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miR-130A as a Diagnostic Marker to Differentiate
Malignant Mesothelioma From Lung Adenocarcinoma
in Pleural Effusion Cytology

Rocco Cappellesso, MD (2", Marco Galasso, PhD?; Lorenzo Nicolé, MD'; Paolo Dabrilli, BD';
Stefano Volinia, PhD?; and Ambrogio Fassina, MD'

BACKGROUND: Malignant pleural mesothelioma is a rare tumor with a dismal prognosis, usually presenting with recurrent
effusions. However, the majority of malignant pleural effusions are due to lung adenocarcinoma (AdC). The distinction
between these tumors has considerable therapeutic and medicolegal implications and can be very challenging both histo-
logically and cytologically. Appropriate immunohistochemistry (IHC) is required to support the diagnosis. MicroRNA
(miRNA) expression analysis could be a viable diagnostic tool for distinguishing between these tumors. The purpose of
the current study was to assess the reliability of miRNAs as diagnostic markers to differentiate epithelioid malignant mes-
othelioma (MM) from lung AdC. METHODS: Bioinformatic analysis of publicly searchable data sets regarding miRNA
expression profiling was performed to select the most significant differentially expressed miRNAs. These were analyzed
by quantitative polymerase chain reaction on histologic (41 MM cases and 40 lung AdC cases) and cytological (26 MM
cases and 27 lung AdC cases) specimens and the diagnostic performances were assessed. RESULTS: miR-130a, miR-193a,
miR-675, miR-141, miR-205, and miR-375 were found to be the best distinguishing markers. Of these, only miR-130a was
significantly overexpressed in MM compared with lung AdC (P =.029 in histologic and P =.014 in cytological samples).
miR-130a demonstrated a sensitivity of 77%, a specificity of 67%, a positive predictive value of 69%, a negative predictive
value of 75%, and an accuracy of 72% in identifying MM. CONCLUSIONS: The diagnostic performances of miR-130a
expression analysis and IHC appear to be similar. miR-130a quantification could be used reliably as second-level diagnos-
tic tool to differentiate MM from lung AdC in pleural effusion cytology, mainly in those cases with ambiguous or negative
IHC. Further validation is needed. Cancer Cytopathol 2017;125:635-43. © 2017 American Cancer Society.
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INTRODUCTION

Malignant mesothelioma (MM) is a tumor with a poor prognosis that arises from the mesothelial cells lining the
serosal surfaces." The global incidence of MM is rising dramatically, and is expected to hit its peak in Europe
within the next decade.” MM typically is related to the long-term inhalation of asbestos fibers and the pleura is
the most commonly affected site. According to the World Health Organization classification, 3 subtypes of MM
are recognized: epithelioid MM (resembling an adenocarcinoma [AdC]), sarcomatoid MM (composed of spindle
cells), and biphasic MM (a mix of the other 2 subtypes).3

International Mesothelioma Interest Group (IMIG) guidelines state that the diagnosis of MM always

should be based on the results obtained from an adequate biopsy within the context of proper clinical, radiologic,
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and surgical findings.* Moreover, the histologic diagno-
sis of MM is mandatorily based not only on appropriate
morphology, but also on adequate immunohistochemis-
try (IHC) due to the overlapping features of MM with
several carcinomas, mainly peripherally located lung
AdC involving the pleura.*> Patients with pleural MM
usually present with advanced stage disease and recur-
rent pleural effusions (PE), and the cytological examina-
tion of the exfoliated cells (almost exclusively of
epithelioid type) is usually the initial, and often exclu-
sive, approach to the diagnosis.6 The reported sensitiv-
ity of the cytological diagnosis of MM based on
morphology alone is historically low, and this accounts
for its exclusion from the IMIG guidf:linf:s.4 However,
accumulating evidence has indicated that MM cytology
supported by ancillary techniques is as reliable as histol-
ogy, although the sensitivity of cytology remains some-
what lower.” Also in this setting, the application of IHC
to cell block sections is compulsory because it greatly
enhances the diagnostic performance of cytology and
enables the differentiation of MM from other PE-
associated carcinomas, including lung AdC, with all the
subsequent therapeutic and medicolegal implications.”

A plethora of IHC markers have been proposed for
this purpose, and these markers usually are divided into
“mesothelial” (eg, cytokeratin 5/6, calretinin, Hector Batti-
fora mesothelial epitope-1 (HBME-1), thrombomodulin,
Wilms tumor 1 [WT1], mesothelin, D2-40, vimentin, H-
caldesmon, and CD90 [Thy—l])g‘12 and “epithelial” (eg,
thyroid transcription factor 1 [TTE-1]; napsin A; carcino-
embryonic antigen; Ber-EP4; MOC-31; B72.3; CD15;
Lewis y; claudin-4; and mucin 4, cell surface associated
[MUCA4]) markers."""'” However, when taken alone, none
of these antibodies was found to provide the required sensi-
tivity and specificity to distinguish MM from lung AdC.
For this reason, IMIG guidelines currently indicate the use
of an antibody panel including at least 2 mesothelial and 2
epithelial markers with a sensitivity or specificity >80%."*

MicroRNAs (miRNAs) are a well-known class of reg-
ulatory, short, noncoding RNA molecules that often have
been reported as being tumor specific.'® Moreover,
miRNA expression analysis is feasible in cytological speci-
mens and may be diagnostically useful.'”** Recently, we
reported that miRNA expression profiling is an effective
and reliable tool for making the distinction between MM
and reactive mesothelial cells in PE, complementary to
cytologic evaluation.®
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The objective of the current study was to assess the
possible use of miRNAs as diagnostic markers to differenti-
ate MM from lung AdC, especially in the challenging field
of PE cytology.

MATERIALS AND METHODS

Materials

From the archives of the pathological anatomy department
at the University of Padua (period of storage, 2010-2015),
we retrieved the formalin-fixed and paraffin-embedded his-
tologic samples of 41 pleural epithelioid MM cases and 40
lung AdC cases along with the cytological specimens of 26
pleural epithelioid MM cases and 27 lung AdC cases from
PEs of a different cohort of patients. The age of the histo-
logic and cytological samples was equally distributed. The
clinicopathological features of the 2 series of patients are
summarized in Table 1. Each cytological case had subse-
quent histologic confirmation. All cases were reviewed and
the diagnoses were confirmed in all instances by 2 patholo-
gists (A.F. and R.C.) according to the current World
Health Organization classification.

Microdissection, Total RNA Extraction, and
Retrotranscription

Tumor cell enrichment was performed to ensure a tumor
cell content >70%. To avoid cross-contamination, a new
sterile microtome blade was used to cut 5 consecutive sec-
tions measuring 10 pm in thickness from each histologic
sample. Tumor cells were microdissected manually from
these sections with sterile needles under a light microscope
and collected in 1.5-mL tubes. Total RNA was extracted
using the RecoverAll Total Nucleic Acid Isolation Kit for
formalin fixation and paraffin embedding (ThermoFisher
Scientific, Waltham, Mass) following the manufacturer’s
instructions, as reported elsewhere,?* and finally eluted in
50 pL of diethylpyrocarbonate (DEPC)-treated water.

With regard to the cytologic specimens, after cover-
slip removal, the cells were scraped from each slide with
sterile razor blades and collected in 1.5-mL tubes. Total
RNA was isolated using TRIzol Reagent (ThermoFisher
Scientific) according to the manufacturer’s protocol, as pre-
viously reported.® Total RNA finally was resuspended in
50 mL of DEPC-treated water.

The RNA concentrations of all the extractions were
assessed using 1 L of the sample and the Qubit RNA HS
Assay Kit (ThermoFisher Scientific) on a Qubit 3.0
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TABLE 1. Clinicopathological Characteristics of the 2 Series of Patients

No. of Mean Age * SD, Age Range, Male/
Specimen Diagnosis Cases Years Years Female
Histologic MM 41 66.6 = 4.7 56-82 30/11
AdC 40 63.4 = 51 47-83 24/16
Cytological MM 26 73.2 = 6.8 62-84 17/9
AdC 27 65.3 = 5.4 52-79 17/10

Abbreviations: AdC, adenocarcinoma of the lung; MM, malignant mesothelioma; SD, standard deviation.

TABLE 2. Primer Sequences of the Selected
mMiRNAs and the Reference Gene Used For
Quantitative Real-Time PCR

MiRNA Primer Sequence
MiR-130a(-3p) 5'-CAGTGCAATGTTAAAAGGGCAT-3'
MiR-193a 5-AACTGGCCTACAAAGTCCCAGT-3
MiR-675 5-TGTATGCCCTCACCGCTCA-3’
MiR-141 5-GCTAACACTGTCTGGTAAAGATGG-3
MiR-205 5-CTTCATTCCACCGGAGTCTG-3'
MiR-375 5-CGGCTCGCGTGAGGC-3'

RNU6B 5'-ACGCAAATTCGTGAAGCGTT-3

Abbreviations: miRNA, microRNA; PCR, polymerase chain reaction.

Fluorometer (ThermoFisher Scientific) and stored at -
80°C until further use.

Total RNA was retrotranscribed using the NCode
VILO miRNA cDNA Synthesis Kit (ThermoFisher Scien-
tific) following the manufacturer’s instructions, as
described elsewhere.® The complementary DNA obtained
was stored at -80°C until further use.

Bioinformatic Analysis for miRNA Selection

Expression data of 1047 miRNAs and corresponding clini-
cal information for lung AdC (511 cases) and MM (87
cases) data sets were downloaded from The Cancer
Genome Atlas (TCGA) data portal in November 2015
(http://tcga-data.nci.nih.gov). The collection of the data
from the TCGA platform was compliant with laws and
regulations for the protection of human subjects and neces-
sary ethical approvals were obtained. Two other data sets
regarding the expression of 1111 miRNAs were collected
and included 35 MM samples from GSE40345 and 25
lung AdC samples from GSE63805. All the data were
log2-transformed. The normalization was performed using
the quantles normalization, as implemented in the
Bioconductor “affy” package.”> BRB-ArrayTools Data
Archive-R/BioConductor (version 2.10) was used to per-

form the Student # test over the experiments of 2 classes.2°

All Pvalues (<.05) were 2-sided.
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Quantitative Polymerase Chain Reaction

Quantitative real-time polymerase chain reaction (qRT-
PCR) was performed using the NCode EXPRESS SYBR
GreenER miRNA gRT-PCR Kit (ThermoFisher Scien-
tific) method according to the manufacturer’s protocol, as
previously reported.® The sequences of the primers of the 6
selected miRNAs and of the housekeeping small nuclear
gene RNUGB are reported in Table 2. All reactions were
performed in triplicate, including no-template controls, in
a LightCycler 480 Real-Time PCR System (Roche, Mann-
heim, Germany). Relative quantification was calculated
using the 274" method normalized to the expression of
the internal reference gene RNUGB.

Statistical Analysis

Normality of the distribution of the miRNA expression
data among the cases of MM and lung AdC was assessed
by both graphical (box plot and Q-Q plot) and formal
(Shapiro-Wilk test) methods. In the absence of normality,
the Wilcoxon rank sum test with continuity correction
was applied to detect significant differences in miRNA
expression between the groups. In cytological specimens,
the receiver operating characteristic (ROC) curve and the
area under the ROC curve (AUC) were used to assess the
ability of miRNA to differentiate between groups. The
Youden test was applied to determine the best curoff value
along with the relative sensitivity, specificity, positive pre-
dictive value, negative predictive value, and accuracy of
the miRNA. All the statistical analyses were performed
with R statistical software (version 3.2.3; R Foundation
for Statistical Computing, Wien, Austria). A P value <.05
was considered to be statistically significant.

RESULTS

Selected miRNAs

After the normalization, 239 of 1047 miRNAs included in
the TCGA data sets (22.8%) were differendally expressed
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GSE40345
GSE63805

TCGA

MiRNAs upregulated in MM vs AdC

miR-140, miR-379, miR-382, miR-193a,
miR-431, miR-381, miR-10b, miR-889,
miR-130a, let-7c, miR-370, miR-125a,
miR-409, miR-378, miR-134, miR-365,
miR-675, let-7e, miR-432, and miR-224.

GSE40345

TCGA  GsE63805

MiRNAs downregulated in MM vs AdC

miR-34c, miR-9, miR-96, miR-30b, miR-18a,
miR-363, miR-29a, miR-29¢, miR-141, miR-
101, miR-145, miR-146a, miR-429, miR-345,
miR-34b, let-7b, miR-106b, miR-181a, miR-
183, miR-1287, miR-107, miR-135b, miR-148a,
miR-148b, miR-375, miR-19b, miR-200a, miR-
200b, miR-200¢, miR-203, miR-205, and miR-
1266.

Figure 1. Chart showing the final step of the microRNA (miRNA) selection process from publicly available data sets. AdC indi-
cates adenocarcinoma; MM, malignant mesothelioma; TCGA, The Cancer Genome Atlas.

S
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Figure 2. Representative photomicrographs of cases of (A and C) malighant mesothelioma and (B and D) lung adenocarcinoma
from the histologic (A and B; H & E stain, original magnification X200) and cytological (C and D; May-Grunwald-Giemsa stain,
original magnification X200) series of specimens.
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Figure 3. Box plots showing expression of the 6 microRNAs (miRNAs) selected from publicly available data sets in the histologic
series of malignant mesotheliomas (MMs) and lung adenocarcinomas (AdCs). Only miR-130a was found to be significantly over-

expressed in MM cases compared with lung AdC cases (P =.029).

with a fold change >1.5 in either direction from the
miRNA median value between MM and lung AdC. Of
these, 203 had a P<.05 and were included in the final
comparison. The same analysis was performed on the data
obtained from the other 2 independent platforms, and
found 596 of 1111 miRNAs (53.6%) with a different
expression. Of these, 483 had a P<.05 and were analyzed
further. The list of the upregulated and downregulated
miRNAs in both of the independent comparisons was
used for the final selection of the candidates able to predict
the nature of the tumor (Fig. 1). The selected miRNA
panel comprised 3 upregulated miRNAs (miR-130a, miR-
193a, and miR-675) and 3 downregulated miRNAs (miR-
141, miR-205, and miR-375) in MM versus lung AdC. In
particular, miR-675 demonstrated the highest fold-change
among the most overexpressed miRNAs in the largest data
set (TCGA) and miR-193a and miR-130a were among
the top 15 upregulated miRNAs in both data sets, whereas
miR-375 was by far the most downregulated in the TCGA

data set, followed by miR-141 (selected also as
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representative of the miR-200 family, whose members all
were among the top 15 downregulated miRNAs) and
miR-205 (the only one of the top 15 downregulated miR-
NA:s to be in both data sets).

Histologic Specimens

The expression levels of miR-130a, miR-193a, miR-675,
miR-141, miR-205, and miR-375 were assessed in 41 epi-
thelioid MM and 40 lung AdC histologic specimens (Fig.
2). The mean cycle threshold (Ct) values in the MM sam-
ples were 19.30 * 2.30 for RNAUGB, 27.02 * 2.83 for
miR-130a, 28.81 = 2.70 for miR-193a, 29.09 * 2.12 for
miR-675, 31.13 * 4.26 for miR-141, 27.19 * 3.36 for
miR-205, and 27.25 * 3.10 for miR-375, whereas in the
AdC cases, the mean Ct values were 19.64 * 1.14 for
RNAUGB, 29.03 * 3.23 for miR-130a, 30.60 * 1.68 for
miR-193a, 29.35 = 1.10 for miR-675, 26.16 * 1.17 for
miR-141, 28.50 *= 2.25 for miR-205, and 29.77 * 3.81
for miR-375. miR-130a was found to be remarkably
upregulated (P =.029) in MM compared with lung AdC
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Figure 4. (A) Box plot showing expression of the microRNA
130a (miR-130a) in the cytological series of malignant meso-
theliomas (MMs) and lung adenocarcinomas (AdCs). MiR-
130a was found to be significantly overexpressed in MMs
compared with lung AdC cases (P = .014). (B) Receiver oper-
ating characteristic (ROC) curve showing the diagnostic per-
formance of miR-130a expression analysis in differentiating
MM from lung AdC in pleural effusion specimens. The area
under the ROC curve was 70% (95% confidence interval,
55%-84%), indicating moderate accuracy for miR-130a.

(Fig. 3). Although maintaining their respective upward
and downward profiles of expression in MM versus lung

AdC, miR-675 (P =.824) and miR-205 (P =.473) did
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not reach statistical significance (Fig. 3). The expression
levels of miR-193a (P =.799), miR-141 (P =.175), and
miR-375 (P =.992) were found to be similar between the
2 tumors (Fig. 3).

Cytological Specimens

All 6 miRNAs were quantified further in the cytological
specimens of 26 epithelioid MM and 27 lung AdC
(Fig. 2). The mean Ct values in the MM samples were
21.07 = 2.40 for RNAUGB, 29.11 * 2.57 for miR-130a,
30.07 £ 2.83 for miR-193a, 31.14 = 2.02 for miR-675,
32.30 = 3.76 for miR-141, 28.56 = 3.26 for miR-205,
and 29.15 * 3.18 for miR-375, whereas the mean CT val-
ues in the lung AdC cases were 21.68 = 1.77 for
RNAUGB, 30.83 = 2.90 for miR-130a, 32.20 * 2.08 for
miR-193a, 31.30 = 1.88 for miR-675, 28.41 *= 2.03 for
miR-141, 30.01 * 2.40 for miR-205, and 31.37 = 3.20
for miR-375. miR-130a demonstrated a significantly
higher level of expression (P =.014) in MM compared
with lung AdC (Fig. 4), in contrast to miR-193a
(P =.841), miR-675 (P =.948), miR-141 (P =.3506),
miR-205 (P =.424), and miR-375 (P =.797). To deter-
mine the diagnostic power of miR-130a in PE cytology,
the ROC curve was plotted from the qRT-PCR data
(Fig. 4) and the AUC was calculated. The AUC was 70%
(95% confidence interval, 55%-84%). Thus, miR-130a
was moderately accurate in differentiating MM from lung
AdC. The best cutoff value for the expression of miR-130a
to discriminate between the 2 tumors was 0.675 (95%
confidence interval, 0.5952-0.9231). This threshold
enabled the correct identification of 20 of 26 MM cases
and 18 of 27 lung AdC cases, demonstrating a sensitivity
of 77%, a specificity of 67%, a positive predictive value of
69%, a negative predictive value of 75%), and an accuracy
of 72%.

DISCUSSION

Complementary or alternative ancillary methods to THC
are necessary to differendate epithelioid MM from lung
AdC in histologic specimens and in PE samples. The cur-
rent study tested miRNA expression profiling to address
this issue. Bioinformatic analysis of the expression data of a
significant number of miRNAs (1047 and 1111, respec-
tively) from publicly available MM (87 and 35 cases,
respectively) and lung AdC (511 and 25 cases, respectively)
data sets provided a panel of 6 differendally expressed
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miRNAs: miR-130a, miR-193a, miR-675, miR-141,
miR-205, and miR-375. When tested by qPCR in the cur-
rent series, only miR-130a was found to be concordant
with the high-throughput results demonstrating signifi-
cantly higher expression levels in MM compared with lung
AdC. A possible explanation for this discrepancy may be
the type of material analyzed. Both the TCGA and Xu
et al”” used only MM of pleural origin, as in the current
study. However, among the 87 MM cases from TCGA,
57 were epithelioid, 23 were biphasic, 1 was sarcomatoid,
and 6 were not otherwise specified. With regard to the
GSE40345 data set, the case series comprised 18 epithe-
lioid, 4 biphasic, and 3 sarcomatoid MM cases. On the
contrary, only pure epithelioid MM cases were deliberately
included in our histologic and cytological series because
the sarcomatoid component rarely sheds cells in PE. It is
likely that MM spindle cells harbor a different expression
profile from epithelial-shaped cells, as also supported by
our previous finding that miR-205 downregulation corre-
lates with the sarcomatoid phenotype in MM.! Thus, the
inclusion of all 3 MM subtypes due to MM rarity could
have affected the current study results. Moreover, we per-
formed manual microdissection of the histologic specimens
to enrich the tumor cell content, whereas both Xu et al
and Robles et al also might have analyzed a consistent
amount of contaminant inflammatory or stromal cells.””*®
Finally, technical aspects might have influenced the results
of the current study because different next-generation
sequencing platforms with diverse analytical performances
were applied to build the various data sets.””*®

The findings of the current study demonstrated that
miR-130a is significantly overexpressed in MM compared
with lung AdC in both histologic and cytological samples
and that it is moderately accurate in distinguishing the 2
tumors in PE specimens. This is in keeping with the data
of Benjamin et al, in which miR-130a was found to dem-
onstrate remarkably higher levels of expression in histologic
specimens of MM (all subtypes) compared with those of a
set of AdC samples of different origins.29 However, in the
current series, miR-130a quantification did not exceed the
sensitivity or specificity threshold indicated by the IMIG
for IHC markers (ie, 80%), reaching a value of 77% and
67%, respectively.* Thus, its diagnostic performances are
similar but not superior to those of IHC; however, IHC is
affected by several preanalytical (fixation and cut), analyti-
cal (antibody clones and staining conditions), and postana-
lytical (subjective interpretation) limitations. This accounts
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for the lack of an IMIG recommended panel of antibodies
for MM diagnosis, and therefore each laboratory is respon-
sible for developing its own panel. In addition, cases occur
in which neoplastic cells do not stain with any marker.
Instead, miRNA expression analysis has been demonstrated
to be objective, able to be standardized, and feasible even
in samples from archival stained/immunostained slides.
Thus, it also can be performed as a second-level ancillary
test in ambiguous or IHC-negative cases. The major limi-
tation of its implementation in pathology laboratories is
the availability of quantitative PCR systems. Indeed, con-
trary to IHC, this method is not available everywhere.

Similar to every other miRNA, miR-130a has hun-
dreds of putative target genes and, in a given cancer, it can
act as an oncogene or tumor suppressor gene depending
on the specific target. However, with regard to MM, to the
best of our knowledge no data currenty are available
regarding the role of miR-130a. Even though defining the
function of miR-130a in MM is beyond the scope of the
current study, we emphasize a possible intriguing link
between this miRNA and the Hippo signaling pathway.
This pathway controls organ size during embryonic devel-
opment through inhibition of cell proliferation and the
promotion of apoptosis, inactivating the transcription
coactivator Yes-associated protein (YAP).?*?! In cancer,
defects in the pathway enable YAP to exert antiapoptotic,
proproliferative, and stemness-promoting activities.”*"
Several articles have reported modifications of the compo-
nents of the Hippo signaling cascade in MM.**?
Recently, Shen et al reported a positive feedback loop
involving YAP, miR-130a, and vestigial-like family mem-
ber 4 (VGLL4): YAP directly induces miR-130a expression
that represses VGLL4 expression, a YAP inhibitor, thereby
unleashing and amplifying YAP oncogenetic activity.*®
Thus, the possible link between YAP and miR-130a in
MM should be investigated.

The quantification of miR-130a expression could be
a potential additional diagnostic tool with which to differ-
entiate MM from lung AdC in PE cytology. Further vali-
dation in larger independent series of PE specimens is

needed.
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