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1 INTRODUCTION 

1.1  Mycosis fungoides and Sézary syndrome 

1.1.1  Brief history 

First description of mycosis fungoides (MF) was made by Jean Louis Alibert
1
 in 1806. He firstly 

described cutaneous tumors resembling fungal infection. In 1869, after microscopy studies, Xavier 

Gillot and Louis Antonine Ranvier hypotesized MF was a lymphoid regeneration in the skin and 

they called it “lymphadénie cutanée”. In 1870 Ernest Bazin described MF as having three stages: 

nonspecific erythematous (premycotic), plaque (lichenoid) and tumor (fungoides) phases.
2
  

Sézary syndrome (SS), originally described by Ernest Besnier and  Henri Hallopeau in  1892 as an 

aggressive cutaneous lymphoma,
3
 was then defined by Albert Sézary and Yves Bouvrain in 1938 as 

a leukaemic variant of MF, characterized by erythroderma, generalized lymphadenopathy and the 

presence of neoplastic CD4+ lymphocytes (Sézary cells) in the skin, lymph nodes and peripheral 

blood.
4
 In 1968, Marvin A. Lutzner described ultrastucture of “cerebriform” nuclei of Sézary cells. 

In 1975 Lutzner and Richard L.Edelson described a group of diseases, including MF and SS, which 

was named “cutaneous T-cell lymphomas” (CTCL). Early studies to characterize various types of 

CTCL morphologically, immunologically, clinically and genetically, were carried out during the 

80’s. First classifications of CTCL were published at the end of the previous century by two distinct 

international organizations: by European Organization for Research and Treatment of Cancer 

(EORTC) and by World Health Organization (WHO). These disctint classifications were fused in a 

WHO-EORTC classification in 2005.
5
 The most recent classification is the WHO classification of 

tumours of haematopoietic and lymphoid tissues printed in 2017.
6
  

 

 

 

1.1.2  WHO classification of CTCL 

B-cell and T-cell neoplasms are clonal tumours of mature and immature B cells and T cells at 

various stages of differentiation. Skin can be involved primarily or secondarily However, only those 

arose in the skin, without involvement in other sites, are considered “primary cutaneous”.  

Cutaneous T-cell lymphomas (CTCLs) represent 75%-80% primary cutaneous lymphomas. MF e 

SS are the most frequent indolent and aggressive form among CTCLs, respectively (Table 1). 
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Table 1. WHO classification of NK/T-cell lymphomas 

•Mycosis fungoides (MF) and MF variants 

       Folliculotropic MF 

       Pagetoid reticulosis 

       Granulomatous slack skin 

•Sézary syndrome (SS)    

•Primary cutaneous CD30+ T-cell lymphoproliferative disorders 

       Primary cutaneous anaplastic large cell lymphoma 

       Lymphomatoid papulosis 

•Subcutaneous panniculitis-like T-cell lymphoma 

•Extranodal NK/T-cell lymphoma 

•Hydroa vacciniforme-like lymphoproliferative disorder 

•Severe mosquito bite hypersensitivity  

  

•Peripheral T-cell lymphomas, NOS and rare subtypes 

   Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphoma  

   Primary cutaneous γ/δ T-cell lymphoma 

   Primary cutaneous CD4+ small/medium T-cell lymphoproliferative disorder 

   Primary cutaneous acral CD8+ T-cell lymphoma 

 

 

1.1.3  MF and SS: Definition 

Mycosis fungoides is an epidermotropic, primary cutaneous T-cell lymphoma characterized by 

infiltrates of small to medium-sized T lymphocytes with cerebriform nuclei. The term MF should be 

used only for classic cases, characterized by the evolution of patches, plaques and tumours, or for 

variants with a similar clinical course. 

SS is defined by the triad of erithroderma, generalized lymphadenopathy, and the presence of 

clonally related neoplastic T cells with cerebriform nuclei (Sézary cells) in skin, lymph nodes, and 

peripheral blood. In addition, one or more of the following criteria are required: an absolute Sézary 

cell count >1000/μl, an expanded CD4+ T-cell population resulting in a CD4:CD8 ratio of >10, and 

loss of one or more T-cell antigens. SS and MF are closely related neoplasms, but are considered 

separate entities on the basis of differences in clinical behaviour and cell origin.
7
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1.1.4 Epidemiology 

MF is the most common type of cutaneous T-cell lymphoma (4/1,000.000 per year) and accounts 

for almost 50% of all primary cutaneous lymphomas. Most patients are adult/elderly, but the disease 

can also be observed in children and adolescents. The male-to-female ratio is 2:1. 

SS is a rare disease (0.3/1,000.000 per year), accounting for <5% of all CTCLs. It occurs in adults, 

characteristically presents in patients aged >60 years, and has a male predominance.  

Rare familiar cases of both MF and SS are described,
8 

but there are no evidences for a genetic 

predisposition. 

 

1.1.5  Ethiology  

MF is believed to result from chronic antigenic stimulation that leads to uncontrolled clonal 

expansion and the accumulation of T cell helper memory cells in the skin.
9
 In support of this notion, 

increased numbers of dendritic cells were found in early MF lesions.
10

 Specifically, antigen-

presenting cell (APC) ligands B7 and CD40 and their respective T cell costimulatory ligands CD28 

and CD40L were found to be upregulated in MF lesions.
11, 12

 Neoplastic T cells can also express 

APC ligands, suggesting a possible self-stimulation pathway that leads to T cell expansion. Other 

studies have shown increased Toll-like receptor expression (Toll-like receptors 2, 4, and 9) by 

keratinocytes and increased expression of particular human leukocyte antigen class II alleles in MF 

patients.
13, 14

 Toll-like receptor stimulation is seen in inflammatory skin diseases, including psoriasis 

and chronic allergic contact dermatitis.
15

 Although lymphomatoid reactions caused by contact 

hypersensitivity have been reported, no causal relationship between contact dermatitis or other 

inflammatory skin conditions and MF/SS have been identified.
16, 17

 

Infections, specifically Staphylococcus aureus and associated enterotoxins, may also play an 

etiologic role in MF. One study found a high rate of S aureus colonization in patients with 

erythrodermic MF (EMF) and SS, with clinical improvement of both erythroderma and extent of 

skin disease after antibiotic therapy.
18

 Unlike adult T-cell leukemia/lymphoma, which is associated 

with human T-lymphotropic virus type 1 (HTLV-1), most CTCL patients are serologically HTLV-

1−.
19-21

 Other investigators have found serologic evidence for Epstein–Barr virus and 

cytomegalovirus, but there is minimal evidence supporting a viral etiology.
22

 

Immunosuppression and/or immunosuppressive therapy may predispose patients to develop CTCL 

in rare cases after organ transplantation
23-25

 and in those with HIV.
26, 27

 Occupational factors, such 

as working in the glass, pottery, and ceramics industry have been studied; however, their role in MF 

remains controversial.
28, 29

 Military exposures, such as herbicide exposure, have been linked to non-

Hodgkin lymphoma, although not specifically to CTCL. 
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1.1.6 Pathogenesis 

Mycosis fungoides is characterized by epidermotropism of neoplastic T-cells and by persistent 

activation and clonal expansion leading to accumulation of T lymphocytes in the skin, lymphnodes 

and peripheral blood.
9
 Tipically, neoplastic T-cells are mature T helper (Th) lymphocytes in both 

MF and SS. However, recent studies demonstrated that malignant T cells in SS have a T-central 

memory phenotype, consistent with the clinical presentation of peripheral blood disease, 

lymphadenopathy, and diffuse erythroderma of the skin. In contrast, neoplastic cells in MF belongs 

to skin resident T-effector memory cells, a population of T cells that produce inflammatory 

cytokines and remain stationary within a particular location in the skin. This is remarkably 

consistent with their clinical ability to produce inflamed skin lesions and to recruit nonmalignant T 

cells into the skin, giving rise to inflammatory patches and plaques.
7
 

Malignant T cells in SS express high levels of L-selectin and CCR7 with lack of expression for both 

CCR5 and CXCR3. CCR4 is also expressed at high levels, but expression of other skin homing 

addressins (CLA, CCR6, and CCR10) is variable. Moreover, Sézary cells lack expression of surface 

molecules CD26 and CD49d with variable expression of CD7. 

Increased Th2 lymphocytes in patients with MF and SS lead to a chronic hyperproduction of Th2 

cytokines: IL-4, IL-5 and IL-10 and to a deficit of typical Th1 cytokines such as IL-12 and IFN-α. 

This loop can compromise CD8+ T cell, NK cell, and DC numbers and function, and consequently, 

the host immune response
30

 (Figure 1). 

A possible skin homing mechanism of neoplastic cells in SS has been proposed, basing on the lack 

of expression of CD26. CD26, also known as dipeptidylpeptidase IV, has the ability to cleave and 

inactivate the chemokine CXCL12 (SDF-1, stromal cell-derived factor 1), which is the CXCR4 

ligand. CXCR4 is known to be physiologically involved in regulating the migration mechanisms of 

certain cell types, such as dendritic and Langerhans cells. This observation, together with the data of 

the downregulation of CD26, suggested a possible role of CXCR4 in the skin homing of Sézary 

cells.
31
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Figure 1. The skin microenvironment in MF progression. (A) Normal skin showing resident Langerhans cells in 

the epidermis and skin-homing T cells in the dermis and circulation. (B) Patch and plaque MF in which the 

CD4+ malignant T cells home to the epidermis and collect around Langerhans cells. Of note, in these stages, the 

epidermal and dermal infiltrate frequently have abundant CD8+ T cells as part of the host immune response. (C) 

Tumour MF in which the tumour occupies the dermis and subcutaneous tissue and is comprised of primarily 

malignant T cells and few CD8+ T cells. (D) Erythrodermic MF and SS with detectable circulating malignant T 

cells that elaborate Th2 cytokines that affect CD8+ T cell, NK cell, and DC numbers and function, and 

consequently, the host immune response.
30
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Gene expression profiles and genetic analyses lend understanding to the proliferative nature of the 

malignant T cells and to the immune dysregulation.
32-35

 As an example, alterations in expression of 

certain transcription factors important for T cell differentiation, particularly upregulation of GATA3, 

and downregulation of expression of STAT4, may account for the Th2 phenotype in most cases.
32, 33

 

The loss of nuclear pro-IL16 provides further insight into mechanisms underlying the enhanced 

proliferation of the malignant T cell population. The presence of nuclear pro-IL16 normally 

contributes to T cell quiescence and its loss would lead to cell cycle progression.
36

 Other valuable 

insights include the observation that T-plastin is expressed in the malignant T cells of patients with 

SS; this gene is not normally expressed in hematopoietic cells, and its aberrant expression can 

facilitate identification of the lymphoma cells for diagnostic and therapeutic purposes.
37

  

Other findings include mutations and deletions in chromatin remodeling genes, and gain-of-function 

mutations in the JAK-STAT pathway.
38

 

It is well known that deregulation in STAT3 signaling is one of the molecular mechanism involved 

in CTCL pathogenesis and cancer progression and many studies demonstrated the efficacy of 

JAK/STAT inhibitors to induce apoptosis in Sézary cells.
39-41

  

 

1.1.7 Clinical presentation, diagnosis, stadiation and prognosis 

Patients in the early stages of MF generally present with patches that may initially appear to be due 

to non-cancerous skin conditions such as eczema, psoriasis, secondary syphilis, atopic dermatitis, or 

plaque parapsoriasis. For this reason, diagnosis is often delayed and the interval between the 

appearance of the first symptoms and the definitive diagnosis can be up to 4-10 years 

Clinical observation of the SS patients may evidence "non-specific" signs such as erythroderma, 

edema, lichenification and itching. From a histological point of view, the skin infiltrate can be 

similar to that of MF or even have non-specific characteristics. On the other hand, circulating 

neoplastic cells are characterized by cerebriform nucleus with fine chromatin and scarce cytoplasm, 

the so-called Sézary cells. In advanced stages SS patients develop alopecia, nail dystrophy, fissures 

in the palms of the hands and soles of the feet, severe itching and pain in the skin.Often lymph node 

and in some cases bone marrow can be involved. 

Diagnosis of MF and SS, suspected on the basis of the clinical presentation, must always be 

confirmed by histopathological examination of the skin and molecular analysis. 
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1.1.7.1 T-cell receptor 

The diagnosis of CTCLs classically relies on a combination of clinical, pathological and 

immunophenotypical criteria. In the last decades, many studies focused on the usefulness of the 

assessment of TCR clonality in distinguishing benign from malignant cutaneous lymphocytic 

infiltrates
42-44

 

In addition, the detection of a clonal T‐cell receptor gene rearrangement in blood and lymph nodes 

has been introduced, in the new WHO classification, as a staging procedure of MF and SS. 

TCR is the antigen recognition molecule used by T lymphocytes. Unlike the B lymphocyte receptor, 

the TCR does not recognize and bind antigens directly, but recognizes small peptide fragments of 

pathogenic proteins linked to molecules of major histocompatibility complex (MHC; HLA in 

humans) on the surface of other cells that present antigens (antigen presenting cells). 

TCR is a heterodimer composed by two polypeptide chains:  and  or  and . 

T-cells precursors are stimulated by unfully known external signals to differentiate as / or /.  

In both cases, TCR structure consists of a variable region (V) which is engaged in antigen binding, 

a constant region (C), a hinge region (H), a transmembrane region and a cytoplasmic tail. The 

variable region contains a diversity region (D) and a junction region (J). (Figure 2)
45

  

 

 

 

Figure 2. TCR structure 
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The gene loci coding for the  chain are located on chromosome 14q11 and are made up of 100 V 

segments, 50 J segments and 1 segment C and are distributed over 80 Kb. The  chain of the TCR is 

instead found on chromosome 7q35 and consists of germinal form from an aggregate of 30 V 

segments located away from two other aggregates, each containing a single D segment along with 6 

J segments and a single C segment. 

The gene loci coding for the  chain are located on chromosome 7p14-15, while those for the  

chain map to chromosome 14q11 within the gene loci coding for the  chain of the TCR /. The 

genes coding for the  chain contain V, J and C segments and have a different organization 

consisting of 15 V segments (of which 8 genes and 7 pseudogenes) and 5 J segments (2 genes and 3 

pseudogenes), grouped into 3 functional aggregates of genes.  chains are encoded by gene 

segments V, D, J, C; these loci consist of 10 V segments, 3 D segments, 2 J segments and 1 

segment for region C. (Figure 3) 

 

 

 

Figure 3. TCR genes 
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The mRNA  production for the synthesis of the / and / chains occurs starting from a series of 

somatic combinations between the gene segments: for  and  chains, a D segment is rearranged as 

a J segment, therefore the dimer DJ rearranges with a V segment to complete the variable domain of 

the peptide; the transcription of this whole segment gives rise to a primary transcript of RNA 

containing the domains of the C region; the subsequent splicing of this region leads to the formation 

of an mRNA which, translated, will give rise to the entire molecule (Figure 4). 

 

 

 

 

 

Figure 4. TCR rearrangements. 

 

 

 

 

 

 and  chain formation mechanism is similar to the machinery for  and  maturation. However, 

the rearrangement directly involves the V and J segments due to the lack of the D segments. 

Since the genes for  chain are located within  loci (in particular between the V and J 

segments), any rearrangement of the gene segments fot the  chain leads to a complete deletion of 
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the  gene. This means that during the first VJ rearrangement  locus is deleted and the cell will 

no longer be able to generate a / receptor.  

In order to further increase the variability, at junctional region there are also nucleotides insertion 

and deletion mechanisms between the V, D, J segments for the  and  chains and between V and J 

segments for the  and  chains. Added nucleotides are called "P" and "N": the P nucleotide lead to 

palindromic sequences at the end of the gene segments, while N nucleotides are not encoded 

starting from a template, but added by the deoxinuleotidyl enzyme terminal transferase (TdT). The 

total number of added nucleotides is random and the insertion can cause the break of the open 

reading frame of the coding sequence, leading to non-productive rearrangements.  

Since each T-lymphocyte can express just one TCR molecule (a clone) one can detect TCR 

rearrangement by PCR (clonality).  

 

 

 

1.1.7.2 Staging 

Staging of MF/SS is based on a tumour-node-metastasis (TNM) classification system originally 

devised in 1979.
46

  A revision and expansion that also includes blood involvement (TNMB) has 

been published in 2007 and is generally used today.
47

 Recent studies have supported the prognostic 

relevance of these newly refined stages (Table 2).
48-51

 

Additionally, histological findings that might be of prognostic importance but which are not 

accounted for by the TNMB classification are the infiltration of hair follicles (folliculotropism) and 

a finding of >25% of large cells in the dermal infiltrate (large cell transformation)
47

 

 

Table 2 

TNMB staging for mycosis fungoides and Sézary syndrome  

Skin 

 

T1 Limited patches, papules, and/or plaques covering <10% of the skin surface. May further 

stratify into T1a (patch only) versus T1b (plaque ± patch). 

T2 Patches, papules, or plaques covering ≥10% of the skin surface. May further stratify into 

T2a (patch only) versus T2b (plaque ± patch). 

T3 One or more tumours (≥1-cm diameter) 

T4 Confluence of erythema covering ≥80% body surface area 
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Node 

 

N0 No clinically abnormal peripheral lymph nodes; biopsy not required 

N1 Clinically abnormal peripheral lymph nodes; histopathology  

Dutch grade 1 or NCI LN0-2 

N1a Clone negative 

N1b Clone positive 

N2 Clinically abnormal peripheral lymph nodes; histopathology 

Dutch grade 2 or NCI LN3 

N2a Clone negative 

N2b Clone positive 

N3 Clinically abnormal peripheral lymph nodes; histopathology 

Dutch grades 3e4 or NCI LN4;  

clone positive or negative 

Nx Clinically abnormal peripheral lymph nodes; no histologic confirmation 

Visceral 

 

M0 No visceral organ involvement 

M1 Visceral involvement (must have pathology confirmation and organ involved should be 

specified) 

Blood 

 

B0 Absence of significant blood involvement: ≤5% of peripheral blood lymphocytes are 

atypical (Sézary) cells 

B0a Clone negative 

B0b Clone positive 

B1 Low blood tumour burden: >5% of peripheral blood lymphocytes are atypical (Sézary) cells  

but does not meet the criteria of B2 

B1a Clone negative 

B1b Clone positive 

B2 High blood tumour burden: ≥1000/mL Sézary cells with positive clone 

SS is staged as T4 N2/3/x M0 B2. 
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1.1.7.3 Prognosis 

Clinical staging in CTCL patients is closely related to the prognosis. (Table 3).
48, 52

 

 

Table 3. Prognosis in CTCL 

 Stage 

 IA IB IIA IIB III IVA IVB 

5 years global survival (%) 100 96 68 80 40 0 0 

10 years global survival (%) 98 83 68 42 20 0 0 

Median survival (years) >32 12.6 10 4.7 3.9 2.5 1.7 

 

Prognosis in MF patients is variable. Body surface area involved, type of lesions (patches, plaques 

or tumors) and the involvement of lymph nodes or viscera represent independent prognostic factors 

for survival.
47, 50, 51, 53-55

 In fact, while patients with minor skin disease (<10% of the surface area) 

have an excellent prognosis (5-year survival around 97%), stage IV patients (including SS patients) 

have a worse prognosis, with a median survival of only 13 months.
52

 

Advanced age is associated with a poorer overall survival (OS). Skin stage, folliculotropism, large-

cell transformation (LCT), and elevated lactate dehydrogenase (LDH) are independently associated 

with worse OS. These prognostic factors gave rise to the prognostic index score, developed by the 

Cutaneous Lymphoma International Consortium study, for patients with advanced MF/SS.
51

 Stage 

IV, age greater than 60 years, LCT, and increased LDH were combined into a 3-tier prognostic 

index model. These risk groups had significantly different 5-year survival rates regardless of patient 

stage (IIB–IV): low risk (68%), intermediate risk (44%), and high risk (28%). 

 

1.1.8 Therapies 

Since the first description of MF and SS, a great number of therapeutic options have been 

introduced ranging from topical steroids to multiple chemotherapy passing through 

immunotherapies (interferons, retinoids and photopheresis) and, more recently, also targeted 

approaches with humanized monoclonal antibodies. However, because in MF/SS the majority of 

available treatments are rarely able to induce long-term remissions, therapies are aimed at 

improving the quality of life. The rare exceptions to this are allogeneic stem cell transplantation 

(alloSCT) in advanced disease, particularly in SS. 
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Table 4. Therapeutical approaches in MF and SS 

 

  
 

Treatment 

Early stage MF 
 

 

Topical treatments  - corticosteroids 

 
 

 - nitrogen mustard 

 
 

 - carmustine 

 
 

 - rexinoid (bexarotene) 

 
 

 - phototherapy: PUVA, UVB-nb 

 
 

 - Photodynamic therapy (PDT) 

 
 

 - radiotherapy 

Early-stage refractory MF 
 

 

combined therapy  -UVA+psoralene(PUVA) or UVB(311nm) and IFN-α 

 

 

 - UVA+psoralene(PUVA) or UVB(311nm) and low 

doses bexarotene  

Advanced-stages MF and SS 
 

 

biological therapy  - IFN-α 

 
 

 - retinoids/rexinoids (bexarotene) 

 

 

 - extracorporeal photopheresis (ECP) 

 - Alemtuzumab (anti CD52) 

 

combined therapy  - IFN-α and phototherapy 

 
 

 - IFN-α and retinoids/rexinoids (bexarotene) 

 
 

 - retinoids and phototherapy 

 
 

 - ECP and IFN-α 

 
 

 - ECP and retinoids/rexinoids 

 

systemic chemotherapy 
 

 

single agents  - pegylated doxorubicin 

 
 

 - purine/pyrimidine analogs 

 
 

      - pentostatin 

 
 

      - gemcitabine 

 

multi-agents  - CHOP and CHOP-like 

 
  

 

Stem cells transplant  - autologus 

 
 

 - allogeneic 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

15 

 

 
 

 - non-myeloablative allogeneic 

 
  

 

Other experimental 

therapies  

 

topical 

  

 

- toll-like receptor (TLR) antagonists 

 

 

 - phophocholine 

 

 

systemic  - Brentuximab (anti CD30) 

 
 

 - Mogamulizumab (anti CCR4) 

 
 

 - histone deacetylase inhibitors (HDAC) 

 

 

                 -Vorinostat 

                 -Resminostat 

                 -Belinostat 

                 -Romidepsin 

 

- purine nucleoside phosphorylase inhibitors 

  - Denileukin diftitox (Ontak®) 

1.1.8.1 Topical therapies  

Differently from MF, in SS patients no topical therapies are really effective. However, topical 

agents can be useful as adjuvant therapy in the management of patients. 

 

1.1.8.2 Systemic therapies  

Retinoids (incl. bexarotene) 

Retinoids are derivatives of vitamin A. All-trans retinoic acid, isotretinoin, etretinate, acitretin and, 

more recently, bexarotene and alitretinoin have been used for the treatment of cutaneous T-cell 

lymphomas alone or in combination since the early 1980s.
56, 57

 Among these bexarotene stands out 

through its specific binding to the retinoid-X-receptor (thus termed a ‘rexinoid’); it is the only 

member of the group that was specifically developed and has received approval for the treatment of 

CTCL.
58-61

 According to its label, bexarotene is indicated for the treatment of cutaneous 

manifestations of advanced stage CTCL in patients who are refractory to at least one prior systemic 

therapy with a reported overall response rate of 45%. In clinical practice, bexarotene has been used 

as primary systemic therapy and has shown efficacy also in extracutaneous involvement.
60, 62, 63

  

The other most commonly used although not approved and less thoroughly studied retinoids are 
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acitretin (which has replaced its prodrugetretinate in the 1990s) and isotretinoin.
56

 Due to 

heterogeneity of the published evidence and since no direct comparisons exist no conclusion as to 

superiority in clinical efficacy of one substance over the other can be made. Retinoids are generally 

well tolerated and share a common adverse effect profile with variable individual symptoms 

depending on the substance used. Most commonly observed are drying of the skin and mucous-

membranes, elevated blood lipids, and in the case of bexarotene central hypothyroidism requiring 

thyroid hormone substitution in most patients.
64

 All retinoids are teratogenic. 

With retinoids as monotherapy moderate response rates can be achieved in MF/SS, the substances 

thus are commonly used in combination (see below) or in maintenance (see below) since they 

appear safe with long-term use. 

 

Interferon (IFN)-α 

Three types of recombinant interferons (IFN-α, IFN-β, IFN-γ) are currently available for therapeutic 

use with IFN-α existing also in a pegylated form. Therapeutic activity of IFN-α in CTCL was 

initially reported by Bunn et al., in 1984.
65

 The same author some years later summarised the then 

pertinent evidence and concluded that all of the recombinant IFNs are active for the treatment of 

MF and SS.
66

 However, only recombinant IFN-α has been studied in more detail, has received 

approval for the treatment of CTCL and remains the most widely used IFN in the treatment of 

MF/SS.
66

 Various treatment and dose escalation schedules have been used with individual doses 

ranging from 3 million units (MU) to 18 MU applied subcutaneously either three times per week or 

daily.  A commonly used regimen is to start with 3 MU three times weekly with dose escalation 

upon insufficient response and tapering for maintenance. Side-effects are dose dependent and 

include flu-like symptoms, elevated transaminases, leukopenia, thrombocytopaenia, and, probably 

under-recognized mental depression, cardiac arrhythmias, and thyroid dysfunction.
66, 67

 Similar to 

the literature on the older retinoids (with the exception of bexarotene, see above), published 

evidence on theclinical efficacy of IFN-α suffers from heterogeneity in treatment schedule, patient 

selection, and methodology. Thus, reported overall response rates range from 0 to 80% without a 

clear correlation between dose and response.
66

 

 

IFN-α combined with retinoids 

Reports on the combined use of IFN-α and retinoids appeared beginning from the late 1980s.
68-71

 

Etretinate or isotretinoin have been used in these small heterogenous studies, which showed that the 

combination is tolerable without unexpected toxicity and is able to induce and maintain clinical 

responses. In the prospective randomised study by Stadler et al. acitretin was used in combination 
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with IFN-α and compared with the IFN-α /PUVA combination in 82 patients with early stage MF.
72

 

Although overall response rates did not differ between treatment groups (90.5% versus 90%, 

respectively) the rate of CR was higher with IFN-α /PUVA (70%) compared with the acitretin 

combination (38%). The study clearly shows that IFN-α plus PUVA is superior to IFN-α plus 

acitretin in terms of time to remission and CR rate. However, its results should not be interpreted as 

an argument to dismiss the latter combination since its efficacy, shown in earlier less stringent trials, 

was confirmed and it fulfils a need for combination therapy in patients insufficiently responding to 

monotherapy when access to PUVA is limited. More recently the combination of tretinoin (all-

transretinoic acid) with IFN-α has been compared with IFN-α combined with low-dose 

methotrexate in an open prospective non-randomised trial.
73

 Reportedly, both regimens were of 

similar efficacy and toxicity. In another small trial IFN-α was added to bexarotene upon incomplete 

remission after 8 weeks with no apparent benefit of the combination.
74

 Taken together, the 

accumulated evidence confirms the clinical applicability of IFN-α retinoid combinations in MF. At 

the sametime it fails to demonstrate the superiority of any retinoid over the other and of the various 

combination regimens over monotherapy. Thus a combination of IFN-α and retinoids is 

recommended when monotherapy with either substance has failed and when the IFN-α /PUVA 

combination is contraindicated or unavailable. 

 

 

IFN-α or retinoids combined with Skin directed Therapies (SDT) 

The combination of PUVA with systemic retinoids was initially developed to improve efficacy and 

reduce potential side-effects of photochemotherapy in the treatment of psoriasis.
75

 Subsequently, the 

concept was carried over to CTCL and investigated in a small series of uncontrolled studies and 

case collections.
76-78

 Etretinate and acitretin were used in these studies from which no conclusion as 

to superiority of the combination over phototherapy alone can be made. With the systematic 

development and regulatory approval of bexarotene for the treatment of CTCL interest in the 

combination of this substance with phototherapy led to the publication of a number of reports.
79-83

 

Outstanding among these studies is a randomised phase III trial conducted by the EORTC 

Cutaneous Lymphoma Task Force where bexarotene combined with PUVA was compared to PUVA 

alone in early stage (IB-IIA) MF. The study was closed prematurely due to low accrual and thus did 

not reach its primary end-point (overall response rate). However, while confirming the safety of the 

combination its results indicate no significant difference in response rate and response duration 

between treatments.
81

 The first small study about the use of combining IFN-α and PUVA for the 

treatment of CTCL appeared in 1990 and described complete remission in 12 out of a total of 15 
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patients.
84

 A number of further small studies and case series followed
85-90

 using various IFN-α dose 

schedules and PUVA regimens. Taken together these reports demonstrate that no increase in toxicity 

occurs with the combination but leave open the question whether it is more effective compared to 

monotherapy. Safety and efficacy IFN-α plus PUVA were confirmed by the above mentioned 

prospective trial
72

 leaving, however, the issue of superiority compared to either monotherapy 

unresolved. 

Other SDT that can be combined with systemic treatments are topical corticosteroids, nbUVB and 

localised radiotherapy (see above). Although not systematically studied these options are used based 

on institutional and personal experience and might prove useful on an individual basis. In summary, 

current evidence does not support the use of combinations of SDT with systemic therapies as 

firstline option in early stages of MF. However, when systemic therapy is indicated in more 

advanced stages adding on of an effective SDT might shorten time to response and alleviate 

symptoms more quickly and effectively. 

 

Extracorporeal photopheresis 

Extracorporeal photopheresis (ECP; which has also been variously called photopheresis, 

extracorporeal photochemotherapy, or extracorporeal photoimmunotherapy) is a form of 

phototherapy where blood is exposed extracorporeally to the photoactivated drug 8-

methoxypsoralen (8-MOP). The use of ECP was first reported in 1987 by Edelson et al. in CTCL 

for which it is approved in Europe and the US.
91

 Other indications where ECP is used include 

systemic sclerosis, graft-versus-host disease, solid organ transplant rejection, and Crohn’s disease.
92

 

ECP has an excellent safety profile with almost absent adverse events and details on the 

recommended prescription, schedule, and other practical issues have been recently published.
93

 

Since the original publication by Edelson et al. who reported a response rate of 73% (with most of 

the patients having T4 disease) a number of case series and retrospective studies confirming the 

efficacy of photopheresis  particularly  in  patients  with  erythrodermic MF and SS have been 

published with response rates around 60%.
94-96

 Remarkably in most of these reports ECP was used 

in combination with other agents and modalities, including retinoids, interferons, PUVA, and others, 

demonstrating on the one hand that ECP can be safely combined with many other agents available 

for the treatment of MF/SS, and leaving open, on the other hand, the question of superiority of any 

combination over the other and over monotherapy. 

 

Targeted immunotherapy 

Since the introduction of monoclonal antibodies into cancer therapy in the 1990s a number of 
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recombinant immunoglobulins and other protein constructs have also been developed for and tried 

in non-Hodgkin lymphomas, with rituximab as a most remarkable example of success in B-cell 

lymphomas.
97

 Some agents have also demonstrated activity in CTCL and it is to be expected that in 

the near future new antibodies and antibody-constructs will enter the clinics.
98

 Denileukin diftitox 

was developed for the treatment of CTCL and became the first fusion toxin to be approved. It is a 

recombinant protein consisting of interleukin (IL)-2 linked to the catalytic domain of diphtheria 

toxin genetically engineered with the intention to target cells expressing the IL-2 receptor.
99

 Its 

activity in the treatment of CTCL has been demonstrated in two phase III trials with overall 

response rates of 30% and 44% and an acceptable safety profile although grade 3 and 4 capillary 

leak syndrome was observed in 4% of patients.
100, 101

 Denileukin diftitox is currently unavailable 

and did not obtain marketing authorisation in Europe.  

 

Alemtuzumab is a humanised recombinant IgG1 monoclonal antibody against the CD52 cell surface 

glycoprotein, which is expressed on normal and malignant B and T lymphocytes but not on 

haematopoietic progenitors. Alemtuzumab was initially developed and approved for the treatment 

of lymphoid malignancies. More recently its immunosuppressive effects have been utilised to 

successfully treat multiple sclerosis.
102, 103

 Although alemtuzumab is currently commercialised only 

for multiple sclerosis it is still available for the treatment of lymphoid neoplasms through a special 

access programme. Overall response rates of more than 50% have been obtained in MF/SS using 

the standard dose of 30 mg intravenous (i.v.), three times weekly. At this dosage 

immunosuppression and opportunistic infections are the most common, sometimes severe adverse 

events.
104-106

 From these studies and a recent long-term observation it appears that alemtuzumab is 

effective primarily in patients with erythroderma (T4) and blood involvement (B1) and may be able 

to induce long-term remissions in selected patients.
107

 With the intention to reduce toxicity while 

maintaining efficacy low dose regimens have been introduced.
108-110

 Doses up to 15 mg s.c. every 

other day were used and in small patient series response rates similar to those reported from earlier 

studies were observed without relevant infectious complications when single doses did not exceed 

10 mg. 

 

Brentuximab vedotin is an antibody-drug conjugate consisting of an anti-CD30 IgG1 antibody 

attached to monomethyl  auristatin  E,  a  microtubule-disrupting agent, through a protease-

cleavable linker.
111

 Upon internalisation into CD30 expressing cells the linker is cleaved and 

monomethyl auristatin E released into the cell to induce cell cycle arrest. The drug is currently 

approved in Europe and the USA for the treatment of adult  patients  with relapsed  or refractory  
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CD30+ Hodgkin lymphoma (HL), patients with CD30+HL at increased  risk  of  relapse  or  

progression  following autologous stem cell transplantation, and adult patients with relapsed or 

refractory systemic anaplastic large cell lymphoma (sALCL). The safety and efficacy of 

brentuximab vedotin in CTCL has been investigated in two phases II and one very recently reported 

phase III trials.
112, 113

 In one of these studies 32 patients with MF/SS and any level of CD30 

expression were included. An overall response rate of 70% observed in patients with a wide range 

of CD30 expression and a lower likelihood of response if CD30 was expressed in less than 5% of 

cells as assessed by immunohistochemistry.
113

 In the other study 48 patients with CD30+ CTCL 

(incl. lymphomatoid papulosis, primary cutaneous anaplastic large cell lymphoma, and CD30+ 

MF/SS) were included with an overall response rate of 73% in the total study population and of 

54% in patients with MF/SS. The main toxicities consisted of peripheral neuropathy, that can be 

dose-limiting, severe, and long-lasting, neutropenia, that can be severe; fatigue, nausea and 

alopecia.  

 

Mogamulizumab is a humanized monoclonal antibody targeting the CC chemokine receptor 4 

(CCR4) expressed on tumour cells of adult T-cell leukaemia-lymphoma (ATLL) and other T-cell 

lymphomas. The antibody is modified in the composition of its carbohydrates (‘glyco-engineered’) 

to enhance its antibody-dependent cell-mediated  cytotoxic  (ADCC)  activity.
114

 Currently the drug 

is approved in Japan for relapsed or refractory CCR4+ peripheral T-cell lymphoma and CTCL. In 3 

early phase studies a total population of 48 patients with relapsed CCR4+ CTCL, pretreated MF and 

SS were treated with mogamulizumab with overall response rates between 38% and 29% mainly in 

leukaemic CTCL variants. Reported side-effects were mostly low grade and included chills, fever, 

rash, nausea, headache and infusion-related reactions.
115-117

 In 2018 mogamulizumab was approved 

by the Food and Drug Administration (FDA) for the treatment of refractory MF and SS after at least 

one prior systemic therapy.
118

 Moreover in 2020 also the Agenzia Italiana del farmaco (AIFA) 

approved mogamulizumab for the treatment of MF and SS after a prior systemic therapy.  
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Haematopoietic stem cell transplantation 

The first transfer of haematopoietic stem cells from allogeneic bone marrow to terminally ill 

patients was published in 1957 by E. Donnall Thomas who was awarded the Nobel Prize for his 

achievements in 1990.
119

 In the meantime the technique has been refined through advances in 

immunological understanding and with the development of efficient protocols for stem cell 

collection from peripheral and umbilical cord blood, conditioning and support of engraftment after 

transplantation. Major indications today still include haematological malignancies but have been 

extended to hereditary bone marrow disease such as thalassaemia and sickle cell anaemia. The first 

report on autologous stem cell transplantation (ASCT) after total body irradiation in MF appeared in 

1991 and described complete remission in five out of six patients with early relapse in three of the 

responders.
120

 Other small case series confirmed  that  although  aggressive  treatment  with ASCT 

rescue is feasible and able to induce remissions almost all patients will eventually relapse.
121

 

Consequently this approach has been abandoned in MF/SS and is not recommended in this 

consensus. With allogeneic stem cell transplantation (alloSCT) on the other hand durable remissions 

have been achieved in CTCL and (with the exception of localised radiotherapy for unilesional MF) 

remains the only treatment option in MF/SS with curative intention. The published evidence from 

retrospective studies and case series on alloSCT in CTCL comprises nine studies on a total of 

approximately 250 patients.
122-130

 A comprehensive summary and review has been published 

recently.
121

 Both, myeloablative and reduced-intensity conditioning have been used with similar 

efficacy and lower complication rates including reduced non-relapse mortality (NRM) and lower 

rates of chronic graft versus host disease (GvHD) in the latter. Graft versus lymphoma (GvL) effect 

appears to be important for induction and maintenance of remission and donor lymphocyte 

infusions and tapering of immunosuppression have been demonstrated to induce secondary 

remission. In the study with the longest reported observation time overall survival was 46% and 

44% at 5 and 7 years after transplant, respectively, with 22% NRM [165].
130

 In summary, alloSCT, 

particularly using reduced-intensity conditioning, is able to induce long-term remissions in a 

substantial percentage of patients with MF/SS although at the price of a high rate of treatment 

related morbidity and mortality. Consequently, patient selection is difficult, requires careful 

counseling and should focus mainly on younger, well performing patients suffering from advanced 

stages of the disease, with a low tumour burden at the time of transplantation and at the same time a 

high predictable risk of progression and poor prognosis. 
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Histone deacetylase inhibitors 

Histone deacetylases (HDAC) are a class of ubiquitously expressed enzymes, that catalyse the 

removal of acetyl groups from histones and by this are key regulators of epigenetic regulation of 

transcription. Specific pharmacological inhibitors of HDAC have been developed and investigated 

in preclinical and clinical studies for their potential as novel anti tumour agents that work through 

modification of the epigenetic aberrations associated with cancer.
131

 Based on the results of pivotal 

trials three substances, vorinostat, romidepsin, and belinostat are currently approved by the FDA for 

treatment of cutaneous manifestations in patients with cutaneous T-cell lymphoma (CTCL) who 

have progressive, persistent or recurrent disease on or following two systemic therapies 

(vorinostat); treatment of cutaneous T-cell lymphoma (CTCL) in patients who have received at least 

one prior systemic therapy and treatment of peripheral T-cell lymphoma (PTCL) in patients who 

have received at least one prior therapy (romidepsin); and for treatment of patients with relapsed or 

refractory  peripheral  T-cell  lymphoma  (belinostat).
55, 132-136

 Efficacy and toxicity of these 

substances are similar with a reported overall response rate of about 30% and class-as well as 

substance specific toxicities, most notably gastrointestinal side-effects, thrombocytopaenia, QTc 

prolongation, and deep vein thrombosis with vorinostat. New substances are in development and the 

clinical efficacy and toxicity of HDAC inhibitors in CTCL have been recently reviewed.
137

  

 

Chemotherapy 

Conventional  single  agent  and  combination  chemotherapy have been used for the treatment of 

non-Hodgkin lymphoma since the 1970s with the (C)yclo-phosphamide-(H)ydroxydaunorubicin-

(O)ncovin-(P)rednosone or (P)rednisolone [CHOP] regimen evolving as a long-standing standard 

option for aggressive disease. At the same time this and a number of other combinations and single 

agents have been tried in CTCL with variable, but generally short-lived success.A comprehensive 

review on these early experiences is published.
138

 Already in 1989, the results of a seminal 

prospective randomised trial comparing early aggressive with stage-adapted therapy restricted 

(poly-)chemotherapy to patients with advanced disease, a restriction still applying today [8]. In the 

meantime novel chemotherapeutic agents with activity in MF and SS have been developed. Among 

these, promising results with acceptable toxicity have been obtained with pegylated liposomal 

doxorubicin
139-144

 and gemcitabine.
145-149

 Treatment regimens in these studies largely followed 

established dosage recommendations as described for their approved indications. In an EORTC-

sponsored prospective multicentre trial Dummer et al. could demonstrate an acceptable safety 

profile and an overall response rate of 40.8% in 49 patients with pre-treated (2 previous therapies) 

advanced stage (IIB, IVA, or IVB) MF using pegylated liposomal doxorubicin at 20 mg/m
2
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biweekly. Median duration of response was 6 months, similar to what has been reported for other 

chemotherapy regimens in this high risk population.
143

 Gemcitabine was also investigated in 

combination with bexarotene in a phase II protocol resulting in poor response rates and increased 

toxicity compared to the single agents leading to the conclusion that this combination should be 

avoided.
150

 A number of other  cytotoxic  agents  have  been  tried  in  CTCL including the purine 

analogues (deoxycoformycin, 2-chlorodeoxyadenosine,  fludarabine),  bendamustine and others.
151-

156
 However, limited published evidence precludes inclusion of these substances in the present 

recommendations.Two other chemotherapeutic agents are included in these recommendations and 

thus will be mentioned briefly: Chlorambucil is an alkylating agent that was developed in the 1950s 

for the treatment of chronic lymphocytic leukaemia and non-Hodgkin lymphomas.
157

 It can be 

administered by mouth. In combination with low dose prednisone it was introduced for the 

treatment of SS in the 1970s by Winkelmann.
158, 159

 The original regimen consists of continuous 

treatment with 2-6 mg/day of chlorambucil and prednisone at an initial dose of 20 mg/day to be 

tapered to 0-10 mg/day. Although more recently a variant with intermittent dosing was described in 

a small patient series to be as effective as the original regimen the original prescription is still 

recommended.
160

 However, since in addition to myelosuppression prolonged exposure to 

chlorambucil carries a leukemogenic risk long-term continuous use should be avoided.
161

 

Methotrexate was developed as a cytotoxic antifolate in the wake of the 1950s breakthrough of 

anticancer chemotherapy for the treatment of childhood leukaemias.
162

 Soon afterwards its 

usefulness for treatment of psoriasis and rheumatoid arthritis was demonstrated and low-dose once-

weekly methotrexate has become a well-tolerated, standard treatment for non-oncological 

conditions.
163

 There are only few studies on the use methotrexate in various dosing for the treatment 

of MF/SS that have been reviewed earlier [9]. Since then, additional experience on the safe 

combination of methotrexate with bexarotene and IFN-α, respectively, have been published.
73, 164

  

No conclusion, however, as to the superiority of these combinations over monotherapy is possible 

and no recommendation as to the optimal use of these regimens can be made.  

 

 

1.2 Genomic studies 

In the last decades, many molecular studies on SS were carried out both before and after Next 

generation sequencing (NGS) era, such as array-based Comparative Genomic Hybridization (a-

CGH), Gene Expression Profiling (GEP), microRNA profiling or sequencing studies, namely 

Whole Genome sequencing (WGS), Whole exome sequencing (WES) and RNA-sequencing.  All 

these studies highlighted numerous copy number alterations, structural changes such as 
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translocations or gene-fusions and many mutations. However, no recurrent aberrations nor a 

specific profile, were found. Different studies evidenced the possible pathogenic role of some 

recurrent genes such as CyclinD and its repressors p15 and p16, RB1, p53, PTEN, PI3K, AKT, 

MYC, RAS family, NF-kB and genes encompassed in JAK/STAT signaling pathway.  

The most involved pathways underlined by these studies are apoptosis (FAS and TNFRSF10A), the 

JAK-STAT pathway (JAK1, JAK3, STAT3, STAT5B), the NF-κB pathway (TNFRSF1B and 

NFKB2), TCR signaling (PRKCQ, PDCD1, CD28, CARD11, and PLCG1), and effectors of T cell 

differentiation and skin homing (ZEB1 and CCR4). Recurrent mutations are also found in the 

MAPK pathway (KRAS, BRAF, MAPK1), the PI3K/AKT pathway (PTEN and RHOA), epigenetic 

regulators (ARID1A, DNMT3A, and KMT2C), cell cycle regulators (CDKN2A and RB), and 

regulators of genome integrity (TP53 and ATM).   

 

Figure 5. Recurrently mutated signaling pathways in CTCL
165

  

 

 

1.2.1 NFkB 

From a mechanistic point of view, CCR4 overexpression has been described specifically in 

transformed CTCL compared with nonmalignant cells,
166-168

 and its inhibition can lead to CTCL 

cell death concomitant with suppression of Treg activity.
169

 In contrast, different mutations affecting 

members of the NFkB pathway (such as TRAF6, RELB, or CARD11) have been found by Vaqué et 
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al
170

. It is well-known that NFkB activity regulates the expression of multiple key T-cell cytokines 

such as CCL17 and CCL22 (CCR4 ligands) or interleukin 4 (IL-4), IL-6, and IL10, which may 

confer survival advantages in an autocrine or paracrine manner through the activation of the 

JAK/STAT pathway.
170

 

 

1.2.2 JAK-STAT signaling 

Recurrent mutations in the JAK-STAT pathway are widely described in CTCL.
34, 35, 171-173

 

Activation of JAK-STAT signaling normally occurs after binding of cognate cytokines to cytokine 

receptors at the cell surface. This results in STAT protein dimerization leading to nuclear 

translocation and transcriptional activation of genes regulating T cell proliferation, differentiation, 

and apoptosis. The JAK-STAT pathway has previously been shown to be hyperactivated in most 

CTCLs by several groups.
39, 174-177

 

Recurrent gain-of-function mutations predicted to hyperactivate JAK1, JAK3, STAT3, and 

STAT5B
35, 171, 173, 178

 were found. Moreover, some authors described mutations in JAK1/JAK3
35, 173, 

178
 which has been shown to lead to constitutive kinase activation

179, 180
 and mutations in 

STAT3/STAT5B, clustered in the portion of the gene encoding the Src-like homology 2 (SH2) 

domain, which is responsible for protein dimerization.
35, 171

 These activating SH2 domain mutations 

lead to increased protein phosphorylation, dimerization, and nuclear localization.
181

 In addition, 

copy number gains of STAT3 and STAT5B were also common,
171

 a change that has previously been 

shown in other cancers to be oncogenic in itself.
182

 

These mutations are potentially targetable with JAK or STAT inhibitors. Tofacitinib is an oral 

JAK1/3 inhibitor recently FDA-approved for the treatment of rheumatoid arthritis
183

 and psoriatic 

arthritis.
184

 Ruxolitinib is an oral JAK1/2 inhibitor, recently FDA-approved for the treatment of 

polycythemia vera,
185

 myelofibrosis
186

 and acute graft versus host disease.
187

 McGirt and colleagues 

showed that tofacitinib inhibited proliferation of JAK3-mutant CTCL cell lines.
173

 Follow-up work 

showed that ruxolitinib was broadly active in CTCL cases with both JAK1 and JAK3-activating 

mutations.
178

 Similarly, da Silva Almeida and colleagues found that both tofacitinib and ruxolitinib 

exhibited high antitumor activity against a JAK3 mutant CTCL cell line.
35

 It remains to be seen 

whether these agents have any clinical activity in patients and, if so, whether mutational status 

predicts responses. In other hematologic malignancies, the ability of these agents to induce 

remission has been somewhat limited because of the development of drug resistance.
188

 

 

1.2.3 Other oncogenes and tumor suppressors 

Focal deletions were described in other well-known tumor suppressor genes such as PTEN, RB1, 
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CDKN2A, ARID1A, DNMT3A and ZEB1.
34, 35, 171, 189-191

  

Studies using both comparative genomic hybridization (CGH) and single nucleotide polymorphism 

(SNP) array technologies demonstrated that SS is characterized by specific chromosomal gains and 

deletions. Among these, loss of chromosome 10q, including the PTEN locus at 10q23, appears to be 

particularly common in these individuals.
192-194

  

PTEN is a nonredundant lipid phosphatase whose main role is to antagonize the PI3K signaling,
195

 

a relevant pathway for cancer development with several members representing potential targets for 

therapeutics.  PTEN is one of the most frequently lost or mutated genes in human cancers,
196

  

including T-cell malignancies as T-cell acute lymphoblastic leukemia
197

  and CTCL, as already 

demonstrated by loss of heterozygosity (LOH) found within the PTEN locus of mycosis fungoides 

(MF).
198

 

PTEN plays a critical role in T-cell development; in fact, conditional loss of PTEN in thymocytes 

leads to T-cell lymphomas. Conversely, PTEN deletion in mature T-cell subsets induces 

autoimmunity, increased cytokine releasing, and, in general, a PI3K/AKT hyperactivation through 

T-cell receptor also in absence of CD28 co-stimulation, thus indicating that PTEN imposes stringent 

environmental signals for an appropriate T-cell activation.
199

  

In addition to the mutations and genetic alterations, PTEN abundance appears to be finely regulated 

at the transcriptional/translational level by microRNAs (miRNAs),
195

  competitive endogenous 

pseudogene RNAs,
200

  and promoter hypermethylation,
201

  and at the posttranslational level by 

phosphorylation and ubiquitination.
201

 Defects of all of theese mechanisms may have critical 

consequences for PTEN levels and tumorigenesis. 

 

Mao et al, showed SS cases with CCND1 copy number loss also having RB1 loss and suggested 

that that CCND1 and RB1 losses may result from chromosome instabilities occurring in CTCL 

progression.
202

 In fact, there are some evidence showing an association of RB1 deletion/inactivation 

and copy number loss of CCND1.
203, 204

   

 

ZEB1 is a zinc-finger-containing transcriptional repressor of IL2. In normal T cells it is essential for 

the correct development during hematopoiesis.
205-209

 ZEB1 is a candidate tumor suppressor gene in 

adult T-cell leukemia/lymphoma (ATLL), where it contributes to TGF-β1-mediated growth 

suppression resistance of malignant CD4+ T cells and ZEB1 mutant mice frequently undergo 

spontaneous CD4+ T-cell lymphomas.
210, 211

 Wang et al firstly described a significant focal deletion 

in 10p11.23 including ZEB1.
34

 Moreover, Caprini et al reported the same focal loss with a 

correspondent transcript downregulation of ZEB1 in SS. In the same paper, they demonstrated a 
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tumor suppressor role for ZEB1 in SS by survival analysis showing a worse outcome for patients 

carrying ZEB1 homozygous loss. Using ZEB1 knockout cell lines, they verified that ZEB1 has a 

role in controlling intracellular reactive oxygen species production affecting viability and apoptosis 

of SS cells.
191

  

 

Another putative tumor suppressor described as harboring inactivating mutations in SS patients is  

ARID1A.
34

 Functional studies suggested a role of ARID1A in cell cycle checkpoint machinery, 

possibly through p53-and/or pRb-dependent signaling cascades.
212

 Moreover, ARID1A is required 

for cell cycle exit, since in the absence of functional ARID1A, cell cycle arrest is delayed.
213

 

 

All these results suggest the presence of a high genomic instability in neoplastic cells, probably a 

secondary event, considering that no tumor-driving events were demonstrated.  A possible role of 

epigenetic factors remains unclear and still needs to be elucidated. 

 

1.2.4 Genes and deregulated pathways involved in apoptosis 

One of the suggested pathogenic mechanism in SS is apoptosis dysregulation. Defects in apoptosis 

are presumed to lead to accumulation of the malignant T cells in vivo. Multiple defects of 

proapoptotic pathways have been identified, including decreased expression of Fas (CD95), which 

may be due to hypermethylation of the Fas gene promoter.
214, 215

 Other defects include increased 

expression of the apoptosis inhibitor cFLIP, as well as tumor cell loss of TRAIL-receptor 2 leading 

to resistance to TRAIL.  

Loss of functional p53 activity has been reported in many cancers and deletion of 17p13.1, which 

includes the TP53 gene locus, has been described in SS.
192, 216

 Moreover, Lamprecht et al has 

recently demonstrated that p53 is nonfunctional in the majority of SS cell lines and patient 

samples.
216

 

Cell death resistance in SS is maintained upstream of the NFκB and MAPK pathways through 

altered T-cell receptor signaling and activation-in-duced cell death (AICD). These alterations are 

mainly cau-sed by alterations in phospholipase γ1 (PLCγ1) activity.
217

 The exact role of PLCγ1 is 

controversial in the literature, as both protein deficiency – leading to decreased calcium- and ROS-

induced AICD – as well as activating mutations – resul-ting in enhanced NFAT, MAPK, and NFκB 

signaling – have been described.
170, 217, 218

  Thus, further studies are required to ascertain the exact 

significance as well as the frequency of these mutations. AICD resistance in SC is further 

maintained by an overexpression of the E3 ubiquitin ligase c-CBL
219

 and defective function of T-

cell FAS signalling.
215, 220, 221
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1.3 MicroRNAs 

microRNA (miRNA) are small non-coding RNAs that regulate gene expression via post 

transcriptional silencing of target genes. MicroRNAs are a group of small single-stranded non-

coding RNAs that have been identified in many organisms. 

They have important roles in fundamental biological processes such as cell development, 

differentiation, proliferation and apoptosis.  

Their fundamental role is that of negatively regulate gene expression at the post-transcriptional 

level (post-transcriptional gene silencing, PTGS). 

MiRNAs act by recognizing specific mRNA targets in order to determine their degradation or 

repression of translation. 

The function of many RNA is not known, but some of them have been demonstrated having a role 

in physiological and pathological processes: 

• They can have a role in proliferation, apoptosis and cell differentiation. 

• They can be regulated in human diseases 

• They can be involved in tumor origin. 

 

1.3.1 MicroRNAs in Sézary syndrome 

To the best of my knowledge, there are few papers describing a possible involvement of miRNAs in 

SS. The most described deregulated miRNAs are mir214, mir199a and mir486.
222-224

 These 

miRNAs resulted upregulated in different studies. In fact, Narducci et al in 2011 found these three 

miRNAs as the most upregulated by a microRNA expression profiling experiment. In 2012, Qin et 

al, revealed the same three small RNAs to be the most differentially expressed in SS by a deep-

sequencing approach.
223

 In 2017 Benoit et al confirm the high expression of mir214 in SS cells.
225

 

Mir199a was firstly described in 2011 by Ballabio et al,
226

 and later, Narducci et al
222

 and Qin et 

al
223

 confirmed the upregualtion of this miRNA.. Other miRNAs were described as deregulated in 

SS. For example, mir21, mir181 and mir122 were found upregulated,
227, 228

 while mir31 and let-7 

family members were found downregulated in one study.
222

 

 

1.3.2 Let-7 family members 

Let-7 family members are widely reported as tumor suppressor miRNAs and they are strongly 

downregulated in many cancers.
229-234

 Particularly let-7a is known to target many oncogenes 

including c-Myc indeed its upregulation inhibits cell proliferation by reducing the expression of c-

Myc.
235
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Another target of let-7a is c-MET and its downstream signaling pathways such as RAS, PI3K, 

STAT3 and β-catenin pathways
235, 236

 Let-7b has several oncogenes as targets such as HMGA1, 

HMGA2, CCND2 and KRAS, and loss of expression of let-7b has been demonstrated in many 

cancers comprising acute lymphoblastic leukemia.
237

 

Cancer stem cells, tumor microenviroment, inflammation and epithelial to  mesenchimal transition 

(EMT) are all systems that concur to  development, progression and aggressiveness of tumors.
238-240

 

To note that members of let 7 family are strongly invovolved in disregualtion of these systems.
235

 

Let-7 was shown to be downregulated in many cancers
241

 whereas re-expression of the let-7 

suppressed the growth of tumor cells. Moreover, let-7 and some of its targets, such as IL6, STAT3, 

Akt and NF𝜅�B, are directly involved in the switch from inflammation to cancer.
242, 243

 Two 

important let-7 targets are HMGA1 and HMGA2 genes, which are implicated also in the transition 

from epithelial tio mesenchymal.
244, 245

 

It is well demonstrated that let-7 family members negatively regulate IL6,
242, 246

 RAS genes,
247

 c-

Myc,
248

 HMGA1,
249-251

 HMGA2 ,
250-252

 and CCND1.
253, 254

 Notably, all these genes are involved in 

the pathogenesis of a wide range of tumors including SS.(Figure 6).  

Many studies demonstrated that downregulation of let-7 is due to its direct interaction with Lin28A 

or Lin28B. Lin28 depletion resulted in specific increases in all let-7 family members.
255-258

 On 

contrast Nishi et al demonstrated that let-7b is downregulated in leukemic cells via DNA 

hypermethylation of its regulatory region.
259

 Moreover in pancreatic cancer cell lines let-7 

downregulation has been reported to be linked to a constitutively-active STAT3.
249

  

MYC is at the same time target and regulator of let-7s. Indeed, the expression of let-7 members is 

controlled by c-Myc protein which binds to their promoters. It is known that let-7s are 

downregulated in cell lines with MYC overexpression and that inhibition of c-Myc through the use 

of chemical agents leads to increased expression of let-7 members demonstrating a direct action of 

c-Myc on these miRNAs. The presence of binding sites for let-7 was highlighted in the 3' UTR 

region of MYC. According to the proposed model, let-7 members would be able to directly bind the 

MYC promoter and to inhibit it. It has been shown that let-7 overexpression in cell lines reduced 

MYC mRNA levels. Therefore, there is a double negative feedback loop between MYC and let-7. 

Additionally, the c-Myc protein regulates the biogenesis of let-7 also by the stimulation of Lin28,
260

 

which can block the let-7 maturation.
261

 Moreover, c-Myc stimulates the expression of HMGA1
262

  

and IL6.
246

 NRAS is suggested to have an impact on HMGA2 biogenesis.
263

 HMGA2 on the other 

hand influences HMGA1, its gene product in turn regulates the expression of c-Myc.
264

 (Figure 6). 

Hillion and colleagues reported a positive correlation between HMGA1 and STAT3 in a subset of 

primary human acute lymphoblastic leukemia samples.
265

 In line with this, HMGA1 was described 
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to bind the STAT3 promoter and to upregulate its expression in malignant human hematopoietic 

cells
265

 (Figure 6). The transcription factor STAT3 mediates uncontrolled growth, angiogenesis, and 

survival of cells and has a great potential as target in cancer therapies.
266

 Remarkably, Iliopoulos et 

al. identified STAT3 binding sites in the promoters of the miRNAs miR-181b and miR-21
243

 (Figure 

6). These tiny regulators in turn where found to block PTEN (Figure 6), stimulating the activity of 

NF𝜅�B.
243

 The tumor suppressor PTEN functions as an antagonist of PI3K by dephosphorylating its 

product PIP3
267

  (Figure 6). 

As interleukin 6 plays a pivotal role during the transition from innate to acquired immunity, IL-6 

has been shown to skew T-cell differentiation towards Th2;
268

 thus, it makes IL-6 a promising lead 

in the context of CTCL pathogenesis. IL-6 was initially considered to be a pro-inflammatory 

cytokine; however, we currently know that it also has anti-inflammatory activity.
269

 Moreover, IL-6 

is particularly interesting due to its involvement in the differentiation of immune cells toward Th2 

phenotype by STAT3 signaling pathway. Janus kinase/signal transducer and activator of 

transcription (JAK/STAT) signaling pathway is responsible for cytokine signaling resulting in 

proliferation, migration and survival of cell. Deregulation of JAK/STAT pathway has been 

demonstrated in various cancers.
270

 In particular, constitutive activation of STAT3 has been shown 

to play an essential role in CTCLs, particularly in SS.
39, 40, 175-177, 181, 192, 224

 JAK/STAT pathway 

deregulation seems to be crucial also for CTCL progression. 

Finally, in two independent studies (Narducci et al.
222

 and Corti et al.
271

) a downregulation of some 

members of let-7 family, particularly let-7a and let-7b, was demonstrated in SS by using microRNA 

microarrays.  

Particularly, in a previous unpublished study from our group we found a clear split in miRNA 

expression between SS patients and controls. Of particular interest let-7b was the most 

downregulated in our patients series and comparison of miRNA profile and CGH data showed that 

all patients with gains in 8q (MYC) have also let-7b downregulation.
271

 We found 24 miRNA 

differentially expressed between SS patients and healthy controls, including miR-214, miR-486 and 

miR-21 yet described and validated by Narducci et al.
222

 and Qin et al.
223

 Amplification of 8q 

(MYC) found on the same patients with let-7b downregulation and LIN28/let-7b link with 

STAT3/miR21 activation suggest a possible key role of let-7 family members (particularly let-7b) in 

SS. Finally, let-7 family members expression lead to apoptosis by Bcl-XL repression. In a recent 

study, Adams et al demonstrates that, in a wide group of haematologic malignancies, Let-7b 

downregulation lead to apoptosis blockage and that restoring let-7 normal expression downregulates 

Bcl-XL with a consequent upregulation of caspase-3 and apoptotic activity in neoplastic cells.
272
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Figure 6.
235

 This figure represents the described interactions between let-7 and the reviewed 

let-7 associated targets (in white letters) with other genes which are as well commonly 

deregulated in human cancers (in gray letters). The indicated interactions are on 

transcriptional, posttranscriptional or posttranslational level. Many genes are also been 

described to have a role in SS (underlined in red). 
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2  AIM OF THIS STUDY 

The goal of this project was to study in deep some data obtained in our previous miRNA 

profiling study 
271

 in which 24 miRNAs were evidenced to be de-regulated in SS with respect 

to healthy donors used as controls. Among these, some miRNAs as miR21, mir199 and mir233 

have been already described to have a role in SS pathogenesis.  On the other hand, let-7 family 

members’ that we found strongly downregulated in SS are not yet investigated in detail in this 

neoplasia.  

A databank-based search about let-7 showed that they interact with many molecules widely 

described as main actors in SS such as c-Myc and STAT3, both negatively regulated by let-7b 

and both hyperactive in SS (REF) or with miR21 (overexpressed in SS) which is activated by 

STAT3 and possibly indirectly regulated by let-7b (REF): Another  study proposed a 

mechanism feedback loop involved during the  switching   between inflammation and 

cancer.
243

   

In this process the main molecules involved are again many of the oncogenes and onco-

suppressors yet described in SS such as STAT3, miR21, PTEN, Akt e NF-kB. In the proposed 

feedback let-7b and its repressor Lin28B should play a key role. Moreover, it is well 

demonstrated that in about 15% of tumors one between Lin28A or B (the direct repressors of 

let-7 microRNAs) is re-activated leading to a let-7 downregulation and to a hyper- expression 

of let-7 targets, such as KRAS, MYC and HMGA2. These tumors are refractory to many 

therapies and give rise to recurrent and more deadly disease. In fact, Lin28A/B via a let-7 

dependent mechanism promotes metastasis and resistance to several frontline cancer treatments 

including ionizing radiation and multiple chemotherapies (including Gemcytabine, commonly 

used in SS). 

Overall these data indicate that Let-7/Lin28 could play and important role in SS e for this 

reason, I decided to investigate in detail on this topic, taking advantage from a large cohort of 

SS samples, through the  following tasks: 

1) to assess expression levels of let-7b, let-7c by means of qRT-PCR analysis 

2) to assess the concurrent expression levels of Lin28A and Lin28B in order to verify a 

possible relationship between Let7 and Lin28 molecules by  means of qRT-PCR analysis 

3) to assess the relationship between let7 expression levels and response to therapy 

As apoptosis is considered one of the pathologic mechanisms involved in SS and let-7 is involved 

in apoptosis regulation I investigated a possible relationship between let7 expression level and up-
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regulated anti-apoptotic protein levels highlighted in our SS patients by protein array and 

immunohistochemistry  
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3 MATERIALS AND METHODS 

3.1 Patients and controls 

For this study patients affected by SS and healthy donors were recruited at Dermatology Unit of  

Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico of Milan.  

From each SS patient a tissue sample (skin biopsy) and a peripheral blood sample using Ethylene 

Diamine Tetraacetic Acid (EDTA) were collected. 

As controls EDTA peripheral blood samples was collected from healthy donors. Each group 

(patients and controls) released their informed consent according to the Declaration of Helsinki 

Principles. 

At the time of surgery, all tissue samples were formalin fixed and then paraffin embedded for 

histopathological analysis.  

Diagnosis of SS was made according to WHO classification, considering clinical aspects, flow 

cytometry results, histology and T-cell clonality. In this study were included 26 SS patients (15 

males and 11 females) with a median age of 69 years (ranging from 17 to 91). Moreover 15 healthy 

donors (HD) and 3 cell lines derived from CTCL patients, namely Hut78, HH and H9, were 

included in the study. Cell lines were suitable only for qRT-PCR experiments. Depending on 

material availability patients and HD were analyzed for qRT-PCR, protein analysis and IHC 

experiments as summerized in Table 7 

For each patient follow-up data and response to therapy were collected. 
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Table 7. Baseline characteristics and analysis performed on patients and healthy donors 

Patient n° Gender Age qRT-PCR Protein array Immunohistochemistry 

1 male 75 x   

2 male 91  x x 

3 male 68 x x  

4 female 69 x  x 

5 male 72 x  x 

6 male 80  x  

7 male 25 x x  

8 female 59 x x x 

9 male 69  x x 

10 male 75  x x 

11 male 83  x  

12 female 72 x x  

13 male 55 x  x 

14 female 42 x x x 

15 male 65 x x x 

16 male 78  x  

17 female 50 x x x 

18 male 17 x x x 

19 female 82 x   

20 male 63 x x x 

21 female 50 x   

22 female 68 x   

23 female 75  x x 

24 female 72 x  x 

25 male 70  x x 

26 female 50 x x x 

      

Control n° Gender Age    

1 male 62 x   

2 male 65 x   

3 female 54 x   

4 female 52 x   

5 female 55 x   

6 male 62 x   

7 female 68 x   

8 female 66 x   

9 female 69 x   

10 female 74  x  

11 male 82  x  

12 male 76  x  

13 female 61  x  

14 female 70  x  

15 female 43  x  
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3.2 Cells isolation 

EDTA blood was drawn from patients and controls, and peripheral blood mononuclear cells 

(PBMCs) were isolated by Ficoll-Paque density centrifugation. Subsequently, CD4+ T-cells were 

isolated by using magnetic-beads conjugated antibodies (CD14 depletion and CD4 positive 

selection). In order to obtain only CD4+ lymphocytes, CD4+ cells other than lymphocytes 

(monocytes) needed to be depleted. For this reason, before the positive selection with CD4+ 

magnetic-beads conjugated antibodies, CD14+ cells (monocytes) were depleted by magnetic-beads 

conjugated antibodies anti-CD14.  

Immunomagnetic cell separation is based on antibodies coupled to magnetic beads. During 

incubation with a cell suspension, the antibody/bead complex binds to cells expressing the 

corresponding epitope. When the cell suspension is placed into a magnetic field, magnetically 

labeled cells are retained, while unlabeled cells can be removed. To recover the labeled cells, the 

sample is removed from the magnetic field. 

Depletion of an unwanted cell type is usually used to remove a certain cell type from a mixture of 

cells. The unwanted cells are magnetically labeled. During separation, the unlabeled target cells are 

collected in the flow-through fraction whereas the unwanted cell type is retained within the column. 

In our case CD14+ were depleted. 

 

 

Figure 7. Example of negative selection by magnetic-beads conjugated antibodies 

 

Positive selection means that a particular target cell type is magnetically labeled. During separation, 

the column is placed in the magnetic field of the MACS Separator. Magnetically labeled cells are 

retained within the column, whereas unlabeled cells flow through. After a washing step, the column 

is removed from the magnetic field, and the target cells are eluted from the column. Specific MACS 

MicroBeads are available for the positive selection of numerous cell types and cell subsets. 
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Positive selection can be performed by direct or indirect magnetic labeling. In the case of direct 

magnetic labeling, the cell type–specific MicroBeads directly bind to antigens on the cell surface. 

For an indirect labeling approach, primary antibodies that bind to cell surface antigens and 

MicroBeads that bind to the primary antibodies are added to the cells separately in a two-step 

procedure. 

 

 

Figure 8. Example of positive selection by magnetic-beads conjugated antibodies 

 

Our strategy was CD14+ depletion followed by CD4+ positive selection. 

This approach is useful if an important marker for the target cells is also expressed on a fraction of 

undesired cells. To enable positive selection of the target cells based on this marker, the fraction of 

undesired cells needs to be depleted first. To this end, the undesired cells are magnetically labeled 

via antigens distinct from that common marker. During separation, the labeled cells are retained in 

the column. The flow-through fraction contains the target cells. These cells can then be labeled with 

MACS MicroBeads for that marker, and the target cells are isolated by positive selection 
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Figure 9. Example of depletion followed by positive selection by magnetic-beads conjugated 

antibodies 

 

 

When possible, CD4+ isolated cells were divided into two different aliquots, one for RNA 

extraction and the other for protein extraction. 

 

3.3 Cell lines 

Hut78 (TIB161), H9 (HTB 176), and HH (CRL2105) cell lines established from peripheral blood of 

CTCL patients were obtained from American Type Culture Collection (ATCC) and grown in 

complete RPMI 1640 with 10% FBS (Sigma-Aldrich). 

 

3.4 Isolation of total RNA 

Total cellular RNA was isolated from CD4+ lymphocytes with the “Purification of Small RNA 

(Containing miRNA)” protocol using the RNeasy Plus Mini Kit (Qiagen) which allows the 

purification of total RNA containing small RNAs, such as miRNA from animal and human cells. 

Briefly, 350 µl of a lysis buffer is added to the sample and cells are disrupted and homogenized 

immediately by pipetting. 

The homogenate is added to a gDNA eliminator spin column and centrifuged for 15 seconds at 

≥8000 x g. Discard the column, and save the flow-through. A volume (usually 350 µl) of 70% 

ethanol is added to the flow-through, mixed thoroughly by vortexing, transferred to an RNeasy Mini 
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spin column and centrifuged for 15 seconds at ≥8000 x g. A 0.65 volumes (usually 455 µl) of 100% 

ethanol is added to the flow-through, and centrifuged in an RNeasy MinElute spin column for 15 

seconds at ≥8000 x g. The flow-through is now discarded. 

After two washing procedures using buffers and ethanol, RNA can be eluted with RNase-free water 

directly placed to the spin column membrane and centrifuged for 1 min at ≥8000 x g.  

This RNA eluate is enriched in various RNAs of <200 nucleotides, including miRNA, 5S rRNA and 

tRNA. RNA concentration was measured using the NanoDrop ND-1000 spectrophotometer 

(NanoDrop Technologies). 

 

3.5 Real time RT-PCR  

3.5.1 Reverse transcription (RT) 

TaqMan® Advanced miRNA Assays protocol allows to prepare cDNA templates from miRNA 

followed by PCR amplification of the cDNA template and subsequent data analysis. 

In the first stage of the workflow mature miRNAs from total RNA are modified by extending the 3' 

end of the mature transcript through poly(A) addition, then by lengthening the 5’ end by adaptor 

ligation. The modified miRNAs then underwent universal reverse transcription followed by 

amplification to increase uniformly the amount of cDNA for all miRNAs (miR-Amp reaction). 

The reverse transcription procedure included the following 3 main steps: 

 

Poly(A) tailing reaction. 

Starting with a total RNA sample, poly(A) polymerase is used to add a 3’‑adenosine tail to the 

miRNA. 

5 μg total RNA were used to perform poly(A) tailing reaction in a total volume of 5 μL containing 

poly(A) buffer, ATP, poly(A) enzyme and RNase-free water (according to the manufacturer’s 

instructions).  

Samples were placed into a thermal cycler (MyCycler™, Biorad) at 37°C for 45 minutes 

(polyadenylation), followed by 65°C for 10 minutes (Stop reaction) and a final holding step at 4°C. 

 

Adaptor ligation reaction 

The miRNA with poly(A) tail undergoes adaptor ligation at the 5’ end. The adaptor acts as the 

forward-primer binding site for the miR-Amp reaction. To complete this reaction RNA ligase, an 

adaptor and PEG 8000 are needed. They were added to the previous 5 μL within a ligase buffer and 

RNase-free water in a final volume of 15 μL. 
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Ligation reaction took 60 minutes at 16°C followed by a holding step at 4°C in a thermal cycler 

(MyCycler™, Biorad). 

 

Reverse transcription reaction 

A universal RT primer binds to the 3’ poly(A) tail and the miRNA is reverse transcribed. The 

resulting cDNA is suitable for all TaqMan® Advanced miRNA Assays. 

In a final volume of 30 μL RT enzyme, RT universal primers and dNTPs were added within RT 

buffer and RNase-free water. 

Reaction was performed in thermal cycler and consisted of a RT step at 42°C for 15 minutes 

followed by a stop reaction step at 85°C for 5 minutes. 

 

3.5.2 Initial PCR step to amplify the cDNAs (pre-PCR). 

The miR-Amp reaction utilizes universal forward and reverse primers to increase the number of 

cDNA molecules. 5 μL of RT-PCR product were used as the template for a 50 μL PCR reaction. 

Briefly, miR-Amp primers (10 μmol/L), miR-Amp Master Mix and RNase free-water were mixed 

to obtain 45 μL or reaction mix. The cycling protocol consisted of an initial 5-min enzyme 

activation step at 95 °C followed by 14 cycles of denaturation at 95 °C for 3 s, and annealing at 

60 °C for 30 s. Finally a stop reaction step at 99°C for 10 minutes was followed by a hold step at 

4°C. 

3.5.3 Quantification of let-7b and let-7c expression by real-time RT-

PCR. 

Real-time RT-PCR was made to quantify the expression of let-7b and let-7c (Assay name has-let-

7b-sp and has-let-7c-5p, respectively. Applied Biosystems). As miR-26a is always expressed at the 

same level in CD4+ T-cells and it was never described having an altered expression in SS, it was 

selected as housekeeping for miRNAs expression experiments (Assay name has-miR-26a-5p). All 

PCR experiments were run in duplicate. 

Real-time PCR was performed in a total volume of 20 μL per reaction. We placed 5 μL of 1:10 

diluted pre-PCR product into a 15 μL reaction mixture that contained RNase-free water, TaqMan® 

Advanced Master Mix and the specific TaqMan® Advanced miRNA Assays (let-7b, let-7c or miR-

26a). The cycling protocol consisted of an initial 20-seconds enzyme activation step at 95°C, 

followed by 40 cycles of denaturation at 95°C for 1 s, and annealing/extension at 60 °C for 20 

seconds. All reactions were performed on a StepOnePlus™ instrument (Applied Biosystems). 
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3.5.4 Normalization of data 

Careful normalization is essential for accurate quantification of miRNAs. All data were evaluated 

with respect to let-7b and let-7c downregulation by normalizing to the expression of miR-26a and 

using the 2−ΔΔCt method.  

 

3.5.5 Real-time PCR for let-7 targets and inhibitors 

Real-time PCR for some let-7 targets and for their direct inhibitors (Lin28A and Lin28B) was 

performed with StepOnePlus™ instrument (Applied Biosystems). Among possible let-7 targets 

were selected 4 genes possibly related to already described pathogenesis mechanisms in SS, namely 

CCND, MYC, HMGA1 and HMGA2. RNA 18s was choosen as housekeeping gene. Genes 

expression were evaluated by relative quantification with respect to RNA 18s gene expression and 

the 2−ΔΔCt method as described above. 

 

3.5.6 Statistical analyses 

All quoted p values are two-sided, with 0.05>p>0.01 (*) and P less than 0.01 (**) being considered 

statistically significant and highly significant, respectively. The Student’s t test was applied for all 

analyses; all statistical tests were two-sided. 

 

3.6 Protein analyses 

3.6.1 Total protein extraction 

Each sample was placed in 3 ml of cold radioimmunoprecipitation assay (RIPA) buffer (sc-24948) 

containing protease- and phosphatase-inhibitors. Samples were incubated on ice for 30 min, 

transferred to microcentrifuge tubes and centrifuged at 10000 x g for 10 min at 4°C. The supernatant 

was collected and the sample was centrifuged again. The new supernatant fluid was added to the 

previous one, this mixture representing the total cell lysate. In order to standardize the cell lysate of 

each tissue sample, the total proteins in each sample were measured by a microBCA kit 

(ThermoScientific, Waltham, MA, USA). 

 

3.6.2 Protein array 

For each sample, a volume containing 100 μg of proteins was loaded in a glass-slide format of 

apoptosis antibody array (RayBio®, Norcross, GA, USA). The volume to be loaded was calculated 

by the following formula: volume (expressed in μl) = 100 μg/protein concentration (expressed in 
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μg/μl). Each glass-slide array contained 8 subarrays and was suitable for 8 samples. Each subarray 

allowed the evaluation of expression levels of 43 apoptosis molecules in a sample. Normalization of 

data at the end of the experiment provided semi-quantitative results. The subarray was composed of 

specific antibodies against target molecules coated on the glass-slide. After hybridization of the 

tissue lysate, each antibody bound its target molecule and unbound proteins were washed out. The 

slide was then incubated with biotin-conjugated antibodies against the same target molecule, 

washed and then incubated with cyanin 3 (Cy3)-conjugated streptavidin, creating a biotin–

streptavidin–Cy3 complex detectable using a microarray laser scanner. Using a data extraction 

software it was possible to convert fluorescent signals into numerical data and, after normalization, 

to obtain an expression value of signal intensity for each molecule in each sample. The molecules 

tested were the following: bad, bax, bcl-2, bcl-w, BID, BIM, caspase3, caspase8, CD40, CD40L, 

cIAP-2, cytoC, DR6, Fas, FasL, HSP27, HSP60, HSP70, HTRA, IGF-I, IGF-II, IGFBP-1, IGFBP-

2, IGFBP-3, IGFBP-4, IGFBP-5, IGFBP-6, IGF-1sR, livin, p21, p27, p53, SMAC, Survivin, sTNF-

R1, sTNF-R2, TNF-alpha, TNF-beta, TRAILR-1, TRAILR-2, TRAILR-3, TRAILR-4, XIAP. 

 

3.7 Immunohistochemistry 

As already described above, for each SS patient a lesional skin biopsy was collected at time of 

surgery to perform routinely histology examinations. Tissue samples were fixed in buffered 

formalin, dehydrated, embedded in paraffin wax and sectioned; no antigen unmasking pretreatment 

was needed. After deparaffining and rehydrating, each tissue section was placed on a Dako 

automated immunostainer (Dako Cytomation, Glostrup, Denmark), and incubated with the specific 

primary monoclonal antibody at room temperature for 45 min, and then washed with Tris-buffered 

saline (TBS), pH 7.6, and incubated in peroxidase-conjugated (HRP) goat anti-mouse and anti-

rabbit immunoglobulins (Dako FLEX™, code K8024) at room temperature for 30 min. After 

incubation with the secondary antibodies the sections were washed with TBS, pH 7.6, once again. A 

Diaminobenzidine (DAB) chromogen solution was prepared as indicated by the Dako FLEX™ 

datasheet and used as an enzyme substrate, followed by counterstaining with Mayer's haematoxylin, 

After air drying, each section was coverslipped using the “VectaMount" mounting medium (Vector 

Laboratories, Burlingame, CA, USA). We used monoclonal antibodies to CyclinD1, c-Myc, HSP-

70, p27 and p53. 
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4 RESULTS 

4.1 Let-7 family members are downregulated in SS 

Initially, to better clarify whether let-7 family members have a differential expression in SS, 

expression levels of let-7b and let-7c were compared between the two groups (patients vs controls). 

In order to establish expression levels a ΔCt was calculated by subtracting the Ct from each miRNA 

of the test or reference group by the Ct mean of the normalizing control (miR-26a). ΔCT = Ct 

miRNA (let-7) - mean housekeeping (miR-26a). The fold-change was calculated using the 2−ΔCt 

(test)/2−ΔCt (control) model, represented by 2−ΔΔCt. Both let-7 miRNAs (let-7b and let-7c) 

showed differential expression with greater downregulation in SS than in healthy donors. 

Let-7b resulted downregulated in 8/18 (44%) patients and in 0/9 (0%) controls while let-7c was 

shown downregulated in 7/18 (39%) patients and 0/9 (0%) HD. 2 patients showed a downregulation 

of both let-7b and let-7c miRNAs (11%). Globally, 13/18 (72%) patients had a downregulation in at 

least one let-7 

 

 

. 

 

Figure 10. Percentage of SS patients with or without let-7 downregulation. 

Globally, 72% of SS patients had at least one let-7 member downregulated. 
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Considering that just half of patients had each let-7 downregulated and considering the small 

number of cases studied, differences in let-7b and/or let-7c expressions between groups didn’t reach 

a statistically significance. However, it was suddenly clear that expression of both let-7b and let-7c 

in SS patients was not uniform and some patients showed a downregulation. 

 

 

Figure 11. Bar chart showing expression values (2−ΔΔCt) of let-7b and let-7c in SS patients 

versus healthy donors (HD). Differences were nor statistically significative. Patients’ data 

were not homogeneous. In both graphs about half of patients had normal expression (as 

HD) while tha other half showed a downregulation.  
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Figure 12. Expression values (2−ΔΔCt) of let-7b and let-7c in SS patients versus healthy 

donors (HD). Differences were nor statistically significative. Patients’ data were not 

homogeneous. In both graphs about half of patients had normal expression (as HD) while 

tha other half showed a downregulation.  
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As patients showed a heterogeneous distribution they were divided in two distinct groups: those 

with let-7 downregulation (SS*) and those with a normal let-7 expression (SS). Median values of 

2−ΔΔCt in SS with altered expression (SS*) resulted lower than in HD with a statistical 

significance (p=0.0063 and p=0.0020 for let-7b and let-7c, respectively). 

 

Figure 13. Expression values (2−ΔΔCt) of let-7b and let-7c in SS patients versus healthy 

donors (HD). Patients were divided in two groups: SS with altered let-7 expression (SS*) 

(n=8 and n=7, respectively) and SS with let-7 normal expression (SS) (n=10 and n=11, 

respectively). Differences between SS* and HD are statistically significative. Boxplots 

representing the minimum, the maximum, the sample median, and the first and third 

quartile. 

 

 

Let-7 analysis in cell lines showed a downregulation for let-7b in HUT78, a downregulation of both 

let-7b and let-7c in H9, while HH presented normal levels for both miRNAs. 
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4.2 Lin28A is expressed in SS 

 

Lin28A and Lin28B, the direct repressors of let-7 family members, are expressed during the 

embryonic development. However, no adult cells express these molecules normally. 

Analyzing expression levels of Lin28A and Lin28B both resulted unexpressed in HD. In SS patients 

Lin28B was found unexpressed while Lin28A was found expressed in all the cell lines and only in a 

7 out 18 SS patients. Differences between SS and HD didn’t reach statistical significance 

(p=0.1422). 

 

 

 

 

 

 

 

Figure 14. Expression levels of LIN28A in SS (n=18) and HD (n=9). It is clearly visible 

that 11 patients didn’t expressed Lin28A, while 7 of them had a protein overexpression. 
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Interestingly, looking at patients with Lin28A overexpression 5 out of 7 patients had a let-7c 

downregulation. Stratifying the patients according to let-7c expression, patients showing a let-7c 

downregulation were associated to a significant higher level of Lin28A respect to to HD (p=0.048) 

 

 

 

 

 

 

 
 

 

 

Figure 15. Expression levels of LIN28A in SS*, SS patients with let-7c downregulated (n=7), 

SS (SS patients with let-7c normal expressed, n=11)  and HD (N=9) normalized as expression 

in HD was 1. 
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4.3 Let-7 expression and response to therapy 

In order to investigate whether let-7 expression influenced response to therapy all SS patients were 

divided in two groups. A group of patients who received a first line therapy (usually ECP and/or 

monochemotherapy) standing for a long period of time (>24 months) in stable disease (SD) were 

considered as “responders” to therapy. Those patients whose after a first line therapy progressed, 

and often progressed also after a second line therapy, were considered as “non responders”. 

 

Table 8. SS patients, let-7 expression and response to therapy 

pt. N° Therapy Let-7 expression Responder 

1  chlorambucil normal Responder 

3 ECP+methotrexate; then chlorambucil Let-7b down Non-responder 

4 ECP; then chlorambucil Let-7b down Non-responder 

5 ECP; then acitretin; then chlorambucil normal Non-responder 

7 IFNα; then chlorambucil Let-7c down Non-responder 

8 ECP; then gemcitabine; then campath Let-7b down Non-responder 

12 steroids; then gemcitabine both let-7 down Non-responder 

13 
clorambucil+methotrexate; then 
gemcitabine; then doxorubicin Let-7b down Non-responder 

14 
ECP+IFNα; then gemcitabine; then 

campath normal Non-responder 

15 ECP+chlorambucil Let-7c down Responder 

17 gemcitabine normal Responder 

18 ECP; then TSEB+gemcitabine Let-7b down Non-responder 

19 prednisone normal Responder 

20  ECP; then TSEB+gemcitabine Let-7c down Non-responder  

21 CHOEP Let-7c down Non-responder 

22 ECP; then clorambucil; then bexarotene Let-7b down Non-responder 

24 ECP both let-7 down Responder 

26 ECP Let-7c down Responder 
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Contingency test (Fisher’s test) was applied to understand a possible link between let-7 expression 

and response to chemotherapy. 

Of note, although Fisher’s test didn’t reach a statistical significance, number of “non responder” 

patients in let-7 downregulated group was much higher than those in let-7 normal expressed group. 

 

 

Figure 16. Contingency table data underlined let-7 downregulation in 50% of patients 

considered “responders” and in 80% of patients considered “non-responders”  
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4.4 Protein array of apoptosis-related molecules 

Since SS cells show a high apoptotic resistance the study next focused on the expression of anti 

apoptotic protein in purfied CD4+ malignant cells derived from 18 SS patient and 6 HD using a 

glass slide antibody array in which expression levels of 43 apoptosis-related proteins were 

measured and normalized on internal controls. 

Among the 43 protein studied 11 showed a statistically significative difference between SS and HD. 

About cyclin-dependent kinase inhibitors p21, p27 and p53 resulted statistically less expressed in 

SS than in normal controls (78.87 ± 2.18, 0.94 ± 1.77, 10.29 ± 3.70, versus 97.73 ± 8.75, 3.50 ± 

6.71 and 15.68 ± 5.84, respectively; with p-values p=0.016, p=0.044 and p=0.043, respectively). 

 

 

 

 

Figure 17. Expression of cell-cycle regulators p21 and p27 detected by apoptosis array.  

In SS were measured lower levels than in HD. Differences were significative with 

p=0,0155 and p=0,0439, respectively. 
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Particularly, p53 already described in SS having a pivotal role in the disease, showed a significant 

diminished expression in SS patients than in HD. This result was expected and represented just a 

confirmation.  

 

 

 

 

 

 

 

 

Figure 18. Expression of p53 were significantly lower in SS than in HD (p=0.0428).  
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In a second step, the study was focalized on finding correlations between apoptosis-related proteins 

expression and let-7s expression. The goal was to find some molecules with altered expression in 

SS patients with let-7s downregulation. Among SS patients no proteins with different expression 

between let-7 normal and let-7 downregulated groups were found. Nevertheless, a higher statistical 

significance in p53 levels by comparing the group of patients carrying let-7 downregulation (SS*) 

with HD.  

 

 

Figure 19. Expression levels of p53 in patients with let-7 downregulation (SS*, n=8) 

compared to HD 
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Many pro-apoptotic factors resulted significantly downregulated in SS than in HD such as bad 

(10.32 ± 6.11 versus 16.33 ± 6.08; p =0.024), bax (13.97 ± 4.23 versus 34.03 ± 5.76; p= 0.01), bcl-

w (0.78 ± 2·02 versus 2·68 ± 1.72; p= 0.021) and BID (1.21 ± 2.73 versus 5.30 ± 3.76; p= 0.034), 

Figure 20. 

 

 

 

Figure 20. Expression of some pro-apoptotic molecules, belonging to Bcl-2 family, by means of 

apoptosis array. Bad, bax, Bcl-w and BID resulted significantly downregulated in SS versus 

HD with p=0,0239, p=0,010, p=0,0215 and p=0,0342, respectively. 
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Among inhibitors of apoptosis (IAP) family members cIAP-2 and XIAP showed a higher 

expression in SS than in HD raising statistical significance (6.08 ± 0.66 and 40.12 ± 25.77 versus 

1.61 ± 1.55 and 13.97 ± 8.32, respectively; with p-values p=0.024 and p=0.045, respectively). 

 
 

Figure 21. Expression levels of inhibitors of apoptosis (IAP) cIAP-2 and XIAP. Higher 

levels in SS than in HD reached statistically significance with p=0,0241 and p=0,0448, 

respectively. 

 

Among heat shock proteins, HSP-60 was found higer expressed in SS than HD (36.86 ± 30.66 

versus 16.39 ± 21.9) reaching statistical significance p=0.0431 

 
Figure 22. Expression levels of HSP-60 
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Finally, livin was significantly less expressed in SS (17.94 ± 6.17) than in normal CD4+ 

lymphocytes (32.53 ± 5.71; p = 0.0044) (Fig.23).  

 

 

Figure 23. Expression of livin by means of apoptosis array. Downregulation in SS was 

statistically significant with p=0.0044 
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4.5 Immunohistochemistry 

Immunohistochemical stainings were performed in order to confirm some results obtained by qRT-

PCR or by apoptosis array. Among genes/proteins to validate only five targets were choosen 

because of antibodies availability in the lab. Proteins evaluated by means of immunohistochemistry 

were: Cyclin D1, c-Myc, HSP-70, p27 and p53. 

Results are summarized in Table 9. 

 

 

 

Table 9. Immunohistochemical results 

 Patient n° CCND1 c-Myc HSP-70 p27 p53 
2 +/- ++ +/- ++ +/- 

4 neg + + neg neg 

5 neg neg neg neg +/- 

8 +/- +/- ++ +  neg 

9 +/- +/- ++ ++ neg 

10 neg neg ++ +/- neg 

13 +/- ++ + ++? + 

14 +/- neg + neg neg 

15 +/- + +/- + neg 

17 +/- ++ +/- neg neg 

18 neg + ++ neg neg 

20 +/- ++ + ++ neg 

23 +/- + +/- - +/- 

24 + ++ ++ neg +/- 

25 neg ++ +/- +/- +/- 

26 neg +/- neg neg neg 

 

 

 

 

As expected, cyclin D1 was almost all negative in all the patients tested (Figure 24). This result 

confirmed those already registered by means of qRT-PCR. The lonely patient who showed a 

discrete positivityof cyclin D1 in tumor cells was patient n°24, who had both let-7 (let-7b and let-

7c) downregulated. 
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Figure 24.  An example of Cyclin D1 negativity in SS tumor cells. Of note the positive control 

in keratinocyte nuclei.  No differences were found in Cyclin D1 expression between SS with 

let-7 normal expressed (A) and let-7 downregulated (B). 
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Myc protein was successfully detected by means of immunohistochemistry and it was always 

positive on Sézary cells (Figure 25). This result was in line with was expected. In fact, c-myc 

expression is widely known to be abundant in tumor cells of SS. In contrast qRT-PCR wasn’t able 

to detect MYC expression. 

 

Figure 25. Examples of c-Myc nuclear positivity in SS samples. A relative high number of 

infiltrating lymphocytes showed nuclear staining, particularly largest and cerebriform cells 

(Sézary cells). A and B represent patients with let-7 downregulation and let-7 normal 

expression, respectively. 
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HSP-70 was found positive in almost all the patients. However, its expression varies from very low 

expression (+/-) to a diffused expression in both tumor and reactive cells, including macrophages 

(Figure 26).  

 

 

Figure 26. HSP-70 expression varies from diffuse positivity in infiltrating cells, including 

macrophages (A) to a less intense and spared positivity particularly in SS patients with 

normal let-7 expression (B). 
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Cell-cycle regulators p27 and p53 were expected negative. However p27 showed a very variable 

expression among different samples. On contrast p53 was almost all negative in all the patients 

(Figure 27). A diminished expression in SS cells was already evidenced by apopotosis array 

analysis. 

 

 

Figure 27. Examples of p53 negativity in SS tumor cells regardless let-7 expression (A and B). 

Basal keratinocytes served as internal positive control for the reaction. 
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In a second step SS patients were grouped basing on let-7 expression status in order to verify 

whether expression of some molecules was influenced by let-7 expression. Table 10 shows 

immunohistochemical results in different groups: 

 

Table 10. Immunohistochemistry and let-7 expression 

Let-7 status Patient n° CCND1 c-Myc HSP-70 p27 p53 

let-7 norm 

5 neg neg neg neg +/- 

14 +/- neg + neg neg 

17 +/- ++ +/- neg neg 

let-7b down 

4 neg + + neg neg 

8 +/- +/- ++ + neg 

13 +/- ++ + ++ + 

18 neg + ++ neg neg 

let-7c down 

15 +/- + +/- + neg 

20 +/- ++ + ++ neg 

26 neg +/- neg neg neg 

both let-7 down 24 + ++ ++ neg +/- 

 

 

As already described above, cyclin D1 showed a strong positivity only in patient n° 24 in which 

both let-7b and let-7c were found downregulated (Figure 28).  

 

Figure 28. Cyclin D1 expression in patient n° 24. Some infiltrating cells showed an intense 

positivity. Among these also typical Sézary cells. 
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No differences were evidenced in p27 and p53 expression. c-Myc was almost all strong positive on 

tumor cells. However, 2 out of 3 patients with a normal let-7 expression showed a c-Myc negativity 

by immunohistochemistry (Figure 29). 

 

 

Figure 29. An example of c-Myc negativity in a patient with let-7 normal expression. No cells 

within dermal infiltrates were stained. Reaction control were keratinocytes showing nuclear 

staining. 
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5 DISCUSSION 

The present study was focalized on a possible role of Lin28/Let-7 axis in Sézary Syndrome. Let-t 

family members’ downregulation is widely known to play a role in cancer mechanisms and many of 

their targets were already described to be involved in the pathogenesis or maintenance of SS. 

Moreover, in some previous studies, let-7 family members resulted downregulated in SS when 

compared with normal controls. 

For these reasons a direct link between let-7 expression in SS and a possible role in the onset or 

progression of the disease seemed to be plausible. 

The first part of the study was dedicated to confirm by qRT-PCR let-7 downregulation in SS. 

Among let-7 family members just let-7b and let-7c were choosen to be validated. This becacuse 

they were the members yet seen as the most downregulated in SS patients in a previous miRNA 

profiling study. qRT-PCR experiments confirmed let-7b and let-7c downregulation in more than 

70% of patients versus 0% of healthy controls. 

As a first consideration is to note that downregulation was not present in all the patients. This could 

mean that other members acting on the same targets could be downregulated when both let-7b and 

let-7c are normally expressed. Otherwise, let-7 members could be involved in some SS mechanism 

other than onset.    

In fact, if let-7 downregulation were the cause of the disease all SS patients would be found 

downregulated. Moreover, other members of let-7 family should be investigated in order to have a 

more complete overview. 

In a second step of the study the aim was to know whether let-7 downregulation was due to a direct 

repression by Lin28 molecules. 

Expression analyses of Lin28A and Lin28B revealed a complete absence of Lin28B mRNA, while 

Lin28A was expressed only in a group of SS patients and in none controls.  

It is well known that Lin28 expression is mainly confined in embryonic stem cells and no adult 

tissues expresses normally this protein. Nevertheless, in about 15% of tumors, a reactivation of one 

between Lin28A or Lin28B is described.
255, 273

 In those cancers in which Lin28 is reactivated, one 

of the let-7 members is always downregulated.  

In the present study a significant linear correlation was found between Lin28A expression and let-7c 

downregulation. In fact, 6 out of 7 patients with let-7c downregulation had a detectable Lin28 

expression, while among SS patients without let-7c downregulation only 2 out of 11 patients had a 

detectable Lin28A expression. This suggest that let-7c downregulation in SS is due to a Lin28A 
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reactivation. Further studies could demonstrate whether Lin28A repression leads to restored levels 

of let-7c confirming a direct inhibition via Lin28A. Moreover, studies focused on chemoresistance 

in cells expressing Lin28A or with Lin28A silencing could address whether Lin28A should be 

considered a new terapeutical target in SS. On the other hand, Lin28A expression and let-7b 

downregulation didn’t show linear correlation. It is possible that let-7b downregulation was due to 

other mechanisms and not to a direct repression via Lin28. In fact, Nishi et al demonstrated that let-

7b is downregulated in leukemic cells via DNA hypermethylation of its regulatory region.
259

 Further 

studies focused on methylation status of regulatory region of let-7b could unravel this point. 

Among let-7 targets only CCND1 expression was detectable. The mRNA of this gene resulted 

expressed at the same levels in both SS patients and HD. By means of immunohistochemistry, 

Cyclin D1 sowed similar stainings in all SS patients with rare and scattered positive nuclei among 

neoplastic cells. No evidences suggested an upregulation of this gene/protein in let-7 downregulated 

samples, nor in let-7 normal expressed ones. 

Unfortunately, nor HMGA1 and HMGA2 nor MYC expression was measurable in both SS and HD 

samples. This was certainly due to a technical error during the RNA extraction. 

At the time of RNA extraction, the protocol used (RNeasy Plus Mini Kit-Qiagen) suggested this 

procedure in order to obtain small RNAs (containing miRNAs). No other suggestions were present. 

At the time of writing (more or less two years later), the same protocol added an appendix 

(Appendix E) in which additional steps allowed to purify larger RNAs starting from the first spin 

column used. Here the sentences as they appear in the new version of the protocol: [“If purifying 

both small RNA (containing miRNA) and larger RNA (>200 nt), save the RNeasy Mini spin column 

for use in step E13 (the spin column can be stored at 4°C or at room temperature [15–25°C], but 

not for long periods). Follow steps E6 to E12 to purify small RNA, and then steps E13 to E17 to 

purify larger RNA.]  

For this reason RNA obtained from CD4+ isolated cells in both SS and HD samples were not 

suitable for qRT-PCR experiments measuring expression levels of let-7 targets. 

Unfortunately, HMGA1 and HMGA2 were not testable by means of immunohistochemistry within 

this study because of no suitable antibodies in a short period of time. 

Considering data obtained in the present study, is not possible to determine whether let-7 

downregulation acts or not on HMGA1/2 expression. Further investigations to highlight this point 

are needed. 

Regarding c-Myc expression, 17 SS patients were tested by immunohistochemical stainings. As 

expected, neoplastic cells were positive in a great proportion of samples. This is the reason why no 

significative differences of c-myc expression were detected between SS patients with let-7 
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downregulation and SS patients with let-7 normal levels. Howeveer, 2 out of 3 samples in let-7 

normal expressed group showed lower c-myc expression by means of immunohistochemistry. 

Although the very small number of samples, this result could be interpreted as a less c-myc 

activation in SS patients without let-7 downregulation. In fact, myc activates Lin28 that repress let-

7. The last one can activate itself myc creating a feedback loop.
241, 274, 275

 MYC is widely described 

as amplified in a high percentage of SS
35, 192, 226, 271, 276-279

 Gain of 8q was reported being one of the 

most frequent copy number event in this disease. A possible mechanism could start with 8q gain and 

the consequent amplification of MYC. This could bring to reactivation of LIN28A that represses 

let-7 family members. Downregulation of let-7 leads, on his own, to a stimulation of MYC 

transcription.  

As already described above, let-7 downregulation should not to be considered a pivotal event in SS 

onset. However, the loop mechanism involving Myc/Lin28A/let-7 could lead to a chemoresistance. 

Of note, a very high number of patients with let-7 downregulation were non-responders to different 

chemotherapy approaches. That does not mean that all non-responder patients had let-7 

downregulation, so this event is not necessary in chemoresistance. Other studies, with different 

approaches, should be carried on in order to verify whether chemoresistance is due to or worsened 

by let-7 downregulation.  

Although some authors suggested FAS downregulation in SS as responsible of diminished apoptosis 

in tumor cells,
215, 220, 221, 280

 in the present study no aberrant expression of FAS or of FASL was 

observed. However, downregulation of proapoptotic Bcl-2 family members emerged from apoptosis 

array analysis. Among them a statistical significance was reached by diminished expression of Bad, 

Bax, Bcl-w and BID. To the best of my knowledge no previous studies highlighted a 

downregulation of these proapoptotic molecules in SS. Nevertheless, there are no studies focused 

on expression of pro-apoptotic molecules in CTCLs. Further analyses are needed to understand 

whether these molecules are definitely less expressed in SS than in normal CD4+ lymphocytes. A 

larger cohort of SS patients could validate the significance of the downregulation of proapoptotic 

Bcl-2 family members. Moreover, other approaches, such as immunohistochemistry, western blot 

and qRT-PCR, should be used to confirm these results.  

On the other hand, this study highlights a higher expression in SS than in HD for two members of 

inhibithors of apoptosis (IAPs) family, namely cIAP-2 and XIAP. These molecules are never 

described to be overexpressed in CTCL. However XIAP is described to play an important role in 

chemoresistance in diffuse large B-cell lymphomas (DLBCL)
281-284

 and in Hodgkin’s lymphoma.
284

 

Moreover a couple of papers describing the effects of new drugs in CTCL showed among 
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mechanisms of action the power to reduce XIAP and cIAP-2 in CTCLs, including SS.
285, 286

 Once 

again overexpression of XIAP and cIAP-2 seems to influence chemoresistance in CTCLs.  

Heat shock proteins (HSPs) are chaperone proteins which are synthesized in response to various 

stresses and they are highly expressed in different types of cancers, including lymphomas.
286-288

 

HSPs are not only involved in tumor progression but also in determining their response to 

treatment.
286, 287, 289, 290

 HSP-70, for instance, contributes to the resistance of cells to anti-cancer 

therapies and its neutralization leads to an apoptosis induction in drug-resistant cells.
286, 287, 290

 In the 

present study two important HSPs have been found highly expressed in SS by using different 

methods. By means of apoptosis array HSP-60 resulted overexpressed in pathologic CD4+ 

lymphocytes of SS patients. This result should be validated by using other techniques and in a larger 

cohort of patients. HSP-60 was identified to regulate apoptosis via interacting with Bax and Bad.
289, 

291-295
 Interestingly, high levels of HSP-60 are related to low levels of Bax and Bad, highlighting a 

inverse correlation between HSP-60 levels and those of Bcl-2 proapoptotic members. 

HSP-70 was found expressed in SS tissue samples not only by tumor lymphocytes, but also by 

reactive cells. This is in line with data reported in literature that reported the key role played by 

HSPs in regulating the immune response within the tumor microenvironment.
287, 296-298

 HSPs, in 

fact, are known to act as immunomodulants. 

HSP-70 expression by means of immunohistochemistry varies from small number and scattered 

cells within infiltrate to diffuse and high-intensity positivity. Of note, only samples from SS patients 

in which let-7b downregulation was found showed the intense and diffuse pattern, while samples 

from SS patients having normal levels of let-7b resulted scarcely stained. As HSP-70 was described 

to act in chemoresitance also in lymphomas,
286-288, 296, 297, 299, 300

 it could be interesting verify 

whether HSP-70 expression in SS is related to drug resistance. In fact, in all world wide guidelines 

of Sézary treatment both doxorubicin and gemcitabine are suggested as first- or second-line therapy, 

and high levels of HSP-70 were linked to doxorubicin
290

  and gemcitabine
300

 refractoriness. 

Cyclin-dependent kinase inhibitors (CDKNs) are a group of proteins which can inhibit cyclin-

dependent kinases (CDKs) and then stop the cell cycle and/or induce apoptosis. For this reason 

CDKNs are widely considered tumor suppressors and pro-apoptotic molecules. Many CDKNs are 

described deregulated in a wide type of cancers including lymphomas. Within this family deletions 

and/or downregulation of CDKN1A (p21), CDKN1B (p27), CDKN2A (p16) and CDKN2B (p15) 

have been reported in CTCLs.
35, 277, 301-304

 

The present study did not take in account p15 and p16, already widely described and discussed in 

SS. However, by means of apoptosis array, protein expression levels of both p21 and p27 were 

measured. Both CDKNs were found lower expressed in SS than in HD. Moreover, both p21 and 
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p27 were identified to be let-7 targets.
305-307

 At the time of writing there are no evidences on a direct 

link between let-7 downregulation and p21/p27 lower expression. However, future studies could 

focus on whether let-7 status could regulate CDKNs levels.  

 About p53 expression in SS, present study confirms previous published data. In fact, TP53 (gene 

encoding the transcription factor p53) is located in chromosome 17p, widely described as one of the 

most deleted region in SS.
35, 165, 171, 192, 216

 Moreover, some authors have recently demonstrated that 

p53 is nonfunctional in the majority of SS cell lines and patient samples.
173, 216, 308

 In this study p53 

was found low expressed in SS by either arrays and immunohistochemistry, as expected. Moreover, 

considering the let-7 downregulated SS patients, p53 levels were found lower than in the whole SS 

group. There are some papers that reported a direct link between let-7 and p53. In one of these 

authors demonstrated a linear correlation between downregulation of p53 and Lin28A expression.
309

 

They suggested that inhibition of p53 upregulated Lin28A and c-Myc levels and downregulated let-

7 expression levels. This mechanism could be the same involved in SS, in which a downregulation 

of p53 is followed by upregulation of Lin28A and c-Myc with a consequent downregulation of let-

7c that could lead to an augmented chemoresistance.  

In conclusion, the present study confirmed let-7b or let-7c downregulation in more than 70% of SS 

patients. Probably, this downregulation didn’t affect the pathogenesis of SS. However, patients 

presenting let-7 downregulation seemed to be more prone to drug-resistance. Possible mechanisms 

pass through reactivation of Lin28A by p53 or by c-Myc. The first one could be due to a deletion of 

TP53 or inactivation of protein p53 which leads to a reactivation of Lin28A and subsequently to a 

downregulation of let-7c and upregulation of c-Myc. As c-Myc overexpression is able to reactivate 

Lin28A, this starts a loop mechanism. The second mechanism could be due to reactivation of 

Lin28A by c-Myc. In fact, it’s speculable that gain of 8q24 (region containing MYC) leads to a c-

Myc overexpression with consequent Lin28A reactivation. Lin28A represses let-7 increasing 

chemoresistance in tumor cells. Moreover, other dysregulated molecules, namely cIAP-2, XIAP, 

p21 and p27 asould contribute to drug-resistance in SS. Finally, as the rate of proliferation of SS 

cells is less than that of other tumor cells, it seems to be likely that the very large number of tumor 

cells and accumulation of mutations are due to a defect in apoptosis. Many pro-apoptotic factors 

such as Bax, Bad, Bcl-w and BID, have been found less expressed in SS than in HD. Nevertheless, 

anti-apoptotic factors cIAP-2 and XIAP resulted highly expressed. Taken together these data 

suggest the existence of complex mechanisms regulating apoptosis and drug resistance in SS. 

Further studies, including functional studies, are needed to better understand the role of each 

molecule in this complex network.  
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6 LIMITATIONS AND FUTURE PERSPECTIVES 

Although with some limitations due to the scarce material available this study highlighted the 

importance of let-7/Lin28 axis in SS.  

Firstly, the study confirmed a downregulation for let-7 family members in SS. The limited number 

of SS patients included in the present study represented a limitation particularly to obtain a strong 

statistical analyses. Validation of data with a larger cohort of patients is needed. 

Moreover, let-7 family account 10 members, while the study focused only on two of them. Further 

studies should broaden perspectives by studying other family members as well. 

About the role of Lin28A in direct repression of let-7c this study strongly suggests that mechanism 

as the main involved. However, further insights about the direct contribution of Lin28A in blocking 

let-7c maturation are required. Particularly, studies focusing on in vitro models in which Lin28A 

expression will be induced could lead to understand whether let-7c downregulation is due to a direct 

repression by Lin28A. 

Results obtained lead to deepen this topic even if remains to clarify whether Lin28/let-7 axis has a 

role in the pathogenesis of the disease or in chemoresistance. 

About let-7 targets it will be possible to investigate which possible let-7 interactants have potential 

role in oncogenesis and/or chemoresistance.  

Future directions will be aimed at analyizing let-7 targets by qRT-PCR, western-blot and 

immunohistochemistry. Moreover, as let-7b and let-7c were normal expressed in HH cell line, 

functional studies could be carried out by silencing let-7b and let-7c in HH cells in order to verify 

which targets change their expression after let-7 downregulation. 

Finally, in vitro chemosensitivity assays could be carried on to investigate whether let-7 

downregulation lead to a major chemoresistance against agents usually used in SS therapy such as 

gemcitabine, chlorambucil and doxorubicin. 
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3. Besnier E, H. H. On the erythrodermia of mycosis fungoides.: J Cutan Genito Urin Dis, 

1892:453. 

4. Sezary A. Erythrodermie avec presence de cellules monstreuses dans derme et sang 

circulant. Bull Soc Fr Dermatol Syph 1938; 45:254-60. 

5. Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E, Swerdlow SH, et al. WHO-EORTC 

classification for cutaneous lymphomas. Blood 2005; 105:3768-85. 

6. Swerdlow SH, World Health Organization, International Agency for Research on Cancer. 

WHO classification of tumours of haematopoietic and lymphoid tissues. Revised 4th 

edition. ed. Lyon: International Agency for Research on Cancer; 2017. 

7. Campbell JJ, Clark RA, Watanabe R, Kupper TS. Sezary syndrome and mycosis fungoides 

arise from distinct T-cell subsets: a biologic rationale for their distinct clinical behaviors. 

Blood 2010; 116:767-71. 

8. Sandbank M, Katzenellenbogen I. Mycosis fungoides of prolonged duration in siblings. 

Arch Dermatol 1968; 98:620-7. 

9. Girardi M, Heald PW, Wilson LD. The pathogenesis of mycosis fungoides. N Engl J Med 

2004; 350:1978-88. 

10. Pigozzi B, Bordignon M, Belloni Fortina A, Michelotto G, Alaibac M. Expression of the 

CD1a molecule in B- and T-lymphoproliferative skin conditions. Oncol Rep 2006; 15:347-

51. 

11. Storz M, Zepter K, Kamarashev J, Dummer R, Burg G, Häffner AC. Coexpression of CD40 

and CD40 ligand in cutaneous T-cell lymphoma (mycosis fungoides). Cancer Res 2001; 

61:452-4. 

12. Nickoloff BJ, Nestle FO, Zheng XG, Turka LA. T lymphocytes in skin lesions of psoriasis 

and mycosis fungoides express B7-1: a ligand for CD28. Blood 1994; 83:2580-6. 

13. Jackow CM, McHam JB, Friss A, Alvear J, Reveille JR, Duvic M. HLA-DR5 and DQB1*03 

class II alleles are associated with cutaneous T-cell lymphoma. J Invest Dermatol 1996; 

107:373-6. 

14. Jarrousse V, Quereux G, Marques-Briand S, Knol AC, Khammari A, Dreno B. Toll-like 

receptors 2, 4 and 9 expression in cutaneous T-cell lymphoma (mycosis fungoides and 

Sézary syndrome). Eur J Dermatol 2006; 16:636-41. 

15. Ermertcan AT, Öztürk F, Gündüz K. Toll-like receptors and skin. J Eur Acad Dermatol 

Venereol 2011; 25:997-1006. 

16. Khamaysi Z, Weltfriend S, Khamaysi K, Bergman R. Contact hypersensitivity in patients 

with primary cutaneous lymphoproliferative disorders. Int J Dermatol 2011; 50:423-7. 

17. Orbaneja JG, Diez LI, Lozano JL, Salazar LC. Lymphomatoid contact dermatitis: a 

syndrome produced by epicutaneous hypersensitivity with clinical features and a 

histopathologic picture similar to that of mycosis fungoides. Contact Dermatitis 1976; 

2:139-43. 

18. Talpur R, Bassett R, Duvic M. Prevalence and treatment of Staphylococcus aureus 

colonization in patients with mycosis fungoides and Sézary syndrome. Br J Dermatol 2008; 

159:105-12. 

19. Wood GS, Schaffer JM, Boni R, Dummer R, Burg G, Takeshita M, et al. No evidence of 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

71 

 

HTLV-I proviral integration in lymphoproliferative disorders associated with cutaneous T-

cell lymphoma. Am J Pathol 1997; 150:667-73. 

20. Pancake BA, Zucker-Franklin D, Coutavas EE. The cutaneous T cell lymphoma, mycosis 

fungoides, is a human T cell lymphotropic virus-associated disease. A study of 50 patients. J 

Clin Invest 1995; 95:547-54. 

21. Zucker-Franklin D, Pancake BA. The role of human T-cell lymphotropic viruses (HTLV-I 

and II) in cutaneous T-cell lymphomas. Semin Dermatol 1994; 13:160-5. 

22. Herne KL, Talpur R, Breuer-McHam J, Champlin R, Duvic M. Cytomegalovirus 

seropositivity is significantly associated with mycosis fungoides and Sézary syndrome. 

Blood 2003; 101:2132-6. 

23. Rodríguez-Gil Y, Palencia SI, López-Ríos F, Ortiz PL, Rodríguez-Peralto JL. Mycosis 

fungoides after solid-organ transplantation: report of 2 new cases. Am J Dermatopathol 

2008; 30:150-5. 

24. Ravat FE, Spittle MF, Russell-Jones R. Primary cutaneous T-cell lymphoma occurring after 

organ transplantation. J Am Acad Dermatol 2006; 54:668-75. 

25. McMullan DM, Radovaneević B, Jackow CM, Frazier OH, Duvic M. Cutaneous T-cell 

lymphoma in a cardiac transplant recipient. Tex Heart Inst J 2001; 28:203-7. 

26. Burns MK, Cooper KD. Cutaneous T-cell lymphoma associated with HIV infection. J Am 

Acad Dermatol 1993; 29:394-9. 

27. Guitart J. HIV-1 and an HTLV-II-associated cutaneous T-cell lymphoma. N Engl J Med 

2000; 343:303-4. 

28. Greene MH, Dalager NA, Lamberg SI, Argyropoulos CE, Fraumeni JF. Mycosis fungoides: 

epidemiologic observations. Cancer Treat Rep 1979; 63:597-606. 

29. Morales-Suárez-Varela MM, Olsen J, Johansen P, Kaerlev L, Guénel P, Arveux P, et al. 

Occupational risk factors for mycosis fungoides: a European multicenter case-control study. 

J Occup Environ Med 2004; 46:205-11. 

30. Kim EJ, Hess S, Richardson SK, Newton S, Showe LC, Benoit BM, et al. 

Immunopathogenesis and therapy of cutaneous T cell lymphoma. J Clin Invest 2005; 

115:798-812. 

31. Narducci MG, Scala E, Bresin A, Caprini E, Picchio MC, Remotti D, et al. Skin homing of 

Sézary cells involves SDF-1-CXCR4 signaling and down-regulation of 

CD26/dipeptidylpeptidase IV. Blood 2006; 107:1108-15. 

32. Gibson HM, Mishra A, Chan DV, Hake TS, Porcu P, Wong HK. Impaired proteasome 

function activates GATA3 in T cells and upregulates CTLA-4: relevance for Sézary 

syndrome. J Invest Dermatol 2013; 133:249-57. 

33. Kari L, Loboda A, Nebozhyn M, Rook AH, Vonderheid EC, Nichols C, et al. Classification 

and prediction of survival in patients with the leukemic phase of cutaneous T cell 

lymphoma. J Exp Med 2003; 197:1477-88. 

34. Wang L, Ni X, Covington KR, Yang BY, Shiu J, Zhang X, et al. Genomic profiling of 

Sézary syndrome identifies alterations of key T cell signaling and differentiation genes. Nat 

Genet 2015; 47:1426-34. 

35. da Silva Almeida AC, Abate F, Khiabanian H, Martinez-Escala E, Guitart J, Tensen CP, et al. 

The mutational landscape of cutaneous T cell lymphoma and Sézary syndrome. Nat Genet 

2015; 47:1465-70. 

36. Curiel-Lewandrowski C, Yamasaki H, Si CP, Jin X, Zhang Y, Richmond J, et al. Loss of 

nuclear pro-IL-16 facilitates cell cycle progression in human cutaneous T cell lymphoma. J 

Clin Invest 2011; 121:4838-49. 

37. Nebozhyn M, Loboda A, Kari L, Rook AH, Vonderheid EC, Lessin S, et al. Quantitative 

PCR on 5 genes reliably identifies CTCL patients with 5% to 99% circulating tumor cells 

with 90% accuracy. Blood 2006; 107:3189-96. 

38. Kiel MJ, Sahasrabuddhe AA, Rolland DCM, Velusamy T, Chung F, Schaller M, et al. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

72 

 

Genomic analyses reveal recurrent mutations in epigenetic modifiers and the JAK-STAT 

pathway in Sézary syndrome. Nat Commun 2015; 6:8470. 

39. Netchiporouk E, Litvinov IV, Moreau L, Gilbert M, Sasseville D, Duvic M. Deregulation in 

STAT signaling is important for cutaneous T-cell lymphoma (CTCL) pathogenesis and 

cancer progression. Cell Cycle 2014; 13:3331-5. 

40. van Kester MS, Out-Luiting JJ, von dem Borne PA, Willemze R, Tensen CP, Vermeer MH. 

Cucurbitacin I inhibits Stat3 and induces apoptosis in Sézary cells. J Invest Dermatol 2008; 

128:1691-5. 

41. Furqan M, Akinleye A, Mukhi N, Mittal V, Chen Y, Liu D. STAT inhibitors for cancer 

therapy. J Hematol Oncol 2013; 6:90. 

42. Ponti R, Fierro MT, Quaglino P, Lisa B, Paola F, Michela O, et al. TCRgamma-chain gene 

rearrangement by PCR-based GeneScan: diagnostic accuracy improvement and clonal 

heterogeneity analysis in multiple cutaneous T-cell lymphoma samples. J Invest Dermatol 

2008; 128:1030-8. 

43. Sandberg Y, Heule F, Lam K, Lugtenburg PJ, Wolvers-Tettero IL, van Dongen JJ, et al. 

Molecular immunoglobulin/T- cell receptor clonality analysis in cutaneous 

lymphoproliferations. Experience with the BIOMED-2 standardized polymerase chain 

reaction protocol. Haematologica 2003; 88:659-70. 

44. Thurber SE, Zhang B, Kim YH, Schrijver I, Zehnder J, Kohler S. T-cell clonality analysis in 

biopsy specimens from two different skin sites shows high specificity in the diagnosis of 

patients with suggested mycosis fungoides. J Am Acad Dermatol 2007; 57:782-90. 

45. Janeway C, Travers P. Immunobiology : the immune system in health and disease. 3rd ed. 

London; San Francisco; Edingurgh; New York: Current Biology; Churchill Livingstone; 

Garland Pub.; 1997. 

46. Bunn P, Lamberg S. Report of the committee on staging and classification of cutaneous T-

cell lymphomas. Cancer Treatment Reports 1979; 63:725-8. 

47. 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; 110:1713-22. 

48. Agar N, Wedgeworth E, Crichton S, Mitchell T, Cox M, Ferreira S, et al. Survival Outcomes 

and Prognostic Factors in Mycosis Fungoides/Sezary Syndrome: Validation of the Revised 

International Society for Cutaneous Lymphomas/European Organisation for Research and 

Treatment of Cancer Staging Proposal. Journal of Clinical Oncology 2010; 28:4730-9. 

49. Talpur R, Singh L, Daulat S, Liu P, Seyfer S, Trynosky T, et al. Long-term Outcomes of 

1,263 Patients with Mycosis Fungoides and Sezary Syndrome from 1982 to 2009. Clinical 

Cancer Research 2012; 18:5051-60. 

50. Scarisbrick J, Kim Y, Whittaker S, Wood G, Vermeer M, Prince H, et al. Prognostic factors, 

prognostic indices and staging in mycosis fungoides and Sezary syndrome: where are we 

now? British Journal of Dermatology 2014; 170:1226-36. 

51. Scarisbrick J, Prince H, Vermeer M, Quaglino P, Horwitz S, Porcu P, et al. Cutaneous 

Lymphoma International Consortium Study of Outcome in Advanced Stages of Mycosis 

Fungoides and Sezary Syndrome: Effect of Specific Prognostic Markers on Survival and 

Development of a Prognostic Model. Journal of Clinical Oncology 2015; 33:3766-73. 

52. Whittaker SJ, Marsden JR, Spittle M, Russell Jones R, Dermatologists BAo, Group UKCL. 

Joint British Association of Dermatologists and U.K. Cutaneous Lymphoma Group 

guidelines for the management of primary cutaneous T-cell lymphomas. Br J Dermatol 

2003; 149:1095-107. 

53. Quaglino P, Maule M, Prince HM, Porcu P, Horwitz S, Duvic M, et al. Global patterns of 

care in advanced stage mycosis fungoides/Sezary syndrome: a multicenter retrospective 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

73 

 

follow-up study from the Cutaneous Lymphoma International Consortium. Ann Oncol 2017; 

28:2517-25. 

54. Scarisbrick JJ. Staging and management of cutaneous T-cell lymphoma. Clin Exp Dermatol 

2006; 31:181-6. 

55. Whittaker SJ, Demierre MF, Kim EJ, Rook AH, Lerner A, Duvic M, et al. Final results from 

a multicenter, international, pivotal study of romidepsin in refractory cutaneous T-cell 

lymphoma. J Clin Oncol 2010; 28:4485-91. 

56. Zhang C, Duvic M. Treatment of cutaneous T-cell lymphoma with retinoids. Dermatol Ther 

2006; 19:264-71. 

57. Kapser C, Herzinger T, Ruzicka T, Flaig M, Molin S. Treatment of cutaneous T-cell 

lymphoma with oral alitretinoin. J Eur Acad Dermatol Venereol 2015; 29:783-8. 

58. Pileri A, Delfino C, Grandi V, Pimpinelli N. Role of bexarotene in the treatment of 

cutaneous T-cell lymphoma: the clinical and immunological sides. Immunotherapy 2013; 

5:427-33. 

59. Gniadecki R, Assaf C, Bagot M, Dummer R, Duvic M, Knobler R, et al. The optimal use of 

bexarotene in cutaneous T-cell lymphoma. Br J Dermatol 2007; 157:433-40. 

60. Duvic M, Hymes K, Heald P, Breneman D, Martin AG, Myskowski P, et al. Bexarotene is 

effective and safe for treatment of refractory advanced-stage cutaneous T-cell lymphoma: 

multinational phase II-III trial results. J Clin Oncol 2001; 19:2456-71. 

61. Duvic M, Martin AG, Kim Y, Olsen E, Wood GS, Crowley CA, et al. Phase 2 and 3 clinical 

trial of oral bexarotene (Targretin capsules) for the treatment of refractory or persistent 

early-stage cutaneous T-cell lymphoma. Arch Dermatol 2001; 137:581-93. 

62. Väkevä L, Ranki A, Hahtola S. Ten-year experience of bexarotene therapy for cutaneous T-

cell lymphoma in Finland. Acta Derm Venereol 2012; 92:258-63. 

63. Abbott RA, Whittaker SJ, Morris SL, Russell-Jones R, Hung T, Bashir SJ, et al. Bexarotene 

therapy for mycosis fungoides and Sézary syndrome. Br J Dermatol 2009; 160:1299-307. 

64. Assaf C, Bagot M, Dummer R, Duvic M, Gniadecki R, Knobler R, et al. Minimizing 

adverse side-effects of oral bexarotene in cutaneous T-cell lymphoma: an expert opinion. Br 

J Dermatol 2006; 155:261-6. 

65. Bunn PA, Foon KA, Ihde DC, Longo DL, Eddy J, Winkler CF, et al. Recombinant leukocyte 

A interferon: an active agent in advanced cutaneous T-cell lymphomas. Ann Intern Med 

1984; 101:484-7. 

66. Olsen EA, Bunn PA. Interferon in the treatment of cutaneous T-cell lymphoma. Hematol 

Oncol Clin North Am 1995; 9:1089-107. 

67. Malek-Ahmadi P, Hilsabeck RC. Neuropsychiatric complications of interferons: 

classification, neurochemical bases, and management. Ann Clin Psychiatry 2007; 19:113-23. 

68. Knobler RM, Trautinger F, Radaszkiewicz T, Kokoschka EM, Micksche M. Treatment of 

cutaneous T cell lymphoma with a combination of low-dose interferon alfa-2b and retinoids. 

J Am Acad Dermatol 1991; 24:247-52. 

69. Thestrup-Pedersen K, Hammer R, Kaltoft K, Søgaard H, Zachariae H. Treatment of mycosis 

fungoides with recombinant interferon-alpha 2a2 alone and in combination with etretinate. 

Br J Dermatol 1988; 118:811-8. 

70. Avilés A, Guzmán R, García EL, Díaz-Maqueo JC. Biological modifiers (etretinate 

(changed from etetrinate) and alfa 2a) in the treatment of refractory cutaneous T-cell 

lymphoma. Cancer Biother Radiopharm 1996; 11:21-4. 

71. Dréno B, Claudy A, Meynadier J, Verret JL, Souteyrand P, Ortonne JP, et al. The treatment 

of 45 patients with cutaneous T-cell lymphoma with low doses of interferon-alpha 2a and 

etretinate. Br J Dermatol 1991; 125:456-9. 

72. Stadler R, Otte HG, Luger T, Henz BM, Kühl P, Zwingers T, et al. Prospective randomized 

multicenter clinical trial on the use of interferon -2a plus acitretin versus interferon -2a plus 

PUVA in patients with cutaneous T-cell lymphoma stages I and II. Blood 1998; 92:3578-81. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

74 

 

73. Aviles A, Neri N, Fernandez-Diez J, Silva L, Nambo MJ. Interferon and low doses of 

methotrexate versus interferon and retinoids in the treatment of refractory/relapsed 

cutaneous T-cell lymphoma. Hematology 2015; 20:538-42. 

74. Straus DJ, Duvic M, Kuzel T, Horwitz S, Demierre MF, Myskowski P, et al. Results of a 

phase II trial of oral bexarotene (Targretin) combined with interferon alfa-2b (Intron-A) for 

patients with cutaneous T-cell lymphoma. Cancer 2007; 109:1799-803. 

75. Fritsch PO, Hönigsmann H, Jaschke E, Wolff K. Augmentation of oral methoxsalen-

photochemotherapy with an oral retinoic acid derivative. J Invest Dermatol 1978; 70:178-

82. 

76. Thomsen K, Hammar H, Molin L, Volden G. Retinoids plus PUVA (RePUVA) and PUVA in 

mycosis fungoides, plaque stage. A report from the Scandinavian Mycosis Fungoides Group. 

Acta Derm Venereol 1989; 69:536-8. 

77. Hunziker T, Zala L, Krebs A. [Retinoid oral photochemotherapy (RePUVA) as a 

combination treatment of mycosis fungoides]. Dermatologica 1983; 166:165-8. 

78. Serri F, De Simone C, Venier A, Rusciani L, Marchetti F. Combination of retinoids and 

PUVA (Re-PUVA) in the treatment of cutaneous T cell lymphomas. Curr Probl Dermatol 

1990; 19:252-7. 

79. Shapiro M, Rook AH, Lehrer MS, Junkins-Hopkins JM, French LE, Vittorio CC. Novel 

multimodality biologic response modifier therapy, including bexarotene and long-wave 

ultraviolet A for a patient with refractory stage IVa cutaneous T-cell lymphoma. J Am Acad 

Dermatol 2002; 47:956-61. 

80. Papadavid E, Antoniou C, Nikolaou V, Siakantaris M, Vassilakopoulos TP, Stratigos A, et al. 

Safety and efficacy of low-dose bexarotene and PUVA in the treatment of patients with 

mycosis fungoides. Am J Clin Dermatol 2008; 9:169-73. 

81. Whittaker S, Ortiz P, Dummer R, Ranki A, Hasan B, Meulemans B, et al. Efficacy and 

safety of bexarotene combined with psoralen-ultraviolet A (PUVA) compared with PUVA 

treatment alone in stage IB-IIA mycosis fungoides: final results from the EORTC Cutaneous 

Lymphoma Task Force phase III randomized clinical trial (NCT00056056). Br J Dermatol 

2012; 167:678-87. 

82. Rupoli S, Canafoglia L, Goteri G, Leoni P, Brandozzi G, Federici I, et al. Results of a 

prospective phase II trial with oral low-dose bexarotene plus photochemotherapy (PUVA) in 

refractory and/or relapsed patients with mycosis fungoides. Eur J Dermatol 2016; 26:13-20. 

83. Singh F, Lebwohl MG. Cutaneous T-cell lymphoma treatment using bexarotene and PUVA: 

a case series. J Am Acad Dermatol 2004; 51:570-3. 

84. Kuzel TM, Gilyon K, Springer E, Variakojis D, Kaul K, Bunn PA, et al. Interferon alfa-2a 

combined with phototherapy in the treatment of cutaneous T-cell lymphoma. J Natl Cancer 

Inst 1990; 82:203-7. 

85. Hüsken AC, Tsianakas A, Hensen P, Nashan D, Loquai C, Beissert S, et al. Comparison of 

pegylated interferon α-2b plus psoralen PUVA versus standard interferon α-2a plus PUVA in 

patients with cutaneous T-cell lymphoma. J Eur Acad Dermatol Venereol 2012; 26:71-8. 

86. Mostow EN, Neckel SL, Oberhelman L, Anderson TF, Cooper KD. Complete remissions in 

psoralen and UV-A (PUVA)-refractory mycosis fungoides-type cutaneous T-cell lymphoma 

with combined interferon alfa and PUVA. Arch Dermatol 1993; 129:747-52. 

87. Nikolaou V, Siakantaris MP, Vassilakopoulos TP, Papadavid E, Stratigos A, Economidi A, et 

al. PUVA plus interferon α2b in the treatment of advanced or refractory to PUVA early stage 

mycosis fungoides: a case series. J Eur Acad Dermatol Venereol 2011; 25:354-7. 

88. Rupoli S, Goteri G, Pulini S, Filosa A, Tassetti A, Offidani M, et al. Long-term experience 

with low-dose interferon-alpha and PUVA in the management of early mycosis fungoides. 

Eur J Haematol 2005; 75:136-45. 

89. Rupoli S, Barulli S, Guiducci B, Offidani M, Mozzicafreddo G, Simonacci M, et al. Low 

dose interferon-alpha2b combined with PUVA is an effective treatment of early stage 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

75 

 

mycosis fungoides: results of a multicenter study. Cutaneous-T Cell Lymphoma Multicenter 

Study Group. Haematologica 1999; 84:809-13. 

90. Kuzel TM, Roenigk HH, Samuelson E, Herrmann JJ, Hurria A, Rademaker AW, et al. 

Effectiveness of interferon alfa-2a combined with phototherapy for mycosis fungoides and 

the Sézary syndrome. J Clin Oncol 1995; 13:257-63. 

91. Edelson R, Berger C, Gasparro F, Jegasothy B, Heald P, Wintroub B, et al. Treatment of 

cutaneous T-cell lymphoma by extracorporeal photochemotherapy. Preliminary results. N 

Engl J Med 1987; 316:297-303. 

92. Trautinger F, Just U, Knobler R. Photopheresis (extracorporeal photochemotherapy). 

Photochem Photobiol Sci 2013; 12:22-8. 

93. Knobler R, Berlin G, Calzavara-Pinton P, Greinix H, Jaksch P, Laroche L, et al. Guidelines 

on the use of extracorporeal photopheresis. J Eur Acad Dermatol Venereol 2014; 28 Suppl 

1:1-37. 

94. Zic JA. The treatment of cutaneous T-cell lymphoma with photopheresis. Dermatol Ther 

2003; 16:337-46. 

95. Knobler R, Arenberger P, Arun A, Assaf C, Bagot M, Berlin G, et al. European dermatology 

forum - updated guidelines on the use of extracorporeal photopheresis 2020 - part 1. J Eur 

Acad Dermatol Venereol 2020. 

96. Knobler R, Arenberger P, Arun A, Assaf C, Bagot M, Berlin G, et al. European dermatology 

forum: Updated guidelines on the use of extracorporeal photopheresis 2020 - Part 2. J Eur 

Acad Dermatol Venereol 2020. 

97. Scott AM, Wolchok JD, Old LJ. Antibody therapy of cancer. Nat Rev Cancer 2012; 12:278-

87. 

98. Geskin LJ. Monoclonal Antibodies. Dermatol Clin 2015; 33:777-86. 

99. Baldo BA. Chimeric fusion proteins used for therapy: indications, mechanisms, and safety. 

Drug Saf 2015; 38:455-79. 

100. Prince HM, Duvic M, Martin A, Sterry W, Assaf C, Sun Y, et al. Phase III placebo-

controlled trial of denileukin diftitox for patients with cutaneous T-cell lymphoma. J Clin 

Oncol 2010; 28:1870-7. 

101. Olsen E, Duvic M, Frankel A, Kim Y, Martin A, Vonderheid E, et al. Pivotal phase III trial of 

two dose levels of denileukin diftitox for the treatment of cutaneous T-cell lymphoma. J 

Clin Oncol 2001; 19:376-88. 

102. Dumont FJ. Alemtuzumab (Millennium/ILEX). Curr Opin Investig Drugs 2001; 2:139-60. 

103. Coles AJ, Compston DA, Selmaj KW, Lake SL, Moran S, Margolin DH, et al. Alemtuzumab 

vs. interferon beta-1a in early multiple sclerosis. N Engl J Med 2008; 359:1786-801. 

104. Querfeld C, Mehta N, Rosen ST, Guitart J, Rademaker A, Gerami P, et al. Alemtuzumab for 

relapsed and refractory erythrodermic cutaneous T-cell lymphoma: a single institution 

experience from the Robert H. Lurie Comprehensive Cancer Center. Leuk Lymphoma 2009; 

50:1969-76. 

105. Lundin J, Hagberg H, Repp R, Cavallin-Ståhl E, Fredén S, Juliusson G, et al. Phase 2 study 

of alemtuzumab (anti-CD52 monoclonal antibody) in patients with advanced mycosis 

fungoides/Sezary syndrome. Blood 2003; 101:4267-72. 

106. Kennedy GA, Seymour JF, Wolf M, Januszewicz H, Davison J, McCormack C, et al. 

Treatment of patients with advanced mycosis fungoides and Sézary syndrome with 

alemtuzumab. Eur J Haematol 2003; 71:250-6. 

107. de Masson A, Guitera P, Brice P, Moulonguet I, Mouly F, Bouaziz JD, et al. Long-term 

efficacy and safety of alemtuzumab in advanced primary cutaneous T-cell lymphomas. Br J 

Dermatol 2014; 170:720-4. 

108. Zinzani PL, Alinari L, Tani M, Fina M, Pileri S, Baccarani M. Preliminary observations of a 

phase II study of reduced-dose alemtuzumab treatment in patients with pretreated T-cell 

lymphoma. Haematologica 2005; 90:702-3. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

76 

 

109. Bernengo MG, Quaglino P, Comessatti A, Ortoncelli M, Novelli M, Lisa F, et al. Low-dose 

intermittent alemtuzumab in the treatment of Sézary syndrome: clinical and immunologic 

findings in 14 patients. Haematologica 2007; 92:784-94. 

110. Alinari L, Geskin L, Grady T, Baiocchi RA, Bechtel MA, Porcu P. Subcutaneous 

alemtuzumab for Sézary Syndrome in the very elderly. Leuk Res 2008; 32:1299-303. 

111. Thomas A, Teicher BA, Hassan R. Antibody-drug conjugates for cancer therapy. Lancet 

Oncol 2016; 17:e254-e62. 

112. Duvic M, Tetzlaff MT, Gangar P, Clos AL, Sui D, Talpur R. Results of a Phase II Trial of 

Brentuximab Vedotin for CD30+ Cutaneous T-Cell Lymphoma and Lymphomatoid 

Papulosis. J Clin Oncol 2015; 33:3759-65. 

113. Kim YH, Tavallaee M, Sundram U, Salva KA, Wood GS, Li S, et al. Phase II Investigator-

Initiated Study of Brentuximab Vedotin in Mycosis Fungoides and Sézary Syndrome With 

Variable CD30 Expression Level: A Multi-Institution Collaborative Project. J Clin Oncol 

2015; 33:3750-8. 

114. Duvic M, Evans M, Wang C. Mogamulizumab for the treatment of cutaneous T-cell 

lymphoma: recent advances and clinical potential. Ther Adv Hematol 2016; 7:171-4. 

115. Ogura M, Ishida T, Hatake K, Taniwaki M, Ando K, Tobinai K, et al. Multicenter phase II 

study of mogamulizumab (KW-0761), a defucosylated anti-cc chemokine receptor 4 

antibody, in patients with relapsed peripheral T-cell lymphoma and cutaneous T-cell 

lymphoma. J Clin Oncol 2014; 32:1157-63. 

116. Zinzani PL, Karlin L, Radford J, Caballero D, Fields P, Chamuleau ME, et al. European 

phase II study of mogamulizumab, an anti-CCR4 monoclonal antibody, in 

relapsed/refractory peripheral T-cell lymphoma. Haematologica 2016; 101:e407-e10. 

117. Duvic M, Pinter-Brown LC, Foss FM, Sokol L, Jorgensen JL, Challagundla P, et al. Phase 

1/2 study of mogamulizumab, a defucosylated anti-CCR4 antibody, in previously treated 

patients with cutaneous T-cell lymphoma. Blood 2015; 125:1883-9. 

118. Iżykowska K, Rassek K, Korsak D, Przybylski GK. Novel targeted therapies of T cell 

lymphomas. J Hematol Oncol 2020; 13:176. 

119. Thomas ED, Lochte HL, Lu WC, Ferrebee JW. Intravenous infusion of bone marrow in 

patients receiving radiation and chemotherapy. N Engl J Med 1957; 257:491-6. 

120. Bigler RD, Crilley P, Micaily B, Brady LW, Topolsky D, Bulova S, et al. Autologous bone 

marrow transplantation for advanced stage mycosis fungoides. Bone Marrow Transplant 

1991; 7:133-7. 

121. Virmani P, Zain J, Rosen ST, Myskowski PL, Querfeld C. Hematopoietic Stem Cell 

Transplant for Mycosis Fungoides and Sézary Syndrome. Dermatol Clin 2015; 33:807-18. 

122. Molina A, Zain J, Arber DA, Angelopolou M, O'Donnell M, Murata-Collins J, et al. Durable 

clinical, cytogenetic, and molecular remissions after allogeneic hematopoietic cell 

transplantation for refractory Sezary syndrome and mycosis fungoides. J Clin Oncol 2005; 

23:6163-71. 

123. Wu PA, Kim YH, Lavori PW, Hoppe RT, Stockerl-Goldstein KE. A meta-analysis of patients 

receiving allogeneic or autologous hematopoietic stem cell transplant in mycosis fungoides 

and Sézary syndrome. Biol Blood Marrow Transplant 2009; 15:982-90. 

124. Duvic M, Donato M, Dabaja B, Richmond H, Singh L, Wei W, et al. Total skin electron 

beam and non-myeloablative allogeneic hematopoietic stem-cell transplantation in advanced 

mycosis fungoides and Sezary syndrome. J Clin Oncol 2010; 28:2365-72. 

125. Paralkar VR, Nasta SD, Morrissey K, Smith J, Vassilev P, Martin ME, et al. Allogeneic 

hematopoietic SCT for primary cutaneous T cell lymphomas. Bone Marrow Transplant 

2012; 47:940-5. 

126. Polansky M, Talpur R, Daulat S, Hosing C, Dabaja B, Duvic M. Long-Term Complete 

Responses to Combination Therapies and Allogeneic Stem Cell Transplants in Patients With 

Sézary Syndrome. Clin Lymphoma Myeloma Leuk 2015; 15:e83-93. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

77 

 

127. Shiratori S, Fujimoto K, Nishimura M, Hatanaka KC, Kosugi-Kanaya M, Okada K, et al. 

Allogeneic hematopoietic stem cell transplantation following reduced-intensity conditioning 

for mycosis fungoides and Sezary syndrome. Hematol Oncol 2016; 34:9-16. 

128. de Masson A, Beylot-Barry M, Bouaziz JD, Peffault de Latour R, Aubin F, Garciaz S, et al. 

Allogeneic stem cell transplantation for advanced cutaneous T-cell lymphomas: a study 

from the French Society of Bone Marrow Transplantation and French Study Group on 

Cutaneous Lymphomas. Haematologica 2014; 99:527-34. 

129. Lechowicz MJ, Lazarus HM, Carreras J, Laport GG, Cutler CS, Wiernik PH, et al. 

Allogeneic hematopoietic cell transplantation for mycosis fungoides and Sezary syndrome. 

Bone Marrow Transplant 2014; 49:1360-5. 

130. Duarte RF, Boumendil A, Onida F, Gabriel I, Arranz R, Arcese W, et al. Long-term outcome 

of allogeneic hematopoietic cell transplantation for patients with mycosis fungoides and 

Sézary syndrome: a European society for blood and marrow transplantation lymphoma 

working party extended analysis. J Clin Oncol 2014; 32:3347-8. 

131. Bolden JE, Peart MJ, Johnstone RW. Anticancer activities of histone deacetylase inhibitors. 

Nat Rev Drug Discov 2006; 5:769-84. 

132. Duvic M, Talpur R, Ni X, Zhang C, Hazarika P, Kelly C, et al. Phase 2 trial of oral 

vorinostat (suberoylanilide hydroxamic acid, SAHA) for refractory cutaneous T-cell 

lymphoma (CTCL). Blood 2007; 109:31-9. 

133. Olsen EA, Kim YH, Kuzel TM, Pacheco TR, Foss FM, Parker S, et al. Phase IIb multicenter 

trial of vorinostat in patients with persistent, progressive, or treatment refractory cutaneous 

T-cell lymphoma. J Clin Oncol 2007; 25:3109-15. 

134. Piekarz RL, Frye R, Prince HM, Kirschbaum MH, Zain J, Allen SL, et al. Phase 2 trial of 

romidepsin in patients with peripheral T-cell lymphoma. Blood 2011; 117:5827-34. 

135. Piekarz RL, Frye R, Turner M, Wright JJ, Allen SL, Kirschbaum MH, et al. Phase II multi-

institutional trial of the histone deacetylase inhibitor romidepsin as monotherapy for patients 

with cutaneous T-cell lymphoma. J Clin Oncol 2009; 27:5410-7. 

136. Foss F, Advani R, Duvic M, Hymes KB, Intragumtornchai T, Lekhakula A, et al. A Phase II 

trial of Belinostat (PXD101) in patients with relapsed or refractory peripheral or cutaneous 

T-cell lymphoma. Br J Haematol 2015; 168:811-9. 

137. Duvic M. Histone Deacetylase Inhibitors for Cutaneous T-Cell Lymphoma. Dermatol Clin 

2015; 33:757-64. 

138. Bunn PA, Hoffman SJ, Norris D, Golitz LE, Aeling JL. Systemic therapy of cutaneous T-

cell lymphomas (mycosis fungoides and the Sézary syndrome). Ann Intern Med 1994; 

121:592-602. 

139. Wollina U, Graefe T, Karte K. Treatment of relapsing or recalcitrant cutaneous T-cell 

lymphoma with pegylated liposomal doxorubicin. J Am Acad Dermatol 2000; 42:40-6. 

140. Di Lorenzo G, Di Trolio R, Montesarchio V, Palmieri G, Nappa P, Delfino M, et al. 

Pegylated liposomal doxorubicin as second-line therapy in the treatment of patients with 

advanced classic Kaposi sarcoma: a retrospective study. Cancer 2008; 112:1147-52. 

141. Pulini S, Rupoli S, Goteri G, Pimpinelli N, Alterini R, Tassetti A, et al. Pegylated liposomal 

doxorubicin in the treatment of primary cutaneous T-cell lymphomas. Haematologica 2007; 

92:686-9. 

142. Quereux G, Marques S, Nguyen JM, Bedane C, D'incan M, Dereure O, et al. Prospective 

multicenter study of pegylated liposomal doxorubicin treatment in patients with advanced or 

refractory mycosis fungoides or Sézary syndrome. Arch Dermatol 2008; 144:727-33. 

143. Dummer R, Quaglino P, Becker JC, Hasan B, Karrasch M, Whittaker S, et al. Prospective 

international multicenter phase II trial of intravenous pegylated liposomal doxorubicin 

monochemotherapy in patients with stage IIB, IVA, or IVB advanced mycosis fungoides: 

final results from EORTC 21012. J Clin Oncol 2012; 30:4091-7. 

144. Wollina U, Dummer R, Brockmeyer NH, Konrad H, Busch JO, Kaatz M, et al. Multicenter 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

78 

 

study of pegylated liposomal doxorubicin in patients with cutaneous T-cell lymphoma. 

Cancer 2003; 98:993-1001. 

145. Marchi E, Alinari L, Tani M, Stefoni V, Pimpinelli N, Berti E, et al. Gemcitabine as frontline 

treatment for cutaneous T-cell lymphoma: phase II study of 32 patients. Cancer 2005; 

104:2437-41. 

146. Duvic M, Talpur R, Wen S, Kurzrock R, David CL, Apisarnthanarax N. Phase II evaluation 

of gemcitabine monotherapy for cutaneous T-cell lymphoma. Clin Lymphoma Myeloma 

2006; 7:51-8. 

147. Jidar K, Ingen-Housz-Oro S, Beylot-Barry M, Paul C, Chaoui D, Sigal-Grinberg M, et al. 

Gemcitabine treatment in cutaneous T-cell lymphoma: a multicentre study of 23 cases. Br J 

Dermatol 2009; 161:660-3. 

148. Pellegrini C, Stefoni V, Casadei B, Maglie R, Argnani L, Zinzani PL. Long-term outcome of 

patients with advanced-stage cutaneous T cell lymphoma treated with gemcitabine. Ann 

Hematol 2014; 93:1853-7. 

149. Zinzani PL, Baliva G, Magagnoli M, Bendandi M, Modugno G, Gherlinzoni F, et al. 

Gemcitabine treatment in pretreated cutaneous T-cell lymphoma: experience in 44 patients. 

J Clin Oncol 2000; 18:2603-6. 

150. Illidge T, Chan C, Counsell N, Morris S, Scarisbrick J, Gilson D, et al. Phase II study of 

gemcitabine and bexarotene (GEMBEX) in the treatment of cutaneous T-cell lymphoma. Br 

J Cancer 2013; 109:2566-73. 

151. Trautinger F, Schwarzmeier J, Hönigsmann H, Knobler RM. Low-dose 2-

chlorodeoxyadenosine for the treatment of mycosis fungoides. Arch Dermatol 1999; 

135:1279-80. 

152. Kuzel TM, Hurria A, Samuelson E, Tallman MS, Roenigk HH, Rademaker AW, et al. Phase 

II trial of 2-chlorodeoxyadenosine for the treatment of cutaneous T-cell lymphoma. Blood 

1996; 87:906-11. 

153. Zaja F, Baldini L, Ferreri AJ, Luminari S, Grossi A, Salvi F, et al. Bendamustine salvage 

therapy for T cell neoplasms. Ann Hematol 2013; 92:1249-54. 

154. Damaj G, Gressin R, Bouabdallah K, Cartron G, Choufi B, Gyan E, et al. Results from a 

prospective, open-label, phase II trial of bendamustine in refractory or relapsed T-cell 

lymphomas: the BENTLY trial. J Clin Oncol 2013; 31:104-10. 

155. Kurzrock R, Pilat S, Duvic M. Pentostatin therapy of T-cell lymphomas with cutaneous 

manifestations. J Clin Oncol 1999; 17:3117-21. 

156. Scarisbrick JJ, Child FJ, Clift A, Sabroe R, Whittaker SJ, Spittle M, et al. A trial of 

fludarabine and cyclophosphamide combination chemotherapy in the treatment of advanced 

refractory primary cutaneous T-cell lymphoma. Br J Dermatol 2001; 144:1010-5. 

157. GELLHORN A, HYMAN GA, ULTMANN JE. Chlorambucil in treatment of chronic 

lymphocytic leukemia and certain lymphomas. J Am Med Assoc 1956; 162:178-83. 

158. Winkelmann RK, Diaz-Perez JL, Buechner SA. The treatment of Sézary syndrome. J Am 

Acad Dermatol 1984; 10:1000-4. 

159. Winkelmann RK, Perry HO, Muller SA, Schroeter AL, Jordon RE, Rogers RS. Treatment of 

Sezary syndrome. Mayo Clin Proc 1974; 49:590-2. 

160. Coors EA, von den Driesch P. Treatment of erythrodermic cutaneous T-cell lymphoma with 

intermittent chlorambucil and fluocortolone therapy. Br J Dermatol 2000; 143:127-31. 

161. Palmer RG, Denman AM. Malignancies induced by chlorambucil. Cancer Treat Rev 1984; 

11:121-9. 

162. Meyer LM, Miller FR, Rowen MJ, Bock G, Rutzky J. Treatment of acute leukemia with 

amethopterin (4-amino, 10-methyl pteroyl glutamic acid). Acta Haematol 1950; 4:157-67. 

163. Benedek TG. Methotrexate: from its introduction to non-oncologic therapeutics to anti-

TNF-α. Clin Exp Rheumatol 2010; 28:S3-8. 

164. Kannangara AP, Levitan D, Fleischer AB. Evaluation of the efficacy of the combination of 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

79 

 

oral bexarotene and methotrexate for the treatment of early stage treatment-refractory 

cutaneous T-cell lymphoma. J Dermatolog Treat 2009; 20:169-76. 

165. Damsky WE, Choi J. Genetics of Cutaneous T Cell Lymphoma: From Bench to Bedside. 

Curr Treat Options Oncol 2016; 17:33. 

166. Ferenczi K, Fuhlbrigge RC, Pinkus J, Pinkus GS, Kupper TS. Increased CCR4 expression in 

cutaneous T cell lymphoma. J Invest Dermatol 2002; 119:1405-10. 

167. Wu CS, Wang ST, Liao CY, Wu MT. Differential CCR4 expression and function in 

cutaneous T-cell lymphoma cell lines. Kaohsiung J Med Sci 2008; 24:577-90. 

168. Wu XS, Lonsdorf AS, Hwang ST. Cutaneous T-cell lymphoma: roles for chemokines and 

chemokine receptors. J Invest Dermatol 2009; 129:1115-9. 

169. Chang DK, Sui J, Geng S, Muvaffak A, Bai M, Fuhlbrigge RC, et al. Humanization of an 

anti-CCR4 antibody that kills cutaneous T-cell lymphoma cells and abrogates suppression 

by T-regulatory cells. Mol Cancer Ther 2012; 11:2451-61. 

170. Vaqué JP, Gómez-López G, Monsálvez V, Varela I, Martínez N, Pérez C, et al. PLCG1 

mutations in cutaneous T-cell lymphomas. Blood 2014; 123:2034-43. 

171. Choi J, Goh G, Walradt T, Hong BS, Bunick CG, Chen K, et al. Genomic landscape of 

cutaneous T cell lymphoma. Nat Genet 2015; 47:1011-9. 

172. Ungewickell A, Bhaduri A, Rios E, Reuter J, Lee CS, Mah A, et al. Genomic analysis of 

mycosis fungoides and Sézary syndrome identifies recurrent alterations in TNFR2. Nat 

Genet 2015; 47:1056-60. 

173. McGirt LY, Jia P, Baerenwald DA, Duszynski RJ, Dahlman KB, Zic JA, et al. Whole-

genome sequencing reveals oncogenic mutations in mycosis fungoides. Blood 2015; 

126:508-19. 

174. Zhang Q, Wang HY, Wei F, Liu X, Paterson JC, Roy D, et al. Cutaneous T cell lymphoma 

expresses immunosuppressive CD80 (B7-1) cell surface protein in a STAT5-dependent 

manner. J Immunol 2014; 192:2913-9. 

175. Eriksen KW, Kaltoft K, Mikkelsen G, Nielsen M, Zhang Q, Geisler C, et al. Constitutive 

STAT3-activation in Sezary syndrome: tyrphostin AG490 inhibits STAT3-activation, 

interleukin-2 receptor expression and growth of leukemic Sezary cells. Leukemia 2001; 

15:787-93. 

176. Fantin VR, Loboda A, Paweletz CP, Hendrickson RC, Pierce JW, Roth JA, et al. 

Constitutive activation of signal transducers and activators of transcription predicts 

vorinostat resistance in cutaneous T-cell lymphoma. Cancer Res 2008; 68:3785-94. 

177. Kopp KL, Ralfkiaer U, Gjerdrum LM, Helvad R, Pedersen IH, Litman T, et al. STAT5-

mediated expression of oncogenic miR-155 in cutaneous T-cell lymphoma. Cell Cycle 2013; 

12:1939-47. 

178. Pérez C, González-Rincón J, Onaindia A, Almaráz C, García-Díaz N, Pisonero H, et al. 

Mutated JAK kinases and deregulated STAT activity are potential therapeutic targets in 

cutaneous T-cell lymphoma. Haematologica 2015; 100:e450-3. 

179. Bergmann AK, Schneppenheim S, Seifert M, Betts MJ, Haake A, Lopez C, et al. Recurrent 

mutation of JAK3 in T-cell prolymphocytic leukemia. Genes Chromosomes Cancer 2014; 

53:309-16. 

180. Hornakova T, Springuel L, Devreux J, Dusa A, Constantinescu SN, Knoops L, et al. 

Oncogenic JAK1 and JAK2-activating mutations resistant to ATP-competitive inhibitors. 

Haematologica 2011; 96:845-53. 

181. Koskela HL, Eldfors S, Ellonen P, van Adrichem AJ, Kuusanmäki H, Andersson EI, et al. 

Somatic STAT3 mutations in large granular lymphocytic leukemia. N Engl J Med 2012; 

366:1905-13. 

182. Haddad BR, Gu L, Mirtti T, Dagvadorj A, Vogiatzi P, Hoang DT, et al. STAT5A/B gene 

locus undergoes amplification during human prostate cancer progression. Am J Pathol 2013; 

182:2264-75. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

80 

 

183. Scott LJ. Tofacitinib: a review of its use in adult patients with rheumatoid arthritis. Drugs 

2013; 73:857-74. 

184. Berekmeri A, Mahmood F, Wittmann M, Helliwell P. Tofacitinib for the treatment of 

psoriasis and psoriatic arthritis. Expert Rev Clin Immunol 2018; 14:719-30. 

185. McKeage K. Ruxolitinib: A Review in Polycythaemia Vera. Drugs 2015; 75:1773-81. 

186. Ostojic A, Vrhovac R, Verstovsek S. Ruxolitinib: a new JAK1/2 inhibitor that offers 

promising options for treatment of myelofibrosis. Future Oncol 2011; 7:1035-43. 

187. Ali H, Salhotra A, Modi B, Nakamura R. Ruxolitinib for the treatment of graft-versus-host 

disease. Expert Rev Clin Immunol 2020; 16:347-59. 

188. Meyer SC, Levine RL. Molecular pathways: molecular basis for sensitivity and resistance to 

JAK kinase inhibitors. Clin Cancer Res 2014; 20:2051-9. 

189. Woollard WJ, Pullabhatla V, Lorenc A, Patel VM, Butler RM, Bayega A, et al. Candidate 

driver genes involved in genome maintenance and DNA repair in Sézary syndrome. Blood 

2016; 127:3387-97. 

190. Prasad A, Rabionet R, Espinet B, Zapata L, Puiggros A, Melero C, et al. Identification of 

Gene Mutations and Fusion Genes in Patients with Sézary Syndrome. J Invest Dermatol 

2016; 136:1490-9. 

191. Caprini E, Bresin A, Cristofoletti C, Helmer Citterich M, Tocco V, Scala E, et al. Loss of the 

candidate tumor suppressor ZEB1 (TCF8, ZFHX1A) in Sézary syndrome. Cell Death Dis 

2018; 9:1178. 

192. Vermeer MH, van Doorn R, Dijkman R, Mao X, Whittaker S, van Voorst Vader PC, et al. 

Novel and highly recurrent chromosomal alterations in Sézary syndrome. Cancer Res 2008; 

68:2689-98. 

193. Cristofoletti C, Picchio MC, Lazzeri C, Tocco V, Pagani E, Bresin A, et al. Comprehensive 

analysis of PTEN status in Sezary syndrome. Blood 2013; 122:3511-20. 

194. Barba G, Matteucci C, Girolomoni G, Brandimarte L, Varasano E, Martelli MF, et al. 

Comparative genomic hybridization identifies 17q11.2 approximately q12 duplication as an 

early event in cutaneous T-cell lymphomas. Cancer Genet Cytogenet 2008; 184:48-51. 

195. Salmena L, Carracedo A, Pandolfi PP. Tenets of PTEN tumor suppression. Cell 2008; 

133:403-14. 

196. Hollander MC, Blumenthal GM, Dennis PA. PTEN loss in the continuum of common 

cancers, rare syndromes and mouse models. Nat Rev Cancer 2011; 11:289-301. 

197. Gutierrez A, Grebliunaite R, Feng H, Kozakewich E, Zhu S, Guo F, et al. Pten mediates 

Myc oncogene dependence in a conditional zebrafish model of T cell acute lymphoblastic 

leukemia. J Exp Med 2011; 208:1595-603. 

198. Scarisbrick JJ, Woolford AJ, Russell-Jones R, Whittaker SJ. Loss of heterozygosity on 10q 

and microsatellite instability in advanced stages of primary cutaneous T-cell lymphoma and 

possible association with homozygous deletion of PTEN. Blood 2000; 95:2937-42. 

199. Buckler JL, Liu X, Turka LA. Regulation of T-cell responses by PTEN. Immunol Rev 2008; 

224:239-48. 

200. Poliseno L, Salmena L, Zhang J, Carver B, Haveman WJ, Pandolfi PP. A coding-

independent function of gene and pseudogene mRNAs regulates tumour biology. Nature 

2010; 465:1033-8. 

201. Leslie NR, Foti M. Non-genomic loss of PTEN function in cancer: not in my genes. Trends 

Pharmacol Sci 2011; 32:131-40. 

202. Mao X, Orchard G, Vonderheid EC, Nowell PC, Bagot M, Bensussan A, et al. 

Heterogeneous abnormalities of CCND1 and RB1 in primary cutaneous T-Cell lymphomas 

suggesting impaired cell cycle control in disease pathogenesis. J Invest Dermatol 2006; 

126:1388-95. 

203. Lentini L, Pipitone L, Di Leonardo A. Functional inactivation of pRB results in aneuploid 

mammalian cells after release from a mitotic block. Neoplasia 2002; 4:380-7. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

81 

 

204. Hernando E, Nahlé Z, Juan G, Diaz-Rodriguez E, Alaminos M, Hemann M, et al. Rb 

inactivation promotes genomic instability by uncoupling cell cycle progression from mitotic 

control. Nature 2004; 430:797-802. 

205. Williams TM, Moolten D, Burlein J, Romano J, Bhaerman R, Godillot A, et al. 

Identification of a zinc finger protein that inhibits IL-2 gene expression. Science 1991; 

254:1791-4. 

206. Wang J, Lee S, Teh CE, Bunting K, Ma L, Shannon MF. The transcription repressor, ZEB1, 

cooperates with CtBP2 and HDAC1 to suppress IL-2 gene activation in T cells. Int Immunol 

2009; 21:227-35. 

207. Mishra A, La Perle K, Kwiatkowski S, Sullivan LA, Sams GH, Johns J, et al. Mechanism, 

Consequences, and Therapeutic Targeting of Abnormal IL15 Signaling in Cutaneous T-cell 

Lymphoma. Cancer Discov 2016; 6:986-1005. 

208. Higashi Y, Moribe H, Takagi T, Sekido R, Kawakami K, Kikutani H, et al. Impairment of T 

cell development in deltaEF1 mutant mice. J Exp Med 1997; 185:1467-79. 

209. Brabletz T, Jung A, Hlubek F, Löhberg C, Meiler J, Suchy U, et al. Negative regulation of 

CD4 expression in T cells by the transcriptional repressor ZEB. Int Immunol 1999; 11:1701-

8. 

210. Hidaka T, Nakahata S, Hatakeyama K, Hamasaki M, Yamashita K, Kohno T, et al. Down-

regulation of TCF8 is involved in the leukemogenesis of adult T-cell leukemia/lymphoma. 

Blood 2008; 112:383-93. 

211. Nakahata S, Yamazaki S, Nakauchi H, Morishita K. Downregulation of ZEB1 and 

overexpression of Smad7 contribute to resistance to TGF-beta1-mediated growth 

suppression in adult T-cell leukemia/lymphoma. Oncogene 2010; 29:4157-69. 

212. Blais A, Dynlacht BD. E2F-associated chromatin modifiers and cell cycle control. Curr 

Opin Cell Biol 2007; 19:658-62. 

213. Nagl NG, Wang X, Patsialou A, Van Scoy M, Moran E. Distinct mammalian SWI/SNF 

chromatin remodeling complexes with opposing roles in cell-cycle control. EMBO J 2007; 

26:752-63. 

214. Contassot E, French LE. Targeting apoptosis defects in cutaneous T-cell lymphoma. J Invest 

Dermatol 2009; 129:1059-61. 

215. Wu J, Wood GS. Reduction of Fas/CD95 promoter methylation, upregulation of Fas protein, 

and enhancement of sensitivity to apoptosis in cutaneous T-cell lymphoma. Arch Dermatol 

2011; 147:443-9. 

216. Lamprecht B, Kreher S, Möbs M, Sterry W, Dörken B, Janz M, et al. The tumour suppressor 

p53 is frequently nonfunctional in Sézary syndrome. Br J Dermatol 2012; 167:240-6. 

217. Klemke CD, Brenner D, Weiss EM, Schmidt M, Leverkus M, Gülow K, et al. Lack of T-cell 

receptor-induced signaling is crucial for CD95 ligand up-regulation and protects cutaneous 

T-cell lymphoma cells from activation-induced cell death. Cancer Res 2009; 69:4175-83. 

218. Caumont C, Gros A, Boucher C, Mélard P, Prochazkova-Carlotti M, Laharanne E, et al. 

PLCG1 Gene Mutations Are Uncommon in Cutaneous T-Cell Lymphomas. J Invest 

Dermatol 2015; 135:2334-7. 

219. Wu J, Salva KA, Wood GS. c-CBL E3 ubiquitin ligase is overexpressed in cutaneous T-cell 

lymphoma: its inhibition promotes activation-induced cell death. J Invest Dermatol 2015; 

135:861-8. 

220. Wu J, Nihal M, Siddiqui J, Vonderheid EC, Wood GS. Low FAS/CD95 expression by CTCL 

correlates with reduced sensitivity to apoptosis that can be restored by FAS upregulation. J 

Invest Dermatol 2009; 129:1165-73. 

221. Wu J, Siddiqui J, Nihal M, Vonderheid EC, Wood GS. Structural alterations of the FAS gene 

in cutaneous T-cell lymphoma (CTCL). Arch Biochem Biophys 2011; 508:185-91. 

222. Narducci MG, Arcelli D, Picchio MC, Lazzeri C, Pagani E, Sampogna F, et al. MicroRNA 

profiling reveals that miR-21, miR486 and miR-214 are upregulated and involved in cell 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

82 

 

survival in Sézary syndrome. Cell Death Dis 2011; 2:e151. 

223. Qin Y, Buermans HP, van Kester MS, van der Fits L, Out-Luiting JJ, Osanto S, et al. Deep-

sequencing analysis reveals that the miR-199a2/214 cluster within DNM3os represents the 

vast majority of aberrantly expressed microRNAs in Sézary syndrome. J Invest Dermatol 

2012; 132:1520-2. 

224. van der Fits L, van Kester MS, Qin Y, Out-Luiting JJ, Smit F, Zoutman WH, et al. 

MicroRNA-21 expression in CD4+ T cells is regulated by STAT3 and is pathologically 

involved in Sézary syndrome. J Invest Dermatol 2011; 131:762-8. 

225. Benoit BM, Jariwala N, O'Connor G, Oetjen LK, Whelan TM, Werth A, et al. CD164 

identifies CD4. Arch Dermatol Res 2017; 309:11-9. 

226. Ballabio E, Mitchell T, van Kester MS, Taylor S, Dunlop HM, Chi J, et al. MicroRNA 

expression in Sezary syndrome: identification, function, and diagnostic potential. Blood 

2010; 116:1105-13. 

227. Kohnken R, Kodigepalli KM, Mishra A, Porcu P, Wu L. MicroRNA-181 contributes to 

downregulation of SAMHD1 expression in CD4+ T-cells derived from Sèzary syndrome 

patients. Leuk Res 2017; 52:58-66. 

228. Manfè V, Biskup E, Rosbjerg A, Kamstrup M, Skov AG, Lerche CM, et al. miR-122 

regulates p53/Akt signalling and the chemotherapy-induced apoptosis in cutaneous T-cell 

lymphoma. PLoS One 2012; 7:e29541. 

229. Lee YS, Dutta A. The tumor suppressor microRNA let-7 represses the HMGA2 oncogene. 

Genes Dev 2007; 21:1025-30. 

230. Takamizawa J, Konishi H, Yanagisawa K, Tomida S, Osada H, Endoh H, et al. Reduced 

expression of the let-7 microRNAs in human lung cancers in association with shortened 

postoperative survival. Cancer Res 2004; 64:3753-6. 

231. Yanaihara N, Caplen N, Bowman E, Seike M, Kumamoto K, Yi M, et al. Unique microRNA 

molecular profiles in lung cancer diagnosis and prognosis. Cancer Cell 2006; 9:189-98. 

232. Shell S, Park SM, Radjabi AR, Schickel R, Kistner EO, Jewell DA, et al. Let-7 expression 

defines two differentiation stages of cancer. Proc Natl Acad Sci U S A 2007; 104:11400-5. 

233. Brueckner B, Stresemann C, Kuner R, Mund C, Musch T, Meister M, et al. The human let-

7a-3 locus contains an epigenetically regulated microRNA gene with oncogenic function. 

Cancer Res 2007; 67:1419-23. 

234. Zhang B, Pan X, Cobb GP, Anderson TA. microRNAs as oncogenes and tumor suppressors. 

Dev Biol 2007; 302:1-12. 

235. Wagner S, Ngezahayo A, Murua Escobar H, Nolte I. Role of miRNA let-7 and its major 

targets in prostate cancer. Biomed Res Int 2014; 2014:376326. 

236. Ohms S, Lee SH, Rangasamy D. LINE-1 retrotransposons and let-7 miRNA: partners in the 

pathogenesis of cancer? Front Genet 2014; 5:338. 

237. Xu WQ, Huang YM, Xiao HF. [Expression Analysis and Epigenetics of MicroRNA let-7b in 

Acute Lymphoblastic Leukemia]. Zhongguo Shi Yan Xue Ye Xue Za Zhi 2015; 23:1535-41. 

238. Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and cancer stem cells. 

Nature 2001; 414:105-11. 

239. Coussens LM, Werb Z. Inflammation and cancer. Nature 2002; 420:860-7. 

240. Kong D, Banerjee S, Ahmad A, Li Y, Wang Z, Sethi S, et al. Epithelial to mesenchymal 

transition is mechanistically linked with stem cell signatures in prostate cancer cells. PLoS 

One 2010; 5:e12445. 

241. Balzeau J, Menezes MR, Cao S, Hagan JP. The LIN28/let-7 Pathway in Cancer. Front Genet 

2017; 8:31. 

242. Iliopoulos D, Hirsch HA, Struhl K. An epigenetic switch involving NF-kappaB, Lin28, Let-

7 MicroRNA, and IL6 links inflammation to cell transformation. Cell 2009; 139:693-706. 

243. Iliopoulos D, Jaeger SA, Hirsch HA, Bulyk ML, Struhl K. STAT3 activation of miR-21 and 

miR-181b-1 via PTEN and CYLD are part of the epigenetic switch linking inflammation to 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

83 

 

cancer. Mol Cell 2010; 39:493-506. 

244. Shah SN, Cope L, Poh W, Belton A, Roy S, Talbot CC, et al. HMGA1: a master regulator of 

tumor progression in triple-negative breast cancer cells. PLoS One 2013; 8:e63419. 

245. Zhu C, Li J, Cheng G, Zhou H, Tao L, Cai H, et al. miR-154 inhibits EMT by targeting 

HMGA2 in prostate cancer cells. Mol Cell Biochem 2013; 379:69-75. 

246. Sung SY, Liao CH, Wu HP, Hsiao WC, Wu IH, Jinpu, et al. Loss of let-7 microRNA 

upregulates IL-6 in bone marrow-derived mesenchymal stem cells triggering a reactive 

stromal response to prostate cancer. PLoS One 2013; 8:e71637. 

247. Johnson SM, Grosshans H, Shingara J, Byrom M, Jarvis R, Cheng A, et al. RAS is regulated 

by the let-7 microRNA family. Cell 2005; 120:635-47. 

248. Kim HH, Kuwano Y, Srikantan S, Lee EK, Martindale JL, Gorospe M. HuR recruits let-

7/RISC to repress c-Myc expression. Genes Dev 2009; 23:1743-8. 

249. Patel K, Kollory A, Takashima A, Sarkar S, Faller DV, Ghosh SK. MicroRNA let-7 

downregulates STAT3 phosphorylation in pancreatic cancer cells by increasing SOCS3 

expression. Cancer Lett 2014; 347:54-64. 

250. Rahman MM, Qian ZR, Wang EL, Sultana R, Kudo E, Nakasono M, et al. Frequent 

overexpression of HMGA1 and 2 in gastroenteropancreatic neuroendocrine tumours and its 

relationship to let-7 downregulation. Br J Cancer 2009; 100:501-10. 

251. Mu G, Liu H, Zhou F, Xu X, Jiang H, Wang Y, et al. Correlation of overexpression of 

HMGA1 and HMGA2 with poor tumor differentiation, invasion, and proliferation 

associated with let-7 down-regulation in retinoblastomas. Hum Pathol 2010; 41:493-502. 

252. Mayr C, Hemann MT, Bartel DP. Disrupting the pairing between let-7 and Hmga2 enhances 

oncogenic transformation. Science 2007; 315:1576-9. 

253. Li N, Zhong X, Lin X, Guo J, Zou L, Tanyi JL, et al. Lin-28 homologue A (LIN28A) 

promotes cell cycle progression via regulation of cyclin-dependent kinase 2 (CDK2), cyclin 

D1 (CCND1), and cell division cycle 25 homolog A (CDC25A) expression in cancer. J Biol 

Chem 2012; 287:17386-97. 

254. Sun X, Tang SC, Xu C, Wang C, Qin S, Du N, et al. DICER1 regulated let-7 expression 

levels in p53-induced cancer repression requires cyclin D1. J Cell Mol Med 2015; 19:1357-

65. 

255. Viswanathan SR, Daley GQ, Gregory RI. Selective blockade of microRNA processing by 

Lin28. Science 2008; 320:97-100. 

256. Murray MJ, Saini HK, Siegler CA, Hanning JE, Barker EM, van Dongen S, et al. LIN28 

Expression in malignant germ cell tumors downregulates let-7 and increases oncogene 

levels. Cancer Res 2013; 73:4872-84. 

257. Mayr F, Heinemann U. Mechanisms of Lin28-mediated miRNA and mRNA regulation--a 

structural and functional perspective. Int J Mol Sci 2013; 14:16532-53. 

258. O'Day E, Le MT, Imai S, Tan SM, Kirchner R, Arthanari H, et al. An RNA-binding Protein, 

Lin28, Recognizes and Remodels G-quartets in the MicroRNAs (miRNAs) and mRNAs It 

Regulates. J Biol Chem 2015; 290:17909-22. 

259. Nishi M, Eguchi-Ishimae M, Wu Z, Gao W, Iwabuki H, Kawakami S, et al. Suppression of 

the let-7b microRNA pathway by DNA hypermethylation in infant acute lymphoblastic 

leukemia with MLL gene rearrangements. Leukemia 2013; 27:389-97. 

260. Piskounova E, Polytarchou C, Thornton JE, LaPierre RJ, Pothoulakis C, Hagan JP, et al. 

Lin28A and Lin28B inhibit let-7 microRNA biogenesis by distinct mechanisms. Cell 2011; 

147:1066-79. 

261. Rybak A, Fuchs H, Smirnova L, Brandt C, Pohl EE, Nitsch R, et al. A feedback loop 

comprising lin-28 and let-7 controls pre-let-7 maturation during neural stem-cell 

commitment. Nat Cell Biol 2008; 10:987-93. 

262. Wood LJ, Mukherjee M, Dolde CE, Xu Y, Maher JF, Bunton TE, et al. HMG-I/Y, a new c-

Myc target gene and potential oncogene. Mol Cell Biol 2000; 20:5490-502. 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

84 

 

263. Watanabe S, Ueda Y, Akaboshi S, Hino Y, Sekita Y, Nakao M. HMGA2 maintains oncogenic 

RAS-induced epithelial-mesenchymal transition in human pancreatic cancer cells. Am J 

Pathol 2009; 174:854-68. 

264. Shah SN, Kerr C, Cope L, Zambidis E, Liu C, Hillion J, et al. HMGA1 reprograms somatic 

cells into pluripotent stem cells by inducing stem cell transcriptional networks. PLoS One 

2012; 7:e48533. 

265. Hillion J, Dhara S, Sumter TF, Mukherjee M, Di Cello F, Belton A, et al. The high-mobility 

group A1a/signal transducer and activator of transcription-3 axis: an achilles heel for 

hematopoietic malignancies? Cancer Res 2008; 68:10121-7. 

266. Timofeeva OA, Tarasova NI, Zhang X, Chasovskikh S, Cheema AK, Wang H, et al. STAT3 

suppresses transcription of proapoptotic genes in cancer cells with the involvement of its N-

terminal domain. Proc Natl Acad Sci U S A 2013; 110:1267-72. 

267. Ma J, Sawai H, Ochi N, Matsuo Y, Xu D, Yasuda A, et al. PTEN regulates angiogenesis 

through PI3K/Akt/VEGF signaling pathway in human pancreatic cancer cells. Mol Cell 

Biochem 2009; 331:161-71. 

268. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease. Cold 

Spring Harb Perspect Biol 2014; 6:a016295. 

269. Wolf J, Rose-John S, Garbers C. Interleukin-6 and its receptors: a highly regulated and 

dynamic system. Cytokine 2014; 70:11-20. 

270. Bromberg J. Stat proteins and oncogenesis. J Clin Invest 2002; 109:1139-42. 

271. Corti L FD, Saporiti G, Venegoni L, Narducci MG, Cristofoletti C, Russo G, Cortelezzi A 

OF, Berti E. Array-CGH analysis and microRNA profiling in a cohort of Sézary sindrome 

patients. 2013. 

272. Adams CM, Eischen CM. Histone deacetylase inhibition reveals a tumor-suppressive 

function of MYC-regulated miRNA in breast and lung carcinoma. Cell Death Differ 2016; 

23:1312-21. 

273. Shyh-Chang N, Daley GQ. Lin28: primal regulator of growth and metabolism in stem cells. 

Cell Stem Cell 2013; 12:395-406. 

274. Wang T, Wang G, Hao D, Liu X, Wang D, Ning N, et al. Aberrant regulation of the 

LIN28A/LIN28B and let-7 loop in human malignant tumors and its effects on the hallmarks 

of cancer. Mol Cancer 2015; 14:125. 

275. Dangi-Garimella S, Yun J, Eves EM, Newman M, Erkeland SJ, Hammond SM, et al. Raf 

kinase inhibitory protein suppresses a metastasis signalling cascade involving LIN28 and 

let-7. EMBO J 2009; 28:347-58. 

276. Espinet B, Salgado R. Mycosis fungoides and Sézary syndrome. Methods Mol Biol 2013; 

973:175-88. 

277. van Doorn R, van Kester MS, Dijkman R, Vermeer MH, Mulder AA, Szuhai K, et al. 

Oncogenomic analysis of mycosis fungoides reveals major differences with Sezary 

syndrome. Blood 2009; 113:127-36. 

278. Caprini E, Cristofoletti C, Arcelli D, Fadda P, Citterich MH, Sampogna F, et al. 

Identification of key regions and genes important in the pathogenesis of sezary syndrome by 

combining genomic and expression microarrays. Cancer Res 2009; 69:8438-46. 

279. Mirza AS, Horna P, Teer JK, Song J, Akabari R, Hussaini M, et al. New Insights Into the 

Complex Mutational Landscape of Sézary Syndrome. Front Oncol 2020; 10:514. 

280. Jones CL, Wain EM, Chu CC, Tosi I, Foster R, McKenzie RC, et al. Downregulation of Fas 

gene expression in Sézary syndrome is associated with promoter hypermethylation. J Invest 

Dermatol 2010; 130:1116-25. 

281. Bavi P, Uddin S, Bu R, Ahmed M, Abubaker J, Balde V, et al. The biological and clinical 

impact of inhibition of NF-κB-initiated apoptosis in diffuse large B cell lymphoma 

(DLBCL). J Pathol 2011; 224:355-66. 

282. Cillessen SA, Reed JC, Welsh K, Pinilla C, Houghten R, Hooijberg E, et al. Small-molecule 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

85 

 

XIAP antagonist restores caspase-9 mediated apoptosis in XIAP-positive diffuse large B-cell 

lymphoma cells. Blood 2008; 111:369-75. 

283. Hussain AR, Uddin S, Ahmed M, Bu R, Ahmed SO, Abubaker J, et al. Prognostic 

significance of XIAP expression in DLBCL and effect of its inhibition on AKT signalling. J 

Pathol 2010; 222:180-90. 

284. Akyurek N, Ren Y, Rassidakis GZ, Schlette EJ, Medeiros LJ. Expression of inhibitor of 

apoptosis proteins in B-cell non-Hodgkin and Hodgkin lymphomas. Cancer 2006; 107:1844-

51. 

285. Al-Yacoub N, Fecker LF, Möbs M, Plötz M, Braun FK, Sterry W, et al. Apoptosis induction 

by SAHA in cutaneous T-cell lymphoma cells is related to downregulation of c-FLIP and 

enhanced TRAIL signaling. J Invest Dermatol 2012; 132:2263-74. 

286. Gaikwad A, Poblenz A, Haridas V, Zhang C, Duvic M, Gutterman J. Triterpenoid 

electrophiles (avicins) suppress heat shock protein-70 and x-linked inhibitor of apoptosis 

proteins in malignant cells by activation of ubiquitin machinery: implications for 

proapoptotic activity. Clin Cancer Res 2005; 11:1953-62. 

287. Das JK, Xiong X, Ren X, Yang JM, Song J. Heat Shock Proteins in Cancer Immunotherapy. 

J Oncol 2019; 2019:3267207. 

288. Guzhova IV, Darieva ZA, Melo AR, Margulis BA. Major stress protein Hsp70 interacts with 

NF-kB regulatory complex in human T-lymphoma cells. Cell Stress Chaperones 1997; 

2:132-9. 

289. Kumar S, O'Malley J, Chaudhary AK, Inigo JR, Yadav N, Kumar R, et al. Hsp60 and IL-8 

axis promotes apoptosis resistance in cancer. Br J Cancer 2019; 121:934-43. 

290. Ciocca DR, Rozados VR, Cuello Carrión FD, Gervasoni SI, Matar P, Scharovsky OG. 

Hsp25 and Hsp70 in rodent tumors treated with doxorubicin and lovastatin. Cell Stress 

Chaperones 2003; 8:26-36. 

291. Gupta S, Knowlton AA. Cytosolic heat shock protein 60, hypoxia, and apoptosis. 

Circulation 2002; 106:2727-33. 

292. Gupta S, Knowlton AA. HSP60, Bax, apoptosis and the heart. J Cell Mol Med 2005; 9:51-8. 

293. Ghosh JC, Dohi T, Kang BH, Altieri DC. Hsp60 regulation of tumor cell apoptosis. J Biol 

Chem 2008; 283:5188-94. 

294. Sarangi U, Singh MK, Abhijnya KV, Reddy LP, Prasad BS, Pitke VV, et al. Hsp60 

chaperonin acts as barrier to pharmacologically induced oxidative stress mediated apoptosis 

in tumor cells with differential stress response. Drug Target Insights 2013; 7:35-51. 

295. Shan YX, Liu TJ, Su HF, Samsamshariat A, Mestril R, Wang PH. Hsp10 and Hsp60 

modulate Bcl-2 family and mitochondria apoptosis signaling induced by doxorubicin in 

cardiac muscle cells. J Mol Cell Cardiol 2003; 35:1135-43. 

296. Albakova Z, Armeev GA, Kanevskiy LM, Kovalenko EI, Sapozhnikov AM. HSP70 Multi-

Functionality in Cancer. Cells 2020; 9. 

297. Komarova EY, Marchenko LV, Zhakhov AV, Nikotina AD, Aksenov ND, Suezov RV, et al. 

Extracellular Hsp70 Reduces the Pro-Tumor Capacity of Monocytes/Macrophages Co-

Cultivated with Cancer Cells. Int J Mol Sci 2019; 21. 

298. Vostakolaei MA, Abdolalizadeh J, Hejazi MS, Kordi S, Molavi O. Hsp70 in Cancer: Partner 

or Traitor to Immune System. Iran J Allergy Asthma Immunol 2019; 18:589-604. 

299. Ding X, Li H, Xie H, Huang Y, Hou Y, Yin Y, et al. A novel method to assay molecular 

chaperone activity of HSP70: evaluation of drug resistance in cancer treatment. Biosens 

Bioelectron 2013; 47:75-9. 

300. Sliutz G, Karlseder J, Tempfer C, Orel L, Holzer G, Simon MM. Drug resistance against 

gemcitabine and topotecan mediated by constitutive hsp70 overexpression in vitro: 

implication of quercetin as sensitiser in chemotherapy. Br J Cancer 1996; 74:172-7. 

301. Laharanne E, Chevret E, Idrissi Y, Gentil C, Longy M, Ferrer J, et al. CDKN2A-CDKN2B 

deletion defines an aggressive subset of cutaneous T-cell lymphoma. Mod Pathol 2010; 



Daniele Fanoni (R11910) PhD thesis  Potential role of Lin28/let-7 axis in Sézary syndrome 

86 

 

23:547-58. 

302. Laharanne E, Oumouhou N, Bonnet F, Carlotti M, Gentil C, Chevret E, et al. Genome-wide 

analysis of cutaneous T-cell lymphomas identifies three clinically relevant classes. J Invest 

Dermatol 2010; 130:1707-18. 

303. Bastidas Torres AN, Cats D, Mei H, Szuhai K, Willemze R, Vermeer MH, et al. Genomic 

analysis reveals recurrent deletion of JAK-STAT signaling inhibitors HNRNPK and SOCS1 

in mycosis fungoides. Genes Chromosomes Cancer 2018; 57:653-64. 

304. Bastidas Torres AN, Najidh S, Tensen CP, Vermeer MH. Molecular advances in cutaneous 

T-cell lymphoma. Semin Cutan Med Surg 2018; 37:81-6. 

305. Hui L, Zheng F, Bo Y, Sen-Lin M, Ai-Jun L, Wei-Ping Z, et al. MicroRNA let-7b inhibits 

cell proliferation via upregulation of p21 in hepatocellular carcinoma. Cell Biosci 2020; 

10:83. 

306. Liu B, Liu M, Wang J, Zhang X, Wang X, Wang P, et al. DICER-dependent biogenesis of 

let-7 miRNAs affects human cell response to DNA damage via targeting p21/p27. Nucleic 

Acids Res 2015; 43:1626-36. 

307. Di Fazio P, Maass M, Roth S, Meyer C, Grups J, Rexin P, et al. Expression of hsa-let-7b-5p, 

hsa-let-7f-5p, and hsa-miR-222-3p and their putative targets HMGA2 and CDKN1B in 

typical and atypical carcinoid tumors of the lung. Tumour Biol 2017; 

39:1010428317728417. 

308. Gros A, Laharanne E, Vergier M, Prochazkova-Carlotti M, Pham-Ledard A, Bandres T, et al. 

TP53 alterations in primary and secondary Sézary syndrome: A diagnostic tool for the 

assessment of malignancy in patients with erythroderma. PLoS One 2017; 12:e0173171. 

309. Chen T, Wu H, Chen X, Xie R, Wang F, Sun H, et al. p53 mediates GnRH secretion via 

Lin28/let-7 system in GT1-7 cells. Diabetes Metab Syndr Obes 2020; 13:4681-8. 

 


