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Long Noncoding RNA PICSAR Promotes
Growth of Cutaneous Squamous Cell
Carcinoma by Regulating ERK1/2 Activity

Minna Piipponenf"z, Liisa Nissinen'?, Mehdi Farshchian'?, Pilvi Riihiléi“%, Atte Kivisaari'?,
Markku KaIIajokiB, Juha Peltonen”, Sirkku Peltonen' and Veli-Matti Kihari'

Keratinocyte-derived cutaneous squamous cell carcinoma (cSCC) is the most common metastatic skin cancer,
and its incidence is increasing globally. Long noncoding RNAs (IncRNA) are involved in various biological
processes, and their role in cancer progression is emerging. Whole transcriptome analysis of cSCC cells (n = 8)
and normal human epidermal keratinocytes (n = 4) revealed overexpression of long intergenic ncRNA
(LINC00162) in cSCC cells. The expression of LINC00162 in cSCC cells was upregulated by inhibition of the p38a.
and p38d mitogen-activated protein kinases. Analysis of tissue sections by RNA in situ hybridization showed
that LINC00162 is specifically expressed by tumor cells in cSCCs but not by keratinocytes in normal skin in vivo.
Knockdown of LINC00162 inhibited proliferation and migration of cSCC cells, and suppressed the growth
of human ¢SCC xenografts in vivo. Furthermore, knockdown of LINC00162 inhibited extracellular signal-
regulated kinase 1/2 activity and upregulated expression of dual specificity phosphatase 6 (DUSP6) in ¢SCC
cells. Based on these observations, LINC00162 was named p38 inhibited cutaneous squamous cell carcinoma
associated lincRNA (PICSAR). Our results provide mechanistic evidence for the role of PICSAR in promoting
c¢SCC progression via activation of extracellular signal-regulated kinase 1/2 signaling pathway by down-
regulating DUSP6 expression. These results also identify PICSAR as a biomarker and putative therapeutic target

in cSCC.
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INTRODUCTION

Epidermal keratinocyte-derived cutaneous squamous cell
carcinoma (cSCC) is the most common metastatic skin cancer,
the incidence of which is increasing worldwide (Madan et al.,
2010; Ratushny et al., 2012). Solar UV radiation, chronic
ulcers, and immunosuppression have been recognized as
important risk factors for cSCC (Kivisaari and Kahari, 2013).
Primary cSCCs harbor a tendency for recurrence and metas-
tasis, and the prognosis of metastatic cSCCs remains unfa-
vorable in the absence of targeted therapies (Czarnecki et al.,
2002). An important event in keratinocyte carcinogenesis is
UV-induced mutation of tumor protein 53 gene (TP53),
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which is followed by marked accumulation of UV-induced
simple mutations (Durinck et al., 2011). Another early event
in the development of cSCC is loss-of-function mutation of
NOTCHT1 (South et al., 2014; Wang et al., 2011). Tran-
scription of NOTCHT1 is regulated by p53, and inactivation
of p53 can lead to downregulation of NOTCH1 expression
(Lefort et al., 2007). Mutations in HRAS, KRAS, and EGFR
have also been detected in cSCC, emphasizing the role of
EGFR and extracellular signal-regulated kinase 1/2 (ERK1/2)
signaling in development of cSCC (Ratushny et al., 2012).
Recently, previously unreported markers for progression of
cSCC have been identified and characterized (Farshchian
et al.,, 2011, 2015; Liu et al., 2013; Riihild et al., 2014,
2015; Trimmer et al., 2012), but understanding of the
molecular basis of ¢cSCC progression from premalignant
lesion (actinic keratosis, AK) to ¢SCC in situ (cSCCIS) and
eventually to invasive cSCC remains incomplete.
Advances in whole genome sequencing have revealed that
human genome is extensively transcribed into RNA, but only
a fraction of the RNA transcripts encode proteins (Djebali
et al, 2012). The sequence of protein coding genes
comprise approximately 2% of the human genome and the
majority of the remaining genomic sequences are transcribed
into a wide range of noncoding RNAs, including microRNAs,
small nucleolar RNAs, piwi-interacting RNAs, and long
noncoding RNAs (IncRNAs) (International Human Genome
Sequencing Consortium, 2004). LncRNAs are a diverse and
largely uncharacterized group of noncoding transcripts.
Currently, more than 18,000 annotated IncRNA transcripts
have been identified in the human genome and they are
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Figure 1. Expression of PICSAR is specifically upregulated in cutaneous squamous cell carcinoma (cSCC) cells. (a) The heatmap of whole transcriptome
analysis (SOLiD) showing significantly (P < 0.05) regulated IncRNAs in primary (Prim; n = 5) and metastatic (Met; n = 3) ¢SCC cell lines and in normal human
epidermal keratinocytes (NHEK) (n = 4). LncRNA genes were identified based on the catalogue of annotated IncRNAs by The Human Genome Organization
Gene Nomenclature Committee. Statistical analysis was performed with the Mann-Whitney U-test. (b) Expression of PICSAR in the same cSCC cell lines and in
NHEKs (n = 8) was determined by qRT-PCR. B-Actin was used as a reference gene. (c) Expression of PICSAR in ¢SCC in vivo (n = 6) and normal skin (n = 7) was
determined by qRT-PCR. B-Actin was used as a reference gene. (d) Expression of PICSAR in ¢SCC (UT-SCC12A) and NHEKs (NHEK78) was determined by RNA
in situ hybridization (RNA-ISH) and visualized by fluorescence microscopy. Scale bar = 10 um. (e) Left panel: expression PICSAR (red arrows) and matrix
metalloproteinase-13 (MMP-13) (blue arrows) in xenograft tumors established in SCID mice with human UT-SCC12A cells was determined with RNA-ISH and
visualized with two chromogens. Right panel: the fluorescence signal for PICSAR corresponds to the red chromogenic signal of the alkaline phosphatase (red
arrow) in the same TYPE 6 probe set used for PICSAR in the left panel. Scale bar = 25 pm. PICSAR, P38 Inhibited Cutaneous Squamous cell carcinoma
Associated lincRNA; qRT-PCR, quantitative real-time reverse transcriptase-PCR; SCID, severe combined immunodeficient.

classified into long intergenic noncoding RNAs (lincRNAs),
intronic IncRNAs, or natural antisense transcripts (Bhartiya
et al., 2013; Moran et al., 2012). LncRNAs can function in
cell regulation in several ways. They can modulate gene
expression by regulating binding and activity of transcription
factors, and they can regulate mRNA stability directly or by
interacting with microRNAs (Geisler and Coller, 2013; Moran
et al.,, 2012; Rinn and Chang, 2012). Recent observations
have emphasized the role of IncRNAs in cancer progression,
suggesting them as important biomarkers and therapeutic
targets in different malignant tumors (Serviss et al., 2014;
Wabhlestedt, 2013; Yang et al., 2014).

In this study, we have identified a previously uncharac-
terized lincRNA, LINC00162, which is specifically overex-
pressed by cSCC cells in culture and in vivo. The expression
of LINC00162 in cSCC cells was upregulated by inhibition of
p38a. and p38d mitogen-activated protein kinases (MAPKSs).
Knockdown of LINC00162 inhibited ERK1/2 activity and
proliferation and migration of cSCC cells, and markedly
suppressed the growth of human cSCC xenograft tumors
in vivo. On the basis of these observations and with the
permission of Human Genome Organization Gene Nomen-
clature Committee, we have named this lincRNA P38
Inhibited Cutaneous Squamous cell carcinoma Associated
lincRNA (PICSAR). These results indicate the oncogenic role
for this lincRNA and identify PICSAR as a biomarker for
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progression of cSCC and a potential therapeutic target in this
malignant tumor of skin.

RESULTS

Expression of PICSAR is specifically upregulated in

¢SCC cells

The whole transcriptome analysis of cSCC cell lines (n = 8)
and normal human epidermal keratinocytes (NHEKs; n = 4)
was performed with RNA-seq and IncRNA genes were iden-
tified based on the catalogue of annotated IncRNAs by The
Human Genome Organization Gene Nomenclature Com-
mittee. The gene expression analysis revealed differential
expression of several IncRNAs in cSCC cells compared with
NHEKSs (Figure Ta, Supplementary Figure ST online). Among
these, PICSAR (LINC0O0162) was the most upregulated
IncRNA in cSCC cells compared with NHEKs (Figure Ta).
Analysis with quantitative real-time reverse transcriptase-PCR
(qRT-PCR) verified overexpression of PICSAR in ¢SCC cells
lines (n = 8) and in cSCC tissues in vivo (n = 6), whereas the
expression in NHEKs (n = 8) and normal skin (n = 7) was very
low (Figure 1b and c). The analysis of PICSAR expression with
RNA in situ hybridization (RNA-ISH) revealed specific mainly
cytoplasmic signal for PICSAR in cSCC cells but not in NHEKs
in culture (Figure 1d, Supplementary Figure S2 online).
Furthermore, analysis of tissue sections of xenografts estab-
lished with human cSCC cells (UT-SCC12A) with RNA-ISH



revealed specific expression of PICSAR in tumor cells
(Figure Te). Expression of matrix metalloproteinase-13 mRNA
was detected in cSCC cells in the same xenografts as a positive
control (Airola et al., 1997; Stokes et al., 2010).

PICSAR is expressed by cSCC tumor cells in vivo

To study the expression of PICSAR during cSCC progression
in vivo, tissue microarrays consisting of tissue samples
representing different stages of epidermal carcinogenesis,
that is, normal skin (n = 9), UV-induced premalignant lesions
(AK; n = 26), cSCCIS (n = 20), and invasive cSCCs (n = 21)
were analyzed using RNA-ISH. Expression of PICSAR was
detected in tumor cells in AK, cSCCIS, and cSCC, whereas no
signal was detected in normal skin (Figure 2a—d). Analysis of
the PICSAR positive tissue sections revealed that the number
of positive sections increased with the progression from AK
(23%) to cSCCIS (35%) and cSCC (43%), whereas all sections
of normal skin were negative (Figure 2e).

Expression of PICSAR is downregulated by p38 MAPK pathway
Previous studies have demonstrated basal activation of ERK1/2
and p38 MAPKSs in cSCC cells in culture and in vivo (Junttila
et al., 2007; Kivisaari et al., 2010; Toriseva et al., 2012). To
examine the regulation of basal PICSAR expression by ERK1/2
and p38 pathways, cSCC cells were treated for 24 hours
with MAPK/ERK kinase 1/2 (MEK1/2) inhibitor (PD98059) and
p38 inhibitors specific for p38a/B (SB203580) or all p38
isoforms (p38a/P/y/d) (BIRB796). Treatment of c¢SCC cells
with BIRB796 significantly upregulated PICSAR expression,
whereas treatment with PD98059 or SB203580 had no effect
(Figure 3a). To verify the regulation of PICSAR by p38a and
p389, cSCC cells were transfected with p38a and p389d tar-
geted siRNAs alone and in combination. Consistent with the
results obtained with the chemical p38 inhibitors, knockdown
of p38d alone and in combination with p38a resulted in sig-
nificant upregulation of PICSAR in c¢SCC cells (Figure 3b). In
addition, adenoviral delivery of dominant negative mutant of
MAP kinase kinase 3b (MKK3b) (RAAMKK3bA; Wang et al.,
1998), the upstream activator of p38a. and p38d resulted in
elevated expression of PICSAR (Figure 3c¢).

Knockdown of PICSAR inhibits proliferation and migration

of cSCC cells

To study the cellular functions of PICSAR, cSCC cells were
transfected with two PICSAR targeted siRNAs and control
siRNA and harvested 3 days after transfection. Effective
knockdown of PICSAR expression in cSCC cells was detected
using RNA-ISH (Figure 4a, lower panel; Supplementary Figure
S3 online). Analysis with qRT-PCR indicated that PICSAR
expression was decreased by 95—97% with siRNAT and by
74—91% with siRNA2 (Figure 4a, upper panel; Supplementary
Figure S4a online), as compared with control siRNA trans-
fected cultures. Analysis of cell proliferation revealed that the
number of viable cSCC cells was significantly diminished after
PICSAR knockdown compared with control siRNA-transfected
cultures using two different ¢SCC cell lines (Figure 4b,
Supplementary Figure S4b). Analysis of the corresponding cell
lysates showed that PICSAR knockdown resulted in a marked
decrease in the levels of p-ERK1/2 and marker of proliferation
Ki-67 (Figure 4c, Supplementary Figure S4c). In contrast,
knockdown of PICSAR had no effect on the activity of p38,
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c-Jun N-terminal kinase (JNK), or acutely transforming retro-
virus AKT8 in rodent T-cell lymphoma (Akt) (data not shown).
Analysis of cell migration after knockdown of PICSAR
expression was performed with two different PICSAR targeting
siRNAs with two cSCC cell lines. The wound healing assay
showed that knockdown of PICSAR decreased cell migration
significantly in comparison with the control siRNA transfected
cells (Figure 4d and e, Supplementary Figure S4d and e).

Alteration of gene expression profile of cSCC cells after
PICSAR knockdown

To elucidate the molecular mechanisms of the effects of
PICSAR on cSCC cells, expression profiling of cSCC cells
(UT-SCC12A, UT-SCC59A, and UT-SCC118) transfected
with PICSAR siRNAT and control siRNA was performed with
RNA-seq. Ingenuity pathway analysis of the RNA-seq
expression data showed a significant (P < 0.05; fold
change [FC] log2 > 0.5) decrease in biofunctions M-phase of
tumor cell lines, transformation of tumor cell lines, and
phosphorylation of L-serine (Figure 5a, upper panel). In
addition, canonical pathway ERK/MAPK signaling was
significantly regulated (P < 0.0001) in PICSAR knockdown
¢SCC cells (Supplementary Figure S5 online).

Differentially expressed genes in PICSAR knockdown ¢SCC
cells were also significantly associated with specific gene
ontology terms and Kyoto Encyclopedia of Genes and Ge-
nomes pathways (Figure 5a, lower panel). In PICSAR knock-
down cSCC cells, significantly enriched gene ontology terms
included biological processes cell proliferation (P = 5.5 x
1077, response to wounding (P= 4.0 x 107%), and regulation
of cell migration (P = 1.4 x 107°). Molecular functions
significantly regulated included laminin binding (P = 4.1 x
107", extracellular matrix binding (P = 9.0 x 1074, and
peptidase regulator activity (P = 1.1 x 107%) (Figure 5a).
Significantly enriched Kyoto Encyclopedia of Genes and Ge-
nomes pathways included complement and coagulation cas-
cades (P=6.6 x 1073), hematopoietic cell lineage (P= 2.3 x
1072), and extracellular matrix-receptor interaction (P= 2.4 x
107?) (Figure 5a). These findings are consistent with functional
assays in culture showing decreased ERK1/2 phosphorylation,
cell proliferation, and cell migration after PICSAR knockdown
in cSCC cells. The top most upregulated and downregulated
genes (P < 0.05, FC log2 > 0.7) after PICSAR knockdown in
cSCC cells are shown in Figure 5b and Supplementary
Tables S1 and S2 online.

Regulation of mitogen-activated protein kinase phosphatases

by PICSAR

Among the top 50 most upregulated genes by knockdown of
PICSAR (P < 0.05) was DUSPT (dual-specificity phosphatase 1)
(Figure 5b, Supplementary Table S1). DUSP1 belongs to
the mitogen activated protein kinase phosphatase family and
it dephosphorylates p38, JNK, and ERK (Patterson et al.,
2009). Analysis of the mitogen activated protein kinase
phosphatase family in detail revealed upregulation of DUSP1
and DUSP6 (FC log2 = 1.27 and 1.09, respectively) after
PICSAR knockdown (Figure 5c). As knockdown of PICSAR
had no effect on the activity on p38 or JNK, we focused on
DUSP6, a specific negative regulator of ERK2. Significant
upregulation of DUSP6 mRNA levels by PICSAR knockdown
in cSCC cells was verified by qRT-PCR (Figure 5d). Western
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Figure 2. PICSAR is specifically expressed by tumor cells in ¢cSCC in vivo. (a—d) Expression of PICSAR in paraffin-embedded tissue sections of AK (n = 26),
¢SCCIS (n = 20), ¢SCC (n = 21), and normal skin (n = 9). PICSAR (red arrow) was analyzed with RNA-ISH. Specific signal for PICSAR was detected in tumor
cells in ¢SCC, cSCCIS, and AK, but not in epidermal keratinocytes in normal skin. Scale bar = 20 pm. (e) Percentage of tissue sections with PICSAR positive
tumor cells in each group. *P < 0.05, Fisher’s exact test. AK, actinic keratosis; cSCC, cutaneous squamous cell carcinoma; cSCCIS, ¢SCC in situ; NS, normal
skin; PICSAR, P38 Inhibited Cutaneous Squamous cell carcinoma Associated lincRNA; RNA-ISH, RNA in situ hybridization.

blot analysis of cSCC cell lysates also showed upregulation
of DUSP6 at protein level after PICSAR knockdown
(Figure 5e, Supplementary Figure S6 online). Treatment
of ¢SCC cells with DUSP6 inhibitor (E)-2-benzylidene-3-
(cyclohexylamino)-2,3-dihydro-1H-inden-1-one  increased
phosphorylation of ERK1/2 and potently abrogated a
decrease in ERK1/2 phoshorylation after PICSAR knockdown
providing further evidence for DUSP6 as the regulatory link
between PICSAR and ERK1/2 (Figure 5f).
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Knockdown of PICSAR suppresses growth of cSCC

xenografts in vivo

The role of PICSAR in cSCC progression in vivo was investi-
gated using a cSCC xenograft model in severe combined
immunodeficient mice. UT-SCC12A cells were transfected
with PICSAR siRNAT and control siRNA, and incubated for 72
hours. Transfected cells were injected subcutaneously into the
back of the severe combined immunodeficient mice and tumor
growth was measured twice a week. Knockdown of PICSAR



M Piipponen et al.
PICSAR Promotes Growth of Squamous Cell Carcinoma

a PICSAR b PICSAR
UT-SCC12A UT-SCC12A
£ —x c Sk
§ 05 S 04 ! —kx '
& A
2 °
_g o 2 03
o 03 kS
9:') E 02
k<] S
» 02 2
g 3
g 01 g o1
< 2
g 0 g °
Control BIRB = Control p38a  p385 p38a/d
siRNA siRNA siRNA siRNA
£ g E2 g5 g3 £
§  @o o s Jxr Jr B
(&] m @] O'n [=X7} Q® Q®n
B & —46 kDa
p-CREB m ' 380 -—
- P3Ba —30kDa
—46 kDa : _ —
—46 kDa —30 kDa
B-actin S — .
B-actin " — — —
p-CREB/B-actin| 1.0 | 01 [ 01 ] 1.4 ] 0 o5 Tos [ o7 —30 kDa
38a/B-acti . . . .
p-ERK1/2 /-actin| 1.0 | 0.9 | 0.9 | 0.6 | RaEdk-ae
p38s/p-actn|_ 1.0 | 114 [ 03 |
C PICSAR
UT-SCC12A
= * Kk * k%
5 3 [ | 1
&
e
[
P
©
o mRAdLacZ
s ORAJMKK3b(A)
ﬁ 1
5
3
<
Zo
N 24 48 72

Time (h)

Figure 3. Expression of PICSAR is downregulated by p38 MAPK pathway. (a) Upper panel: UT-SCC12A cells were treated for 24 hours with MEK1/2 inhibitor
(PD98059, 30 uM) and p38 inhibitors specific for p38a/p (SB203580, 10 uM) or all p38 isoforms (p38a/f/y/d) (BIRB796, 10 UM). Expression of PICSAR was
measured by qRT-PCR and corrected for the levels of f-actin mRNA in the same samples (mean % SD; control n =2, BIRB n =4, PD n =4, SB n = 2). Lower
panel: levels of phosphorylated CREB (p-CREB), a downstream mediator of the p38 MAPK pathway, and ERK1/2 (p-ERK1/2) were determined by western blot
analysis of the corresponding cell lysates to verify the effect of p38 and MEK1/2 inhibitors. (b) Upper panel: UT-SCC12A cells were transfected with negative
control siRNA, and with p38a. or p383 siRNA alone or in combination (p380/8) (75 nM). Expression of PICSAR was determined with qRT-PCR 72 hours after
transfection (mean =+ SD; n = 3). Lower panel: Cell lysates were analyzed for p38a. and p38d protein levels by western blotting. Levels of p38a and p38d
quantitated densitometrically and corrected for B-actin levels in the same samples are shown below the western blots relative to levels in untreated control cells
(1.0). (c) UT-SCC12A cells were infected with control adenovirus (RAdLacZ) and with adenovirus containing the dominant negative MKK3b (RAAMKK3bA).
PICSAR expression was determined by qRT-PCR 24, 48, and 72 hours after infection (mean & SD; n = 3). *P < 0.05, **P < 0.01, ***P < 0.001; Student’s t-test.
CREB, CRE-binding protein; ERK, extracellular signal-regulated kinase; MAPK, mitogen-activated protein kinase; MEK, MAPK/ERK kinase; MKK3b, MAP kinase
kinase 3b; PICSAR, P38 Inhibited Cutaneous Squamous cell carcinoma Associated lincRNA; qRT-PCR, quantitative real-time reverse transcriptase-PCR.

transfected UT-SCC12A cells showed that the expression of

expression resulted in significant inhibition in the growth of the
PICSAR was still reduced by 55% after 14 days (data not

tumors compared with the control tumors noted already at 4

days (Figure 6a). Tumors were harvested 18 days after im-
plantation and weighed. The mass of PICSAR knockdown tu-
mors was significantly lower compared with the control
tumors (Figure 6b). Extended incubation of PICSAR siRNA

shown). The relative number of proliferating (Ki-67 positive)
tumor cells was significantly lower in xenografts established
with cSCC cells transfected with PICSAR siRNA, as compared
with the control siRNA tumors (Figure 6¢ and d).
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Figure 4. Knockdown of PICSAR inhibits proliferation and migration of cSCC cells. (a) Upper panel: cSCC cells were transfected with negative control siRNA
or PICSAR siRNAT (75 nM). PICSAR expression was determined 72 hours after transfection by qRT-PCR and corrected for B-actin mRNA levels in the same
samples (mean =+ SD; n = 3). Lower panel: expression of PICSAR in cSCC cells was determined with RNA-ISH after transfection with negative control siRNA or
PICSAR siRNAT. Scale bar = 10 pm. (b) The number of viable cSCC cells (UT-SCC118) was determined with WST-1 assay 48 and 72 hours after transfection with
PICSAR and control siRNAT (75 nM) (n = 3—8). (c) Cell lysates of cSCC cells (UT-SCC12A and UT-SCC118) were analyzed by western blotting for the levels of
phosphorylated ERK1/2 (p-ERK1/2) and Ki-67 proliferation marker 72 hours after transfection with PICSAR siRNAT and control siRNA. Levels of p-ERK1/2 and
Ki-67 quantitated densitometrically and corrected for total ERK1/2 and B-actin levels, respectively, in the same samples are shown below the western blots
relative to levels in untreated control cells (1.0). (d) cSCC cells (UT-SCC12A) were transfected with PICSAR siRNAT1 or control siRNA (75 nM both). Forty-eight
hours after transfection, cells were incubated for 6 hours with hydroxyurea (1 mM) to prevent cell proliferation. Cell monolayer was scratched with a sterile
pipette tip and incubation was continued in DMEM and 1% fetal calf serum with 0.5 mM hydroxyurea. Photomicrographs were taken at 0, 16, and 24 hours
from three parallel wells (3—5 images per well). (e) Quantitation of the relative cell migration rates (n = 3—5). Mean + SD is shown; *P < 0.05, **P < 0.01,
***P < 0.007; Student’s t-test. cSCC, cutaneous squamous cell carcinoma; ERK, extracellular signal-regulated kinase; Ki-67, marker of proliferation Ki-67;
PICSAR, P38 Inhibited Cutaneous Squamous cell carcinoma Associated lincRNA; gRT-PCR, quantitative real-time reverse transcriptase-PCR; RNA-ISH, RNA in

situ hybridization; WST, water-soluble tetrazolium salt.

DISCUSSION
More than 18,000 annotated IncRNA transcripts have been
identified in the human genome, but the function of most
IncRNAs is still unknown. Dysregulation of specific INcRNAs
has been documented in different cancer types and they have
been proposed as biomarkers and therapeutic targets in
cancer (Serviss et al., 2014; Wahlestedt, 2013; Yang et al.,
2014). For example, a widely characterized IncRNA,
HOTAIR has been suggested as a prognostic marker in
different cancers (Yao et al., 2014). Several IncRNAs with
oncogenic functions have been characterized, such as
HOTAIR, MALAT1, and ANRIL (Geisler and Coller, 2013;
Rinn and Chang, 2012). On the other hand, certain
IncRNAs have been shown to possess tumor suppressive
functions, adding to the complexity of the role of IncRNAs
in cancer progression (Huarte et al., 2010; Mourtada-
Maarabouni et al., 2009).

Here, we have characterized the role of lincRNA PICSAR
(LINC00162) in the progression of cSCC, the most common
metastatic skin cancer (Madan et al., 2010; Ratushny et al.,
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2012). The whole transcriptome expression analysis identi-
fied PICSAR as one of the differentially expressed IncRNAs
with the highest mean expression level in c¢SCC cells
compared with NHEKs. Overexpression of PICSAR was noted
in primary and metastatic cSCC cell lines compared with
NHEKs using RNA-seq analysis, qRT-PCR, and RNA-ISH.
Moreover, analysis of PICSAR levels by qRT-PCR revealed
overexpression of PICSAR in ¢SCC tumors in vivo, as
compared with normal skin. In addition, RNA-ISH analysis of
a panel of tissue samples from normal skin, premalignant
lesions (AKs), and cSCCs revealed tumor cell-associated
labeling for PICSAR in ¢SCCs, but not in normal skin.
These results show that the expression of PICSAR is specif-
ically induced in tumor cells in cSCCs, suggesting PICSAR as
a biomarker for cSCC. Furthermore, expression of PICSAR in
a subset of AKs and cSCCIS provides evidence that the
induction of PICSAR expression is an early event in kerati-
nocyte carcinogenesis and may play a role in the progression
of AKs to cSCCIS and eventually to invasive cSCC. However,
it is evident that further analysis of a larger panel of cSCCs
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Figure 5. Alteration of gene expression profile in cSCC cells after knockdown of PICSAR. (a—c) Three cSCC cell lines (UT-SCC12A, UT-SCC59A, and UT-SCC118)
were transfected with PICSAR siRNAT or control siRNA. Seventy-two hours after transfection, whole transcriptome analysis was performed with RNA-seq. The
results were examined as log2 fold change (FC) values between the mean expression values of two sample groups. (@) Summary of ingenuity pathway analysis (IPA)
biofunctions (upper panel), gene ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways (lower panel) related to PICSAR
knockdown (P < 0.05, FC log2 > 0.7). GO and KEGG results shown are average P-values of three cSCC cell lines (P < 0.05). (b) Heatmap showing the 50 most
upregulated and downregulated genes after PICSAR knockdown (P < 0.05, FC log2 > 0.7). (c) Heatmap showing mitogen-activated protein kinase phosphatases
regulated by knockdown of PICSAR in cSCC cells. (d) Expression of DUSP6 mRNA was determined by qRT-PCR in ¢SCC cells 72 hours after PICSAR knockdown. B-
Actin mRNA levels were determined as a reference gene. (e) DUSP6 protein levels were determined by western blotting analysis in cSCC cells 72 hours after PICSAR
knockdown. Levels of DUSP6 quantitated densitometrically and corrected for B-actin levels in the same samples are shown below the western blots relative to the
levels in control cells (1.0). (f) DUSP6 inhibitor BCl was added to cSCC cells 24 hours after PICSAR knockdown and incubation was continued for 24 hours. Levels of
phosphorylated and total ERK1/2 were determined by western blot analysis. Levels of p-ERK1/2 quantitated densitometrically and corrected for ERK1/2 levels in the
same samples are shown below the western blots relative to the levels in control cells (1.0). *P < 0.05, **P < 0.01; Student’s t-test. BCI, (E)-2-benzylidene-3-
(cyclohexylamino)-2,3-dihydro-1H-inden-1-one; cSCC, cutaneous squamous cell carcinoma; DUSP6, dual specificity phosphatase 6; ERK, extracellular signal-
regulated kinase; PICSAR, P38 Inhibited Cutaneous Squamous cell carcinoma Associated lincRNA; qRT-PCR, quantitative real-time reverse transcriptase-PCR.

and stratification of the tumor material based on clinical ~ ERK1/2 signaling and proliferation in keratinocytes, and may

parameters is required to fully evaluate the role of PICSAR as
a biomarker for cSCC progression.

Solar UV-radiation is the most common environmental
carcinogen causing skin cancer (Kivisaari and Kéhari, 2013;
Ratushny et al., 2012). There is evidence that UVA activates

in this way promote cutaneous carcinogenesis (Bachelor and
Bowden, 2004; He et al.,, 2004). Activation of MAPK
signaling is associated with ¢SCC progression and basal
activation of ERK1/2 is detected in tumor cells in cSCC
(Kivisaari et al., 2010; Lambert et al., 2014; Toriseva et al.,
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was measured twice a week (n = 7 in both groups). (b) Xenografts were harvested 18 days after inoculation and weighed. Mean + SEM is shown; *P < 0.05,
**P < 0.01, ***P < 0.001; Student’s t-test. (c) Histology of the tumors was analyzed in hematoxylin and eosin (H&E) stained tumor sections. Ki-67 was detected
in xenografts by immunohistochemistry. Hematoxylin was used as a counterstain. Scale bar = 100 pm. (d) The relative number of Ki-67 positive cells was
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squamous cell carcinoma; Ki-67, marker of proliferation Ki-67; PICSAR, P38 Inhibited Cutaneous Squamous cell carcinoma Associated lincRNA; SCID, severe

combined immunodeficient; SEM, standard error of mean.

2012). Moreover, activation of p38 MAPK pathway, espe-
cially p38a and p389, plays a role in invasion of cSCC cells
and growth of ¢SCC in vivo (Junttila et al., 2007; Schindler
et al., 2009). It has been shown that cSCC cells predomi-
nantly express p38a and p383 MAPK isoforms and that p38 is
activated in ¢SCC cells at basal level (Junttila et al., 2007). In
this context, we examined the role of MAPK signaling in the
regulation of PICSAR expression. Inhibition of the activity of
p38a. and p383 with BIRB796 or with specific siRNAs
resulted in upregulation of PICSAR expression. Inhibition of
ERK1/2 activation with MEK1/2 inhibitor PD98059 had no
effect on PICSAR expression. These results identify PICSAR as
a target for p38 signaling pathway in cSCC cells.
Knockdown of PICSAR expression in cSCC cells resulted in
significant inhibition in the growth of cSCC xenograft tumors
already at the early stage compared with control siRNA group.
These results provide evidence that PICSAR plays a role in
implantation and early growth of ¢SCC tumor cells in vivo.
Functional studies with cSCC cells indicated that knockdown
of PICSAR expression suppressed cellular functions important
in cancer progression, that is, proliferation and migration of
¢SCC cells. Moreover, knockdown of PICSAR significantly
decreased the levels of p-ERK1/2, suggesting that the func-
tional effect of PICSAR involves regulation of ERK1/2 pathway.
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The molecular background for the role of PICSAR in cSCC
growth and migration was examined by RNA-seq analysis of
three distinct ¢SCC cell lines after PICSAR knockdown.
Pathway analysis of the gene expression profile of cSCC cells
revealed that significantly downregulated genes after PICSAR
knockdown were associated with biofunctions M-phase
of tumor cell lines, transformation of tumor cell lines,
transformation of epithelial cell lines, and phosphorylation of
L-serine. In addition, differentially expressed genes were
associated with significantly enriched gene ontology terms
cell proliferation, regulation of cell migration, and extracel-
lular matrix binding. Among the genes most upregulated
by PICSAR knockdown was DUSP1, which codes for
dual specificity phosphatase 1 (Patterson et al., 2009). As
decreased activation of ERK1/2 was noted after PICSAR
knockdown, we wanted to examine the role of dual specificity
phosphatases in detail. Further analysis revealed upregulation
of DUSP6, a specific ERK2 phosphatase at mRNA and protein
level in cSCC cells after PICSAR knockdown. In addition, in
the presence of DUSP6 inhibitor, PICSAR knockdown had no
effect on ERK1/2 activation providing further evidence for
DUSP6 as regulatory link between PICSAR and ERK1/2
signaling pathway. Expression of DUSP6 in cSCC cells has
previously been shown to be upregulated by keratinocyte



growth factor (KGF), which suppresses the malignant pheno-
type of these cells (Toriseva et al., 2012). However, keratino-
cyte growth factor had no effect on the expression of PICSAR
in cSCC cells (data not shown). DUSP6 is activated on binding
to ERK2 and it specifically dephosphorylates and inactivates
ERK2, but not JNK or p38 (Groom et al., 1996; Muda et al.,
1998). This is in accordance with our finding that ERK1/2
activity is decreased after PICSAR knockdown but not the
levels of active JNK and p38. LncRNAs can regulate gene
expression both at transcriptional and posttranscriptional
level (Geisler and Coller, 2013). RNA-seq analysis of ¢SCC
cells after PICSAR knockdown revealed significantly altered
expression of numerous protein and nonprotein coding genes,
which could mediate the effects of PICSAR. The cytoplasmic
localization of PICSAR in cSCC cells suggests that it may
regulate the stability of DUSP6 mRNA directly or indirectly.
Nevertheless, these findings provide evidence that PICSAR
knockdown decreases ERK1/2 activation in cSCC cells, which
in turn may lead to decreased cell proliferation, viability, and
migration. These observations also identify PICSAR as a reg-
ulatory link between p38 and ERK1/2 signaling pathways.

At present, there is little information available on the
expression of PICSAR in human tissues outside central ner-
vous system (Kawashima et al., 2006; Mills et al., 2013). The
gene coding for PICSAR is located in 21g22.3, between
protein coding genes ADARBT (adenosine deaminase, RNA-
specific, B1) and FAM207A (family with sequence similarity
207, member A). Interestingly, single nucleotide poly-
morphisms, copy-number alterations, and loss of heterozy-
gosity in 21g22.3 associated with certain cancers have been
found by genome-wide association studies (Boyd et al., 2012;
Hwang et al., 2008; Vékony et al., 2007; Wu et al., 2011). It
remains to be elucidated whether any of these genomic
alterations involve PICSAR gene.

In summary, we have identified PICSAR as a lincRNA
specifically overexpressed in cSCC cells in culture and
in vivo. In addition, we show that PICSAR regulates prolif-
eration and migration of cSCC cells and growth of cSCCs
in vivo. Our results also provide mechanistic evidence that
PICSAR increases activity of ERK1/2 pathway via inhibition of
MAPK phosphatase DUSP6. The results of this study impli-
cate PICSAR in cSCC progression, and identify this lincRNA
as a biomarker and putative therapeutic target in cSCC.

MATERIALS AND METHODS

Ethical issues

The use of tumor and normal skin samples was approved by the Ethics
Committee of the Hospital District of Southwest Finland. All partici-
pants gave their written informed consent and the study was carried
out with the permission of Turku University Hospital, according to the
Declaration of Helsinki. The experiments with mice were performed
with the permission of the State Provincial Office of Southern Finland.

Tissue samples

Tissue samples of cSCC tumors (n = 6) and normal skin (n = 7) were
collected in Turku University Hospital (Riihild et al., 2014). Tissue
microarrays consisting of samples from normal sun-protected skin
(n =9), AK (n = 26), ¢SCCIS (n = 20), and cSCC (n = 21) were
generated from the archival paraffin blocks from the Department of
Pathology, Turku University Hospital (Farshchian et al., 2015; Riihild
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et al., 2015). Formalin-fixed paraffin-embedded xenograft tumors
were established with human UT-SCC12A cell line in severe com-
bined immunodeficient mice.

Cell cultures

cSCC cell lines were established from surgically removed SCCs of the
skin in Turku University Hospital (Lansdorf et al.,1999; Stokes et al.,
2010). The authenticity of all cSCC cell lines has been verified by
short tandem repeat profiling (DDC Medical, Fairfield, OH). NHEKs
were established from skin of healthy individuals undergoing mam-
moplasty (Farshchian etal., 2011) and NHEK-PC was purchased from
PromoCell (Heidelberg, Germany). ¢SCC cells and NHEKs were
cultured as previously described (Farshchian etal., 2015; Riihild etal.,
2015). For inhibition of MAPKs, cSCC cells were treated for 24 hours
with p38 inhibitors BIRB796 and SB203580 (10 uM each), and MEK1/
2 inhibitor PD98059 (30 uM) (all from Calbiochem, La Jolla, CA). For
inhibition of DUSP6, 24 hours after PICSAR knockdown, ¢SCC cells
were treated with 5 UM (E)-2-benzylidene-3-(cyclohexylamino)-2,3-
dihydro-1H-inden-1-one (Calbiochem, San Diego, CA) for 6 hours
and incubation was continued for 18 hours with 1T pM (E)-2-
benzylidene-3-(cyclohexylamino)-2,3-dihydro-1H-inden-1-one.

RNA analysis and RNA in situ hybridization

Protocols for RNA sequencing analysis, quantitative real-time PCR,
and RNA-ISH are provided in Supplementary Materials and Methods
online.

Knockdown of PICSAR and functional studies

Protocols for siRNA transfection, adenoviral gene delivery, and
assays for cell proliferation, migration and western blotting are
provided in Supplementary Materials and Methods.

Human cSCC xenografts

Protocols for establishing human cSCC xenografts and tumor
immunohistochemistry are provided in Supplementary Materials and
Methods.

Statistical analysis

Statistical analyses were performed using SPSS Statistics for
Windows, v. 20.0 (IBM, Armonk, NY). Student’s t-test and Mann-
Whitney U-test were used to compare the means between two
groups. Statistical analysis for immunohistochemistry stainings was
performed with Fisher’s exact test.

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS

We thank Sari Pitkdnen, Johanna Markola, and Sinikka Collanus for expert
technical assistance and Dr Reidar Grénman for cSCC cell lines and tumor
samples. MP is a student in the Turku Doctoral Programme of Molecular
Medicine (TuDMM). This study was supported by the Finnish Cancer
Research Foundation, Sigrid Jusélius Foundation, Turku University Hospital
EVO grant (project 13336), the Kymenlaakso Regional Fund of the Finnish
Cultural Foundation, and Turku University Foundation.

SUPPLEMENTARY MATERIAL

Supplementary material is linked to the online version of the paper at www.
jidonline.org, and at http://dx.doi.org/10.1016/}.jid.2016.03.028.

REFERENCES

Airola K, Johansson N, Kariniemi AL, Kdhari V-M, Saarialho-Kere UK. Human
collagenase-3 is expressed in malignant squamous epithelium of the skin.
J Invest Dermatol 1997;109:225—31.

Bachelor MA, Bowden GT. UVA-mediated activation of signaling pathways
involved in skin tumor promotion and progression. Semin Cancer Biol
2004;14:131-8.

www.jidonline.org 1709


http://www.jidonline.org
http://www.jidonline.org
http://dx.doi.org/10.1016/j.jid.2016.03.028
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref1
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref1
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref1
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref1
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref2
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref2
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref2
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref2
http://www.jidonline.org

M Piipponen et al.
PICSAR Promotes Growth of Squamous Cell Carcinoma

Bhartiya D, Pal K, Ghosh S, Kapoor S, Jalali S, Panwar B, et al. IncRNome: a
comprehensive knowledgebase of human long noncoding RNAs. Database
(Oxford) 2013. http://dx.doi.org/10.1093/database/bat034.

Boyd LK, Mao X, Xue L, Lin D, Chaplin T, Kudahetti SC, et al. High-resolution
genome-wide copy-number analysis suggests a monoclonal origin of
multifocal prostate cancer. Genes Chromosomes Cancer 2012;51:579—89.

Czarnecki D, Sutton T, Czarnecki C, Culjak GA. 10-year prospective study of
patients with skin cancer. ] Cutan Med Surg 2002;6:427-9.

Djebali S, Davis CA, Merkel A, Dobin A, Lassmann T, Mortazavi A, et al.
Landscape of transcription in human cells. Nature 2012;489:101—8.

Durinck S, Ho C, Wang NJ, Liao W, Jakkula LR, Collisson EA, et al. Temporal
dissection of tumorigenesis in primary cancers. Cancer Discov 2011;1:
137—43.

Farshchian M, Kivisaari A, Ala-aho R, Riihild P, Kallajoki M, Grénman R, et al.
Serpin peptidase inhibitor clade A member 1 (SerpinAT) is a novel
biomarker for progression of cutaneous squamous cell carcinoma. Am |
Pathol 2011;179:1110-9.

Farshchian M, Nissinen L, Siljamaki E, Riihild P, Toriseva M, Kivisaari A, et al.
EphB2 promotes progression of cutaneous squamous cell carcinoma.
J Invest Dermatol 2015;135:1882—92.

Geisler S, Coller J. RNA in unexpected places: long non-coding RNA
functions in diverse cellular contexts. Nat Rev Mol Cell Biol 2013;14:
699—712.

Groom LA, Sneddon AA, Alessi DR, Dowd S, Keyse SM, et al. Differential
regulation of the MAP, SAP and RK/p38 kinases by Pyst1, a novel cytosolic
dual-specificity phosphatase. EMBO J 1996;15:3621—32.

He YY, Huang JL, Chignell CF. Delayed and sustained activation of extra-
cellular signal-regulated kinase in human keratinocytes by UVA: implica-
tions in carcinogenesis. ) Biol Chem 2004;279:53867—74.

Huarte M, Guttman M, Feldser D, Garber M, Koziol MJ, Kenzelmann-Broz D,
et al. A large intergenic noncoding RNA induced by p53 mediates global
gene repression in the p53 response. Cell 2010;142:409—19.

Hwang KT, Han W, Cho J, Lee JW, Ko E, Kim EK, et al. Genomic copy number
alterations as predictive markers of systemic recurrence in breast cancer. Int
J Cancer 2008;123:1807—15.

International Human Genome Sequencing Consortium. Finishing the
euchromatic sequence of the human genome. Nature 2004;431:931—45.

Junttila MR, Ala-aho R, Jokilehto T, Peltonen J, Kallajoki M, Grénman R, et al.
p38a and p38d mitogen-activated protein kinase isoforms regulate invasion
and growth of head and neck squamous carcinoma cells. Oncogene
2007;26:5267—79.

Kawashima M, Tamiya G, Oka A, Hohjoh H, Juji T, Ebisawa T, et al.
Genomewide association analysis of human narcolepsy and a new resis-
tance gene. Am ] Hum Genet 2006;79:252—63.

Kivisaari AK, Kallajoki M, Ala-aho R, McGrath JA, Bauer JW, Konigova R,
et al. Matrix metalloproteinase-7 activates heparin-binding epidermal
growth factor-like growth factor in cutaneous squamous cell carcinoma. Br
] Dermatol 2010;163:726—35.

Kivisaari A, Kdhari VM. Squamous cell carcinoma of the skin: emerging need
for novel biomarkers. World J Clin Oncol 2013;4:85—90.

Lambert SR, Mladkova N, Gulati A, Hamoudi R, Purdie K, Cerio R, et al. Key
differences identified between actinic keratosis and cutaneous squamous
cell carcinoma by transcriptome profiling. Br J Cancer 2014;110:520-9.

Lansdorf CD, Grénman R, Bier H, Somers KD, Kim SY, Whiteside TL, et al.
Head and neck cancers. In: Masters ], Palsson B, editors. Human cell
culture, vol. 2, Cancer cell lines: Part 2. Dordrecht, Holland: Kluwer
Academic Press; 1999. p. 185—255.

Lefort K, Mandinova A, Ostano P, Kolev V, Calpini V, Kolfschoten I, et al.
Notch1 is a p53 target gene involved in human keratinocyte tumor sup-
pression through negative regulation of ROCK1/2 and MRCKalpha kinases.
Genes Dev 2007;21:562—77.

LiuD, Feng X, Wu X, Li Z, Wang W, Tao Y, et al. Tumor suppressor in lung cancer
1 (TSLCT1), a novel tumor suppressor gene, is implicated in the regulation
of proliferation, invasion, cell cycle, apoptosis, and tumorigenicity in
cutaneous squamous cell carcinoma. Tumour Biol 2013;34:3773—83.

Madan V, Lear JT, Szeimies RM. Non-melanoma skin cancer. Lancet
2010;375:673—85.

Mills JD, Kavanagh T, Kim WS, Chen BJ, Kawahara Y, Halliday GM, et al.
Unique transcriptome patterns of the white and grey matter corroborate

1710 Journal of Investigative Dermatology (2016), Volume 136

structural and functional heterogeneity in the human frontal lobe. PLoS
One 2013;8:e78480.

Moran VA, Perera RJ, Khalil AM. Emerging functional and mechanistic
paradigms of mammalian long non-coding RNAs. Nucleic Acids Res
2012;40:6391—400.

Mourtada-Maarabouni M, Pickard MR, Hedge VL, Farzaneh F, Williams GT.
GASS5, a non-protein-coding RNA, controls apoptosis and is downregulated
in breast cancer. Oncogene 2009;28:195—208.

Muda M, Theodosiou A, Gillieron C, Smith A, Chabert C, Camps M, et al. The
mitogen-activated protein kinase phosphatase-3 N-terminal noncatalytic
region is responsible for tight substrate binding and enzymatic specificity.
) Biol Chem 1998;273:9323—9.

Patterson KI, Brummer T, O’Brien PM, Daly R]. Dual-specificity phosphatases:
critical regulators with diverse cellular targets. Biochem ) 2009;418:475—89.

Ratushny V, Gober MD, Hick R, Ridky TW, Seykora JT. From keratinocyte
to cancer: the pathogenesis and modeling of cutaneous squamous cell
carcinoma. J Clin Invest 2012;122:464—72.

Riihila PM, Nissinen LM, Ala-aho R, Kallajoki M, Grénman R, Meri S, et al.
Complement factor H: a biomarker for progression of cutaneous squamous
cell carcinoma. J Invest Dermatol 2014;134:498—506.

Riihild P, Nissinen L, Farshchian M, Kivisaari A, Ala-aho R, Kallajoki M, et al.
Complement factor | promotes progression of cutaneous squamous cell
carcinoma. J Invest Dermatol 2015;135:579—88.

Rinn JL, Chang HY. Genome regulation by long noncoding RNAs. Annu Rev
Biochem 2012;81:145—66.

Schindler EM, Hindes A, Gribben EL, Burns CJ, Yin Y, Lin MH, et al. p38d
mitogen-activated protein kinase is essential for skin tumor development in
mice. Cancer Res 2009;69:4648—55.

Serviss JT, Johnsson P, Grandér D. An emerging role for long non-coding RNAs
in cancer metastasis. Front Genet 2014;5:234.

South AP, Purdie KJ, Watt SA, Haldenby S, den Breems NY, Dimon M, et al.
NOTCHT1 mutations occur early during cutaneous squamous cell carci-
nogenesis. ] Invest Dermatol 2014;134:2630—8.

Stokes A, Joutsa J, Ala-aho R, Pitchers M, Pennington CJ, Martin C, et al.
Expression profiles and clinical correlations of degradome components in
the tumor microenvironment of head and neck squamous cell carcinoma.
Clin Cancer Res 2010;16:2022—35.

Toriseva M, Ala-aho R, Peltonen S, Peltonen J, Grénman R, Kihari VM. Ker-
atinocyte growth factor induces gene expression signature associated with
suppression of malignant phenotype of cutaneous squamous carcinoma
cells. PLoS One 2012;7:e33041.

Trimmer C, Bonuccelli G, Katiyar S, Sotgia F, Pestell RG, Lisanti MP, et al.
Cav1 suppresses tumor growth and metastasis in a murine model of cuta-
neous SCC through modulation of MAPK/AP-1 activation. Am ] Pathol
2012;182:992—1004.

Wahlestedt C. Targeting long non-coding RNA to therapeutically upregulate
gene expression. Nat Rev Drug Discov 2013;12:433—46.

Wang NJ, Sanborn Z, Arnett KL, Bayston LJ, Liao W, Proby CM, et al. Loss-of-
function mutations in Notch receptors in cutaneous and lung squamous
cell carcinoma. Proc Natl Acad Sci USA 2011;108:17761—6.

Wang Y, Huang S, Sah VP, Ross J Jr, Brown JH, Han J, et al. Cardiac muscle
cell hypertrophy and apoptosis induced by distinct members of the p38
mitogen-activated protein kinase family. J Biol Chem 1998;273:2161-8.

Vékony H, Ylstra B, Wilting SM, Meijer GA, van de Wiel MA, Leemans CR,
et al. DNA copy number gains at loci of growth factors and their receptors in
salivary gland adenoid cystic carcinoma. Clin Cancer Res 2007;13:3133—9.

Wu C, Miao X, Huang L, Che X, Jiang G, Yu D, et al. Genome-wide associ-
ation study identifies five loci associated with susceptibility to pancreatic
cancer in Chinese populations. Nat Genet 2011;44:62—6.

Yang G, Lu X, Yuan L. LncRNA: A link between RNA and cancer. Biochim
Biophys Acta 2014;1839:1097—9.

Yao Y, Li J, Wang L. Large intervening non-coding RNA HOTAIR is an indi-
cator of poor prognosis and a therapeutic target in human cancers. Int) Mol
Sci 2014;15:18985—99.

@O0 This work is licensed under a Creative Commons

Attribution-NonCommercial-NoDerivatives 4.0
International License. To view a copy of this license, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/


http://dx.doi.org/10.1093/database/bat034
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref4
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref4
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref4
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref4
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref5
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref5
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref5
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref6
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref6
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref6
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref7
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref7
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref7
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref7
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref8
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref8
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref8
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref8
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref8
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref9
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref9
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref9
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref9
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref10
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref10
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref10
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref10
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref11
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref11
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref11
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref11
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref12
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref12
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref12
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref12
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref13
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref13
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref13
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref13
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref14
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref14
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref14
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref14
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref15
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref15
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref15
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref16
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref16
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref16
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref16
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref16
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref17
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref17
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref17
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref17
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref18
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref18
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref18
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref18
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref18
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref19
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref19
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref19
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref20
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref20
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref20
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref20
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref21
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref21
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref21
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref21
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref21
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref22
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref22
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref22
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref22
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref22
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref23
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref23
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref23
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref23
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref23
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref24
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref24
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref24
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref25
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref25
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref25
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref25
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref26
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref26
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref26
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref26
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref27
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref27
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref27
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref27
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref28
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref28
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref28
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref28
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref28
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref29
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref29
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref29
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref30
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref30
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref30
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref30
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref31
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref31
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref31
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref31
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref32
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref32
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref32
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref32
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref33
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref33
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref33
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref34
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref34
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref34
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref34
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref35
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref35
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref36
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref36
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref36
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref36
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref37
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref37
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref37
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref37
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref37
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref38
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref38
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref38
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref38
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref39
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref39
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref39
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref39
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref39
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref40
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref40
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref40
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref41
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref41
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref41
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref41
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref42
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref42
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref42
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref42
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref43
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref43
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref43
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref43
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref44
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref44
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref44
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref44
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref45
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref45
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref45
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref46
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref46
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref46
http://refhub.elsevier.com/S0022-202X(16)31020-X/sref46
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Long Noncoding RNA PICSAR Promotes Growth of Cutaneous Squamous Cell Carcinoma by Regulating ERK1/2 Activity
	Introduction
	Results
	Expression of PICSAR is specifically upregulated in cSCC cells
	PICSAR is expressed by cSCC tumor cells in vivo
	Expression of PICSAR is downregulated by p38 MAPK pathway
	Knockdown of PICSAR inhibits proliferation and migration of cSCC cells
	Alteration of gene expression profile of cSCC cells after PICSAR knockdown
	Regulation of mitogen-activated protein kinase phosphatases by PICSAR
	Knockdown of PICSAR suppresses growth of cSCC xenografts in vivo

	Discussion
	Materials and Methods
	Ethical issues
	Tissue samples
	Cell cultures
	RNA analysis and RNA in situ hybridization
	Knockdown of PICSAR and functional studies
	Human cSCC xenografts
	Statistical analysis

	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


