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| Abstract: MicroRNAs post-transcriptionally regulate gene expression thus playing a critical role in a wide range of physiological and pathological processes,

including cancer initiation and progression. Moreover, a growing number of evidences highlights that miRNAs themselves are differentially expressed between
normal and malignant tissues. In this study, we analysed differences in miRNA expression profile between haematological and epithelial tumor-derived cell lines
and explored their role in definying different cancer cells phenotypes. Cancer Focus microRNA PCR Panel was used to analyze eighty-four oncomiRNAs in two
human haematological (K562 and HL-60) and in two epithelial (H460 and MCF-7) cancer cell lines. Bioinformatic tools were used to identify miRNA-specific
signatures and to discover potentially deregulated pathways. Our analysis led to the identification of i) a large repertoire of miRNAs commonly expressed in the
four cell lines, including two equally highly expressed (UPmiRs) and four equally low expressed (DNmiRs); ii) two miRNAs signatures, one associated with the
haematological and one with the epithelial cell lines; iii) miRNA signatures specific for the acute or for the chronic myeloid leukemic cells; iv) miRNA signatures
specific for the lung or for the breast carcinoma cells. As a whole, these results strengthen the significance of miRNAs profiling in human cancer subtyping, provid-
ing the ground for the identification of novel potential biomarkers for specific cancer cell phenotypes.
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Introduction such as E2F, RAS, and MYC, as well as tumor suppres-
sor genes, whereof p53 is the best known example. In
During the last two decades, the rapid development other words, a single microRNA may act either as an
of new experimental tools and an increasing scientific oncogene or a tumour suppressor, depending on its tis-
interest in non-coding RNAs has led to an explosion sue specific expression and its ability to regulate multi-
of knowledge regarding microRNAs and their role in ple targets (10, 11).
physiological and pathological conditions (1). Human cancer cell lines represent excellent experi-
Since their initial identification, more than 2,500 ma- mental models and renewable resources to characterize
ture human miRNAs have been annotated in miRBase the expression profiles of oncomiRNAs (12). Here, we
Release 2.0 and an even greater number of predicted tar- evaluate the expression profile of 84 oncomicroRNAs
get mRNASs has been discovered in the human genome in two haematological (K562 and HL-60) and two epi-
(2). Noteworthy, a single miRNA can post-transcrip- thelial (MCF-7 and H460) tumor-derived human cancer
tionally regulate the expression of hundreds of mRNAs cell lines. Through this analysis, we found a repertoire
(1), thus contributing to many essential cellular func- of miRNAs commonly expressed in all the cell lines
tions and processes (3) such as differentiation (miR- and, more importantly, we provide a catalog of miR-
223) (4), metabolism (miR-133, miR-29a/b and miR- NAs that might help in highlighting differences among
27a) (5), proliferation (miR-17 and let-7) (6), apoptosis individual cancer types and to better understand their
(miR-34 and miR-21) (6) and cell response to different underlying biology.
stress stimuli (miR-210) (7). Thus, aberrant expression
or mutations of these key regulators often result in a Materials and Methods
failure in orchestrating normal development and cell
functions, thereby leading to the onset of various dis- Cell lines
eases (3). In human haematological and epithelial can- Four cancer cell lines (K562, HL60, MCF-7 and
cers it has been shown that the deregulated microRNA H460) were used to evaluate oncomicroRNA patterns.
expression may affect either the early stages of cancer The epithelial cancer cell lines were derived from non-
progression or the acquisition of metastatic potential (8, small cell lung cancer (H460, ATCC® HTB177™) and
9). The role of miRNAs in cancer pathogenesis is ac- breast cancer (MCF-7, ATCC® HTB22™); the haema-
complished through the regulation of several oncogenes tological cancer cell lines where obtained from chronic
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(K562, ATCC® CCL243™) and acute (HL-60, ATCC
® CCL-240™) myeloid leukemia. MCF-7 and HL-60
were cultured respectively in DMEM (Sigma Aldrich,
St. Louis, MO) and IMDM (Sigma Aldrich, St. Louis,
MO); K562 and H460 were maintained in RPMI 1640
(Sigma Aldrich, St. Louis, MO) as recommended by
ATCC. All media were supplemented with 1% peni-
cillin/streptomycin and 10% fetal bovine serum (FBS;
Sigma Aldrich, St. Louis, MO). Cells were incubated in
a humidified incubator at 37°C supplied with 5% CO,,.

miRNA extraction and quantitative real-time PCR
(RT-PCR)

MiRNA-enriched total RNA was extracted from
K562, HL-60, H460 and MCF-7 cells by using miR-
CURY™ RNA Isolation Kit Cell and Plant (Exiqon,
Woburn, USA) following the manufacturer’s proto-
col. The concentration, the purity and the integrity of
the RNA were checked spectroscopically (260/280 and
260/230 absorbance ratios) through Nanodrop Instru-
ment (Thermo Scientific, Waltham, MA, USA). Can-
cer Focus microRNA PCR Panel (EXIQON, Woburn,
USA) was used to assess the expression levels of 84 on-
co-miRNAs by quantitative real-time PCR (qRT-PCR).
Each sample was assayed in duplicate, and the experi-
mental data were normalized to the expression levels of
the housekeeping small nuclear RNA, SNORDA49. Rela-
tive expression was calculated as previously described

(13).

Functional analysis of microRNAs

Functional analysis of miRNAs was performed us-
ing Ingenuity Pathway Analysis (IPA) (14). IPA maps
each miRNA within a molecular network and defines it
as “focus molecule”. The identified networks are shown
as a graph where genes are represented as nodes with
various shapes representing the functional class of the
gene product. The biological relationships between two
nodes are represented as lines, displayed with various
labels describing the nature of the relationship. Pathway
enrichment analysis highlighted the most significant
(threshold: -log p value=1.30) canonical pathways ob-
tained by IPA.

KEGG analysis

Target genes of miRNAs obtained were used as in-
put for the KEGG pathway database. KEGG is a col-
lection of manually drawn pathway maps representing
the knowledge on the molecular interaction and reaction
networks for metabolism, genetic information process-
es, environmental information processing, cellular pro-
cesses and human diseases. KEGG was used for path-
way enrichment analysis using as threshold a p value
<0.05.

Statistical analysis

Student’s t testing for comparison of two groups was
used to analyze miRNA expression levels between the
different samples. We selected only miRNAs with a
Log, (fold change) above +1 or below -1; those differ-
ences with a p<0.05 were considered statistically sig-
nificant.

Venn diagrams were generated to identify miRNAs
commonly or exclusively expressed as well as to study

the overlap between miRNAs up- or down-regulated in
all the experimental models.

The analysis of the more representative miRNAs
among haematological and epithelial cancer cell lines
was represented through a Volcano plot using -Log  (p
values) and the Log, (fold change). We selected only
miRNAs differentially expressed with a Log, (fold
change) above +1 with a p<0.05.

Results

OncomiRNA profiles of K562, HL-60, H460 and
MCEF-7 cell lines

We used the Cancer Focus microRNA PCR panel to
analyze the expression profile of 84 different oncomiR-
NAs in the chronic K562 and the acute HL-60 myeloid
leukemia cell lines and in the lung H460 and the breast
MCF-7 carcinoma cell lines. Through a duplicate set of
experiments, we found that all miRNAs were detected
in at least one of the four cell lines. In particular, 76
miRNAs were expressed in K562 and in HL-60 cells,
and a total of 80 and 81 miRNAs were detectable in
the MCF-7 and H460 cells, respectively. The oncomiR-
NAs of each cell line, sorted in a decreasing order of ex-
pression according to their relative raw threshold cycle
(Ct) value (including those below the limit of detection,
Ct>45) are listed in Table 1.

From a global analysis of the four profiles, it appears
that the vast majority of miRNAs was detected with
a Ct value between 26 and 30, while the group of the
most highly expressed ones (Ct<25) was less than 13%
in each cell type, with the exclusion of HL-60, where
they reached the 40% (Figure 1).

Commonly high expressed (UPmiRs) and low ex-
pressed (DNmiRs) miRNAs in the four cell lines

As expected, we found that the largest category of
the microRNAs analyzed (69 out of 84) was ubiquitous-
ly expressed in all four cell types. Among them, miR-
16-5p and miR-21-5p were expressed with a Ct<25 in
all cell lines (UPmiRs) (Venn diagram in Figure 2A);
similarly, miR-206 and miR-149-3p were expressed
with 36<Ct>45 in the four cell lines (DNmiRs) (Venn
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Figure 1. Global analysis of the four oncomiRNA profiles. Pie

Raw Ct (31-35)
27%

charts illustrating the global expression of the 84 oncomiRNAs in
K562, HL-60, H460 and MCF-7 cells. The pie size corresponds to
the percentage composition of miRNAs identified in each cell line

clustered according to their Ct ranges.
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Table 1. The 84 oncomiRNAs analyzed in each cell line and their relative raw threshold cycle (Ct).

Global miRNA expression profiles

Raw Ct <25

Raw Ct 26-30

K562

HL60

H460

MCF-7

hsa-miR-20a-5p, hsa-miR-106a-5p,
hsa-miR-19b-3p, hsa-miR-19a-3p,
hsa-miR-126-3p, hsa-miR-16-5p,
hsa-miR-21-5p.

hsa-miR-20a-5p, hsa-miR-19a-3p, hsa-miR-
19b-3p, hsa-miR-106a-5p, hsa-miR-16-5p,
hsa-let-7e-5p, hsa-let-7a-5p, hsa-miR-21-5p,
hsa-miR-93-5p, hsa-miR-223-3p, hsa-let-
7f-5p, hsa-miR-18a-5p, hsa-miR-25-3p,
hsa-miR-23a-3p, hsa-let-7g-5p, hsa-miR-
26a-5p, hsa-miR-106b-5p, hsa-miR-15a-5p,
hsa-miR-181a-5p, hsa-miR-24-3p, hsa-miR-
221-3p, hsa-let-7i-5p, hsa-miR-191-5p,
hsa-let-7d-5p, hsa-miR-99a-5p, hsa-miR-
103a-3p, hsa-miR-30c-5p, hsa-miR-155-5p,
hsa-miR-17-5p, hsa-miR-146a-5p, hsa-miR-
15b-5p, hsa-miR-125b-5p, hsa-miR-101-3p,
hsa-miR-27b-3p

hsa-let-7i-5p, hsa-let-7a-5p, hsa-miR-
16-5p, hsa-miR-21-5p, hsa-miR-24-3p,
hsa-miR-23a-3p, hsa-let-7b-5p

hsa-miR-21-5p, hsa-miR-
200c-3p, hsa-miR-93-5p, hsa-
let-7a-5p, hsa-miR-103a-3p,
hsa-miR-141-3p, hsa-miR-16-
5p, hsa-miR-24-3p, hsa-miR-
23a-3p, hsa-let-7b-5p

hsa-miR-93-5p, hsa-miR-223-3p,
hsa-miR-103a-3p, hsa-miR-18a-5p,
hsa-miR-191-5p, hsa-miR-23a-

3p, hsa-miR-25-3p, hsa-miR-107,
hsa-miR-210, hsa-miR-423-5p,
hsa-let-7a-5p, hsa-miR-24-3p, hsa-
miR-106b-5p, hsa-miR-26a-5p,
hsa-miR-92b-3p, hsa-miR-30b-5p,
hsa-miR-30c-5p, hsa-miR-23b-3p,
hsa-miR-15a-5p, hsa-miR-15b-5p,
hsa-miR-27b-3p, hsa-miR-17-5p,
hsa-miR-22-3p, hsa-let-7e-5p, hsa-
miR-148a-3p

hsa-miR-181b-5p, hsa-miR-107, hsa-
miR-26b-5p, hsa-miR-27a-3p, hsa-let-7c,
hsa-miR-222-3p, hsa-miR-30b-5p, hsa-miR-
148a-3p, hsa-miR-210, hsa-miR-29a-3p,
hsa-miR-423-5p, hsa-miR-29¢-3p, hsa-let-
7b-5p, hsa-miR-23b-3p, hsa-miR-9-5p, hsa-
miR-92b-3p, hsa-miR-7-5p, hsa-miR-31-5p,
hsa-miR-34a-5p, hsa-miR-29b-3p, hsa-miR-
186-5p, hsa-miR-192-5p, hsa-miR-182-5p,
hsa-miR-30d-5p, hsa-miR-100-5p, hsa-

hsa-miR-103a-3p, hsa-miR-19b-3p,
hsa-miR-20a-5p, hsa-miR-125b-5p,
hsa-miR-181a-5p, hsa-miR-31-5p, hsa-
let-7g-5p, hsa-miR-29a-3p, hsa-miR-
106a-5p, hsa-miR-93-5p, hsa-let-7-5p,
hsa-miR-34a-5p, hsa-let-7d-5p, hsa-
miR-107, hsa-miR-423-5p, hsa-miR-
29b-3p, hsa-miR-19a-3p, hsa-miR-23b-
3p, hsa-miR-222-3p, hsa-miR-30c-5p,
hsa-miR-26a-5p, hsa-miR-191-5p,
hsa-let-7c, hsa-miR-25-3p, hsa-miR-
99a-5p, hsa-miR-22-3p, hsa-miR-106b-
5p, hsa-let-7e-5p, hsa-miR-181b-5p,

miR-215, hsa-miR-150-5p, hsa-miR-145-5p, hsa-miR-27b-3p, hsa-miR-15a-5p, hsa-

hsa-miR-10b-5p

miR-29¢-3p, hsa-miR-30b-5p, hsa-miR-
100-5p, hsa-miR-9-5p, hsa-miR-210,
hsa-miR-126-3p, hsa-miR-130a-3p,
hsa-miR-18a-5p

hsa-miR-25-3p, hsa-miR-
27b-3p, hsa-miR-107, hsa-
miR-106b-5p, hsa-let-71-5p,
hsa-miR-23b-3p, hsa-let-7e-
5p, hsa-miR-20a-5p, hsa-miR-
181a-5p, hsa-miR-106a-5p,
hsa-miR-19b-3p, hsa-let-7g-
5p, hsa-let-7d-5p, hsa-miR-
181b-5p, hsa-miR-191-5p,
hsa-miR-205-5p, hsa-miR-
26a-5p, hsa-miR-34a-5p, hsa-
miR-19a-3p, hsa-miR-196a-
5p, hsa-miR-30b-5p, hsa-let-
7¢, hsa-miR-92b-3p, hsa-miR-
200a-3p, hsa-miR-27a-3p,
hsa-miR-200b-3p, hsa-miR-
30c-5p, hsa-miR-15b-5p, hsa-
miR-423-5p, hsa-miR-15a-5p,
hsa-miR-7-5p, hsa-miR-210,
hsa-miR-148a-3p, hsa-miR-
182-5p, hsa-miR-18a-5p,
hsa-miR-101-3p, hsa-miR-
125b-5p, hsa-miR-126-3p,
hsa-miR-26b-5p, hsa-let-7i-5p,
hsa-miR-192-5p, hsa-miR-
29¢-3p, hsa-miR-29b-3p
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hsa-miR-196a-5p, hsa-miR-101-
3p, hsa-miR-186-5p, hsa-miR-
27a-3p, hsa-miR-200c-3p, hsa-
miR-29a-3p, hsa-miR-182-5p,
hsa-miR-132-3p, hsa-miR-30d-
5p, hsa-let-7¢, hsa-miR-26b-5p,
hsa-miR-194-5p, hsa-miR-10a-
5p, hsa-miR-29¢-3p, hsa-miR-

hsa-miR-132-3p, hsa-miR-200c-3p,

hsa-miR-148a-3p, hsa-miR-200c-3p,
hsa-miR-196a-5p, hsa-miR-186-5p,
hsa-miR-26b-5p, hsa-miR-27a-3p,
hsa-miR-15b-5p, hsa-miR-182-5p,

hsa-miR-141-3p, hsa-miR-126-3p, hsa- hsa-miR-221-3p, hsa-miR-101-3p,

hsa-miR-194-5p, hsa-miR-
29a-3p, hsa-miR-215,
hsa-miR-22-3p, hsa-miR-
132-3p, hsa-miR-99a-5p,
hsa-miR-30d-5p, hsa-miR-

Raw Ct 31-35 200a-3p, hsa-let-7f-5p, hsa- miR-194-5p, hsa-miR-195-5p, hsa-miR- hsa-miR-132-3p, hsa-miR-10a-5p, 186-50. hsa-miR-195-5
miR-29b-3p, hsa-let-7b-5p, hsa- 10a-5p, hsa-miR-214-3p, hsa-miR-22- hsa-miR-92b-3p, hsa-miR-141-3p, hsa- p§_17_ Sp. hsa- lg’-
miR-215, hsa-miR-192-5p, hsa- 3p, hsa-miR-196a-5p, hsa-miR-17-5p, hsa-miR-192-5p, ﬁasml P, 15a-mi

. . . . -5p, hsa-miR-222-3p,
miR-145-5p, hsa-miR-181a-5p, hsa-miR-194-5p, hsa-miR-30d-5p, hsa-miR-221-3p. hsa-miR-
hsa-miR-7-5p, hsa-miR-141-3p, hsa-miR-215, hsa-miR-7-5p, hsa- 1433 P
hsa-miR-221-3p, hsa-let-7g-5p, miR-1, hsa-miR-155-5p p
hsa-miR-125b-5p, hsa-let-7d-
5p, hsa-miR-181b-5p, hsa-miR-
222-3p
hsa-miR-31-5p, hsa-miR-195- hsa-miR-214-3p, hsa-miR-
5p, hsa-miR-146a-5p, hsa-miR- hsa-miR-195-5p, hsa-miR-214-3p, 9-5p, hsa-miR-10a-5p,

Raw Ct 36-45 141-3p, hsa-miR-206, hsa-miR- hsa-miR-146a-5p, hsa-miR-10b-5p, hsa-miR-145-5p, hsa-miR-
214-3p, hsa-miR-9-5p, hsa_miR‘hsa-miR—l 49-3p. hsa-miR-206 hsa-miR-149-3p, hsa-miR-200b-3p, 130a-3p, hsa-miR-206,
150-5p, hsa-miR-149-3p, hsa- P, ) hsa-miR-206, hsa-miR-145-5p, hsa- hsa-miR-149-3p, hsa-miR-
miR-130a-3p, hsa-miR-10b-5p, miR-150-5p, hsa-miR-202-3p, hsa- 150-5p, hsa-miR-202-3p,
hsa-miR-133a, hsa-miR-143-3p, miR-133a,hsa-miR-205-5p hsa-miR-133a, hsa-miR-
hsa-miR-202-3p 146a-5p, hsa-miR-1.
hsa-let-7i-5p, hsa-miR-1, hsa- . . .

Undetected . . hsa-miR-202-3p, hsa-miR-1, hsa-miR- . .

Ct>45 miR-100-5p, hsa-miR-155-3p, 540, 35 165 miR-143-3p, hsa-miR-  hsa-miR-200a-3p, hsa-miR-143-3p, 1S3-MiR-10b-5p, hsa-miR-

hsa-miR-200b-3p, hsa-miR-205-
5p, hsa-miR-34a-5p, hsa-miR-
99a-5p

200b-3p, hsa-miR-205-5p, hsa-miR-
133a, hsa-miR-130a-3p

hsa-miR-223-3p

100-5p, hsa-miR-155-5p,
hsa-miR-223-3p
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Cell Death and Survival, Cancer, Organismal Injury and Abnormaliies

UPmiRs

() _Transcripton Reguiato

Figure 2. UPmiRs in the haematological and the epithelial cancer

cell lines. (A) Venn diagram of the commonly highly expressed
miRNAs (UPmiRs) in K562, HL-60, H460 and MCF-7 cell lines
(B) Ingenuity Pathway Analysis of miR-16-5p and miR-21-5p.
The analysis revealed one significant network “Cell Death and
Survival, Cancer, Organismal Injury and Abnormalities”. A solid
line represents a direct interaction between two genes, while a

dotted line indicates an indirect interaction.

diagram in Figure 3A). In order to explore the molec-
ular pathways affected by UPmiRs and DNmiRs, we
performed Ingenuity Pathway Analysis (IPA). In this
analysis we also included, in the DNmiRs subset, miR-
133a and miR-202-3p since they are low expressed in
3 out of the 4 cell lines (K562, H460 and MCF-7) and
even undetected in HL-60 cells. Interestingly, IPA high-
lighted that both the UPmiRs and the DNmiRs insist on
the same network “Cell Death and Survival, Cancer,
Organismal Injury and Abnormalities” composed of
genes notoriously related to cancerogenesis such as p33,
STAT3, ERK1/2, AKT, ERBB2, CCNDI and ESRI (15,
16) (Figure 2B and Figure 3B). Furthermore, the two
UPmiRs resulted also to be involved in the “Cell cycle”
and “Cell-to-cell signaling and interaction” pathways

DNmiRs

HL-60 H460

Cell Death and Survival, Cancer, Organismal Injury and Abnormaliies

Figure 3. DNmiRs in haematological and epithelial cancer cell
lines. (A) Venn diagram of the commonly low expressed miRNAs
(DNmiRs) in K562, HL-60, H460 and MCF-7 cell lines. (B)
Ingenuity Pathway Analysis of miR-206, miR-149-3p, miR-133a
and miR-202-3p. The analysis revealed three significant networks
among which the most enriched was “Cell Death and Survival,
Cancer, Organismal Injury and Abnormalities”. A solid line
represents a direct interaction between two genes, while a dotted

line indicates an indirect interaction.

while the four DNmiRs also affected the “Cellular de-
velopment”, “Cell death and survival” and the “Cell-
to-cell signaling and interaction” pathways (data not
shown).

miRNA expression signatures discriminate haemato-
logical and epithelial cancer cell lines

The mirRNome analysis also led to the identifica-
tion of two microRNA signatures, one associated with
the haematological cancer cell lines and one with the
epithelial ones. Each signature comprised both fissue
specific miRNAs and tissue-enriched miRNAs. In the
tissue specific miRNAs category we included the ones
expressed in the haematological cells and undetected in
the epithelial ones, and viceversa; on the other hand, as
tissue-enriched miRNAs we considered the microRNAs
over-expressed in the haematological cell lines com-
pared to the epithelial ones (FC>2), and viceversa. As
shown in Figure 4A, miR-223-3p is the only haemato-
logical-specific miRNA, while miR-200b-3p, miR-205-
5p and miR-1 represent the epithelial-specific ones. The
Volcano Plot reported in Figure 4B shows that, among
the remaining miRNAs, 14 (miR-17-5p, miR-18a-5p,
miR-19a-3p, miR-19b-3p, miR-20a-5p, miR-25-3p,
miR-106a-5p, miR-210, miR-191-5p, miR-148a-3p,
miR-15a, miR-16, miR-30b and miR-30d) were sig-
nificantly over-expressed in K562 and HL-60 (red dots)
and two (miR-34a-5p and miR-130a-3p) were over-ex-
pressed in H460 and MCF-7 (green dots). The haema-
tological- and the epithelial-enriched miRNAs, together
with their relative expression levels, are listed in Table
2. Notably, 11 out of 14 of the haematological-enriched
miRNAs belong to genomic clusters (Figure 4C).

As shown in Figure 5A, IPA analysis of the /ae-
matological-specific miR-223-3p highlighted the ex-
istence of nine direct gene targets, of which almost

A

HEMATOLOGICAL-SPECIFIC.
miRNAS 4

miR20003p |
i

miR205-5p |
miRA
— miRNAS

miR-223

-logo(p-values)

10 15 20 25

40 5 0 5
log,FC

miR;300/30 cluster

s e "]
14% ' miR-210
22%

miR-191-5p

50%
v\ s

mIR-17-92 cluster

Figure 4. MiRNA signatures distinguish haematological from
epithelial cancer cell lines. (A) Venn diagram shows the 80
common and the 4 specific miRNAs expressed in haematological
and epithelial cancer cell lines. (B) Volcano plot shows the
differentially-expressed miRNAs between the haematological and
the epithelial cancer cell lines. Fold changes (log,FC >1) and p
values (-log,, p value). The haematological- and the epithelial-

miR-34-5p

miR1303p

enriched miRNAs are shown in red and green respectively;
miRNAs differentially expressed without statistical significance are
blue colored. (C) On the left, the pie chart describes the percentage
of composition of the haematological-enriched miRNAs. On the

right, the two epithelial enriched miRNAs are shown.
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Table 2. Haematological and epithelial enriched miRNAs.
Tissue-Enriched MiRNAs

Haematological Epithelial
hsa-miR-17-5p miR-34a-5p
hsa-miR-18a-5p miR-130a-3p

hsa-miR-19a-3p
hsa-miR-19b-3p
hsa-miR-20a-5p
hsa-miR-25-3p
hsa-miR-106a-5p
hsa-miR-210
hsa-miR-191-5p
hsa-miR-148a-3p
hsa-miR-15a
hsa-miR-16
hsa-miR-30b
hsa-miR-30d

50% are linked to haematopoiesis-related processes as
transcription factors (NFIA4 and LMO2), GTP-binding
proteins (RHOB) and signalling transducers (STMNI)
(17-20). IPA analysis of the epitelial-specific miRNAs
(miR-200b-3p, miR-205-5p and miR-1) revealed their
involvement in three top molecular networks “Cellular
Assembly and Organization, Connective Tissue Disor-
ders, Developmental Disorder”, “Cellular Develop-
ment, Cellular Growth and Proliferation, Cell death
and Survival” and “Cellular Movement, Cancer, Gas-
trointestinal Disease” pathways (Figure 5B).

Next, we explored the pathways potentially regulated
by the haematological- and the epithelial-enriched miR-
NAs by using the Pathway Enrichment Analysis (Figure
6). Taking into account that the haematological-enriched
miRNAs were numerically more abundant than the epi-
thelial ones (14 vs 2), this analysis highlighted 1) path-
ways on which both the haematological- and epithelial-
enriched miRNAs insist with an equivalent significance
(Tissue development, Cellular development, Cellular
morphology), i1) pathways more significantly affected
by the haematological-enriched miRNAs (Haematolog-
ical disease, Immunological disease, Inflammatory dis-
ease) and iii) pathways more significantly affected by
the epithelial-enriched miRNAs (Hereditary disorders
and Respiratory system development and function).

miRNA signatures distinguish between K562 and
HL-60 leukemia cell lines

Next, we focused on the identification of specific
miRNA signatures able to distinguish between K562
and HL-60 leukemia cell lines. K562 is a Bcr-Abl posi-
tive chronic leukemic cell line that can spontaneously
differentiate toward erythroid and megakaryocytic li-
neages; HL-60 is a model of promyeloblast acute mye-
loid leukemia that can be induced in vitro to differentiate
into different cell types, including granulocytes and mo-
nocytes (21). From the K562 vs HL-60 comparison we
found that only K562 cells express, albeit at low levels
(33<Ct>42), miR-200a, miR-miR-202, miR-130, miR-
143 and miR-133a. KEGG analysis, performed on the
target genes of these miRNAs, revealed their involve-
ment in 20 pathways. Noteworthy, as shown in Table 3,

A B

3. Ctular Movement, Gancer, Gastrntestinal Disease.

Figure 5. IPA of the haematological- and the epithelial- specific
miRNAs. (A) Ingenuity Pathway Analysis of the haematological-
specific miR-223-3p shows the existence of nine experimentally
observed direct targets. (B) IPA analysis of the epithelial-
specific miR-200b-3p, miR-205-5p and miR-1 revealed their
involvement in three top molecular networks “Cellular Assembly
and Organization, Connective Tissue Disorders, Developmental
Disorder”, “Cellular Development, Cellular Growth and
Proliferation, Cell death and Survival”, “Cellular Movement,
Cancer, Gastrointestinal Disease”.
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Figure 6. Pathway enrichment analysis of the haematological- and
epithelial-enriched miRNAs. The canonical pathways included in
this analysis are shown along the x-axis of the bar chart. The y-axis
indicates the statistical significance. The yellow threshold line

represents the default significance cutoff at p=0.05

“Chronic Myeloid Leukemia” stood out among the three
pathways involving the highest number of target genes.
In HL-60 acute myeloid leukemia cells the specific
miRNAs were represented by let-7i, miR-100-5p, miR-
155-5p, miR-34a-5p and miR-99a-5p. KEGG analysis,
on their target genes, highlighted their implication in 38
pathways. In particular, more than fifty putative target
genes impacted on the RAS, MAPK and PI3K/AKT sig-
nalling pathways (Table 3).

miRNA signatures distinguish between H460 and
MCEF-7 cell lines

Finally, from the comparison between the lung H460
and the breast MCF-7 carcinoma-derived cell lines we
identified miR-100-5p, miR-10b-5p and miR-155-5p
as expressed only in H460 cells while the panel of the
MCF-7 specific miRNAs included miR-143-3p and
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Table 3. KEGG analysis of genes targeted by miRNAs exclusively expressed in the chronic K562 or in the acute HL-60 leukemia cells.

No.target

Exclusively expressed miRNAs Pathways genes p value
Mucintype O-Glycan biosynthesis 8 1,14E-10
Glioma 19 2,93E-05
Ras signaling pathway 49 5,46E-05
Prolactin signaling pathway 22 8,35E-05
FoxO signaling pathway 36 0,0001737
Neurotrophin signaling pathway 32 0,0001737
Colorectal cancer 19 0,0001737
Signaling pathways regulating of pluripotent stem cells 33 0,0001737
Melanoma 21 0,0004254
Pancreatic cancer 19 0,0004963
Chronic myeloid leukemia 20 0,0008876
Proteoglycans in cancer 42 0,0010531
MAPK signaling pathway 55 0,0016506
Central carbon metabolism in cancer 17 0,0041454
Non-small cell lung cancer 15 0,0048607
Pathways in cancer 69 0,0051777
Prostate cancer 24 0,0051777
Rap1 signaling pathway 43 0,0053726

HL-60: -let-7i-5p, miR-100-5p, miR-  Sphingolipid signaling pathway 25 0,0082498
155-5p, miR-34a-5p, miR-99a-5p T cell receptor signaling pathway 26 0,0082498
TGF-beta signaling pathway 15 0,0100743
Estrogen signaling pathway 20 0,0103145
Renal cell carcinoma 18 0,0103337
Dorso-ventral axis formation 10 0,0115874
Endometrial cancer 14 0,0115874
ErbB signaling pathway 22 0,0140543
Phosphatidylinositol signaling system 15 0,0218019
cGMP-PKG signaling pathway 33 0,0241969
PI3K-Akt signaling pathway 57 0,0254969
Apoptosis 17 0,0277163
Glycosaminoglycan biosynthesis - keratansulfate 4 0,0288184
Adrenergic signaling in cardiomyocytes 31 0,0288184
Focal adhesion 40 0,0288184
p53 signaling pathway 17 0,0311321
Other types of O-glycanbiosynthesis 9 0,0347753
B cell receptor signaling pathway 17 0,0347753
Type 11 diabetes mellitus 13 0,0347753
Thyroid hormone signaling pathway 24 0,0434189
Colorectal cancer 5 7,54E-07
Pathways in cancer 11 2,67E-06
Chronic myeloid leukemia 6 2,76E-05
Prostate cancer 5 6,32E-05
MAPK signaling pathway 8 6,01E-04
HTLV-I infection 8 0,00384
Neurotrophin signaling pathway 5 0,00494
Pancreatic cancer 4 0,00522
Adherens junction 4 0,00636
K562: miR-200a, miR-miR-202, VEGF signaling pathway > 0,00636
miR-130, miR-143, miR-133a Wnt signaling pathway . 4 0,00844
Progesterone-mediated oocyte maturation 4 0,00844
TGF-beta signaling pathway 4 0,009633
GnRH signaling pathway 4 0,0122
T cell receptor signaling pathway 3 0,0186
Endometrial cancer 4 0,0190
Cell cycle 3 0,0231
Amyotrophic lateral sclerosis (ALS) 3 0,0295
Glioma 3 0,0306
Melanoma 5 0,0374
Tuberculosis 4 0,0416
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miR-200a-3p (Table 4). KEGG analysis performed on
the target genes of the H460- and MCF-7-specific miR-
NAs highlighted their involvement in 25 and 14 path-
ways, respectively. In H460 cells the vast majority of
the target genes (about 150) are involved in signalling
pathways regulating pluripotency of stem cells, while
the MCF-7 specific miRNAs mainly control the Rapl
signalling pathway (Table 4).

Discussion

MicroRNAs play active roles in neoplastic transfor-
mation by acting as oncogenes (oncomiRs) or tumor
suppressors (3). The present work stems from the ob-
servation that aberrant expression profile of miRNAs is

actually considered a hallmark of human cancers and
that there is a growing interest in analysing their clini-
cal potential as diagnostic biomarkers and innovative
therapeutic agents. On the other hand, many facets of
the complex miRNA network are still to be elucidated,
essentially due to the broad range of genes targeted by
each single miRNA (2, 3). Moreover, at least for some
miRNAs, it remains to be investigated whether their ex-
pression is ubiquitous or associated, in terms of up- or
down-regulation, with specific cell types (22). Thus, the
identification of miRNA expression patterns and their
relative signalling networks, by using human cell lines,
might still contribute to cancer classification and to their
potential clinical utilization. Here, we profiled the on-
comiRNome of four different human cancer cell lines:

Table 4. KEGG analysis of genes targeted by miRNAs exclusively expressed in the lung H460 or in the breast MCF-7 breast cancer cells.

Exclusively expressed miRNAs Pathways No. p value
Mucintype O-Glycanbiosynthesis 33 4,05E-06
Proteoglycans in cancer 17 0,000127494
Prolactin signaling pathway 11 0,00060416
Glioma 8 0,001876563
Signaling pathways regulating pluripotency of stem cells 151 0,001876563
FoxO signaling pathway 15  0,002011015
Pancreatic cancer 9 0,002011015
Chronic myeloid leukemia 11 0,002011015
Non-small cell lung cancer 7 0,002011015
Colorectal cancer 8 0,002400492
Ras signaling pathway 17 0,003077376
i i TGF-beta signaling pathway 6  0,003210426
rI;I:I?_Ol SISIiISI;_ 100-5p, miR-10b-5p, Endometrial cancer 8  0,004571846
Phosphatidylinositol signaling system 7 0,007152252
B cell receptor signaling pathway 9 0,008692342
Cytokine-cytokine receptor interaction 10 0,008692342
Melanoma 9 0,009553804
Prostate cancer 11 0,010239142
Pathways in cancer 26 0,010694288
Viral carcinogenesis 11 0,016643294
ErbB signaling pathway 9 0,018865207
Valine, leucine and isoleucine biosynthesis 1 0,025413762
Thyroid hormone signaling pathway 9 0,029041142
Neurotrophin signaling pathway 11 0,037027533
cAMP signaling pathway 16 0,046533033
Hippo signaling pathway 23 9,53E-08
Glycosphingolipid biosynthesis - lacto and neolacto series 6 3,77E-05
Proteoglycans in cancer 28 0,000339514
ErbB signaling pathway 17 0,002335642
Adherens junction 14 0,005635513
ECM-receptor interaction 12 0,014671599
Gap junction 20  0,014671599
MCF-7: miR-143-3p, miR-200a-  Thyroid hormone signaling pathway 17 0,014671599
3p Thyroid cancer 7 0,016573685
Signaling pathways regulating pluripotency of stem cells 21  0,017992366
Circadian entrainment 17  0,018583986
Serotonergic synapse 17  0,018583986
Rap]1 signaling pathway 33 0,038296487
Long-term depression 11 0,038296487
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K562 and HL-60 haematological cells deriving, re-
spectively, from chronic and acute myeloid leukemias,
H460 epithelial cell line deriving from non-small cell
lung cancer and MCF-7 epithelial cells deriving from
the pleural effusion of an invasive breast ductal carcino-
ma. Next, in order to validate the microRNAs functions
as well as their associations and correlations to specific
cancer cell types, we used various bioinformatic tools
based on free available open genome databases.

This approach provided the framing of the oncomiR-
NAs in three main categories, as graphically represent-
ed in Figure 7.

The 69 miRNAs belonging to the category of the
Commonly expressed miRNAs show a variable levels
of expression among the four cell types, with the no-
table exception of two broadly highly expressed (UP-
miRs: miR-21-5p and miR-16-5p) and four broadly low
expressed (DNmiRs: miR-206 and miR-149-3p, miR-
133a and miR-202-3p). The specific oncogenic or tumor
suppressive role of a given microRNA is correlated to
its expression level in cancer (10). In agreement with
our findings, the four DNmiRs miR-206, miR-149-3p,
miR-133a and miR-202-3p are generally down regu-
lated in many cancer types and are considered tumor
suppressors (23-30). Among the UPmiRs, miR-21-5p is
already defined as oncogene (31), while the specific role
of miR-16-5p is still under debate (32-34). Our data are
in line with the few reports describing miR-16-5p as an
oncogene (33) and suggest the need of further analyses
on its potential dual role in neoplastic transformation.

Next, we identified a group of miRNAs whose com-
bined expression might characterize the phenotype of
haematological- vs epithelial-derived cells. The two
miRNA signatures we propose are composed by haema-
tological-specific or epithelial-specific miRNAs and by
haematological-enriched or epithelial-enriched miR-
NAs (Figure 7). The only haematological-specific miR-
223-3p acts in the fine-tuning of myeloid lineage devel-
opment and thus it is considered the most discriminato-
ry microRNA between myelod and lymphoid leukemias
(35, 36). The majority of the haematological-enriched
miRNAs belongs to three genomic clusters (miR-17/92,
miR-15a/16 and miR-30b/30d); while miR-17/92 and
miR-15a/16 have been already reported in haematologi-
cal malignancies (37, 38), to our knowledge this is one

Haematological cell lines

HL60 Ha60 MCFT |
‘ / O

Epithelial cell lines

Haematological

vs
Epithelial

C expressed F Epithelial-
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(14) @)

Figure 7. Graphical representation of the main results. Schematic
representation of each step of the four oncomiRNoma analyses and

their relative main results.

of the first analyses reporting the overexpression of the
miR-30b/30d cluster in leukemic cell lines. The three
epithelial-specific miR-200b-3p, miR-205-5p and miR-
1 and the two epithelial-enriched miRNAs miR-34-5p
and miR-130-3p have been individually described as
negative modulators of the epithelial to mesenchymal
transition (39-42) but never as members of a specific
epithelial signature.

The in silico analysis of the biological pathways
potentially targeted by the haematological- and the epi-
thelial- associated miRNAs supported the suitability of
their relative attribution to a specific signature. Indeed,
pathways more intrinsically related to the haematologi-
cal (Haematological and Immunological diseases) or
the epithelial (Cellular movement) phenotypes have
been identified.

The Pathway Enrichment Analysis also highlighted
a group of more generic processes and functions related
to the development of cells and tissues, cell morphol-
ogy and cellular functions and maintainance, similarly
affected by both the signatures.

Finally, we identified a repertoire of miRNAs able
to distinguish the acute from the chronic myeloid leu-
kemia-derived cells as well as the lung cancer from
the breast cancer-derived cell lines. The comparison
between K562 and HL60 oncomiRNomes led to the
identification miRNAs exclusively associated with each
of the two cell lines. The K562-signature is composed
by miR-200a, miR-miR-202, miR-130, miR-143 and
miR-133a, all sporadically reported in this cell line or
in chronic myeloid leukemic primary cells (43-46).
These miRNAs act as tumor suppressors in solid tu-
mors (47-51). Our results suggest that since they are
low expressed also in K562 cells, they might negatively
control the leukemogenesis; indeed, KEGG analysis en-
dowed the target genes of these miRNAs in the Chronic
Myeloid Leukemia pathway. The miRNAs let-7i, miR-
100-5p, miR-155-5p, miR-34a-5p and miR-99a-5p con-
stitute the HL-60 signature; of them, let-7i and miR-
155 have been previously reported to be strongly down
regulated in K562 cells to ensure the overexpression
of their erythroid differentiation-related targets (21).
The signatures obtained from the comparison of the
two epithelial-derived cell lines (H460 vs MCF-7) are
mainly composed by miRNAs whose altered expression
has been already observed in vitro. Notably, for two of
them, miR-155 and miR-200a, this observation has been
confirmed in vivo and these miRNAs are currently used
as blood-based biomarkers of lung and breast cancer,
respectively (52, 53).

In summary, we suggest that the molecular signa-
tures encompassed by this relatively small number of
oncomicroRNAs may reflect the role of these miRNAs
in mediating tissue-specific development and/ or tumo-
rigenesis and so contribute in cancer subtyping. Howev-
er, independent replication of the results reported here
using different cancer cell lines would certainly provide
further statistical significance.
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