9 0.000

miR-494 0.909 (0.057) 91.7 90.9 0.000

2 miRNAs* 1.000 (0.000) 100.0 100.0 0.000

MDA, Minimal deviation adenocarcinoma; NE, Normal proliferative
endocervical tissue; AUC, Area under receiver-operating characteristics curve;
SE, Standard error.
*Model is constructed using Firth’s bias reduced logistic regression analysis.
All P <0.05.
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test and control samples was carried out using fold-change
and an independent t-test. The false discovery rate was con-
trolled by adjusting P value using the Benjamini-Hochberg
algorithm. Hierarchical cluster analysis was performed
using complete linkage and Euclidean distance as a
measure of similarity.
The RQ values in qRT-PCR data were logarithmically

transformed due to highly skewed distribution of RQ
levels. The Mann–Whitney test and χ2 test were used to
compare the miRNA, Notch1, and Notch2 expression
between MDA and NE specimens. To determine the
correlation between miRNAs and pathological diagnoses,
we conducted a Firth’s bias reduced logistic regression
analysis [32] to reduce the bias due to “separation” and
significant multicolinearties between miRNAs. The best-
fit model was determined by the second order Akaike
Information Criterion (AICc). The receiver-operating
characteristic (ROC) curves were constructed; the sensi-
tivity and specificity at each cut-off value and area under
the ROC curve (AUC) were estimated. The correlation
between two most down-regulated miRNAs and their
target genes, Notch1 and Notch2, and the correlation
between miRNA or Notch expressions and clinicopatho-
logic parameters were evaluated with the Mann–Whitney
test. Survival curves were produced via the Kaplan-Meier
method and the resulting curves were compared using the
log-rank test. P values <0.05 were considered statistically
significant. Due to a small number of cases, we could
not derive strong correlation between miRNAs, Notch
1, Notch 2, and clinicopathologic parameters. Statistical
analysis was performed using R statistical language v.
2.15.0 and SPSS 17.0.

Results
Results of microRNA microarray analysis
We examined the expression levels of miRNAs in MDA
(n =8) and NE (n =8), for a total of 16 independent
samples. Using unsupervised hierarchical clustering
analysis without any information on the identity of the
samples, a tree was generated that represented a clear
separation of MDA from NE (Figure 1). Among 1,887
miRNAs analyzed, there was a significant difference in
the expression level of 96 miRNAs (47 up-regulated and
49 down-regulated) with more than a three-fold change
between MDA and NE. Among these, the most signifi-
cantly overexpressed miRNAs in MDA were miR-494,
135a-3p, 513a-5p, 194-5p, 192-5p, and 188-5p, whereas
the most significantly down-regulated miRNAs were miR-
34b-5p, 204-5p, 299-5p, 424-5p, and 136-3p.

Results of validation study on reverse transcription and
quantitative real-time PCR
To validate the data from the miRNA microarray, we
used qRT-PCR to analyze the expression levels of the six
up-regulated and five down-regulated candidate miRNAs,
using a set of MDA (n =24) and NE (n =11), including the
samples used for microarray analysis. Expression levels of
four miRNAs (miR-494, 135a-3p, 194-5p, and 192-5p)
were significantly higher and those of five miRNAs
(miR-34b-5p, 204-5p, 299-5p, 424-5p, and 136-3p) were
significantly lower in MDA when compared with NE
(P <0.05 for both; Figure 2). Through a validation
study, we found that miR-513a-5p and miR-188-5p were
not significantly up-regulated in MDA compared to con-
trol, unlike the microarray data. Thus, we discarded those
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two miRNAs and chose only the nine miRNAs which
were confirmed by real-time PCR.

MicroRNAs as biomarkers for detecting minimal deviation
adenocarcinoma
The individual miRNAs exhibited a significant correlation
with MDA in univariate logistic regression analysis with
AICc values ranging from 10.069 to 38.194 (all P <0.05).
The best single miRNA to discriminate MDA from NE
was miR-34b-5p with an AICc value of 10.069 (Table 2).
To discriminate MDA from NE samples, the composite
Figure 3 Immunohistochemical staining of Notch1 and Notch2 in min
correlation with miRNAs. (A) Notch1 is predominantly localized at the ap
tumor cells. High magnification view (inset, ×400). Differential expression o
endocervical tissue (NE). Expression levels of (E) miR-34b-5p and (F) miR-20
panel of two miRNAs (miR-34b-5p and 194-5p) was
determined to be the best fitting model, using Firth’s
bias reduced multivariate logistic regression analysis.
The following regression equation was built: Logit
(P) = −4.068 – 1.900* (ln miR-34b-5p) +1.396* (ln
miR-194-5p). The odds ratios of ln miR-34b-5p and
194-5p were 0.149 and 4.035, respectively, and this
model exhibited an AICc value of 8.190, which is lower
than that of any single miRNA (Table 2).
The individual miRNAs exhibited AUC values of 0.814

to 1.000 in distinguishing MDA from NE, revealing 70.8
imal deviation adenocarcinoma (MDA) of uterine cervix and their
ical membranes and (B) Notch2 is expressed in the cytoplasm of the
f (C) Notch1 and (D) Notch2 in MDA compared to normal proliferative
4-5p according to Notch1 and Notch2 status, respectively.
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to 100% sensitivity and 81.8 to 100% specificity (all P <0.05,
Table 3). The best fitting model consisting of miR-34b-5p
and 194-5p produced an AUC value of 1.000, 100% sensi-
tivity, and 100% specificity (P <0.01) (Table 3).

Selected microRNAs and computational analysis for their
predicted target genes
We identified the predicted target genes via web-based
computational approaches (miRDB; http://mirdb.org, ver
4.0, miRBase rel.18.0). We discovered that Notch1 and
Notch2 were the target genes of the most down-regulated
miRNAs, miR-34b-5p and miR-204-5p, respectively.

Notch1 and Notch2 status and association with microRNA
expression
Notch1 and Notch2 expressions were determined by im-
munohistochemical analysis (Figure 3A, B) in the same
set of MDA (n =24) and NE (n =11) used for qRT-PCR.
Notch1 was detected in 11 of 24 MDA (63%) and 2 of
11 NE (18%) samples, whereas Notch2 was detected in
13 of 24 MDA (52%) and 2 of 11 NE (18%) samples. The
percentages of positive Notch1 and Notch2 samples
were significantly higher in MDA compared with NE
samples (63% vs. 18%, P =0.015 and 52% vs. 18%, P =0.046,
respectively; Figure 3C, D). Expression of miR-34b-5p
was significantly up-regulated in Notch1-negative sam-
ples compared with Notch1-positive samples (P =0.008;
Figure 3E). However, miR-204-5p did not show a sig-
nificant correlation with the Notch2 expression pattern
(P =0.894; Figure 3F).

Association with clinicopathological parameters and
survival
Down-regulation of miR-494 was associated with poor
patient survival (P =0.036; Figure 4). We found no signifi-
cant association between miRNA expression and tumor
size, clinical stage, lymph node, or distant metastasis, nor
between Notch expression and various clinicopathological
parameters (see Additional file 1).
Figure 4 Kaplan-Meier survival curve and log-rank test for
miR-494 level. The survival rate of patients with down-regulated
miR-494 levels was significantly lower than that of patients with
up-regulated miR-494 levels (log-rank test P =0.036).
Discussion
Preoperative differential diagnosis of MDA from other
proliferative glandular lesions, such as endocervical tunnel
clusters [1], deeply situated nabothian cysts [1], endocervi-
cosis of the cervical wall [1], mesonephric hyperplasia [1],
LEGH [2], and AIS [2], is critical for appropriate thera-
peutic management. Nonetheless, according to a previous
report [2], the interobserver agreement rate for MDA
showed just a slight level of consistency (k-value =0.115).
Recently, several studies have noted associations between

microRNA expression and cervical carcinomas [22-30].
MiRNAs reported in the previous studies [22-30] to be as-
sociated with cervical carcinomas included the following:
miR-21, 143, 21, 145, 218, 29a, 155, 16, 146a, 20a, 126,
127, 424, 17-5p, 203, 20, 15b, 106a, 148a, 224, 10b, 450,
199a, 20b, 125b, 15a, 93, 182, 185, and 34a. However,
those studies revealed quite different miRNA expression
profiling patterns from ours because most studies have fo-
cused on cervical squamous cell carcinomas. These find-
ings are explained by the previous reports that have
suggested tissue-specific miRNA expression patterns with
different sets of miRNAs up- or down-regulated in tumors
of different cellular origin [33-35].
In the present study, using miRNA microarray and

qRT-PCR on 24 MDA samples, we detected nine miRNAs
which were differently expressed between MDA and NE.
They exhibited relatively good discrimination ability and,
in particular, single miR-34b-5p testing could discriminate
MDA from NE with 100% sensitivity and specificity. We
also constructed the best fitting model consisting of
miR-34b-5p and 194-5p based on AICc values, and it
also showed 100% sensitivity and specificity. Considering
the high sensitivity and specificity above 99%, they might
be used as supplementary diagnostic biomarkers in patho-
logically complicated cases with ambiguous morphological
features or with only small amounts of superficial glandu-
lar lesions upon limited sampling.
Four Notch genes have been described in mammals,

Notch1, Notch2, Notch3, and Notch4 [31,36,37]. They
encode type I transmembrane proteins with extracellular
domains containing epidermal growth factor-like repeats
that regulate cell proliferation and differentiation in
various tissues [31,36,37]. In cervical cancer, upregula-
tion of Notch1 [37-39] and Notch2 [39] was associated
with in-situ or invasive squamous cell carcinoma and
adenocarcinoma, and it is thought that abnormal Notch
signaling can promote the development of cervical can-
cer [40]. In the present study, Notch1 and Notch2
seemed to play an oncogenic role because both of them
were significantly up-regulated in MDA compared to
normal control. Interestingly, although we observed that
Notch1 expression was dependent on the miR-34b-5p
expression level, Notch2 expression did not seem to be
dependent on the miR-204-5p expression level, thereby

http://mirdb.org
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suggesting another mechanism or miRNAs might be
involved in the Notch2 expression process in the MDA
carcinogenesis pathway. In particular, considering that
miR-34b-5p and Notch1 showed the most distinctive
expression pattern between MDA and NE, we can specu-
late that down-regulation of miR-34b-5p and the resulting
overexpression of the Notch1 gene (miR-34b-5p/Notch1
pathway) might comprise one of the important oncogenic
pathways of MDA. However, Notch2 is positive in 52% of
MDAs compared to 18% of normal control samples, and
this finding alone may be sufficient to suspect that Notch2
could also play a role in carcinogenesis of MDA, although
maybe not triggered by miR-204-5p.
To date, several miRNAs, including miR-375 [41], 127

[24], 9 [42], 200a [42,43], 93 [43], 497 [44], and 224 [45],
have been reported to be associated with metastasis,
progression, or survival of cervical cancer, although most
of the cervical tumors in those studies were also squa-
mous cell type. In this study, down-regulation of miR-494
was associated with poor patient survival, suggesting its
possible role as a prognostic marker.
Limitations to our study need to be mentioned. First,

even though we performed a multicenter study, there was
still only a small number of cases due to the low incidence
of MDA. Thus, we could not afford another validation
study for our diagnostic or prognostic biomarkers with a
test set, and future studies with larger sample size, notably
including controversial cases, will have to be performed.
Second, a possible precursor lesion, like LEGH or gastric
type-AIS, which could strengthen our hypothesis was not
included in this study. Third, more experiments, such as
transfection of miR-34b-5p and cell viability tests, are still
warranted to reveal the exact role of the miR-34b-5p/
Notch1 pathway during MDA carcinogenesis.

Conclusions
MDA showed distinctive expression profiles of miRNAs,
Notch1, and Notch2 from NE. In particular, miR-34b-5p
and 194-5p might be used as diagnostic biomarkers and
miR-494 as a prognostic predictor for MDA. The miR-34b-
5p/Notch1 pathway as well as Notch2 might be important
oncogenic contributors to MDA.

Additional file

Additional file 1: Correlations between miRNA or Notch
expressions and clinicopathological parameters.

Abbreviations
AICc: Akaike Information Criterion; AIS: Adenocarcinoma in situ; AUC: Area
under the ROC curve; FFPE: Formalin-fixed paraffin-embedded; LEGH: Lobular
endocervical glandular hyperplasia; MDA: Minimal deviation adenocarcinoma;
miRNAs: MicroRNAs; NE: Normal proliferative endocervical tissue;
PCR: Polymerase chain reaction; qRT-PCR: Reverse transcription and
quantitative real-time PCR; RNU6b: U6 small nuclear 2; RQ: Ratio between
miRNA and RNU6b; ROC: Receiver-operating characteristic.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
HL and CP drafted the manuscript. CP analyzed and interpreted the data. KK,
NC, SH, HJ, SK, KP, HA, TK, IK, HY, KS, KM, HC, JP, CY, and YL made substantial
contributions to conception and design of the study and acquisition of data.
HJL and WL conducted the experiments. YSL assisted in the manuscript
preparation and revised it critically for important intellectual content. CP and
YL conceptualized, edited, and revised the manuscript and approved the
final version. All authors have read and approved the final manuscript.

Acknowledgements
This study was supported by a grant from the Institute of Clinical Medicine
Research of Bucheon St. Mary’s Hospital, The Catholic University of Korea.

Author details
1Department of Hospital Pathology, College of Medicine, The Catholic
University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 137-701, Korea.
2Department of Pathology, Asan Medical Center, University of Ulsan College of
Medicine, 388-1, Pungnap 2-dong, Songpa-gu, Seoul 138-736, Korea.
3Department of Pathology, Yonsei University College of Medicine, 50-1,
Yonse-ro, Seodaemun-gu, Seoul 120-752, Korea. 4Department of Pathology,
Cheil General Hospital and Women’s Healthcare Center, Kwandong University
College of Medicine, 1-19, Mukjeong-dong, Jung-gu, Seoul 100-380, Korea.
5Department of Pathology, Keimyung University College of Medicine, 56,
Dalseong-ro, Jung-gu, Daegu 700-712, Korea. 6Department of Pathology, Yonsei
University College of Medicine, 20, Ilsan-ro, Wonju, Kangwon-do 220-701, Korea.
7Department of Pathology, CHA University College of Medicine, 59, Yatap-ro,
Bundang-gu, Seongnam, Gyeonggi-do 463-712, Korea. 8Department of
Pathology, Korea University College of Medicine, 73, Inchon-ro, Seongbuk-gu,
Seoul 136-705, Korea. 9Department of Pathology, Inje University College of
Medicine, 75, Bokji-ro, Jin-gu, Busan 614-735, Korea. 10Department of Pathology,
Chungnam University College of Medicine, 282, Munhwa-ro, Jung-gu, Daejeon
301-721, Korea. 11Department of Pathology, Kyungpook National University
School of Medicine, 130, Dongdeok-ro, Jung-gu, Daegu 700-721, Korea.
12Department of Pathology, Center for Uterine Cancer, Research Institute and
Hospital, National Cancer Center, 323, Ilsan-ro, Ilsandong-gu, Goyang, Gyeonggi-do
410-769, Korea. 13Department of Clinical Medicine Research Institute, The Catholic
University of Korea, Bucheon St. Mary’s Hospital, 327, Sosa-ro, Wonmi-gu, Bucheon,
Gyeonggi-do 420-717, Korea. 14Department of Internal Medicine, College of
Medicine, The Catholic University of Korea, 222, Banpo-daero, Seocho-gu, Seoul
137-701, Korea. 15Department of Pathology, Ajou University College of Medicine,
164, World Cup-ro, Yeongtong-gu, Suwon, Gyeonggi-do 443-380, Korea.

Received: 11 September 2014 Accepted: 29 October 2014
Published: 8 November 2014

References
1. Kurman RJ, Ellenson LH, Ronnett BM: Carcinoma and other tumors of the

cervix. In Blaustein’s Pathology of the Female Genital Tract. 6th edition. Edited
by Kurman RJ, Ellenson LH, Ronnett BM. New York: Springer-Verlag;
2011:280–282.

2. Tsuda H, Mikami Y, Kaku T, Akiyama F, Hasegawa T, Okada S, Hayashi I,
Kasamatsu T: Interobserver variation in the diagnosis of adenoma
malignum (minimal deviation adenocarcinoma) of the uterine cervix.
Pathol Int 2003, 53:440–449.

3. Ishii K, Hosaka N, Toki T, Momose M, Hidaka E, Tsuchiya S, Katsuyama T: A
new view of the so-called adenoma malignum of the uterine cervix.
Virchows Arch 1998, 432:315–322.

4. Mikami Y, Kiyokawa T, Hata S, Fujiwara K, Moriya T, Sasano H, Manabe T,
Akahira J, Ito K, Tase T, Yaegashi N, Sato I, Tateno H, Naganuma H:
Gastrointestinal immunophenotype in adenocarcinomas of the uterine
cervix and related glandular lesions: a possible link between lobular
endocervical glandular hyperplasia/pyloric gland metaplasia and
‘adenoma malignum’. Mod Pathol 2004, 17:962–972.

5. Mikami Y, McCluggage WG: Endocervical glandular lesions exhibiting
gastric differentiation: an emerging spectrum of benign, premalignant,
and malignant lesions. Adv Anat Pathol 2013, 20:227–237.

6. Pirog EC, Kleter B, Olgac S, Bobkiewicz P, Lindeman J, Quint WG, Richart RM,
Isacson C: Prevalence of human papillomavirus DNA in different

http://www.biomedcentral.com/content/supplementary/1477-7819-12-334-S1.docx


Lee et al. World Journal of Surgical Oncology 2014, 12:334 Page 9 of 9
http://www.wjso.com/content/12/1/334
histological subtypes of cervical adenocarcinoma. Am J Pathol 2000,
157:1055–1062.

7. An HJ, Kim KR, Kim IS, Kim DW, Park MH, Park IA, Suh KS, Seo EJ, Sung SH,
Sohn JH, Yoon HK, Chang ED, Cho HI, Han JY, Hong SR, Ahn GH:
Prevalence of human papillomavirus DNA in various histological
subtypes of cervical adenocarcinoma: a population-based study. Mod
Pathol 2005, 18:528–534.

8. Hart WR: Symposium part II: special types of adenocarcinoma of the
uterine cervix. Int J Gynecol Pathol 2002, 21:327–346.

9. Gilks CB, Young RH, Aguirre P, DeLellis RA, Scully RE: Adenoma malignum
(minimal deviation adenocarcinoma) of the uterine cervix. A
clinicopathological and immunohistochemical analysis of 26 cases. Am J
Surg Pathol 1989, 13:717–729.

10. Kaku T, Enjoji M: Extremely well-differentiated adenocarcinoma
(“adenoma malignum”) of the cervix. Int J Gynecol Pathol 1983, 2:28–41.

11. Kaminski PF, Norris HJ: Minimal deviation carcinoma (adenoma
malignum) of the cervix. Int J Gynecol Pathol 1983, 2:141–152.

12. Silverberg SG, Hurt WG: Minimal deviation adenocarcinoma (“adenoma
malignum”) of the cervix: a reappraisal. Am J Obstet Gynecol 1975,
121:971–975.

13. Lim KT, Lee IH, Kim TJ, Kwon YS, Jeong JG, Shin SJ: Adenoma malignum of
the uterine cervix: clinicopathologic analysis of 18 cases. Kaohsiung J Med
Sci 2012, 28:161–164.

14. Zhang W, Dahlberg JE, Tam W: MicroRNAs in tumorigenesis: a primer. Am
J Pathol 2007, 171:728–738.

15. Kumar V, Abbas A, Fausto N, Aster J: Genetic disorders. In Robbins and
Cotran Pathologic Basis of Disease. 8th edition. Edited by Schmitt W.
Philadelphia: Saunders Elsevier; 2010:137.

16. Slack FJ, Weidhaas JB: MicroRNA in cancer prognosis. N Engl J Med 2008,
359:2720–2722.

17. Hede K: Small RNAs are raising big expectations. J Natl Cancer Inst 2009,
101:840–841.

18. Lee H, Choi HJ, Kang CS, Lee HJ, Lee WS, Park CS: Expression of miRNAs
and PTEN in endometrial specimens ranging from histologically normal
to hyperplasia and endometrial adenocarcinoma. Mod Pathol 2012,
25:1508–1515.

19. Deng S, Calin GA, Croce CM, Coukos G, Zhang L: Mechanisms of microRNA
deregulation in human cancer. Cell Cycle 2008, 7:2643–2646.

20. Resnick KE, Alder H, Hagan JP, Richardson DL, Croce CM, Cohn DE: The
detection of differentially expressed microRNAs from the serum of
ovarian cancer patients using a novel real-time PCR platform. Gynecol
Oncol 2009, 112:55–59.

21. Yu SL, Chen HY, Chang GC, Chen CY, Chen HW, Singh S, Cheng CL, Yu CJ,
Lee YC, Chen HS, Su TJ, Chiang CC, Li HN, Hong QS, Su HY, Chen CC, Chen
WJ, Liu CC, Chan WK, Chen WJ, Li KC, Chen JJ, Yang PC: MicroRNA
signature predicts survival and relapse in lung cancer. Cancer Cell 2008,
13:48–57.

22. Zheng ZM, Wang X: Regulation of cellular miRNA expression by human
papillomaviruses. Biochim Biophys Acta 2011, 1809:668–677.

23. Pereira PM, Marques JP, Soares AR, Carreto L, Santos MA: MicroRNA
expression variability in human cervical tissues. PLoS One 2010, 5:e11780.

24. Lee JW, Choi CH, Choi JJ, Park YA, Kim SJ, Hwang SY, Kim WY, Kim TJ, Lee
JH, Kim BG, Bae DS: Altered MicroRNA expression in cervical carcinomas.
Clin Cancer Res 2008, 14:2535–2542.

25. Wang X, Tang S, Le SY, Lu R, Rader JS, Meyers C, Zheng ZM: Aberrant
expression of oncogenic and tumor-suppressive microRNAs in cervical
cancer is required for cancer cell growth. PLoS One 2008, 3:e2557.

26. Lui WO, Pourmand N, Patterson BK, Fire A: Patterns of known and novel
small RNAs in human cervical cancer. Cancer Res 2007, 67:6031–6043.

27. Li Y, Wang F, Xu J, Ye F, Shen Y, Zhou J, Lu W, Wan X, Ma D, Xie X:
Progressive miRNA expression profiles in cervical carcinogenesis and
identification of HPV-related target genes for miR-29. J Pathol 2011,
224:484–495.

28. Witten D, Tibshirani R, Gu SG, Fire A, Lui WO: Ultra-high throughput
sequencing-based small RNA discovery and discrete statistical biomarker
analysis in a collection of cervical tumours and matched controls. BMC
Biol 2010, 8:58.

29. Rao Q, Shen Q, Zhou H, Peng Y, Li J, Lin Z: Aberrant microRNA expression
in human cervical carcinomas. Med Oncol 2012, 29:1242–1248.

30. Deftereos G, Corrie SR, Feng Q, Morihara J, Stern J, Hawes SE, Kiviat NB:
Expression of mir-21 and mir-143 in cervical specimens ranging from
histologically normal through to invasive cervical cancer. PLoS One 2011,
6:e28423.

31. Baldi A, De Falco M, De Luca L, Cottone G, Paggi MG, Nickoloff BJ, Miele L,
De Luca A: Characterization of tissue specific expression of Notch-1 in
human tissues. Biol Cell 2004, 96:303–311.

32. Heinze G, Schemper M: A solution to the problem of separation in
logistic regression. Stat Med 2002, 21:2409–2419.

33. Kim TH, Kim YK, Kwon Y, Heo JH, Kang H, Kim G, An HJ: Deregulation of
miR-519a, 153, and 485-5p and its clinicopathological relevance in
ovarian epithelial tumours. Histopathology 2010, 57:734–743.

34. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, Sweet-Cordero
A, Ebert BL, Mak RH, Ferrando AA, Downing JR, Jacks T, Horvitz HR, Golub
TR: MicroRNA expression profiles classify human cancers. Nature 2005,
435:834–838.

35. Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, Petrocca F, Visone R, Iorio
M, Roldo C, Ferracin M, Prueitt RL, Yanaihara N, Lanza G, Scarpa A,
Vecchione A, Negrini M, Harris CC, Croce CM: A microRNA expression
signature of human solid tumors defines cancer gene targets. Proc Natl
Acad Sci U S A 2006, 103:2257–2261.

36. Kang H, An HJ, Song JY, Kim TH, Heo JH, Ahn DH, Kim G: Notch3 and
Jagged2 contribute to gastric cancer development and to glandular
differentiation associated with MUC2 and MUC5AC expression.
Histopathology 2012, 61:576–586.

37. Sakamoto K, Fujii T, Kawachi H, Miki Y, Omura K, Morita K, Kayamori K,
Katsube K, Yamaguchi A: Reduction of NOTCH1 expression pertains to
maturation abnormalities of keratinocytes in squamous neoplasms. Lab
Invest 2012, 92:688–702.

38. Veeraraghavalu K, Pett M, Kumar RV, Nair P, Rangarajan A, Stanley MA,
Krishna S: Papillomavirus-mediated neoplastic progression is associated
with reciprocal changes in JAGGED1 and manic fringe expression linked
to notch activation. J Virol 2004, 78:8687–8700.

39. Zagouras P, Stifani S, Blaumueller CM, Carcangiu ML, Artavanis-Tsakonas S:
Alterations in Notch signaling in neoplastic lesions of the human cervix.
Proc Natl Acad Sci U S A 1995, 92:6414–6418.

40. Maliekal TT, Bajaj J, Giri V, Subramanyam D, Krishna S: The role of Notch
signaling in human cervical cancer: implications for solid tumors.
Oncogene 2008, 27:5110–5114.

41. Wang F, Li Y, Zhou J, Xu J, Peng C, Ye F, Shen Y, Lu W, Wan X, Xie X:
miR-375 is down-regulated in squamous cervical cancer and inhibits cell
migration and invasion via targeting transcription factor SP1. Am J Pathol
2011, 179:2580–2588.

42. Hu X, Schwarz JK, Lewis JS Jr, Huettner PC, Rader JS, Deasy JO, Grigsby PW,
Wang X: A microRNA expression signature for cervical cancer prognosis.
Cancer Res 2010, 70:1441–1448.

43. Wang L, Wang Q, Li HL, Han LY: Expression of MiR200a, miR93,
metastasis-related gene RECK and MMP2/MMP9 in human cervical
carcinoma–relationship with prognosis. Asian Pac J Cancer Prev 2013,
14:2113–2118.

44. Luo M, Shen D, Zhou X, Chen X, Wang W: MicroRNA-497 is a potential
prognostic marker in human cervical cancer and functions as a tumor
suppressor by targeting the insulin-like growth factor 1 receptor. Surgery
2013, 153:836–847.

45. Shen SN, Wang LF, Jia YF, Hao YQ, Zhang L, Wang H: Upregulation of
microRNA-224 is associated with aggressive progression and poor
prognosis in human cervical cancer. Diagn Pathol 2013, 8:69.

doi:10.1186/1477-7819-12-334
Cite this article as: Lee et al.: MicroRNA expression profiling and Notch1
and Notch2 expression in minimal deviation adenocarcinoma of uterine
cervix. World Journal of Surgical Oncology 2014 12:334.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Tissue samples and patients
	RNA extraction
	MicroRNA expression profiling assay
	Reverse transcription and quantitative real-time PCR
	Immunohistochemical analysis
	Raw data preparation and statistical analysis

	Results
	Results of microRNA microarray analysis
	Results of validation study on reverse transcription and quantitative real-time PCR
	MicroRNAs as biomarkers for detecting minimal deviation adenocarcinoma
	Selected microRNAs and computational analysis for their predicted target genes
	Notch1 and Notch2 status and association with microRNA expression
	Association with clinicopathological parameters and survival

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

