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Abstract

Mycosis Fungoides (MF) is the most common type of cutaneous T-cell ymphomas. Early
stage patients are treated with topical therapies and have normal life expectancy whereas
patients with advanced disease encounter frequent relapses and have a five-year survival
rate that does not exceed 15%. The aim of the present study was to characterize the expres-
sion of microRNA-16 (miR-16) and microRNA-93 (miR-93) in early and advanced cases of
MF in relation to the clinicopathological parameters. Ten skin biopsies of early and
advanced MF were investigated for the expression of miR-16 and miR-93 using RT-PCR.
Immunohistochemical expression of apoptosis markers (BCL-2 and Survivin) were also
investigated in the studied cases compared to normal skin and eczema biopsies. In the
present study, BCL-2 and Survivin showed strong positive expression on neoplastic lympho-
cytes in all cases of MF regardless of their stage. We have also shown that miR-16 was sig-
nificantly upregulated in advanced cases of MF compared to cases with early disease (p-
value was less than 0.05). However, expression of miR-16 did not show any statistically sig-
nificant correlation with age, gender, or expression of apoptotic markers. On the other hand,
the expression of miR-93 showed significant downregulation in all ymphoma cases irre-
spective of their stage, compared to normal and eczema cases. Our results suggest that
upregulation of miR-16 could be used to predict an aggressive course of the disease. We
also suggest that miR-93 downregulation could serve as possible tool for establishing early
diagnosis in early challenging cases. Our findings also provide consistent evidence that the
anti-apoptotic molecules may play an important role in the pathogenesis of this type of cuta-
neous lymphomas and promote the idea that their inhibition could be an interesting novel
therapeutic strategy in the treatment of MF.
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Introduction

Cutaneous T-cell lymphomas (CTCLs) are rare types of non-Hodgkin lymphomas (NHLs) of
the skin. The most common form of which is mycosis fungoides (MF). It accounts for around
55-60% of the new cases of CTCL diagnosed every year whereas Sézary syndrome (SS), its leu-
kemic variant, accounts for 5% of the cases [1]. In MF, malignant T-cells are described singly
or in clusters in the epidermis; a phenomenon known as “epidermotropism”. They form “Pau-
trier microabscesses” which are collections of malignant T-cells adherent to the processes of
Langerhans cells. With progression of the disease, epidermotropism is gradually lost together
with an increase in the number of malignant, and a decrease in non-malignant, infiltrating T-
cells [2].

Patients with early stages of the disease (stage IA, IB) can remain undiagnosed for years as
they present with flat erythematous skin patches or plaques that resemble both clinically and
histologically other inflammatory diseases such as dermatitis or psoriasis, which renders the
pathological diagnosis of MF in these cases quite challenging. Whereas in the later stages, the
disease assumes tumorous forms, has a more aggressive clinical course and a markedly
reduced 5- year survival [3].

Staging and treatment stratification of CT'CL follows the 2005 classification of the European
organization for research and treatment of cancer (EORTC) and the World Health organiza-
tion (WHO) [4]. This classification depends on TNMB (Tumor, node, metastasis, blood) as
the main prognostic parameter that forms the basis for treatment planning [5]. Patients with
patch/plaque disease are usually staged IA-IB and are known to have “limited-stage” MF.
Their overall survival is measured in decades and, in patients with stage IA, it is comparable to
normal age-matched population. On the other hand, patients with advanced stage disease, and
those who show significant leukemic involvement (B2) are considered to have “advanced-
stage” MF. In these patients, the disease is considered incurable and the median survival of
patients ranges between 1-5 years [6]. In spite of the great advances achieved in treatment of
MF and SS, available topical and systemic therapies have resulted in decreased tumor burden
and improved quality of life, but have offered limited effects on patient survival [7]. Therefore,
the search for novel molecular markers that could enable early diagnosis of the disease as well
as markers that could present possible therapeutic targets is still needed in order to improve
the outcome of patients with advanced disease.

To date, the molecular pathogenesis of CTCL remains poorly understood. Several studies
have suggested that dysfunctional regulation of the apoptotic pathways is strongly involved in
the pathogenesis and progression of CTCL [8-11]. Inhibiting apoptosis by upregulating BCL2
transcription, increases BCL2 activity and results in progressive tumor growth [12, 13]. Cur-
rently, the most effective treatments for MF/SS, such as phototherapy [14], photopheresis [15]
and even systemic therapies act by enhancing apoptosis of malignant T-cells. Therefore, target-
ing apoptosis and apoptosis related genes and proteins seems like a highly promising treatment
strategy for these patients. The role of apoptosis in CTCL has been further highlighted in a
recent study that showed that concurrent inhibition of BCL2 and HDAC (Histone Deacety-
lase) offered synergy in the treatment of CTCL and achieved a more effective and personalized
treatment for these patients [7].

Other anti-apoptotic genes and proteins have been less studied in CTCL like Survivin,
which is a member of the inhibitor of apoptosis (IAP) family of proteins [16]. This marker is
not expressed in normal and differentiated cells but abundant expression could be shown in
various tumors, including tumors of the lung, breast, pancreas, malignant melanomas as well
as certain types of non-Hodgkin lymphomas (NHLs) [16, 17]. It promotes cell proliferation
and inhibits apoptosis by interacting with effector caspases in the cytoplasm [17]. It is known

PLOS ONE | https://doi.org/10.1371/journal.pone.0224305 October 24, 2019 2/14


https://doi.org/10.1371/journal.pone.0224305

@ PLOS|ONE

Role of miR-16 and miR-93 in mycosis fungoides

to contribute to tumor growth and maintenance hence has been suggested as an attractive
potential therapeutic target. Few recent studies have also suggested a significant increase in
Survivin gene and protein expression in MF and SS compared to normal CD4+T cells [18].

Epigenetic regulation of gene expression has been lately recognized as an important key
player in tumorigenesis. This can be—at least partially—mediated by noncoding RNA such as
microRNA (miRNA) that exert their effects by post transcriptional regulation of gene expres-
sion. miRNA expression was found to be deregulated in malignant tumors resulting in disrup-
tion of several biological processes including cell proliferation, differentiation, invasiveness, as
well as apoptosis. miRNA may contribute to cancer initiation and progression, thus exhibiting
an oncogenic role or they may show tumor suppressor properties, depending on their target
genes [19].

Recently, there has been increasing evidence to suggest that miRNAs play an important
role in the pathogenesis of lymphoid malignancies including CTCLs [20, 21]. Several studies
showed differential expression of miRNAs between early and advanced cases of MF. These
include miR-93, miR-15b, miR-17, miR-21, miR-25, miR-31, miR-92a-1, miR-106b, miR-107,
miR-191, miR-425, and miR-769-5p. Thus indicating a role for these types of miRNA in dis-
ease progression [22]. Among those, miR-93 has shown to be overexpressed in several malig-
nancies including ALK + anaplastic large cell lymphoma (ALCL) [23], gastric as well as
hepatocellular carcinomas [24]. Yet, its exact role in MF has not been fully elucidated.

Another miRNA that has also been closely linked to human malignancies is miR-16 [25].
miR-16 is known to be frequently deleted and/or down-regulated in many types of cancers,
such as chronic lymphocytic leukemia (CLL) [26] prostate cancer and lung cancer [27]. miR-
16 modulates the cell cycle, inhibits cell proliferation, promotes cell apoptosis and suppress
tumorigenicity both in vitro and in vivo [28]. In CLL, another type of NHL, miR-16-1 expres-
sion was also found to be inversely correlated with BCL2 expression and that it negatively reg-
ulated BCL2 at a post-transcriptional level [29].

In view of the important role of miRNA in tumorigenesis in general, and in CTCL in spe-
cific, our aim in the present study was to characterize the expression of miR-16 and miR-93 in
early and advanced cases of MF in relation to apoptosis and to the different clinicopathological
parameters.

Materials and methods
Ethics statement

The research was approved by the Research Ethics Committee of the Faculty of Medicine,
Alexandria University (Alexandria, Egypt). Biopsies from the patients with MF and eczema
were collected after informed consent according to the Helsinki declaration.

Tumor samples

This study was retrospectively conducted on formalin-fixed paraffin-embedded (FFPE) tissue
obtained from the archives of the Pathology Department, Alexandria University, Egypt. The
material consisted of 12 cases of eczema, 10 cases of MF as well as 5 control normal skin biop-
sies. The histological diagnoses were established using hematoxylin and eosin (H&E) stain and
were confirmed using immunohistochemistry (CD3 and CD4). The diagnoses were revised by
2 independent pathologists (IT and MG). The clinical data were retrieved from the Dermatol-
ogy Department, Alexandria University, Egypt. According to TNMB staging system (5),
patients with MF were further subdivided into 7 ‘limited stage’ cases and 3 cases of ‘advanced
MPF’(S1 Table).
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Table 1. miR-16 and miR-93 primers sequence.

BCL2 and Survivin immunohistochemistry

Immunohistochemical staining was performed using FFPE serial sections (5 pm thick) from
eczema and MF cases. Tissue sections were deparaffinized in xylene and rehydrated in
descending concentrations of alcohols, then placed in phosphate-buffered saline (PBS) for 5
minutes. After rehydration, the sections were boiled in citrate buffer (pH 6) for antigen
retrieval then were incubated with the primary antibodies. All antibodies were purchased from
Abcam, Cambridge, UK. Rabbit monoclonal were used; anti-BCL2 antibody (cat no.
ab32124), anti-Survivin antibody (cat no. ab134170) were used at a concentration of 1:250 and
1:100 respectively. Slides were incubated overnight in a moist chamber, washed in tris-buffered
saline (TBS), then incubated with rabbit anti-mouse secondary antibody for 30 minutes at
room temperature. The sections were developed with anti-rabbit HRP/DAB detection kit (cat
no. ab64261). Sections were washed in running tap water and lightly counterstained with
hematoxylin, followed by dehydration and coverslip mounting. Positive and negative controls
were included in each run.

miRNA extraction

miRNA was extracted from paraffin embedded tissue using miRNeasy FFPE Kit (Qiagen, Ger-
many), according to the manufacturer’s protocol. Briefly, 4 to 5 sections of 10 um thickness
were incubated in xylene for dissolving paraffin, followed by incubation with a special buffer
to reverse the formaldehyde modification of nucleic acids then with proteinase-K and DNase.
miRNA was isolated using a special column and eluted in RNase-free water. The RNA yield
was checked on a NanoDrop- 1000 spectrophotometer (Thermo Scientific, USA). All samples
displayed absorbance ratios of 260/280 above 1.6 and were included in the qPCR analysis.

miRNA expression

The extracted miRNA was reversely transcribed using miScript IT RT Kit (Qiagen, Germany),
with miScript HiFlex Buffer. The expression level was studied using Real Time PCR with miS-
Cript Sybr Green Kit (Qiagen, Germany). The sequence of the primers is listed in “Table 1”.

Statistics analysis

GraphPad Prism version 7.00 for Windows (GraphPad Software, La Jolla California USA) was
used for statistical analysis. miRNA expression level was calculated using the delta Ct method
and corrected to the level of expression of U6. Significant level between the three studied

Primer Sequence Reference
Mir-16-5p_forward 5’ -TAGCAGCACGTAAATATTGGCG-3" https://www.nature.com/articles/srep30824#t2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348261/
https://www.hindawi.com/journals/bmri/2019/1759697/
Mir-93-3p_ forward 5’ -ACACTCCAGCTGGGCAAAGTGCTGTTCGTGC-3" https://www.nature.com/articles/s41598-019-42309-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5464472/
https://www.wjgnet.com/1007-9327/full/v17/i42/4711-T1.htm
https://www.ncbi.nlm.nih.gov/pubmed/26035737
Universal miRNA reverse 5’ -GTGCAGGGTCCGAGGT-3" https://www.nature.com/articles/ncb2910#supplementary-
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348261/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2225395/
U6_forward ATTGGAACGATACAGAGAAGATT https://www.nature.com/articles/s41598-017-01027-5
U6_reverse GGAACGCTTCACGAATTTG https://www.nature.com/articles/s41598-017-01027-5

https://doi.org/10.1371/journal.pone.0224305.t001
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https://doi.org/10.1371/journal.pone.0224305.t001
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groups (healthy, eczema and MF) was studied by using nonparametric rank-based test (Krus-
kal-Wallis). p-value was considered significant when less than 0.05. For multinomial regres-
sion, SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc was used.

Results

The present study was conducted on 10 cases of MF, 12 cases of eczema and 5 normal skin
biopsies used as control (S1 Table). According to the TNMB staging system, MF cases were
divided into 2 groups; the first comprised 7 cases of ‘limited MF (patch/ plaque stage); 3 cases
of which were stage (IA) and 4 cases had stage (IB), the second group consisted of 3 cases with
“advanced MF” (tumor stage); one case stage (IIA), and 2 cases staged as (IIB) “Fig 1”.

Immunohistochemical expression of BCL2 and Survivin

BCL2 immunohistochemical expression was noted in keratinocytes in all cases of eczema
(100%), as well as in all control skin biopsies (100%), “Fig 2A”. In cases of “limited stage” MF,

Fig 1. Different H&E representative sections of Mycosis fungoides cases. (A) A case of mycosis fungoides exhibiting lymphocyte epidermotropism where malignant
lymphocytes are arranged along the basal layer of the epidermis surrounded by a clear halo (*). (B) A higher power view of the same patient showing “Pautrier
microabscess” (arrow) (H&E, x200). (C) Another case of mycosis fungoides featuring hyperchromatic lymphocytes and a band-like dermal lymphoid infiltrate (arrow)
amid background of dermal fibroplasia (H&E, x200).

https://doi.org/10.1371/journal.pone.0224305.9001
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immunohistochemical expression of BCL2 was noted in the nuclear membrane of the neoplas-
tic lymphocytes “Fig 2B” with the exception of one case. Similarly, among the 3 studied cases
of “advanced MF”, only one case (30%) showed no expression of BCL2 whereas the other cases
were strongly positive for BCL2. In the present study, expression of BCL2 was consistently pos-
itive in lymphocytes of most MF cases (both limited and advanced disease stages). However,
its expression did not show any statistically significant correlation with age, gender or stage of
the disease.

Similar to BCL2, the immunohistochemical expression of the anti-apoptotic protein, Survi-
vin was consistently positive in keratinocytes of all eczema “Fig 3A” and control cases. As for
MEF cases, Survivin showed strong nuclear expression in the lymphocytes “Fig 3B” in all except
one case of MF that belonged to the advanced stage group (stage IIB). Survivin expression in
the studied cases did not show any statistically significant correlation with age, gender or stage
of the disease.

miR-16 and miR-93 expression in limited versus advanced MF

Next, we compared miR-16 expression in limited MF versus advanced stage MF. miR-16
expression was found to be significantly higher in advanced MF cases compared to cases of
limited MF (p = 0.01) and cases of eczema (p = 0.03) and normal controls (P<0.01) “Fig 4A”.
This result suggests that miR-16 may have a possible role in predicting an aggressive course of
the disease and determining disease prognosis.

Expression of miR-16 did not show any statistically significant correlation with age, gender,
or stage. It did not also show any correlation with the studied apoptotic markers (BCL2 and
Survivin) that were equally expressed in all cases of MF regardless of their stage.

Interestingly, the expression of miR-93 showed significant downregulation in all MF cases,
compared to normal (p = 0.02) “Fig 4B”. There was no statistical difference between advanced
and limited MF in term of miR-93 expression, indicating that it is a possible MF specific
marker.

Non parametric Kruskal-Wallis test was used to test if one of the groups had significant dif-
ference in miR-16 and miR-93 expression compared to others. It was significant for miR-16
(P =0.03) but not significant in miR-93 (P = 0.12).

Using miR-16 and miR-93 expression as independent predictors whether a patient is
healthy (control) or suffering from MF or eczema was assessed by multinomial logistic regres-
sion. Using miR-16 and miR-93 expression showed a significant effect on the logistic regres-
sion model compared to “Intercept Only” model (p = 0.04) “Tables 2 and 3”.

If we used MF group expression as a reference to predict whether the patient is healthy or
presenting with eczema, a unit change in miR-93 expression, is expected to change the logit of
outcome “being healthy” 7.8 times given that miR-16 is held constant. These results indicate
that Using miR-16 and miR-93 expression can serve as an independent predicator for patient’s
diagnosis with MF and can differentiate between the early versus advanced stage of MF
“Table 4”.

Discussion

Resistance to apoptosis remains a major obstacle for the success of cancer treatment. In CTCL,
most of the currently used therapeutic modalities like phototherapy and photopheresis are
directed towards enhancing apoptosis of tumor cells [14, 15]. Nevertheless, none of these
modalities, including the newly introduced agents like retinoids, histone deacetylase (HDAC)
inhibitors or pralatrexate have efficiently achieved improvement of survival particularly when
it comes to “advanced stage” CTCL patients who still to date suffer a dismal outcome [30].
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Fig 2. BCL2 expression in normal and MF cases. (A) A section showing normal skin revealing scattered nuclear positivity
(arrow) in the keratinocytes (Immunoperoxidase, x200). (B) A case of MF showing strong BCL2 nuclear expression in
neoplastic T-cells in both the dermis and the epidermis (arrows) (Immunoperoxidase, x200).

https://doi.org/10.1371/journal.pone.0224305.9002
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Fig 3. Survivin expression in normal and MF cases. (A) A case of eczema exhibiting nuclear positivity (arrow) in the keratinocytes (Immunoperoxidase, x200). (B) A
case of MF showing positive nuclear expression of Survivin in the epidermal malignant lymphocytes (arrows) (Immunoperoxidase, x400).

https://doi.org/10.1371/journal.pone.0224305.g003

This, in turn, highlights the urgent need to identify those cases that are more prone to disease
progression and to develop novel effective therapeutic modalities that could limit tumorigene-
sis in these patients.

In the present study, we investigated the expression of two of the most widely described
anti-apoptotic proteins (BCL2 and Survivin) in MF. They exert their anti-apoptotic effect by
two different mechanistic pathways; BCL2 regulates the intrinsic apoptosis pathway by
decreasing the release of cytochrome c into the cytoplasm and thereby controlling cytoplasmic
caspase activation [13] while, Survivin directly inhibits cytoplasmic caspases [17]. We found
that BCL2 was strongly expressed on the neoplastic T-cells in almost all cases of CTCLs,
regardless of their stage. On the other hand, its expression in eczema and control cases was
only limited to basal keratinocytes. However, the limited number of cases in our study did not
allow an accurate comparison between its expression in the early and late stages of the disease.

Our findings are consistent with the previous studies that showed that both BCL2 and p53
were expressed in peripheral T-cell lymphomas (PTCL), including CTCL, and constituted an
independent prognostic factor that correlated significantly with the progression of the disease
[12]. A recent next generation sequencing study have also identified “Dysregulation of apopto-
sis” as one of 3 key genetic derangements occurring in CTCL [8]. Studies on leukemic CTCL
using newly developed FISH probes have also identified four common genetic alterations;
amplification of STAT3 and STATS5B and deletions of P53 and CTLA4. All of which are linked
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Fig 4. Relative gene expression of miR-16 and miR-93 measured by qRT PCR in skin samples from healthy controls (n = 5), eczema patients (n = 12), early MF

(n =7) and Late MF (n = 3). Non parametric Kruskal-Wallis test was used to test if one of the groups has significant difference in miR-16 and miR-93 expression
compared to others. (A) Relative Quantification of miR-16 in all the studied groups showing that late MF express higher level of miR-16 compared to early MF

(p =0.01), eczema (p = 0.03) and healthy controls (p<0,01). (B) Relative Quantification of miR-93 in all the studied groups showing that in healthy controls, miR-93 was
more expressed compared to late MF (p = 0.02) and all MF if grouped together (p = 0.02).

https://doi.org/10.1371/journal.pone.0224305.9004

to inhibition of apoptosis by upregulating the anti-apoptotic protein BCL2 [12]. Results from
our study and these previous studies emphasize the oncogenic role of BCL2 in CTCL and high-
light the fact that it could present a potential therapeutic target. In a recent interesting study,
the in-vitro effect of the BCL2 inhibitor Venetoclax (ABT-199) was investigated on survival of
the malignant cells isolated from the peripheral blood of CTCL patients [7]. The majority of
CTCL patient samples showed strong sensitivity to Venetoclax, and the levels of BCL2 expres-
sion were negatively correlated to 50% inhibitory concentration values. Hence, they suggested
that the addition of Venetoclax to CTCL current treatment with a histone deacetylase (HDAC)
inhibitor, could improve the therapeutic response. Venetoclax is the only and the most
recently approved BCL2 inhibitor by the US Food and Drug Administration (FDA). It has
been approved for treatment of relapsed or refractory CLL. In the recent years, it has been also
used in clinical trials for follicular lymphoma, diffuse large B-cell lymphoma, acute myeloid
leukemia, multiple myeloma, Waldenstrom macroglobulinemia, and NHL except CTCL [31].
In the present study, we also demonstrated that Survivin expression was noted on the neo-
plastic T-cells of almost all patients with MF regardless of their stage. Alternatively, Survivin
expression was only limited to keratinocytes in eczema patients. To the best of our knowledge,
very few studies have investigated Survivin expression in MF. In accordance with our findings,
a study reported a significant upregulation in the expression of Survivin gene and protein
using RT-PCR and ELISA, respectively, in cases of MF compared to normal controls [18].
Another more recent study has found that Survivin was expressed in SS patients’ Sézary cells

Table 2. Nominal regression, model fitting information.

Model Model fitting criteria Likelihood ratio tests
-2 Log likelihood Chi-square df Sig.
Intercept only Final 54.139
38.754 15.384 4 0.004
https://doi.org/10.1371/journal.pone.0224305.t1002
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Table 3. Nominal regression, likelihood ratio tests.

Effect Model fitting criteria Likelihood ratio tests
-2 Log likelihood of reduced model Chi-square df Sig.
Intercept 41.379 2.625 2 0.269
Mirl6 45.842 7.087 2 0.029
Mir93 47.038 8.284 2 0.016

https://doi.org/10.1371/journal.pone.0224305.t1003

but not in healthy donors’ CD4+ T cells, and that Avicin-D-induced apoptosis in these cells
was partially dependent on downregulation of STAT-3 and the anti- apoptotic proteins (BCL2
and Survivin) [32]. Our findings, in agreement with the previous studies, provide consistent
evidence that the anti-apoptotic molecules may play an important role in the pathogenesis of
CTCL and promote the idea that their inhibition could represent an interesting novel thera-
peutic strategy in the treatment of CTCL. However, the exact molecular mechanisms that
affect their expression still needs to be further explored.

In the recent years, the discovery of the epigenetic regulation of gene expression and the
altered miRNA expression in cancer has revolutionized our understanding of the physiological
and pathological processes in the human body. It has also made clear that interfering with
miRNA expression, whether alone or in combination with other modalities, could be used as a
novel therapeutic target for cancer therapy. Despite the important role played by miRNAs in
the pathogenesis of several cancers, very few studies have elucidated their exact role in CTCL.

In the present study we have investigated the expression of miR-16 and miR-93 in MF. We
have shown that miR-16 expression was significantly upregulated in ‘advanced disease’ CTCL
compared to ‘limited MF and eczema cases. To the best of our knowledge, this finding is rela-
tively novel. It highlights the fact that miR-16 might have an oncogenic role promoting the
progression of the disease and its upregulation can be used as a possible prognostic marker
that can help identify those cases that are more prone to disease progression. In contrast to our
findings, most previous studies have recognized miR-16 as a tumor suppressor in various
tumors including pituitary adenomas, prostatic adenocarcinomas as well as in CLL [33].

In a study on CLL cell lines, miR-16 expression was found to be downregulated in leukemic
tumor cells in-vitro [29]. In gastric cancer cell lines, both miR-15b and miR-16 were found to
be downregulated and contributed to the development of multidrug resistance (MDR) in can-
cer cells. Both of these studies have suggested that miR-16 exerts its tumor suppressor effect by
post-transcriptionally targeting the anti-apoptotic gene BCL2 resulting in apoptosis of the
tumor cells [34].

In CTCL, few studies have investigated the differential expression of miRNAs between lim-
ited and advanced MF or even MF compared to benign lesions and controls. Only one study
has shown results that are in accordance with our findings. This study has investigated the
complete miRome in 19 patients with MF and has found that miR-16 was among the miRNAs
that were upregulated in MF in comparison to eczema cases [35]. Another study has showed
that miR-15b which is also recognized as tumor suppressor in other malignancies, showed
higher expression in advanced MF disease compared with MF cases with limited disease [29].
Therefore, the role of these miRNAs and their expression in MF could indicate that they are
likely to be involved in disease progression.

Very limited information is available in the literature about the exact function of miR-16 in
CTCL, and conflicting results have been obtained in different studies. The discrepancy in the
role of the different miRNAs and in particular miR-16 in different tumors could be attributed
to many factors; the nature of the studied tumor, the possibly co-existent genetic alterations as
well as the different techniques used to identify its aberrant expression. A study by Tian et al
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Table 4. Logit of outcome.

Diagnosis * B
Eczema Intercept -1.570
Mirl6 -0.131
Mir93 2.890
Healthy Intercept -4.879
Mirl6 -1.962
Mir93 7.835

 The reference category is MF

https://doi.org/10.1371/journal.pone.0224305.1004

Standard error Wald df Sig. Exp (B) 95% confidence interval for Exp (B)
Lower bound Upper bound

1.689 0.864 1 0.353
0.110 1.429 1 0.232 0.877 0.708 1.087
1.875 2.376 1 0.123 18.001 0.456 710.464
3.824 1.628 1 0.202
1.563 1.576 1 0.209 0.141 0.007 3.007
3.696 4.493 1 0.034 2.528E3 1.804 3541755.935

[36], investigated miR-16 expression in ulcerative colitis (UC), a chronic inflammatory colonic
disease characterized by accumulation of T-cells in the colonic mucosa and submucosa, and
has suggested that the use of miR-16 mimics resulted in nuclear translocation and activation of
NF-x B signaling pathway with enhanced expression of IFN-y and IL-8. NF-«B activity is
known to be increased in CTCL, where it plays an important role as mediator between malig-
nant cells and inflammatory signaling. This identified link between miR-16 and NF-«B activa-
tion could represent an alternative pathway through which miR-16 could affect tumor cell
growth in MF. However further studies are still needed in order to explore how this link could
affect tumorigenesis in MF.

In the present study, we demonstrated that the expression of miR-93 was significantly
down-regulated in all MF cases compared to eczema and control cases. In contrast to our find-
ings, the role of miR-93 has been investigated in several tumors and it has been mostly
described as an oncomir that inhibits apoptosis and enhances cell proliferation [37]. In Non-
small cell lung cancer (NSCLC), it was found that miR-93 was upregulated in comparison to
non-cancerous lung tissue [38]. Its high expression in lung tumors has also been correlated
with poor survival, through the downregulation of the tumor suppressor gene DAB2 [39].
Other studies have shown that mice carrying miR-93 expressing tumors had larger masses and
lower survival than control mice and that the oncogenic effect was associated with angiogene-
sis and enhanced endothelial cell activity in these tumors [37]. Similarly, in gastric adenocarci-
nomas, the high expression of miR-93 detected by RT-PCR was significantly associated with a
higher stage, deeper invasion, nodal metastasis and decreased overall survival [40]. In CTCL,
studies have also suggested an oncogenic role for miR-93; a study by Ralfkiaer et al [23], inves-
tigated miRNAs expression in early and advanced stages of MF and has shown that miR-93
was among the miRNAs that showed higher expression in advanced cases compared to early
stage disease.

Nevertheless, the literature review on the role of miR-93 in carcinogenesis has not been
fully consistent and its oncogenic role could not be proved in all tumors. An interesting study
on colon cancer stem cells showed that miR-93 inhibited proliferation and colony formation
in colon cancer stem cells and that this suppressor effect was likely achieved via negatively tar-
geting histone deacetylase 8 (HDACS) [41]. HDAC inhibitors have been recently approved for
treatment of MF and are known to induce cell cycle arrest and apoptosis in tumor cells [42].
This link between miR-93 and reduced histone deacetylase activity could explain the tumor
suppressor role of miR-93 shown in our results. Yet this effect still needs to be further proved
using a larger cohort of patients.

In summary, our results suggest that the identification of expression profiles of miRNAs
could be used as potential diagnostic, prognostic as well therapeutic targets in MF. miR-93
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downregulation in our MF cases suggests that it could present an additional diagnostic tool
that would enable early diagnosis of limited MF cases that remain undiagnosed for years and
still present a real diagnostic challenge. At the same time, miR-16 upregulation in advanced
cases of MF could point to a possible prognostic role for miR-16 and could help identify those
cases that are prone to disease progression. However, our data need to be further validated on
a larger cohort of patients. Also, worth exploring at this point are the exact genes affected by
these miRNAs and their potential targeting in treatment.

Supporting information

S1 Table. Clinicopathological characteristics of the studied groups (MF, Eczema and con-
trol). Raw data representing the age, gender, miR-16 and miR-93 expression, Bcl-2 and Survi-
vin expression as well as the clinical and pathological stages of MF cases.

(XLSX)

Acknowledgments

We thank Dr. Mahmood Y Hachim, Sharjah Institute for Medical Research, University of
Sharjah, whose statistical expertise was invaluable during the analysis and interpretation of the
data of the current study.

We thank Mrs Divyasree Sandeep for contributing to this study as a laboratory research
assistant.

Author Contributions

Conceptualization: Iman Mamdouh Talaat, Rania ElSaied Abdelmaksoud, Maha Guimei.
Data curation: Rania ElSaied Abdelmaksoud, Naglaa Fathi Agamia, Ahmed Taher El-Serafi.
Formal analysis: Ahmed Taher El-Serafi.

Funding acquisition: Iman Mamdouh Talaat.

Investigation: Ahmed Nugud, Ahmed Taher El-Serafi.

Methodology: Iman Mamdouh Talaat, Maha Guimei, Ahmed Taher El-Serafi.

Project administration: Ahmed Nugud.

Visualization: Iman Mamdouh Talaat, Maha Guimei.

Writing - original draft: Iman Mamdouh Talaat, Maha Guimei.

Writing - review & editing: Iman Mamdouh Talaat, Rania ElSaied Abdelmaksoud, Maha
Guimei, Naglaa Fathi Agamia, Ahmed Taher El-Serafi.

References

1. Korgavkar K, Xiong M, Weinstock M. Changing incidence trends of cutaneous T-cell ymphoma. JAMA
dermatology. 2013; 149(11):1295-9. https://doi.org/10.1001/jamadermatol.2013.5526 PMID:
24005876

2. Rosen ST, Querfeld C. Primary cutaneous T-cell ymphomas. ASH Education Program Book. 2006;
2006(1):323-30.

3. Wilcox RA. Cutaneous T-cell lymphoma: 2016 update on diagnosis, risk-stratification, and manage-
ment. American journal of hematology. 2016; 91(1):151-65. https://doi.org/10.1002/ajh.24233 PMID:
26607183

PLOS ONE | https://doi.org/10.1371/journal.pone.0224305 October 24, 2019 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224305.s001
https://doi.org/10.1001/jamadermatol.2013.5526
http://www.ncbi.nlm.nih.gov/pubmed/24005876
https://doi.org/10.1002/ajh.24233
http://www.ncbi.nlm.nih.gov/pubmed/26607183
https://doi.org/10.1371/journal.pone.0224305

@ PLOS|ONE

Role of miR-16 and miR-93 in mycosis fungoides

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E, Swerdlow SH, et al. WHO-EORTC classification for
cutaneous lymphomas. Blood. 2005; 105(10):3768-85. https://doi.org/10.1182/blood-2004-09-3502
PMID: 15692063

Olsen E, Vonderheid E, Pimpinelli N, Willemze R, Kim Y, Knobler R, et al. Revisions to the staging and
classification of mycosis fungoides and Sezary syndrome: a proposal of the International Society for
Cutaneous Lymphomas (ISCL) and the cutaneous lymphoma task force of the European Organization
of Research and Treatment of Cancer (EORTC). Blood. 2007; 110(6):1713-22. https://doi.org/10.1182/
blood-2007-03-055749 PMID: 17540844

Agar NS, Wedgeworth E, Crichton S, Mitchell TJ, Cox M, Ferreira S, et al. Survival outcomes and prog-
nostic factors in mycosis fungoides/Sézary syndrome: validation of the revised International Society for
Cutaneous Lymphomas/European Organisation for Research and Treatment of Cancer staging pro-
posal. Journal of clinical oncology. 2010; 28(31):4730-9. https://doi.org/10.1200/JC0O.2009.27.7665
PMID: 20855822

Cyrenne BM, Lewis JM, Weed JG, Carlson KR, Mirza FN, Foss FM, et al. Synergy of BCL2 and histone
deacetylase inhibition against leukemic cells from cutaneous T-cell ymphoma patients. Blood. 2017;
130(19):2073-83. https://doi.org/10.1182/blood-2017-06-792150 PMID: 28972015

Choi J, Goh G, Walradt T, Hong BS, Bunick CG, Chen K, et al. Genomic landscape of cutaneous T cell
lymphoma. Nature genetics. 2015; 47(9):1011. https://doi.org/10.1038/ng.3356 PMID: 26192916

Girardi M, Heald PW, Wilson LD. The pathogenesis of mycosis fungoides. New England Journal of
Medicine. 2004; 350(19):1978-88. https://doi.org/10.1056/NEJMra032810 PMID: 15128898

Kadin ME, Vonderheid EC. Targeted therapies: Denileukin diftitox—a step towards a’'magic bullet’for
CTCL. Nature Reviews Clinical Oncology. 2010; 7(8):430. https://doi.org/10.1038/nrclinonc.2010.105
PMID: 20668480

Zhang Q, Wang HY, Woetmann A, Raghunath PN, Odum N, Wasik MA. STAT3 induces transcription of
the DNA methyltransferase 1 gene (DNMT1) in malignant T lymphocytes. Blood. 2006; 108(3):1058—
64. https://doi.org/10.1182/blood-2005-08-007377 PMID: 16861352

Jung JT, Kim DH, Kwak EK, Kim JG, Park Tl, Sohn SK; et al. Clinical role of Bcl-2, Bax, or p53 overex-
pression in peripheral T-cell ymphomas. Annals of hematology. 2006; 85(9):575-81. https://doi.org/10.
1007/s00277-006-0127-z PMID: 16673127

Dewson G, Kluck R. Bcl-2 family-regulated apoptosis in health and disease. Cell Health and Cytoskele-
ton. 2010; 2(9):22.

Dogra S, Mahajan R. Phototherapy for mycosis fungoides. Indian Journal of Dermatology, Venereology,
and Leprology. 2015; 81(2):124.

Zic JA. The treatment of cutaneous T-cell lymphoma with photopheresis. Dermatologic therapy. 2003;
16(4):337-46. PMID: 14686977

Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, survivin, expressed in cancer and lym-
phoma. Nature medicine. 1997; 3(8):917. https://doi.org/10.1038/nm0897-917 PMID: 9256286

Dohi T, Okada K, Xia F, Wilford CE, Samuel T, Welsh K, et al. An IAP-IAP complex inhibits apoptosis.
Journal of Biological Chemistry. 2004; 279(33):34087-90. https://doi.org/10.1074/jbc.C400236200
PMID: 15218035

Monzé M, Rosell R, Felip E, Astudillo J, Sanchez JJ, Maestre J, et al. A novel anti-apoptosis gene: re-
expression of survivin messenger RNA as a prognosis marker in non—small-cell lung cancers. Journal
of Clinical Oncology. 1999; 17(7):2100-. https://doi.org/10.1200/JC0.1999.17.7.2100 PMID: 10561264

Nada H RL, Amin S. Expression of Survivin Gene and Protein in Mycosis Fungoides. J Nurs Care 2016;
5(2):1-6. https://doi.org/10.4172/2167-1168.1000339

Croce CM. Causes and consequences of microRNA dysregulation in cancer. Nature reviews genetics.
2009; 10(10):704. https:/doi.org/10.1038/nrg2634 PMID: 19763153

Sandoval J, Diaz-Lagares A, Salgado R, Servitje O, Climent F, Ortiz-Romero PL, et al. MicroRNA
expression profiling and DNA methylation signature for deregulated microRNA in cutaneous T-cell lym-
phoma. Journal of Investigative Dermatology. 2015; 135(4):1128-37. https://doi.org/10.1038/jid.2014.
487 PMID: 25405321

Lawrie CH. MicroRNA expression in lymphoid malignancies: new hope for diagnosis and therapy? Jour-
nal of cellular and molecular medicine. 2008; 12(5a):1432—44. https://doi.org/10.1111/j.1582-4934.
2008.00399.x PMID: 18624758

Ralfkiaer U, Lindal L, Litman T, Gjerdrum L-M, Ahler CB, Gniadecki R, et al. MicroRNA expression in
early mycosis fungoides is distinctly different from atopic dermatitis and advanced cutaneous T-cell lym-
phoma. Anticancer research. 2014; 34(12):7207-17. PMID: 25503151

PLOS ONE | https://doi.org/10.1371/journal.pone.0224305 October 24, 2019 13/14


https://doi.org/10.1182/blood-2004-09-3502
http://www.ncbi.nlm.nih.gov/pubmed/15692063
https://doi.org/10.1182/blood-2007-03-055749
https://doi.org/10.1182/blood-2007-03-055749
http://www.ncbi.nlm.nih.gov/pubmed/17540844
https://doi.org/10.1200/JCO.2009.27.7665
http://www.ncbi.nlm.nih.gov/pubmed/20855822
https://doi.org/10.1182/blood-2017-06-792150
http://www.ncbi.nlm.nih.gov/pubmed/28972015
https://doi.org/10.1038/ng.3356
http://www.ncbi.nlm.nih.gov/pubmed/26192916
https://doi.org/10.1056/NEJMra032810
http://www.ncbi.nlm.nih.gov/pubmed/15128898
https://doi.org/10.1038/nrclinonc.2010.105
http://www.ncbi.nlm.nih.gov/pubmed/20668480
https://doi.org/10.1182/blood-2005-08-007377
http://www.ncbi.nlm.nih.gov/pubmed/16861352
https://doi.org/10.1007/s00277-006-0127-z
https://doi.org/10.1007/s00277-006-0127-z
http://www.ncbi.nlm.nih.gov/pubmed/16673127
http://www.ncbi.nlm.nih.gov/pubmed/14686977
https://doi.org/10.1038/nm0897-917
http://www.ncbi.nlm.nih.gov/pubmed/9256286
https://doi.org/10.1074/jbc.C400236200
http://www.ncbi.nlm.nih.gov/pubmed/15218035
https://doi.org/10.1200/JCO.1999.17.7.2100
http://www.ncbi.nlm.nih.gov/pubmed/10561264
https://doi.org/10.4172/2167-1168.1000339
https://doi.org/10.1038/nrg2634
http://www.ncbi.nlm.nih.gov/pubmed/19763153
https://doi.org/10.1038/jid.2014.487
https://doi.org/10.1038/jid.2014.487
http://www.ncbi.nlm.nih.gov/pubmed/25405321
https://doi.org/10.1111/j.1582-4934.2008.00399.x
https://doi.org/10.1111/j.1582-4934.2008.00399.x
http://www.ncbi.nlm.nih.gov/pubmed/18624758
http://www.ncbi.nlm.nih.gov/pubmed/25503151
https://doi.org/10.1371/journal.pone.0224305

@ PLOS|ONE

Role of miR-16 and miR-93 in mycosis fungoides

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

Merkel O, Hamacher F, Laimer D, Sifft E, Trajanoski Z, Scheideler M, et al. Identification of differential
and functionally active miRNAs in both anaplastic lymphoma kinase (ALK)+ and ALK- anaplastic large-
cell lymphoma. Proceedings of the National Academy of Sciences. 2010; 107(37):16228-33.

LiY, Tan W, Neo TW, Aung MO, Wasser S, Lim SG, et al. Role of the miR-106b-25 microRNA cluster in
hepatocellular carcinoma. Cancer science. 2009; 100(7):1234—42. https://doi.org/10.1111/j.1349-7006.
2009.01164.x PMID: 19486339

Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch E, et al. Frequent deletions and down-regula-
tion of micro-RNA genes miR15 and miR16 at 13q14 in chronic lymphocytic leukemia. Proceedings of
the National Academy of Sciences. 2002; 99(24):15524-9.

Calin GA, Ferracin M, Cimmino A, Di Leva G, Shimizu M, Wojcik SE, et al. A MicroRNA signature asso-
ciated with prognosis and progression in chronic lymphocytic leukemia. New England Journal of Medi-
cine. 2005; 353(17):1793-801. https://doi.org/10.1056/NEJM0a050995 PMID: 16251535

Bandi N, Zbinden S, Gugger M, Arnold M, Kocher V, Hasan L, et al. miR-15a and miR-16 are implicated
in cell cycle regulation in a Rb-dependent manner and are frequently deleted or down-regulated in non—
small cell lung cancer. Cancer research. 2009; 69(13):5553-9. https://doi.org/10.1158/0008-5472.
CAN-08-4277 PMID: 19549910

Ageilan R, Calin G, Croce C. miR-15a and miR-16-1 in cancer: discovery, function and future perspec-
tives. Cell death and differentiation. 2010; 17(2):215. https://doi.org/10.1038/cdd.2009.69 PMID:
19498445

Cimmino A, Calin GA, Fabbri M, lorio MV, Ferracin M, Shimizu M, et al. miR-15 and miR-16 induce apo-
ptosis by targeting BCL2. Proceedings of the National Academy of Sciences. 2005; 102(39):13944-9.

Rozati S, Cheng PF, Widmer DS, Fuijii K, Levesque MP, Dummer R. Romidepsin and azacitidine syner-
gize in their epigenetic modulatory effects to induce apoptosis in CTCL. Clinical Cancer Research.
2016; 22(8):2020-31. https://doi.org/10.1158/1078-0432.CCR-15-1435 PMID: 26660520

Cang S, Iragavarapu C, Savooiji J, Song Y, Liu D. ABT-199 (venetoclax) and BCL-2 inhibitors in clinical
development. Journal of hematology & oncology. 2015; 8(1):129.

Bottoni A, Piccin D, Tagliati F, Luchin A, Zatelli MC, Degli Uberti EC. miR-15a and miR-16-1 down-regu-
lation in pituitary adenomas. Journal of cellular physiology. 2005; 204(1):280-5. https://doi.org/10.1002/
jcp.20282 PMID: 15648093

XiaL, Zhang D, DuR, PanY, Zhao L, Sun S, et al. miR-15b and miR-16 modulate multidrug resistance
by targeting BCL2 in human gastric cancer cells. International journal of cancer. 2008; 123(2):372-9.
https://doi.org/10.1002/ijc.23501 PMID: 18449891

van Kester MS, Ballabio E, Benner MF, Chen XH, Saunders NJ, van der Fits L, et al. miRNA expression
profiling of mycosis fungoides. Molecular oncology. 2011; 5(3):273-80. https://doi.org/10.1016/j.
molonc.2011.02.003 PMID: 21406335

TianT, Zhou Y, Feng X, Ye S, Wang H, Wu W, et al. MicroRNA-16 is putatively involved in the NF-kB
pathway regulation in ulcerative colitis through adenosine A2a receptor (A2aAR) mRNA targeting. Sci-
entific reports. 2016; 6:30824. https://doi.org/10.1038/srep30824 PMID: 27476546

FangL, Deng Z, Shatseva T, Yang J, Peng C, Du W, et al. MicroRNA miR-93 promotes tumor growth
and angiogenesis by targeting integrin-g8. Oncogene. 2011; 30(7):806. https://doi.org/10.1038/onc.
2010.465 PMID: 20956944

ZhuW, He J, Chen D, Zhang B, Xu L, Ma H, et al. Expression of miR-29¢, miR-93, and miR-429 as
potential biomarkers for detection of early stage non-small lung cancer. PloS one. 2014; 9(2):e87780.
https://doi.org/10.1371/journal.pone.0087780 PMID: 24523873

Du L, Zhao Z, Ma X, Hsiao T-H, Chen Y, Young E, et al. miR-93-directed downregulation of DAB2
defines a novel oncogenic pathway in lung cancer. Oncogene. 2014; 33(34):4307. https://doi.org/10.
1038/0onc.2013.381 PMID: 24037530

Chen L, Jiang M, Yuan W, Tang H. Prognostic value of miR-93 overexpression in resectable gastric
adenocarcinomas. Acta gastro-enterologica Belgica. 2012; 75(1):22—7. PMID: 22567743

Yu X-F, Zou J, Bao Z-J, Dong J. miR-93 suppresses proliferation and colony formation of human colon
cancer stem cells. World journal of gastroenterology: WJG. 2011; 17(42):4711. https://doi.org/10.3748/
wjg.v17.i42.4711 PMID: 22180714

Moskowitz AJ, Horwitz SM. Targeting histone deacetylases in T-cell ymphoma. Leukemia & lym-
phoma. 2017; 58(6):1306—19.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224305 October 24, 2019 14/14


https://doi.org/10.1111/j.1349-7006.2009.01164.x
https://doi.org/10.1111/j.1349-7006.2009.01164.x
http://www.ncbi.nlm.nih.gov/pubmed/19486339
https://doi.org/10.1056/NEJMoa050995
http://www.ncbi.nlm.nih.gov/pubmed/16251535
https://doi.org/10.1158/0008-5472.CAN-08-4277
https://doi.org/10.1158/0008-5472.CAN-08-4277
http://www.ncbi.nlm.nih.gov/pubmed/19549910
https://doi.org/10.1038/cdd.2009.69
http://www.ncbi.nlm.nih.gov/pubmed/19498445
https://doi.org/10.1158/1078-0432.CCR-15-1435
http://www.ncbi.nlm.nih.gov/pubmed/26660520
https://doi.org/10.1002/jcp.20282
https://doi.org/10.1002/jcp.20282
http://www.ncbi.nlm.nih.gov/pubmed/15648093
https://doi.org/10.1002/ijc.23501
http://www.ncbi.nlm.nih.gov/pubmed/18449891
https://doi.org/10.1016/j.molonc.2011.02.003
https://doi.org/10.1016/j.molonc.2011.02.003
http://www.ncbi.nlm.nih.gov/pubmed/21406335
https://doi.org/10.1038/srep30824
http://www.ncbi.nlm.nih.gov/pubmed/27476546
https://doi.org/10.1038/onc.2010.465
https://doi.org/10.1038/onc.2010.465
http://www.ncbi.nlm.nih.gov/pubmed/20956944
https://doi.org/10.1371/journal.pone.0087780
http://www.ncbi.nlm.nih.gov/pubmed/24523873
https://doi.org/10.1038/onc.2013.381
https://doi.org/10.1038/onc.2013.381
http://www.ncbi.nlm.nih.gov/pubmed/24037530
http://www.ncbi.nlm.nih.gov/pubmed/22567743
https://doi.org/10.3748/wjg.v17.i42.4711
https://doi.org/10.3748/wjg.v17.i42.4711
http://www.ncbi.nlm.nih.gov/pubmed/22180714
https://doi.org/10.1371/journal.pone.0224305

