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ABSTRACT

The multistructural and multifunctional transmembrane glycoprotein CD44 is
overexpressed in many tumors of distinct origin including malignant melanoma and
contributes to a poor prognosis by affecting cell proliferation, cell migration, and
also the sensitivity for apoptosis induction. Previous studies reported so far 15 CD44
regulatory microRNAs (miRs) in different cell systems.

Using a novel method for miR affinity purification miR-143-3p was identified as
most potent binder to the 3’ untranslated region (UTR) of CD44. Overexpression of
miR-143-3p in melanoma cells inhibits CD44 translation, which is accompanied by
a reduced proliferation, migration and enhanced daunorubicin induced apoptosis of
melanoma cells in vitro.

Analyses of discordant CD44 and miR-143-3p expression levels in human
melanocytic nevi and dermal melanoma samples demonstrated medium to high CD44
levels with no association to tumor grading or staging. The CD44 expression correlated
to PD-L1, but not to MART-1 expression in malignant melanoma. Interestingly, the
CD44 expression was inversely correlated to the infiltration of pro-inflammatory
immune effector cells.

In conclusion, the tumor suppressive miR-143-3p was identified as the most
potent CD44 inhibitory miR, which affects growth characteristics of melanoma cells
suggesting the implementation of miR-143-3p as as a potential anti-CD44 therapy of
malignant melanoma.

INTRODUCTION

The transmembrane glycoprotein CD44 is constitutively
expressed on embryonic stem cells, in connective tissues and in
the bone marrow and overexpressed in different tumor entities
as well as in cancer stem cells (CSC). Upon binding to its
ligand, the extracellular matrix (ECM) component hyaluronic
acid (HA), CD44 plays a key role in various physiological
functions by activating different signal transduction pathways
leading to cell proliferation, adhesion, migration, angiogenesis

and inflammation [1-3], but also in pathophysiologic
processes, such as self-renewal, tumor initiation, epithelial
mesenchymal transition, metastasis and chemoresistance [4, 5].
Furthermore, CD44 has been suggested as a diagnostic marker
for CSC and as a prognostic marker for different tumor entities
correlating with a poor prognosis of tumor patients [4, 6].

The human CD44 gene is highly conserved,
localized on the short arm of chromosome 11 and encoded
by 20 exons, from which 10 are constant in all isoforms
[7]. The “standard” CD44 isoform (CD44s) encoded by
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the 10 constant exons has a molecular weight of 85-90
kDa and is ubiquitously expressed in vertebrates. The
“variant” isoforms (CD44v) are generated by alternative
splicing and comprise next to the 10 constant exons any
combination of the remaining variant exons forming 42
currently known CD44 isoforms at the mRNA level, of
which 29 encode for proteins [8, 9]. In contrast to CD44s,
the distribution of CD44v isoforms is restricted to selected
epithelial, proliferating and even tumor cells [2, 10, 11].

The diversity of the CD44 protein family is
mediated by alternative splicing, and by posttranslational
modifications, including massive glycosylation and
domain cleavage. These properties highly increase
the functional variety and binding capacity of CD44
[4]. In addition, the CD44 gene expression is post-
transcriptionally regulated by microRNAs (miRs), which
are small, highly conserved, non-coding RNAs that
preferentially bind to the 3‘untranslated region (UTR) of
the target mRNA leading to mRNA decay and translational
inhibition [12]. So far, at least 15 different CD44-
regulating miRs have been identified mainly exhibiting
tumor suppressive activities by exerting anti-proliferative,
anti-invasive, anti-angiogenic and apoptosis-promoting
functions (Table 1; [13, 14, 23-26, 15-22]).

Malignant melanoma (MM) 1is one of the
most aggressive neoplasms derived from malignant
transformation of melanocytes with an increasing
incidence worldwide over the decades. The main risk
factors include exposure to ultraviolet (UV) light, genetic
susceptibility and the number of melanocytic nevi [47,
48]. With the introduction of immunotherapy and targeted
therapies the outcome of patients increased due to response
rates of 20—40% [49]. However, there is still an urgent
need for biomarkers to distinguish therapy responders
from non-responders and also of novel therapeutic targets.

While melanocytes only express CD44s, benign
melanocytic lesions, melanoma lesions and melanoma
cell lines heterogeneously express both CD44s as well
as CD44v isoforms [27, 28]. Interestingly, patients with
higher (pan)CD44 expression had a significant reduced
S-years’ overall survival (OS). Targeting of CD44 in
experimental models in vivo resulted in an increased
survival rate of mice [29]. Investigations regarding the
potential of CD44 as therapeutic target used multiple
approaches, including monoclonal antibodies (mAb)
[30], peptides like A5G27 or PEX9 [31, 32] and post-
transcriptional down regulation by RNAi [33]. Currently,
miRs are of growing interest, not only as diagnostic,
prognostic or predictive biomarkers, but also as
therapeutic tools. So far, 15 human CD44 regulatory miRs
have been identified in various cell systems (Table 1), but
their functional relevance has not yet been determined.
Therefore, these miRs were characterized regarding their
binding affinity to the 3> UTR of CD44s, their tumor
biological functions and their potential as putative miR-
based anti-cancer drug in melanoma.

RESULTS

Despite more than 15 CD44 regulatory miRs have
been reported in the literature (Table 1). There exists so far
no information about their affinity to the CD44 3’ UTR in
general and in particular for melanoma cells. Therefore,
the affinity of these miRs was validated and compared
to the reported binding sites within the CD44 3’ UTR by
using a novel miR-specific enrichment assay (Figure 1A).

The eluates of this affinity purification were
analyzed by qPCR. The interaction between the HLA-G
3’ UTR and miR-152 served as positive control [38]. As
expected, miR-152 was statistically significant enriched
with the HLA-G 3° UTR as bait, but not with the two
fragments (#A and #B) of the CD44 3° UTR (Figure 1B).
MiR-141 as a negative control was present in the applied
cell lysate (input), but neither enriched with the HLA-G 3’
UTR nor with the CD44 3’ UTR (Figure 1C). Concerning
the affinity purification of the known CD44 regulatory
miRs, miR-34A-5p and miR-143-3p were highly enriched
with the CD44 3° UTR as bait when compared to the
HLA-G 3’ UTR, which was statistically significant for
miR-143-3p (Figure 1D—1E). The miR-199A and miR-491
were also enriched, but to a weaker extent (Figure 1F—
1G), while the other reported CD44 regulatory miRs were
not enriched with the reported CD44 3’ UTR fragment.
However, an interaction of these miRs with the coding
sequence or the 5> UTR of the CD44 mRNA cannot be
excluded. Despite these miRs were published as binding to
the investigated CD44 3’ UTR, they were excluded from
further experiments. The miR-541-3p was not expressed
in the applied cell lysate.

Ten melanoma cell lines were investigated for their
CD44s expression using flow cytometry (Figure 2A). The
BLM, WM1552C, and A375 cell lines exerted the highest
CD44s expression levels. Due to the high transfection
efficacy the BLM cell line was selected for further
analyses. MiR-34A-5p and miR-143-3p overexpression
in BLM cells was validated by qPCR demonstrating a
statistically significant miR overexpression of a three-
digit factor when compared to the mock vector (Figure
2B). The strong overexpression of miR-143-3p led to a
reduction of total CD44s protein in transient transfected
BLM cells as well as in stable transfected WM1552C
cells, while for miR-34A no reduction of CD44s protein
was observed (Figure 2C).

To determine whether the miR based CD44s
downregulation affects the sensitivity of melanoma to the
therapy-relevant drug daunorubicin, the cell viability of
untreated and daunorubicin-treated miR transfectants was
determined. The reduced CD44s protein levels upon miR-
143-3p overexpression caused a statistically significant
reduction of viable cells (propidium iodide (PI)/Annexin
V double negative) and a statistically significant increase
of early apoptotic cells (PI negative/Annexin V positive).
The amount of late apoptotic cells (PI/Annexin V
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Table 1: Published CD44 regulatory miRs and their tumor biological effects

tumor biological effect of the miR

miRs proliferation invasion  apoptosis angiogenesis tumor suppressive/oncogenic
miR-143-3p l l 1 l tumor suppressive
miR-199a-3p l ! 1 l tumor suppressive
miR-216a l l 1 l tumor suppressive
miR-328 l ! 1 l tumor suppressive
miR-330 l l 1 n.r. tumor suppressive
miR-34a-5p l l 1 l tumor suppressive
miR-373 controversial discussed
miR-491-5p l l 1 l tumor suppressive
miR-492 1 1 n.r. n.r. oncogenic
miR-512-3p l ! 1 n.r. tumor suppressive
miR-520c controversial discussed
miR-541-3p n.r. n.r. l n.r. oncogenic
miR-608 ! l ) n.r. tumor suppressive
miR-671 n.r. n.r. nr. n.r. n.r.
miR-708 controversial discussed

double positive) was also increased, but not statistically
significant (Figure 2D).

Furthermore, the miR-143-3p mediated CD44s
downregulation also affected cell migration. Actually, the
velocity [um/min], the euclidean distance [um] and the
total accumulated distance [um] were strongly reduced
in the miR-143-3p overexpressing transfectants when
compared to the other transfectants (Figure 2E-2G). Since
miR-143-3p as well as miR-34A-5p reduced proliferation
(Table 1), the proliferation of the transfectants was
characterized. As shown in Figure 2H, both miR
overexpressing transfectants exerted a statistically
significant reduced proliferation rate in comparison to
mock transfectants (Figure 2H).

The in vivo CD44s expression was also analyzed in
non-affected skin sections (gluteal region) derived from
61 human body donors by immunohistochemistry (IHC).
CD44s expression was observed in the whole stratum
germinativum, consisting of the stratum basale and the
stratum spinosum. The stratum granulosum and stratum
corneum were unreactive, which is in line with already
published studies [40]. CD44s positive cells accumulated
in the proliferative epidermis regions. The CD44s
expression of the epidermal melanocytes was comparable
to that of dermal keratinocytes ranging from weak (23/61),
over medium (22/61) to strong (16/61) expression.
Interestingly, the CD44s expression appears to correlate
with the thickness of the stratum basale. Occasional
CD44s positive spots were also visible within the dermis
with a higher frequency within the stratum papillare than
within the stratum reticulare (Figure 3A-3C). However,
there existed no inverse correlation between the in vivo

CD44s protein levels and the expression of miR-143-3p
and miR-34A-5p determined by qPCR (Figure 3D). The
expression levels of CD44s protein and miR-34A-5 as
well as miR-143-3p were further correlated to clinical data
of the investigated human body donors (Figure 3E-31J).

As a cell type specific CD44s expression was also
analyzed in the context of benign melanocytic lesions
(Table 2). Evaluating diverse subtypes of melanocytic
nevi, CD44s expression levels ranged from medium to
high. In detail, in the compound nevi type the CD44s
expression was higher than in the deeper dermis localized
dermal nevi type, but this effect was not statistically
significant. In addition, the group of nevi with strong
CD44s expression showed a lower mean age at diagnosis
and a statistically significant higher amount of male
patients (Figure 4E). When compared to the malignant
melanoma probes, only in melanocytic nevi a statistically
significant correlation between MART-1 and CD44s
expression was detected (Figure 4A—4E).

The CD44s expression in human melanoma samples
was correlated with known clinical characteristics (Table
3). All investigated tumors exerted medium to high CD44s
expression. Tumors with a medium CD44s expression
level showed a more cytoplasmic localization, while
tumors with high CD44s levels presented an additional
membranous expression. In the adjacent epidermis, the
CD44s expression was detected in cells of the stratum
germinativum, but not within the stratum granulosum
and stratum corneum, while cells in the dermis were also
stained. In all cases analyzed the CD44 expression was
stronger in melanoma cells when compared to the adjacent
epidermal cells (Figure SA—5B). In analogy to the skin
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Figure 1: Establishment of a novel affinity based miR enrichment assay. (A) The workflow of the applied novel miR affinity
purification assay is summarized. (B—G) The eluates and the respective amount of cell lysate (input) were analyzed by qPCR as described
in Materials and Methods. As internal positive control the enrichment of miR-152 with the HLA-G 3’ UTR as bait was determined (B) as
well as negative control (C) the absent enrichment of miR-141, which was detected in the applied cell lysates (input). Furthermore, the
exemplary validation of the known CD44 regulatory miRs; miR-34-5p (D), miR-143-3p (E), miR-199A-3p, and miR-491-5p (G) is shown.
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samples of the human body donors as well as the benign expression was determined by immunohistochemistry.

melanocytic lesions, the CD44s protein and the miR-34A- MART-1 expression levels in the malignant melanoma
Sp expression levels as well as miR-143-3p expression ranged from low to high (Figure 6A—6C) without any
levels showed no inverse correlation (Figure 5C). For correlation between the MART-1 and CD44s expression
a better visualization of the melanoma cells, MART-1 levels (Figure 6D).
A membranous CD44s
A375 BUF1088 IGR-1 MV3 WM35
membranous CD44s
z 25
2
2 2
8
- / 5 15
c H
g FITC-A FITC-A FITC-A FITC-A FITC-A g 10
o E;
% BLM BUF1248 MEWO WM9 WM155pC ; 5
© g
£
0
6 & ® N O O O P
P oSS &S E
¢ & s &
R
FITC-A FITC-A FITC-A FITC-A FITC-A
fluorescence intensity
B C D mPI negative /Annexin V negative BPI negative/ Annexin V positive
BLM BLM WM1552C BLM OPI positive /Annexin V negative OPI positive /Annexin V positive
1,00E+09 - 70
5 T.00E+08 | * % % % % 5 § g 5 Eﬁ; g < 60
£ 1,00E+07 - £ : 2 :E : =z g .
5 s E E s E E E 50
2 1,00E+06 - s & = s ® = H
2 £ £ £ £ £ £ o°
S 1,00E+05 - a & 2 g 2 = 3 40 *
£ 1,00E+04 - R— 2 3
=3 hd -
% 1,00E+03 1 —— — CD44s CD44s g "
1,00E+02 -
1,00E+01 | S — — | GAPDH || | ;.Actin 10
1,00E+00 . . 0 = =] -
+ - oy 5 +pmR( I) + pmR(miR-143) + pmR(miR-34A)
3 3 3 3
2 4 2 E
2
I
el B el £
E F G H —=&— + pmR(control)
BLM BLM BLM BLM * + pmR(miR-143)
mEuclidean distance [um] mAccumulated distance [pm] m Velocity [um/min] 1200000 4 * PmR(miR-34A)
25 200 1,2 r
. T 4 ° 1000000
20 150 3
.5 " 08 "3‘ 800000 o %
100 0,6 K]
10 §
04 3 600000 *
50 £ ;
° 02 E P
2 400000 i
0 0 0 E-1 ]
+ + + + + + + + +A °
3 ‘5 g .g .g g -g g .g 200000 n
2 3 2 2 2 2 2 2 2
2 2 2
S 3 3 2 3 3 .
g g § g g § g g § oh 24h a8h 72h %6h

time

Figure 2: Modulation of tumor biological relevant functions by miR-143-3p-mediated CD44s downregulation. (A) The
membranous CD44s expression of 10 human melanoma cell lines was quantified by flow cytometry and exemplary visualized for one of
three biological replicates as overlay. The grey histograms represent the isotype control and the black histogram staining with the specific
CD44s antibody as described in Materials and Methods. (B) The functionality of the miR expression vectors was validated by qPCR
after transient transfection in the human melanoma cell line BLM as described in Materials and Methods. (C) Western blot analyses of
transiently miR-143-3p transfected BLM cells as well as of stably transfected WM1552C cells were performed using a CD44 specific
antibody. (D) Flow cytometry based Annexin V and propidium iodide (PI) staining for daunorubicin mediated apoptosis in the miR-143-3p
transfectants was performed. (E-H) Cell migration, in particular euclidean distance (E), accumulated distance (F), and velocity (G) as well
as proliferation (H) was analyzed in the transfectants.
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Table 2: Melanocytic nevi patient’s characteristics

patient no. age at diagnosis [years] sex type of nevus

1 13 male compound
2 51 male compound
3 72 female dermal

4 72 female dermal

5 41 female dermal

6 76 female dermal

7 27 female dermal

8 27 female compound
9 55 female dermal
10 45 female dermal
11 81 female dermal
12 37 female dermal
13 37 female dermal
14 44 female compound
15 13 male dermal
16 44 female compound
17 42 male compound
18 59 female compound
19 31 female compound
20 54 male dermal

Based on the recently described immune cell
infiltration and marker analysis [34], an almost statistically
significant (p = 0.057) correlation of CD44s expression
with PD-L1 (B7-H1) was found in the MM samples
analyzed, while partially statistically significant inverse
correlation between CD44s protein levels and infiltrating
immune effector cells, like CD4" cells (p = 0.18), CD8"
cells (p = 0.03), and CD68* M1 macrophages (p = 0.1) was
observed. There existed no correlation between CD44s
protein levels and the infiltrating regulatory FOXP3*
T cells, M2 macrophages (CD123), and dendritic cells
(CDl1l1c and CD123; Figure 5D). Furthermore, no effect
of the CD44s protein levels, the tumor thickness (Breslow
value) and the pT stadium could be observed (Figure 5D).

DISCUSSION

During the last years, the number of publications
reporting miR target interactions is steadily increasing.
Often, studies describe many different miRs against one
certain target mRNA in complete different cell systems
under varying conditions with marginally comparable
methods. There, the role of known CD44-regulatory
miRs was analyzed in melanoma. The inhibition of CD44
using anti-CD44 antibodies as anti-melanoma treatment
showed success in an experimental study [41], while a
recent phase I clinical trial of an anti-CD44 humanized

antibody using the RG7356 in patients with metastatic
or locally advanced CD44-expressing solid malignancies
(6 melanoma from 65 different solid tumors of various
entities) only demonstrated a modest anti-tumor activity
[42] demanding alternative strategies to overcome CD44
expression in tumors. In this context, a miR-based down
regulation of CD44 might be a better therapeutic tool. This
approach extends the activity of all CD44 splice variants,
since the 3 UTR of CD44 splice variants is equal. In
contrast, therapeutic antibodies potentially do not bind
to all of the different CD44 splice variants and thus their
binding may not completely inhibit the biological function
of CD44.

First, the affinity of the 15 known miRNAs binding
to the CD44 3° UTR was determined using a novel
modified miTRAP technique. While the original miTRAP
technology is based on interaction between MS2 tagging
and a not commercial-available fusion protein containing
the MS2 loop binding protein and the maltose binding
protein, the in vitro transcribed 3’ UTRs were not tagged
with MS2 loops and loaded out amylose beads, but were
polyadenylated and coupled to commercial-available oligo
dT coated beads. To avoid the binding of polyadenylated
mRNA species also present in the cell lysate, the lysates
were purified prior usage by size exclusion columns (< 75
nt). This miR containing flow through was used for later
affinity purification. The functionality of this modified
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Figure 3: Differential CD44s expression in healthy skin sections. (A-C) A representative immunohistochemical staining of
human skin samples derived from human body donors with distinct CD44s expression shown. The staining was scored as weak, medium,
and strong expression. (D) qPCR analyses of human skin samples with distinct CD44s expression levels was used to determine the absolute
miR-34a-5p and miR-143 absolute copy number as described in Materials and Methods. (E-J) The expression levels of CD44s protein (E,
F), miR-34A-5p (G, H), and miR-143-3p (I, J) were correlated to selected clinical parameters from the human body donors.
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miTRAP technique was validated by the enrichment of
the miR-152 with the HLA-G 3° UTR as bait (positive
control), while the miR-141 was present in the applied cell
lysate (input), but neither enriched (negative control; [43]
with the HLA-G 3° UTR nor with the CD44 3’ UTR.
Four of 15 CD44-regulatory miRs were enriched
using the CD44 3 UTR as bait, which due to its size was
divided into two overlapping fragments. With respect to
their abundance in the cell lysate (input), miR-34A-5p and
miR-143-3p exerted the highest affinities for the CD44 3’
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UTR. However, only miR-143-3p overexpression caused
a downregulation of CD44s protein linked to a decreased
proliferation and cell migration as well as an enhanced
sensitivity for daunorubicin-induced apoptosis. This
is in line with the association of CD44 overexpression
with tumor progression and metastasis in various human
cancers including melanoma. Furthermore, patients with
high CD44 expression levels in malignant melanoma
have a statistical significantly decreased 5 years’ OS in
comparison to the CD44 low group [29].
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Figure 4: Demonstration of the CD44s and the corresponding MART-1 expression in human melanocytic nevi. (A-D)
Immunohistochemical staining for CD44s demonstrated either medium (A) or high (C) CD44s expression in the melanocytic nevi, as well
as the corresponding MART-1 expression. (E) Correlation of the CD44s expression level with clinical parameters, including sex, age at
diagnosis, type of nevi (compound type or dermal), and the correlation to the MART-1 expression.
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In addition, CD44 expression almost statistically
significantly correlated with PD-L1 expression and
with a trend can inverse correlation to tumor infiltrating
pro-inflammatory immune effector cells. Despite the

PD-1 checkpoint inhibitor pembrolizumab is used for
melanoma therapy [44] and the PD-L1 checkpoint
inhibitor atezolizumab is still under investigation in
ongoing clinical trials with melanoma patients, the success
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Figure 5: Correlation of the CD44s expression in human malignant melanoma with miR expression and immune cell
infiltration and its tumor biological impact. (A-B) Immunohistochemical staining for CD44s demonstrated either medium (A) or
high (B) CD44s expression in the malignant melanoma samples. (C) Correlation of miR-34A-5p and miR-143-3p with the CD44s protein
levels in malignant melanoma samples. (D) Correlation of CD44s expression levels to clinical parameters from the melanoma patients and

to infiltrating immune effector cells [34].
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Table 3: Malignant melanoma patient’s characteristics

patient age at diagnosis sex ulcerated Breslow pT type of melanoma recurrence
no. [_years] [mm] stadium
1 71 male no 2.15 3 superficial spreading melanoma no
2 62 female yes 1.1 2 superficial spreading melanoma no
3 82 male yes 3.5 3 nodular melanoma yes
4 50 male yes 2.6 3 nodular melanoma no
5 64 male no 3.2 3 superficial spreading melanoma no
6 51 female no 1.11 2 superficial spreading melanoma no
7 88 female no 7.05 4 nodular melanoma no
8 75 male no 1.3 2 superficial spreading melanoma no
9 80 male yes 3.5 3 nodular melanoma no
10 64 female no 10 4 nodular melanoma unknown
11 42 female yes 6.1 4 nodular melanoma no
12 53 male yes 14.2 4 nodular melanoma yes
13 59 male no 1.8 2 superficial spreading melanoma no
14 75 female yes 3.08 3 nodular melanoma yes
A
MART-1 low

SN
N

CD44s expression
- N
o o

o
[ Y

. low MART-1 expression

. medium MART-1 expression

D high MART-1 expression

MART-1 expression

Figure 6: MART-1 expression and its correlation with CD44s expression in malignant melanoma. (A-C)
Immunohistochemical analysis was performed with a MART-1 specific mAb to determine MART-1 expression in human malignant
melanoma samples. A heterogeneous MART-1 expression was found ranging from low (A), medium (B) or high (C) MART-1 expression
in all investigated melanoma samples. (D) MART-1 and CD44s expression levels were correlated.
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Table 4: List of the applied antibodies

name method dilution species manufacturer
anti-CD44s (156-3C11) mAb IHC, WB 1:1000 mouse Thermo-Fisher Scientific
HRP-linked anti-Mouse IHC - goat DAKO

HRP-linked anti-mouse WB 1:1000 goat dianova

anti-GAPDH (14C10) mAb WB 1:12000 rabbit Cell Signaling
HRP-linked anti-rabbit WB 1:12000 goat Cell Signaling
anti-CD44 (156-3C11) FITC mAb FACS mouse biotechne

Table 5: List of the applied oligonucleotides

name application sequence (5’ — 3") condition
Klon3UTR-#A fw cloning GTGTAACACCTACACCATTATC 60°C
Klon3UTR-#A rev cloning GCAAAGCCTTTCACAGGAGAG 60°C
Klon3UTR-#B fw cloning CCTGTCCTGGAATCAGAGTTG 60°C
Klon3UTR-#B rev cloning TTGGTGTTGTTATGAATCTC 60°C
KI3UTRHLAGfw cloning AAACAGCTGCCCTGTGT 60°C
KI3UTRHLAGev cloning AAAGTTCTCATGTCTTCCATTT 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC o
708-5pRT-Rct stem-loop primer ACTGGATACGACCCCAGC 42°C
708-5p PCR fw qPCR GCCCAAGGAGCTTACAATCTA 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC o
671-5pRT-Rct stem-loop primer ACTGGATACGACCTCCAG 42°C
671-5p PCR fw qPCR GCCCAGGAAGCCCTGGAGGGG 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC o
608RT-PCR stem-loop primer ACTGGATACGACACGGAG 42°C
608 PCR fw qPCR GCCCAGGGGTGGTGTTGGGACAG 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
541RT-Ret stem-loop primer CTGGATACGACAGTCCA 42°C
541 PCR fw qPCR GCCCTGGTGGGCACAGAATC 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
520c-3pRT-Rct stem-loop primer CTGGATACGACACCCTC 42°C
520c-3p PCR fw qPCR GCCCAAAGTGCTTCCTTTTA 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
512-3pRT-Rct stem-loop primer CTGGATACGACGACCTC 42°C
512-3p PCR fw qPCR GCCCAAGTGCTGTCATAGCT 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
491-5pRT-Rct stem-loop primer CTGGATACGACCCTCAT 42°C
491-5p PCR fw qPCR GCCCAGTGGGGAACCCTTCC 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
373-3pRT-Rct stem-loop primer CTGGATACGACACACCC 42°C
373-3p PCR fw qPCR GCCCGAAGTGCTTCGATTTTG 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
330-3pRT-Rct stem-loop primer CTGGATACGACTCTCTG 42°C
330-3p PCR fw qPCR GCCCGCAAAGCACACGGCCTG 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
328-3pRT-Rct stem-loop primer CTGGATACGACACGGAA 42°C
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328-3p PCR fw qPCR GCCCCTGGCCCTCTCTGCCC 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA o
216a-5pRT-Rct stem-loop primer CTGGATACGACTCACAG 42°C
216a-5p PCR fw gPCR GCCCTAATCTCAGCTGGCAA 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC o
199a-3pRT-Rct stem-loop primer ACTGGATACGACTAACCA 42°C
199a-3p PCR fw qPCR GCCCACAGTAGTCTGCACAT 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC o
152RT-Rct stem-loop primer ACTGGATACGACCCAAGT 42°C
152 PCR fw qPCR GCCCTCAGTGCATGACAGA 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC o
143-3pRT-Rct stem-loop primer ACTGGATACGACGAGCTA 42°C
143-3p PCR fw qPCR GCCCTGAGATGAAGCACTG 60°C
. GTCGTATCCAGTGCAGGGTCCGAGGTATTCG o
34a-5pRT-Rct stem-loop primer CACTGGATACGACACAACC 42°C
34a-5p PCR fw qPCR GCCCTGGCAGTGTCTTAGCT 60°C
stem loop reverse primer  qPCR GTGCAGGGTCCGAGGT 60°C
Klon2miR-34a fw cloning AAACTCGAGgagacagttgctgaaggt 60°C
Klon2miR-34a rev cloning AAAGGATCCctgcaagacggggttaat 60°C
Klon2miR-143 fw cloning AAACTCGAGaaactggtctgcccaggacta 60°C
Klon2miR-143 rev cloning AAAGGATCCtgggtgatggagtgagactgt 60°C
.. CCCCCCTAATACGACTCACTATAGGGAAAA o
invitroHLA-Gfw PCR AACAGCTGCCCTGTGT 60°C
.. ITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT o
invitroHLA-Grev PCR TTTAAAGTTCTCATGTCTTCCATTT 60°C
. CCCCCCTAATACGACTCACTATAGGGAA o
VEDA43Atw PCR AGTGTAACACCTACACCATTATC 60°C
. ITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT o
vCDA43Arev PCR TTTTGCAAAGCCTTTCACAGGAGAG 60°C
. CCCCCCTAATACGACTCACTATAGGGAAA o
ivCDA443Biw PCR CCTGTCCTGGAATCAGAGTTG 60°C
vCD443Crevd PCR ITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTITTT 60°C

TTTTGGTGTTGTTATGAATCTC

is limited and patients develop resistances over treatment.
Thus, targeting might be a promise therapeutic tool for
malignant melanoma.

Due to the fact of high CD44 expression levels
in various tumor diseases, anti-CD44 antibodies are
currently under investigation as potential anti-tumoral
immune therapeutics in different animal studies to reduce
tumor progression [45]. However, an antibody based anti-
CD44 therapy will face certain limitations such as (i)
the existence of different CD44 splicing variants lacking
several protein domains and (ii) the fact that CD44 is
also expressed in various healthy tissues. In contrast,
miR-based CD44 inhibition limited to malignant cells
would affect all CD44 splice variants, since they share
the same 3° UTR. Recent studies report the functionality
of miRs linked to antibodies directed against cell surface

molecules, like membranous tumor antigens and receptors.
After binding of the antibody to the tumor antigen on the
cell surface, which already blocks its functionality, the
following internalization of this complex further enables
the miR-induced effects like downregulation of tumor
relevant genes [46].

A prerequisite is, however, that only miRs are
applied for such strategies, which are able to down-
regulate the translation of the gene of interest. Therefore,
this study aimed to identify the most potent CD44-
regulatore miRs published so far in melanoma with the
highest potential for miR-143-3p. However, concluding
from the missing inverse correlation of miR-143-3p and
CD44s expression in healthy and malignant skin tissues as
well as in the investigated melanoma cell lines (data not
shown), miR-143-3p is able to inhibit CD44 translation
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and function upon overexpression, but does not seem to
be the key regulating miR in the in vivo cellular situation.
Hence, the authors hypothesize that other so far unknown
CD44 regulatory miRs may exist, which could even exert
a stronger potential on the CD44 translational inhibition.
Indeed, since the beginning of the present study other
CD44-regulating miRs have been reported. These novel
miRs have not been considered within the present study.
To improve studies identifying single miRs regulating
CDA44 or even other proteins, the authors suggest to apply
the novel miR affinity purification method presented
in this study in combination with next generation
sequencing to identify a large panel of miRs binding to
the 3° UTR of CD44. These could then be used for further
functional studies.

Furthermore the authors want to advise that instead
of CD123 as a marker for M2 macrophages the markers
CD162 and/or CD203 would be even better markers.

MATERIALS AND METHODS

Cell culture and treatment

The melanoma cell lines A-375, BLM, BUF-1088,
BUF-1268, IGR-1, MEVO, MV-3, WM-9, WM-35 and
WM-1552C and the CD44 negative human embryonal
kidney cell line HEK293T were cultured in Dulbecco’s
modified Eagles medium (DMEM; Merck Millipore,
Heidelberg, Germany) supplemented with 10% fetal calf
serum (FCS; Merck Millipore, Heidelberg, Germany), 1%
penicillin/streptomycin (Sigma Aldrich, St.Louis, USA),
1% sodium pyruvate (Merck Millipore, Heidelberg,
Germany), 2 mM L-glutamine (Merck Millipore,
Heidelberg, Germany) and detached with trypsin (Sigma
Aldrich, St.Louis, USA).

Human samples analyzed

Random human skin tissues were collected from
human body donors (n = 65) in the Institute of Anatomy
and Cell Biology, Martin Luther University Halle-
Wittenberg, Halle, Germany from 2015 to 2018. In
addition, tissue samples of human melanocytic nevi (n
= 20) archived between 2010 and 2014 in the Institute
for Pathology of the Martin Luther University Halle-
Wittenberg were selected as non-malignant melanocytic
lesions. Archived tissue samples of cutaneous MM
samples collected between 2008 to 2016 were provided
from the Department of Dermatology, Paracelsus
Medical University, Salzburg, Austria as well as from
the Department of Dermatology, University Hospital
of Zurich, Zurich, Switzerland [34]. This study was
performed according to the principles expressed in the
declaration of Helsinki. Clinical data of MM patients
and the composition of immune cell infiltration of the
respective tumor lesions were available [34].

Flow cytometry

Cell surface associated protein levels, proliferation
rate and frequency of apoptosis were analyzed in
human melanoma cell lines by flow cytometry with the
MACSQuant® Analyzer 10 (Miltenyi Biotec, Bergisch
Gladbach, Germany). Data analysis was performed using
the Flowing Software (Cell Imaging Core, Turku Centre
for Biotechnology, Finland). For CD44s detection, the
mouse monoclonal antibody (mAb) CD44 (156-3C11)
[FITC] (Bio-Techne, Wiesbaden, Germany) was utilized.
Apoptosis was monitored with the Annexin-V-FITC
Apoptosis-Detection-Kit (Beckman Coulter, Brea, CA,
USA) following the manufacturer’s instructions.

Cloning of miR expression vectors and cell
transfection

The miR expression vectors were generated by
cloning the miR gene with its flanking regions into
the multiple cloning site of the pmR-m-Cherry vector
(Clontech, Mountain View, CA, USA). After sequencing,
the vectors were transiently transfected into human
melanoma cell lines using Viromer® RED (Lipocalyx,
Halle, Germany). The BLM cells were transfected
transiently. Due to the very low transfection efficacy of
the WM1552C cells, these cells were transfected stably by
geneticin supplemented medium (500 pg/ml).

Cell biological assays

Cell proliferation, migration and apoptosis were
determined in miR overexpressing cells 24 h after
transfection. Briefly, 1 x 10° transfected cells/well were
seeded and grown in complete DMEM medium. The cell
proliferation was assessed by determination of the total
cell number after 24 h, 48 h, 72 h and 96 h of culture. For
investigating chemotherapy sensitivity, cells were treated
with 1 pg/ml daunorubicin (Sigma Aldrich, St.Louis,
USA) for 2 h, washed three times with PBS and then
cultured for additional 24 h prior to analysis.

An undirected migration assay was performed using the
CytoSMART™ System (Lonza, Basel, Switzerland) by seeding
4 x 10* cells 48 h after transient transfection into standard T75
cell culture flasks (Sarstedt, Nirmbrecht, Germany) with
fresh medium. After 4 h adherence, the migration assays were
started by recording a picture every 5 min for a total of 6 h.
For data evaluation the software Tracking Tool™ PRO v2.0
(Gradientech, Uppsala, Sweden) was applied.

Nucleic acid isolation, cDNA synthesis and qPCR

DNA was isolated from different human cell lines
using the NucleoSpin® Tissue kit (Macherey-Nagel,
Diiren, Germany) according to the manufacturer's
instructions. Total RNA was extracted from non-affected
human skin tissue samples derived from formalin fixed
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human body donors (gluteal region) with peqGold TriFast
(VWR International, Darmstadt, Germany) according to
the manufacturer’s instructions followed by RQ1 RNase-
free DNase I treatment (Promega, Mannheim, Germany).
For miR-specific cDNA synthesis, 1 pg of total cellular
RNA was reverse transcribed with miR-specific stem loop
primers [35, 36] and the RevertAidTM H Minus reverse
transcriptase (Thermo-Fisher Scientific, Waltham, USA).
For qPCR target-specific primers and the iQ™
SYBR® Green Supermix (Biorad, Hercules, USA) were
applied. Subsequently, the reactions were run in a gTOWER?®
G (Analytik Jena, Jena, Germany). Absolute copy numbers
were measured against an external miR-specific TOPO-
TA plasmid standard (Invitrogen, Carlsbad, CA, USA)
containing the respective PCR product [37, 38]. Reactions
were performed in triplicates of biological replicates and
results are described as mean values with standard deviation
and -test. All oligonucleotides used are listed in Table 5.

Western blot

Proteins of transiently transfected cells were extracted
48 h after transfection as recently described [50]. 30 pug of
total protein/lane were loaded on Novex™ 4-20% Tris-
Glycine Mini Gels, WedgeWell™ (Invitrogen, Carlsbad,
CA, USA). After electrophoresis, the separated proteins
were blotted onto a 0.2 um nitrocellulose membrane (GE
Healthcare, Little Chalfont, UK) for 2 h at 150 mA/gel.
The blots were then blocked for 2 h at room temperature
followed by incubation with primary antibodies over night
at 4°C. After 5 washing steps the blots were incubated with
the secondary antibodies and bands were visualized with the
Amersham ECL Prime Western Blotting Detection reagent
(Amersham, Chalfont St Giles, UK) on a ChemiDoc Touch
Imaging system (Biorad, Hercules, USA). All applied
antibodies used are listed in the Table 4.

Immunhistochemistry

Standard immunohistochemistry was performed to
assess the CD44 protein expression in the diverse formalin
fixed human skin tissues. Briefly, 5 ng sections of paraftin
embedded blocks were deparaffinized and hydrated prior
to epitope retrieval treatment with HIER citrate buffer
(Zytomed Systems, Berlin, Germany) for 20 min at 95°C.
Endogenous peroxidases were blocked by incubation
with 1% (V/V) H,O, for 20 min at room temperature,
before serum (Agilent, Santa Clara, USA) for 1 h at room
temperature and incubated with the primary CD44 antibody
overnight at 4°C. Negative controls were incubated solely
in TBS-T. After washing steps, the HRP-linked secondary
antibody was added. The detection was performed with
the DAB liquid kit (Dako, Santa Clara, USA) and finally
the reaction was quenched by immersion in tap water.
After haematoxylin staining and dehydration, the slices
were mounted with Eukitt® mounting medium (ORSAtec,
Bobingen, Germany). All applied antibodies used are listed

in the Table 4. The photo documentation was performed
with a DMi8 microscope (Leica, Wetzlar, Germany). The
CD44s expression was scored by two researchers (J.F. and
S.J.B.) as follows: 1 — weak, 2 — medium, and 3 — strong.

Modified miR enrichment assay

To enrich CDA44-specific miRs, the miTRAP
technology [39] was modified. Briefly, the 3° UTR of
CD44 was splitted into two overlapping fragments (#A,
#B), which were in addition to the 3 UTR of HLA-G as
an internal positive control amplified by PCR (Taq DNA
Polymerase, Thermo Fisher Scientific) from genomic DNA
and cloned into a TOPO™ TA Cloning™ Vector (Thermo
Fisher Scientific). After sequencing of the respective 3’
UTRs, they were again amplified with specific primers
containing the T7 promoter sequence within the forward
primer for further in vitro transcription and the signal for a
later poly(A) tail after in vitro transcription in the reverse
primer. The resulting PCR products were purified by
agarose gel electrophoresis. Subsequently, the purified PCR
products were applied as templates for in vitro transcription
over night using the T7 RiboMAX™ Kit (Promega,
Madison, WI, USA). After DNase I digestion (Promega,
Madison, WI, USA) the in vitro transcribed RNA constructs
were purified with the MEGAclear Transcription Clean-Up
Kit (Thermo Fisher Scientific) according to the manual.

The miR purification assay was performed in
analogy to the previously published miTRAP assay with
modification [37]. Instead of the fusion protein consisting
of'a MS2 loop and maltose binding protein in combination
with amylose beads, the in vifro transcribed 3 UTRs
serving as baits for miR enrichment were polyadenylated
and then linked to magnetic Dynabeads™ Oligo(dT)25
(Thermo Fisher Scientific). Furthermore, any containing
polyadenylated RNA species, e.g. mature mRNAs, present
in the applied cell lysate used as input were excluded prior
usage by size exclusion columns (NucleoSpin® miRNA,
MACHEREY-NAGEL, Diirren, Germany). The principle
of this assay is summarized in Figure 1 A.

Statistical analyses

Microsoft Excel 2016 (Microsoft Corporation,
Albuquerque, USA) and OriginPro 2017 (OriginLab,
Northampton, USA) were used for calculation of mean,
standard deviation and students’ test under assumption of
unequal variance. Data were significant with p-values of p <
0.05 and marked as follows: "p <0.05, “p <0.01, ™"p <0.001.

CONCLUSIONS

The tumor suppressive miR-143-3p was identified
as the most potent CD44 inhibitory miR, which affects
growth characteristics of melanoma cells suggesting the
implementation of miR-143-3p as as a potential anti-CD44
therapy of malignant melanoma.
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CD44 isoform; CD44v: “variant” isoform; CDS: coding
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HRP: horseradish peroxidase; IHC: immunohistochemistry;
mADb: monoclonal antibody; MM: malignant melanoma;
miR: microRNA; MM: malignant melanoma; n.d: not
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propidium iodide; UTR: untranslated region.

Author contributions

The study was designed by S.J.B., B.S., and C.W.
All in vitro experiments were performed by J.F., S.J.B.,
D.H., and M.B. (1). The clinical samples were collected
and processed by R.D., PK., M.B. (3), C.W.. The
manuscript was written by S.J.B., B.S., C.W., J.F. and
H.K., and approved by all authors.

ACKNOWLEDGMENTS

We would like to express deep respect to the human
body donors for existential contribution to teaching and
science at the Institute of Anatomy and Cell Biology of the
MLU Halle-Wittenberg.

In addition, we want to thank Dr. Dagmar Quandt
for assisting in the measurement of the apoptosis assay,
and Franziska Knofel for technical assistance and Maria
Heise for excellent secretarial help.

CONFLICTS OF INTEREST

The authors declare that they have no competing
interests.

FUNDING

This study was funded by a grant from the Dr.
Werner Jackstddt-Stiftung, and the German-Israeli
Foundation (GIF; 1-37-414.11-2016).

REFERENCES

1. Naor D, Nedvetzki S, Golan I, Melnik L, Faitelson Y. CD44
in cancer. Crit Rev Clin Lab Sci. 2002; 39:527-79. https://
doi.org/10.1080/10408360290795574. [PubMed]

2. Ponta H, Sherman L, Herrlich PA. CD44: from adhesion
molecules to signalling regulators. Nat Rev Mol Cell Biol.
2003; 4:33-45. https://doi.org/10.1038/nrm1004. [PubMed]

3. Senbanjo LT, Chellaiah MA. CD44: A Multifunctional Cell
Surface Adhesion Receptor Is a Regulator of Progression
and Metastasis of Cancer Cells. Front Cell Dev Biol. 2017;
5:18. https://doi.org/10.3389/fcell.2017.00018. [PubMed]

10.

11.

12.

13.

14.

15.

Yan 'Y, Zuo X, Wei D. Concise Review: Emerging Role of
CD44 in Cancer Stem Cells: A Promising Biomarker and
Therapeutic Target. Stem Cells Transl Med. 2015; 4:1033—
1043. https://doi.org/10.5966/sctm.2015-0048. [PubMed]
Chen Y, Song J, Jiang Y, Yu C, Ma Z. Predictive value of
CD44 and CD24 for prognosis and chemotherapy response
in invasive breast ductal carcinoma. Int J Clin Exp Pathol.
2015; 8:11287-95. [PubMed]

Cain JW, Hauptschein RS, Stewart JK, Bagci T, Sahagian
GG, Jay DG. Identification of CD44 as a surface biomarker
for drug resistance by surface proteome signature

technology. Mol Cancer Res. 2011; 9:637—47. https://doi.
org/10.1158/1541-7786.MCR-09-0237. [PubMed]

Prochazka L, Tesarik R, Turanek J. Regulation of alternative
splicing of CD44 in cancer. Cell Signal. 2014; 26:2234-2239.
https://doi.org/10.1016/j.cellsig.2014.07.011. [PubMed]
Goodison S, Urquidi V, Tarin D. CD44 cell adhesion
molecules. Mol Pathol. 1999; 52:189-196. https://doi.
org/10.1136/mp.52.4.189. [PubMed]

Zeilstra J, Joosten SP, van Andel H, Tolg C, Berns A, Snoek
M, van de Wetering M, Spaargaren M, Clevers H, Pals
ST. Stem cell CD44v isoforms promote intestinal cancer
formation in Apc(min) mice downstream of Wnt signaling.
Oncogene. 2014; 33:665-70. https://doi.org/10.1038/
onc.2012.611. [PubMed]

Sneath RJ, Mangham DC. The normal structure and function
of CD44 and its role in neoplasia. Mol Pathol. 1998; 51:191—
200. https://doi.org/10.1136/mp.51.4.191. [PubMed]

Wu CL, Chao YJ, Yang TM, Chen YL, Chang KC, Hsu
HP, Shan YS, Lai MD. Dual role of CD44 isoforms in
ampullary adenocarcinoma: CD44s predicts poor prognosis
in early cancer and CD44v is an indicator for recurrence in
advanced cancer. BMC Cancer. 2015; 15:903. https://doi.
org/10.1186/s12885-015-1924-3. [PubMed]

Jasinski-Bergner S, Mandelboim O, Seliger B. The role

of microRNAs in the control of innate immune response
in cancer. J Natl Cancer Inst. 2014; 106. https://doi.
org/10.1093/jnci/dju257. [PubMed]

Lu YC, Cheng AJ, Lee LY, You GR, Li YL, Chen HY,
Chang JT. MiR-520b as a novel molecular target for
suppressing stemness phenotype of head-neck cancer
by inhibiting CD44. Sci Rep. 2017; 7:2042. https:/doi.
org/10.1038/s41598-017-02058-8. [PubMed]

Liu C, Kelnar K, Liu B, Chen X, Calhoun-Davis T, Li
H, Patrawala L, Yan H, Jeter C, Honorio S, Wiggins JF,
Bader AG, Fagin R, et al. The microRNA miR-34a inhibits
prostate cancer stem cells and metastasis by directly
repressing CD44. Nat Med. 2011; 17:211-5. https://doi.
org/10.1038/nm.2284. [PubMed]

Yang Z, Chen D, Nie J, Zhou S, Wang J, Tang Q, Yang
X. MicroRNA-143 targets CD44 to inhibit breast cancer
progression and stem cell-like properties. Mol Med Rep.
2016; 13:5193-9. https://doi.org/10.3892/mmr.2016.5194.
[PubMed]

www.oncotarget.com

6523

Oncotarget


https://doi.org/10.1080/10408360290795574
https://doi.org/10.1080/10408360290795574
https://www.ncbi.nlm.nih.gov/pubmed/12484499
https://doi.org/10.1038/nrm1004
https://www.ncbi.nlm.nih.gov/pubmed/12511867
https://doi.org/10.3389/fcell.2017.00018
https://www.ncbi.nlm.nih.gov/pubmed/28326306
https://doi.org/10.5966/sctm.2015-0048
https://www.ncbi.nlm.nih.gov/pubmed/26136504
https://www.ncbi.nlm.nih.gov/pubmed/26617852
https://doi.org/10.1158/1541-7786.MCR-09-0237
https://doi.org/10.1158/1541-7786.MCR-09-0237
https://www.ncbi.nlm.nih.gov/pubmed/21357442
https://doi.org/10.1016/j.cellsig.2014.07.011
https://www.ncbi.nlm.nih.gov/pubmed/25025570
https://doi.org/10.1136/mp.52.4.189
https://doi.org/10.1136/mp.52.4.189
https://www.ncbi.nlm.nih.gov/pubmed/10694938
https://doi.org/10.1038/onc.2012.611
https://doi.org/10.1038/onc.2012.611
https://www.ncbi.nlm.nih.gov/pubmed/23318432
https://doi.org/10.1136/mp.51.4.191
https://www.ncbi.nlm.nih.gov/pubmed/9893744
https://doi.org/10.1186/s12885-015-1924-3
https://doi.org/10.1186/s12885-015-1924-3
https://www.ncbi.nlm.nih.gov/pubmed/26572077
https://doi.org/10.1093/jnci/dju257
https://doi.org/10.1093/jnci/dju257
https://www.ncbi.nlm.nih.gov/pubmed/25217579
https://doi.org/10.1038/s41598-017-02058-8
https://doi.org/10.1038/s41598-017-02058-8
https://www.ncbi.nlm.nih.gov/pubmed/28515423
https://doi.org/10.1038/nm.2284
https://doi.org/10.1038/nm.2284
https://www.ncbi.nlm.nih.gov/pubmed/21240262
https://doi.org/10.3892/mmr.2016.5194
https://www.ncbi.nlm.nih.gov/pubmed/27121210

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Zeng JF, Ma XQ, Wang LP, Wang W. MicroRNA-145 exerts

tumor-suppressive and chemo-resistance lowering effects
by targeting CD44 in gastric cancer. World J Gastroenterol.
2017; 23:2337-2345. https://doi.org/10.3748/wjg.v23.
113.2337. [PubMed]

Bucay N, Sekhon K, Yang T, Majid S, Shahryari V, Hsiech
C, Mitsui Y, Deng G, Tabatabai ZL, Yamamura S, Calin
GA, Dahiya R, Tanaka Y, et al. MicroRNA-383 located in
frequently deleted chromosomal locus 8p22 regulates CD44
in prostate cancer. Oncogene. 2017; 36:2667-2679. https://
doi.org/10.1038/0nc.2016.419. [PubMed]

Lin CH, Chiang MC, Chen YJ. MicroRNA-328 inhibits
migration and epithelial-mesenchymal transition by

targeting CD44 in nasopharyngeal carcinoma cells. Onco
Targets Ther. 2018; 11:2375-2385. https://doi.org/10.2147/
OTT.S151665. [PubMed]

Kim J, Jiang J, Badawi M, Schmittgen TD. miR-221
regulates CD44 in hepatocellular carcinoma through
the PI3K-AKT-mTOR pathway. Biochem Biophys Res
Commun. 2017; 487:709-715. https://doi.org/10.1016/].
bbre.2017.04.121. [PubMed]

von Frowein J, Hauck SM, Kappler R, Pagel P, Fleischmann
KK, Magg T, Cairo S, Roscher A, von Schweinitz D,
Schmid I. MiR-492 regulates metastatic properties of
hepatoblastoma via CD44. Liver Int. 2018; 38:1280-1291.
https://doi.org/10.1111/1iv.13687. [PubMed]

Zhou J, Liu R, Wang Y, Tang J, Tang S, Chen X, Xia K,
Xiong W, Xu D, Wang S, He Q, Cao K. miR-199a-5p
regulates the expression of metastasis-associated genes
in B16F10 melanoma cells. Int J Clin Exp Pathol. 2014;
7:7182-90. https://doi.org/10.3892/01r.2017.5421. [PubMed]
Wei F, Wang Q, Su Q, Huang H, Luan J, Xu X, Wang J.
miR-373 Inhibits Glioma Cell U251 Migration and Invasion
by Down-Regulating CD44 and TGFBR2. Cell Mol
Neurobiol. 2016; 36:1389-1397. https://doi.org/10.1007/
s10571-016-0338-3. [PubMed]

Chen J, Hongting L, Shaoping L, Xin C, Qian D. MiR-
34-a acts as a suppressor in neuroblastoma progression by
targeting CD44. J Pak Med Assoc. 2017; 67:1524—1531.
[PubMed]

LiJ, Weil, Mei Z, Yin Y, LiY, Lu M, Jin S. Suppressing
role of miR-520a-3p in breast cancer through CCND1 and
CD44. Am J Transl Res. 2017; 9:146—154. [PubMed]

Saini S, Majid S, Shahryari V, Arora S, Yamamura S, Chang
I, Zaman MS, Deng G, Tanaka Y, Dahiya R. miRNA-708
control of CD44(+) prostate cancer-initiating cells. Cancer
Res. 2012; 72:3618-30. https://doi.org/10.1158/0008-5472.
CAN-12-0540. [PubMed]

Xue HG, Yang AH, Sun XG, Lu YY, Tian ZB. Expression
of microRNA-328 Functions as a Biomarker for Recurrence
of Early Gastric Cancer (EGC) After Endoscopic
Submucosal Dissection (ESD) by Modulating CD44. Med
Sci Monit. 2016; 22:4779-4785. https://doi.org/10.12659/
msm.896225. [PubMed]

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Seiter S, Schadendorf D, Herrmann K, Schneider M, Rosel
M, Arch R, Tilgen W, Zoller M. Expression of CD44 variant
isoforms in malignant melanoma. Clin Cancer Res. 1996;
2:447-56. [PubMed]

Manten-Horst E, Danen EH, Smit L, Snoek M, Le Poole
IC, Van Muijen GN, Pals ST, Ruiter DJ. Expression of
CD44 splice variants in human cutaneous melanoma and
melanoma cell lines is related to tumor progression and
metastatic potential. Int J Cancer. 1995; 64:182-8. https://
doi.org/10.1002/ij¢.2910640307. [PubMed]

Dietrich A, Tanczos E, Vanscheidt W, Schopf E, Simon
JC. High CD44 surface expression on primary tumours of

malignant melanoma correlates with increased metastatic
risk and reduced survival. Eur J Cancer. 1997; 33:926-30.
https://doi.org/10.1016/s0959-8049(96)00512-6. [PubMed]
Rupp U, Schoendorf-Holland E, Eichbaum M, Schuetz F,
Lauschner I, Schmidt P, Staab A, Hanft G, Huober J, Sinn
HP, Sohn C, Schneeweiss A. Safety and pharmacokinetics
of bivatuzumab mertansine in patients with CD44v6-

positive metastatic breast cancer: final results of a phase
I study. Anticancer Drugs. 2007; 18:477-85. https://doi.
org/10.1097/CAD.0b013e32801403f4. [PubMed]

Lian J, Dai X, Li X, He F. Identification of an active site
on the laminin alpha4 chain globular domain that binds to
alphavbeta3 integrin and promotes angiogenesis. Biochem
Biophys Res Commun. 2006; 347:248-53. https://doi.
0rg/10.1016/1.bbre.2006.06.069. [PubMed]

Ugarte-Berzal E, Bailon E, Amigo-Jiménez I, Albar JP,
Garcia-Marco JA, Garcia-Pardo A. A novel CD44-binding
peptide from the pro-matrix metalloproteinase-9 hemopexin

domain impairs adhesion and migration of chronic
lymphocytic leukemia (CLL) cells. J Biol Chem. 2014;
289:15340-9. https://doi.org/10.1074/jbc.M114.559187.
[PubMed]

Misra S, Hascall VC, De Giovanni C, Markwald RR, Ghatak
S. Delivery of CD44 shRNA/nanoparticles within cancer
cells: perturbation of hyaluronan/CD44v6 interactions and
reduction in adenoma growth in Apc Min/+ MICE. J Biol
Chem. 2009; 284:12432-46. https://doi.org/10.1074/jbc.
M806772200. [PubMed]

Koelblinger P, Emberger M, Drach M, Cheng PF, Lang R,
Levesque MP, Bauer JW, Dummer R. Increased tumour

cell PD-L1 expression, macrophage and dendritic cell
infiltration characterise the tumour microenvironment
of ulcerated primary melanomas. J Eur Acad Dermatol
Venereol. 2019; 33:667—675. https://doi.org/10.1111/
jdv.15302. [PubMed]

Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, Nguyen
JT, Barbisin M, Xu NL, Mahuvakar VR, Andersen MR,
Lao KQ, Livak KJ, Guegler KJ. Real-time quantification
of microRNAs by stem-loop RT-PCR. Nucleic Acids
Res. 2005; 33:e179. https://doi.org/10.1093/nar/gnil78.
[PubMed]

Varkonyi-Gasic E, Wu R, Wood M, Walton EF, Hellens RP.
Protocol: a highly sensitive RT-PCR method for detection

www.oncotarget.com

6524

Oncotarget


https://doi.org/10.3748/wjg.v23.i13.2337
https://doi.org/10.3748/wjg.v23.i13.2337
https://www.ncbi.nlm.nih.gov/pubmed/28428713
https://doi.org/10.1038/onc.2016.419
https://doi.org/10.1038/onc.2016.419
https://www.ncbi.nlm.nih.gov/pubmed/27893706
https://doi.org/10.2147/OTT.S151665
https://doi.org/10.2147/OTT.S151665
https://www.ncbi.nlm.nih.gov/pubmed/29740213
https://doi.org/10.1016/j.bbrc.2017.04.121
https://doi.org/10.1016/j.bbrc.2017.04.121
https://www.ncbi.nlm.nih.gov/pubmed/28442344
https://doi.org/10.1111/liv.13687
https://www.ncbi.nlm.nih.gov/pubmed/29314711
https://doi.org/10.3892/or.2017.5421
https://www.ncbi.nlm.nih.gov/pubmed/25400815
https://doi.org/10.1007/s10571-016-0338-3
https://doi.org/10.1007/s10571-016-0338-3
https://www.ncbi.nlm.nih.gov/pubmed/26858153
https://www.ncbi.nlm.nih.gov/pubmed/28955068
https://www.ncbi.nlm.nih.gov/pubmed/28123641
https://doi.org/10.1158/0008-5472.CAN-12-0540
https://doi.org/10.1158/0008-5472.CAN-12-0540
https://www.ncbi.nlm.nih.gov/pubmed/22552290
https://doi.org/10.12659/msm.896225
https://doi.org/10.12659/msm.896225
https://www.ncbi.nlm.nih.gov/pubmed/27923017
https://www.ncbi.nlm.nih.gov/pubmed/9816190 
https://doi.org/10.1002/ijc.2910640307
https://doi.org/10.1002/ijc.2910640307
https://www.ncbi.nlm.nih.gov/pubmed/7542641
https://doi.org/10.1016/s0959-8049(96)00512-6
https://www.ncbi.nlm.nih.gov/pubmed/9291817
https://doi.org/10.1097/CAD.0b013e32801403f4
https://doi.org/10.1097/CAD.0b013e32801403f4
https://www.ncbi.nlm.nih.gov/pubmed/17351401
https://doi.org/10.1016/j.bbrc.2006.06.069
https://doi.org/10.1016/j.bbrc.2006.06.069
https://www.ncbi.nlm.nih.gov/pubmed/16824487
https://doi.org/10.1074/jbc.M114.559187
https://www.ncbi.nlm.nih.gov/pubmed/24739387
https://doi.org/10.1074/jbc.M806772200
https://doi.org/10.1074/jbc.M806772200
https://www.ncbi.nlm.nih.gov/pubmed/19246453
https://doi.org/10.1111/jdv.15302
https://doi.org/10.1111/jdv.15302
https://www.ncbi.nlm.nih.gov/pubmed/30357969
https://doi.org/10.1093/nar/gni178
https://www.ncbi.nlm.nih.gov/pubmed/16314309

37.

38.

39.

40.

41.

42.

and quantification of microRNAs. Plant Methods. 2007;
3:12. https://doi.org/10.1186/1746-4811-3-12. [PubMed]

Jasinski-Bergner S, Reches A, Stoehr C, Massa C,
Gonschorek E, Huettelmaier S, Braun J, Wach S, Wullich
B, Spath V, Wang E, Marincola FM, Mandelboim O, et
al. Identification of novel microRNAs regulating HLA-G
expression and investigating their clinical relevance in renal
cell carcinoma. Oncotarget. 2016; 7:26866—78. https://doi.
org/10.18632/oncotarget.8567. [PubMed]

Jasinski-Bergner S, Stoehr C, Bukur J, Massa C, Braun J,
Hiittelmaier S, Spath V, Wartenberg R, Legal W, Taubert
H, Wach S, Wullich B, Hartmann A, et al. Clinical
relevance of miR-mediated HLA-G regulation and the

associated immune cell infiltration in renal cell carcinoma.
Oncoimmunology. 2015; 4:e1008805. https://doi.org/10.10
80/2162402X.2015.1008805. [PubMed]

Braun J, Misiak D, Busch B, Krohn K, Hiittelmaier S.
Rapid identification of regulatory microRNAs by miTRAP

(miRNA trapping by RNA in vitro affinity purification).
Nucleic Acids Res. 2014; 42:e66. https://doi.org/10.1093/
nar/gkul27. [PubMed]

Seelentag WK, Giinthert U, Saremaslani P, Futo E,
Pfaltz M, Heitz PU, Roth J. CD44 standard and variant
isoform expression in normal human skin appendages and
epidermis. Histochem Cell Biol. 1996; 106:283-9. https://
doi.org/10.1007/BF02473238. [PubMed]

Guo Y, Ma J, Wang J, Che X, Narula J, Bigby M, Wu M, Sy
MS. Inhibition of human melanoma growth and metastasis

in vivo by anti-CD44 monoclonal antibody. Cancer Res.
1994; 54:1561-5. [PubMed]

Menke-van der Houven van Oordt CW, Gomez-Roca C,
van Herpen C, Coveler AL, Mahalingam D, Verheul HM,
van der Graaf WT, Christen R, Riittinger D, Weigand S,
Cannarile MA, Heil F, Brewster M, et al. First-in-human
phase I clinical trial of RG7356, an anti-CD44 humanized
antibody, in patients with advanced, CD44-expressing solid
tumors. Oncotarget. 2016; 7:80046—80058. https://doi.
org/10.18632/oncotarget.11098. [PubMed]

43.

44,

45.

46.

47.

48.

49.

50.

Jasinski-Bergner S, Stehle F, Gonschorek E, Kalich J,
Schulz K, Huettelmaier S, Braun J, Seliger B. Identification
of 14-3-3f8 gene as a novel miR-152 target using a
proteome-based approach. J Biol Chem. 2014; 289:31121—
35. https://doi.org/10.1074/jbc.M114.556290. [PubMed]

Gong J, Chehrazi-Raffle A, Reddi S, Salgia R. Development
of PD-1 and PD-L1 inhibitors as a form of cancer
immunotherapy: a comprehensive review of registration
trials and future considerations. J Immunother Cancer.
2018; 6:8. https://doi.org/10.1186/s40425-018-0316-z.
[PubMed]

Maisel D, Birzele F, Voss E, Nopora A, Bader S, Friess T,
Goller B, Laifenfeld D, Weigand S, Runza V. Targeting
Cells with Anti-CD44 Antibody Triggers
Macrophage-Mediated Immune Modulatory Effects in a
Cancer Xenograft Model. PLoS One. 2016; 11:¢0159716.
https://doi.org/10.1371/journal.pone.0159716. [PubMed]
Béaumer N, Appel N, Terheyden L, Buchholz F, Rossig
C, Miiller-Tidow C, Berdel WE, Baumer S. Antibody-
coupled siRNA as an efficient method for in vivo mRNA
knockdown. Nat Protoc. 2016; 11:22-36. https://doi.
org/10.1038/nprot.2015.137. [PubMed]

Rastrelli M, Tropea S, Rossi CR, Alaibac M. Melanoma:
epidemiology, risk factors, pathogenesis, diagnosis and
classification. In Vivo. 2014; 28:1005—11. [PubMed]
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018.
CA Cancer J Clin. 2018; 68:7-30. https://doi.org/10.3322/
caac.21442. [PubMed]

Domingues B, Lopes JM, Soares P, Pépulo H. Melanoma

Tumor

treatment in review. Immunotargets Ther. 2018; 7:35-49.
https://doi.org/10.2147/ITT.S134842. [PubMed]

Jasinski-Bergner S, Biittner M, Quandt D, Seliger
B, Kielstein H. Adiponectin and Its Receptors Are
Differentially Expressed in Human Tissues and Cell Lines
of Distinct Origin. Obes Facts. 2017; 10:569-583. https://
doi.org/10.1159/000481732. [PubMed]

www.oncotarget.com

6525

Oncotarget


https://doi.org/10.1186/1746-4811-3-12
https://www.ncbi.nlm.nih.gov/pubmed/17931426
https://doi.org/10.18632/oncotarget.8567
https://doi.org/10.18632/oncotarget.8567
https://www.ncbi.nlm.nih.gov/pubmed/27057628
https://doi.org/10.1080/2162402X.2015.1008805
https://doi.org/10.1080/2162402X.2015.1008805
https://www.ncbi.nlm.nih.gov/pubmed/26155421
https://doi.org/10.1093/nar/gku127
https://doi.org/10.1093/nar/gku127
https://www.ncbi.nlm.nih.gov/pubmed/24510096
https://doi.org/10.1007/BF02473238
https://doi.org/10.1007/BF02473238
https://www.ncbi.nlm.nih.gov/pubmed/8897069
https://www.ncbi.nlm.nih.gov/pubmed/7511044
https://doi.org/10.18632/oncotarget.11098
https://doi.org/10.18632/oncotarget.11098
https://www.ncbi.nlm.nih.gov/pubmed/27507056
https://doi.org/10.1074/jbc.M114.556290
https://www.ncbi.nlm.nih.gov/pubmed/25228695
https://doi.org/10.1186/s40425-018-0316-z
https://www.ncbi.nlm.nih.gov/pubmed/29357948
https://doi.org/10.1371/journal.pone.0159716
https://www.ncbi.nlm.nih.gov/pubmed/27463372
https://doi.org/10.1038/nprot.2015.137
https://doi.org/10.1038/nprot.2015.137
https://www.ncbi.nlm.nih.gov/pubmed/26633129
https://www.ncbi.nlm.nih.gov/pubmed/25398793
https://doi.org/10.3322/caac.21442
https://doi.org/10.3322/caac.21442
https://www.ncbi.nlm.nih.gov/pubmed/29313949
https://doi.org/10.2147/ITT.S134842
https://www.ncbi.nlm.nih.gov/pubmed/29922629
https://doi.org/10.1159/000481732
https://doi.org/10.1159/000481732
https://www.ncbi.nlm.nih.gov/pubmed/29207395

