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Mycosis fungoides (MF) is the most common type of cutaneous T-cell lymphoma (CTCL),
accounting for approximately 50% of all CTCLs. Although various molecular changes in
MF have been described in existing studies, no obvious disease-specific changes have
been found thus far. microRNAs (miRs) are short, noncoding RNA molecules that play
roles in the post-transcriptional regulation of oncogenes and tumor suppressor genes in
various diseases. Recently, there has been rapidly expanding experimental evidence for
the role of miRs in the progression, early diagnosis, prognosis prediction for MF. Efforts to
improve early diagnosis and develop personalized therapy options have become more
important in recent years. Here, we provide an overview and update of recent advances
regarding miRs associated with MF. Furthermore, we provide insights into future
opportunities for miR-based therapies.
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INTRODUCTION

Mycosis fungoides (MF) is the most common type of cutaneous T-cell lymphoma (CTCL),
accounting for approximately 50% of all CTCLs. The clinical manifestations usually present with
erythematous patches and plaques with an indolent course and may slowly progress to tumors (1).
Similar to inflammatory dermatosis, the lesions of MF patients in the stable stage can last for
decades with a favorable prognosis. The period between the onset of skin lesions and diagnosis can
vary from several months to years, with some patients’ diagnoses delayed by more than four decades
(2). However, in a proportion of early MF patients, the disease progresses rapidly and enters a more
advanced stage with visceral spread, requiring more aggressive treatment regimens (3).
Unfortunately, it is currently difficult to distinguish inflammatory dermatosis from early MF and
identify patients with favorable or poor prognosis before treatment. Therefore, new approaches are
needed to improve the accuracy of the early diagnosis and predict the prognosis of MF.
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Although various molecular changes in MF have been
described in existing studies, including chromosomal, genomic,
and gene expression aberrations; no obvious disease-specific
changes have been found thus far (4). MF is a clonal disorder
with specific T-cell receptor (TCR) gene rearrangement. In
addition to clinical and histological findings, TCR clonality
testing is a helpful adjunct diagnostic method (5). However,
the sensitivity of TCR rearrangement detection varies greatly
according to different clinical stages, methods of assay and
primer design (6–8). Therefore, there is still an urgent need to
explore more specific and sensitive biomarkers to help us better
understand and manage MF. MicroRNAs (miRs) are short
noncoding RNA molecules that play roles in post-
transcriptional regulation by binding to RNA-induced
silencing complexes and controlling physiological and
pathological processes in various diseases (9). In addition,
miRs play important roles in tumorigenesis and function as
oncomiRs or tumor suppressors by regulating the levels of
oncogenes or antioncogenes (10–12). The miR expression
profiles in MF have been studied extensively and have shown a
high correlation with disease progression, prognosis, and response
to treatment (Table 1) (11–42). In this review, the function and
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molecular mechanism of miRs in the progression, diagnosis,
variants, prognosis, and treatment of MF are discussed in
detail (Figure 1).
THE FUNCTION OF miR AND CLINICAL
APPLICATION IN TUMOR

miR is a short, noncoding RNA molecule that can regulate
mRNA expression at the post-transcriptional level and is
widely found in viruses, plants and animals. miR is broadly
involved in a variety of physiological and pathological processes,
and dysregulated miR expression is related to cancer initiation
and progression (10). It does not encode functional proteins but
can degrade or inhibit protein translation by means of
complementary pairing with target mRNA and eventually
inhibit specific gene expression (43).

In recent years, many studies have shown that miR is involved
in the occurrence and development of tumors and has a broad
clinical application space in the diagnosis and treatment of
human cancers and hematological malignancies. Specifically,
TABLE 1 | miR expression profiles of available studies in MF.

MiR ID Expression Functional role Reference

miR-155 upregulate diagnosis, progression, different variant (FMF), prognosis prediction, treatment (11, 13–28)
miR-203 downregulate diagnosis (16, 19, 24)
miR-205 downregulate diagnosis(racial differences) (19, 24)
miR-92a upregulate progression, differential diagnosis, different variant(FMF, TMF) (15, 23)
miR-93-5p upregulate different variant(FMF,TMF) (13, 29)
miR-93 upregulate progression, differential Diagnosis, different variant(FMF),treatment (12, 15, 17, 24, 29–31)

downregulate early diagnosis (32)
miR-19b upregulate different variant(FMF) (23)
miR-34a upregulate different variant(FMF) (13)
miR-223 upregulate different variant(FMF), treatment response prediction (13, 33)
miR-191 upregulate treatment response prediction (33)
miR-342 upregulate treatment response prediction (33)
miR-181 upregulate progression (30)
miR-181a upregulate diagnosis, progression, different variant(FMF,TMF) (13, 30, 34, 35)
miR-181b upregulate different variant(TMF) (13)
miR-338-3p upregulate prognosis prediction (36)
miR-148a-3p upregulate prognosis prediction (36)
miR-106b upregulate progression, prognosis prediction (14, 36, 37)
miR-106b-5p upregulate progression, prognosis prediction (36)
let-7a downregulate prognosis prediction (15)
miR-17~92 upregulate progression, different variant(unilesional MF) (38)
miR-243 upregulate diagnosis (16)
miR-22 downregulate progression (39)
miR-200b upregulate diagnosis, good prognosis (16)
miR-146a upregulate diagnosis (34)
miR-222 not mentioned diagnosis (34)
miR-26a not mentioned diagnosis (34)
miR-142-3p upregulate diagnosis (16)
miR-130b upregulate differential diagnosis (16)
miR-195-5p downregulate progression (37, 40)
miR-122 upregulate progression, treatment (41)
miR-15a downregulate progression, prognosis prediction (17)
miR-16 upregulate progression, clinical course prediction (15, 32)

downregulate diagnosis, progression, clinical course prediction (17)
miR-21 upregulate differentia diagnosis, clinical course prediction (14)
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miR in serum or tumor tissue samples can be used as potential
tumor markers for early diagnosis, such as breast cancer and B-
cell lymphoma (44–46). In addition, studies have shown that
miR can be used as a specific molecular target for targeted
therapy (9, 47). Currently, miR mimics and miRNA inhibitors
in the preclinical phase of drug development have shown
potential as novel therapeutic drugs in tumor-treating fields.
miR AND CUTANEOUS T-CELL
LYMPHOMA (CTCL)

CTCL comprises a heterogeneous group of disorders with
variable clinical presentations, histological features, and
prognoses. Growing evidence demonstrates that miR is
involved in the development and progression of CTCL (11, 16,
39, 48–50). There are significant similarities and differences in
the expression of miR among different variants of CTCL. For
instance, miR-155, which was first identified as abnormally
expressed in CTCLs, can be used as an oncogenic driver to
promote tumor growth in both MF and anaplastic lymphoma
kinase (ALK)-negative anaplastic large-cell lymphoma (ALCL)
(18, 51). There exists a significant difference in the miR
expression profile between tumoral MF, erythrodermic MF and
the more aggressive leukemic variant of CTCL—Sezary
syndrome (SS)—such as the miR-155, miR-21, miR-93, miR-
195–5p, and miR-17/92 (14, 15, 52, 53). Additional, Dercer
expression have been served as an molecular marker in MF
and might be of clinical relevance in MF, lymphomatoid
papulosis and primary cutaneous CD4-positive small/medium
T-cell lymphoma (54). To date, the mechanism of miR
dysregulation in CTCL has not been fully elucidated and
recognizing the abnormal expression of miR among different
subgroups of CTCL variants, especially MF, is particularly
important for elucidating the pathogenesis, early diagnosis, and
identification of new therapeutic targets of CTCL.
Frontiers in Oncology | www.frontiersin.org 3
miR AND MF

miR Could Be a Gene Regulator in the
Pathogenesis and Progression of MF
The molecular pathogenesis of MF remains limited. miR may
function as an oncogenic or tumor suppressor and contribute to
the pathogenesis and progression of MF through interactions
with specific target genes.

miR-155 acts as an oncogenic miR and is overexpressed in
multiple solid tumors and B-cell lymphoma (55–57). Currently, it
is one of the most intensively studied miRs in MF. Significant
upregulation of miR-155 and miR-92a in tumoral MF was first
observed by Van Kester et al. in 2011 (15). Subsequent studies
further identified the overexpression of miR-155 in both early and
advanced MF, and the expression level of miR-155 in biopsy
samples increased with increasing clinical stage (17, 18, 26). In vivo
and in vitro experiments confirmed that miR-155 plays an
important role in the development of MF and contributes to
tumor growth by decreasing G2/M arrest and apoptosis (20).
Additionally, previous studies indicated that the JAK/STAT5
pathway can promote the expression of miR-155 and promote
the proliferation, growth, and survival of malignant MF cell lines
in vitro (11). Interestingly, microbes have also been implicated in
disease progression in CTCL (58, 59). A recent study showed that
S. aureus and its enterotoxins might enhance miR-155 expression
and promote disease progression by stimulating the expression of
post-transcriptional regulators of malignant T cells (21).

Moreover, miR-93 has been described as an oncogene miR
that can prevent apoptosis and promote tumor cell survival in
various cancers (12, 31). miR-93 is overexpressed in advanced
MF compared with inflammatory dermatosis and functions in
the progression of MF (15, 17, 24, 30). Gluud et al. found that
miR-93 can interfere with the expression of tumor suppressor
cyclin-dependent kinase inhibitor 1 (p21) in MF tumor T cell
lines. In turn, the expression of the p21 protein was significantly
increased in cells (MF2059 and MF3675) transfected with a miR-
FIGURE 1 | Functions of miR in MF.
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93–5p inhibitor, resulting in a 20–30% decrease in the
proliferation of malignant T cell lines (29). In addition, Katona
et al. observed a trend toward a loss of PTEN expression with
histological progression of MF (60). The tumor suppressor gene
PTEN is a known target of the miR-93–5p and miR-181 families
(61, 62). However, contrary to the findings of previous studies, a
recent study on miR-93 found that the expression of miR-93 was
significantly downregulated in both early and advanced MF
compared with normal and eczema cases (32). Therefore,
further studies with larger cohorts of MF patients are needed
to explore the role of miR-93 in the progression of MF.

In addition to miR-155 and miR-93, miR-16 dysregulation
may also play a certain role in MF progression. Maj et al. found
that the decrease in miR-15a and miR-16 is related to the
development of advanced MF (17). This finding is consistent
with the results of most previous studies regarding miR-16 as a
tumor suppressor in various tumors, including pituitary
adenomas and chronic lymphocytic leukemia (CLL) (63, 64).
However, van Kester et al. observed that miR-16 in tumoral MF
was upregulated compared with inflammatory dermatosis (15).
Similarly, additional evidence suggests that miR-16 was
significantly upregulated in advanced MF compared with
patients at early stage and could be used to predict aggressive
clinical course (32). Thus, more studies are needed to explore the
specific expression and biological function of miR-16 in MF.

Recent studies have indicated that miRs not only play an
important role in MF tumors but also in the tumor
microenvironment (TME). miR-106b expression was observed
in dermal T lymphocytes in skin lesions from patients with MF,
and the expression level increased as the disease progressed.
miR-106b can promote tumor proliferation in vitro by inhibiting
the tumor suppressor p21 and thioredoxin-interacting protein
(37). In addition, the local expression of miR-106b in stromal
cells indicated that miR-106b may play potential roles in the MF
TME. Microenvironment-mediated changes in miR expression
in tumor cells mediating progression have also been highlighted.
Research has shown that cancer-associated fibroblasts (CAFs)
can protect MF cells from doxorubicin-induced cell death and
promote migration through the secretion of CXCL12 (65).
However, the role of miRs in MF progression between tumor
cells and matrix components in the TME has not been
elucidated. The value of the TME in exploring the
pathogenesis of MF deserves further investigation.

In addition to the abovementioned oncogenic miRs, the
cumulative inhibition of multiple tumor suppressor miRs may
lead to the downregulation of multiple signaling pathways
driving the disease progression of MF (66). miR195–5p may
play a role as a tumor suppressor in MF, and its inhibitory effect
is related to disease progression (37). The upregulation of miR-
195–5p inhibits cell cycle arrest through the downregulation of
ADP-ribosylation factor-like protein 2 (ARL2), and low
expression of miR-195–5p in MF skin lesions may promote
disease progression (40). In addition, the role of miR-22 as a
tumor suppressor in numerous solid tumors is widely accepted,
and low miR-22 expression is associated with advanced stage and
metastasis (67). In vitro studies have shown that miR-22 is
Frontiers in Oncology | www.frontiersin.org 4
significantly downregulated in malignant CTCL T cell lines
(MyLa2059), and Jak3/STAT pathway-mediated inhibition of
miR-22 may play a key role in CTCL pathogenesis and
progression (39).

miR Can Serve as Diagnostic
Biomarkers in MF
Early clinical and pathological diagnosis of MF remains a
challenge because of its clinicopathological similarity to benign
inflammatory disorders, which may also exhibit clonal TCR
rearrangement in some conditions (68, 69). Also, the lack of
specific molecular markers that can reliably differentiate the
malignant T-cells in MF from the reactive T cells in benign
inflammatory disorders. Once entering the advanced stage, the
median survival of patients with MF is only 1–5 years, with a 5-
year survival rate of less than 15% (70). Therefore, the search for
diagnostic molecules is still needed for early diagnosis and then
timely treatment.

With the deepening of research, there is growing evidence to
support the biomarker potential of miRs for the diagnosis of
cancer. miRs that have been confirmed to be related to the early
diagnosis and differential diagnosis of MF include miR-93, miR-
146a, 146b-5p, miR-342–3p, miR-16, miR-181, miR-203, and
miR-205 (24, 30, 34, 71). Specifically, miR-93 not only plays a
role in the pathogenesis of MF but can also be used as a specific
biomarker for the diagnosis of MF. The significant
downregulation of miR-93 can be used for the early diagnosis
of early challenging cases (32).

Although some single miRs do not have independent
diagnostic value in MF, the specific combinations of miRs may
achieve good diagnostic ability. As mentioned before, miR-155
plays an important role in the pathogenesis and progression of
MF. However, given that higher miR-155 expression was also
observed in T-cell-rich benign inflammatory dermatoses
compared with early MF and folliculotropic MF (FMF), it
cannot be used as a separate biomarker to distinguish early MF
from benign inflammation dermatosis (18, 27). Interestingly, the
combination of miR-155 with specific miRs has been proven to
be of great value in differential diagnosis and early diagnosis in
multiple studies. Ralfkiaer et al. developed a three-miR classifier
composed of miR-155, miR-203, and miR-205 that can
distinguish CTCL from benign inflammatory dermatosis with
an accuracy of more than 90% (24). The strength of this classifier
was also confirmed in subsequent independent cohort studies
(71). Moreover, in view of the stability of miRs in serum or
plasma, Dusilkova et al. established a plasma multiple miR
classifier based on the upregulation of miR-155 and
downregulation of miR-203/miR-205 to detect CTCL with
100% specificity and 94% sensitivity, making routine clinical
monitoring possible in the future (19). In addition, other
investigations have suggested that a four-miR classifier
composed of miR-181a, miR-146a, miR-222, and miR-26a
could discriminate tumoral MF from benign inflammatory
disease (34). Moreover, miR-181a and miR-146a may be used
as specific biomarkers of MF and are significantly upregulated in
both early and advanced MF (30, 34, 36). Importantly, there may
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be racial differences in the application scope of this classifier. An
additional 5-miR diagnostic classifier, including miR-130b, miR-
142–3p, miR-155, miR-200b, miR-243, and miR-203, was
established for the diagnosis and prognosis of CTCL in a study
of an Asian population (16). Taken together, the diagnostic
classifier combined with multiple miRs has better diagnostic
intensity and accuracy and is expected to be a valuable adjunct in
future clinical work.

Is miR Differentially Expressed in Different
Variants of MF?
According to its clinicopathologic characteristics, MF can be
divided into several variants (72). Folliculotropic MF (FMF) is a
rare variant of MF with distinct clinicopathological features. The
clinical course and treatment response varies according to
different stage of disease (early- and advanced-stage) (73, 74).
Specifically, patients with FMF presenting with only patches and/
or follicular papules (early-stage) had a favorable prognosis with
a 5-year overall survival (OS) of 92%, while patients with FMF
presenting with tumors and/or nodules (advanced-stage) had a
5-year OS of 50%. Additionally, a small number of MF patients
may undergo large cell transformation (TMF), which is
characterized by an aggressive clinical course and refraction to
systemic therapies including anthracyclines, bexarotene,
methotrexate with a median survival of 18.4 to 24 months (75–
77). However, the molecular background of FMF and TMF has
not been fully elucidated. Marosvári D et al. showed for the first
time in 2015 that miR-93–5p, miR-181a, and miR-34a were
significantly upregulated in FMF and TMF. Overexpression of
miR-155 and miR-223 was also observed in FMF (13).
Additionally, Garaicoa et al. compared the miR expression
profile among tumoral MF, FMF, and TMF and found that the
expression levels of miR-19b, miR-92a, and miR-155 in FMF and
TMF were higher than those in tumoral MF (23). In recent years,
some scholars have proposed that according to different
clinicopathological features, FMF can be categorized in early
stage with indolent clinical course and advanced/tumoral stage
requiring aggressive treatment (74, 78). Atzmony et al. found
that there was a significant difference in miR-155 expression
between early and tumoral FMF, but there was no significant
difference in miR-155 expression between early FMF and MF or
between tumoral FMF and MF (27). To some extent, this finding
confirms that there might be two different stages of FMF, but the
relationship between MF and FMF in different stages still needs
further research and exploration to provide a theoretical basis for
personalized treatment of different stages and subtypes of MF. In
addition, the study showed that miR-181b and miR-93–5p were
highly expressed in the TMF, while the level of miR-155 was not
significantly increased, indicating that miR-181b and miR-93–5p
may play a role in the pathogenesis of the TMF, while the
regulation of miR-155-related gene expression may not be
involved in large cell transformation (13).

In some special cases, it is difficult to distinguish
erythroderma MF (eMF) from Sézary Syndrome (SS) clinically
and histologically. Due to the differences in treatment
recommendations and prognosis, it is necessary to distinguish
Frontiers in Oncology | www.frontiersin.org 5
between eMF and SS. Rittig et al. found that there was a
significant difference in the miR expression profile between
eMF and SS. In particular, the expression levels of miR-106b,
miR-155, and miR-21 in eMF were significantly lower than those
in SS (14).

Unilesional MF is characterized by a solitary erythematous
patch or plaque located on the trunk and upper extremities
clinically and is histologically indistinguishable from typical MF.
Unlike early MF, unilesional MF can maintain a benign clinical
course without any treatment, and there is no obvious recurrence
after treatment. Studies have shown that the miR expression
profile of unilesional MF is different from that of early MF. The
former has a high level of miR-17~92 members and is
accompanied by Th1 skewing (38). The antitumor activity of
miR-17~92 has been confirmed in numerous previous studies
(79, 80). These findings suggest that there is a strong reactive T
cell immune response in unilesional MF, which may explain the
locality of the disease.

Existing miR-Based Therapeutics and
Potential Treatment Options in MF
Local and systemic therapies available for MF have reduced
tumor burden and improved quality of life. However, classic
regimens based on anthracycline or nucleoside analogs can only
obtain a short-lived response and have had limited impact on the
survival of patients with advanced MF (81, 82). Therefore,
advances in MF treatment research are focused on identifying
new pharmacological targets. Current clinical trials show that
miR-based treatment seems to be feasible (83). Given the
important role of miR-155 in MF, Moyal et al. found that
miR-155 promotes tumor growth in xenografted MF mice by
reducing apoptosis. Anti-miR-155 can be used as monotherapy
or in combination with apoptosis therapy and cell cycle
checkpoint inhibitors to improve the effectiveness of MF
therapy (20). Indeed, clinical trials were conducted to test the
therapeutic efficacy of a miR-155-targeting nucleic acid
modification inhibitor called cobomarsen (MRG-106) in MF in
2018 (26). Cobomarsen can reduce the expression of multiple
gene pathways related to cell survival by blocking miR-155 and
finally reduce cell proliferation and activate apoptosis. Therefore,
it can be suggested that cobomarsen can potentially be used as a
therapeutic agent for MF (26). Surprisingly, active antimicrobial
therapy can inhibit the activity of MF by affecting the expression
of miR-155 (22, 25). Indeed, Duvich et al. reported that the
combination of antibiotics, a germicidal whirlpool bath system,
and steroids has a significant effect on patients with SS. In vitro
experiments demonstrated that active antibiotic therapy may
inhibit malignant T cell proliferation in advanced CTCL by
inhibiting the staphylococcal enterotoxin (SE)-mediated
bystander T cell response (35). Recent studies have further
shown that this inhibitory effect may be achieved by partially
reversing SE-induced pathological processes involving STAT5
and miR-155 (21). Notably, Staphylococcus aureus is also present
to a greater extent in skin lesions in patients with MF than in
patients with non-lesional or healthy skin. miR-155 may be
associated with secondary skin infection in patients with MF.
December 2021 | Volume 11 | Article 752817
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Additionally, the involvement of other infectious agents in MF,
such as Borrelia burgdorferi, Chlamydophila, have been described
(84). A previous study by Tothova et al. found that Borrelia
might exert its causative role in MF through a chronic type-1
immune response with interferon-g production (85). Besides,
evidence of type C pneumonia in MF biopsies suggests an
association between Chlamydophila infection and MF
development (86). However, further studies are needed to
assess the efficacy of anti-Borrelia therapy in treating Borrelia-
positive MF and verify the correlation between Chlamydophila
and MF in larger cohorts. In view of the important role of
antimicrobial therapy and miRs in MF, the combination of miR-
based therapy and antimicrobial therapy may produce
synergistic therapeutic effects and improve the therapeutic
efficacy of patients with MF, especially for advanced MF with
large-area involvement.

Interestingly, miR-106b was previously known to provide the
strongest prognostic prediction of a high risk of progression (87).
Given that miR-106b is also highly expressed in the early stage of
MF, the development of miR-106b inhibitors applied in the early
stage of the disease may prevent or delay disease progression
(36). In addition, inhibition of miR-93 resulted in decreased
proliferation of malignant T cell lines. The effect of this reduction
in proliferation was similar to that observed following inhibition
of miR-155 (11, 29, 88). Thus, anti-miR-93 could be a valuable
therapeutic agent for patients with MF. Furthermore, researchers
found that miR-122 was overexpressed in advanced MF,
reducing sensitivity to chemotherapy-induced apoptosis
through signal transduction circuits involved in Akt activation
and p53 inhibition. This finding provides a new idea for the use
of chemotherapy sensitizers in advanced MF (41). In addition to
the development of the abovementioned miR-based therapeutic
drugs, the miR expression spectrum can also predict treatment
response. Studies have shown that MF patients with rapidly
elevated levels of miR-223, miR-191, and miR-342 after
extracorporeal blood collection are more likely to show good
clinical responses after 6–12 months of treatment (42).

miR May Play an Important Role in
Predicting Prognosis in MF
miRs not only contribute to increasing the accuracy of diagnosis
but can also be used to predict prognosis. Several studies have
emphasized that miRs can be used as a potential prognostic
biomarker in MF. For instance, the miRs of the let-7 family are
downregulated in advanced and metastatic MF. The prognosis of
patients with low expression of let-7a was worse than that of other
patients (15). Of note, although multiple studies have shown that
miR-155 can be used as a prognostic indicator of CTCL, its
prognostic value in MF and the relationship between the
intensity of miR-155 expression and disease stage are discrepant
(16, 17, 26). Shen et al. found that miR-155 was associated with
worse clinical outcomes in an Asian population with a total of 158
CTCLs (including MF, cutaneous anaplastic large cell lymphoma,
peripheral T cell lymphoma and NK/T cell lymphoma). However,
excluding other types of CTCL than MF, the expression of miR-
Frontiers in Oncology | www.frontiersin.org 6
155 had no significant correlation with the overall survival of
patients with different stages of MF (16). The inconsistency in the
above findings may be attributed to the different ethnic
backgrounds of the patients and varied numbers of patients with
different disease stages enrolled in the above studies.
Comparatively, miR-200b is significantly associated with the
overall survival of MF patients regardless of disease stage (16).
High miR-200b expression implied favorable prognosis. Taken
together, there may be differences in prognostic markers among
subgroups of CTCLs, and it is necessary to develop specific
prognostic biomarkers for MF patients.

Early identification of patients at a higher risk of progression
may facilitate more individualized treatment of these patients.
Therefore, it is worth drawing attention to the prognostic
stratification of patients with early MF. Lindahl et al.
developed and verified a 3-miR prognostic classifier based on
miR-106b-5p, miR-148a-3p, and miR-338–3p, which can
successfully divide patients into high- and low-risk groups for
disease progression. This 3-miR classifier may be an effective tool
to predict the progression of early MF at the time of diagnosis
and has important prognostic value (36). Among them, miR-
106b is the most powerful prognostic marker of disease
progression in MF. As the disease progresses, miR-106b can
regulate the expression of the tumor suppressor genes p21 and
thioredoxin-interacting protein (TXNIP) and promote the
proliferation of tumor cells in MF (37). Additionally, there
were also differences in the expression levels of miR-16, miR-
93, and miR-106a between progressive and nonprogressive
patients (30). Of note, there may also be racial differences in
the application scope of this classifier. Shen et al. verified that
miR-155 and miR-200b can be used as effective predictors of
clinical outcome in Asian populations (16). Therefore, it is
necessary to develop and validate prognostic miR classifiers
among populations with different racial backgrounds.

Future Perspectives of Exosomal
miR-Based Therapeutics in MF
In addition to the tumor cells themselves, the malignant tumor
phenotype can also transmit genetic information, including
miRs, to other cells in the tumor microenvironment through
exosomes, which can promote proliferation, angiogenesis,
metastasis, and drug resistance. Moyal et al. first identified
miR-155 and miR-1246 in exosomes derived from MF cell
lines in 2021. It was confirmed that exomiR-155 can promote
the motility of MF cell lines in vitro. In addition, exomiR-1246
expression levels appeared to be correlated with MF staging, and
were significantly higher in plaque/tumor MF patients than in
healthy population (28). Moreover, exosomal miRs can affect
extracellular matrix (ECM) and immune system activation and
recruitment to promote tumor cell survival. Furthermore,
exosomal miRs can be used as promising noninvasive
biomarkers and potential targeting factors and delivery vehicles
for tumor diagnosis and treatment. Therefore, exosomal miR-
based therapeutics are a potential feasible candidate therapy
for MF.
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CONCLUSION

MF is the most common cutaneous T-cell lymphoma. The main
problem in the diagnosis and treatment of MF is the inefficient
methods of early diagnosis and short-lived response to classical
chemotherapy. The emergence of the role of miR in cancer
progression has prompted us to elucidate the prospects of miR as
new therapeutic target. Several studies have identified them as
potential diagnostic and prognostic biomarkers in MF. The
identification of these new gene regulatory targets opens up a
new field for the diagnosis, treatment and prognosis of MF.
However, aberrant miR expression have been detected in a
variety inflammatory disease and malignancies, and disease-
specific miR remains as one of the most challenging issues.
Additionally, the functions of partial miRs in MF remain
Frontiers in Oncology | www.frontiersin.org 7
controversial and further investigation and validation in larger
cohorts are needed. Also, miR-based therapeutics in CTCL is still
in budding stages, the reliable and targeted site-specific delivery
of miR might be a major obstacle to the use of miR-based
therapy. Thus, it is urgently needed to overcome the above
obstac les before deve lopment of novel miR-based
therapeutics strategy.
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