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ABSTRACT 

 Psoriasiform diseases are a group of cutaneous disorders that are characterized by impaired 

keratinocyte maturation leading to epidermal hyperplasia and thickening of skin. This group of disorders 

includes psoriasis, seborrheic dermatitis (SD) and mycosis fungoides (MF). Psoriasis has been recently 

shown to be mediated by the pro-inflammatory T helper cell subset, namely Th17 cells, whereas the 

pathogenesis of SD and MF are still poorly understood. SD is characterized by inflamed skin that 

primarily manifests on areas populated with sebaceous glands. Interestingly, SD is very common amongst 

immunosuppressed patients such as those with HIV-AIDS, suggesting the importance of an immune 

response in the development of SD. Because SD shares common clinical and histopathological features 

with psoriasis, a disease in which Th17 axis cytokines is known to be involved, and given that Th17 cells 

and their related cytokines have been implicated in the pathogenesis of a wide range of autoimmune and 

inflammatory disorders, it is possible that Th17 axis cytokines play a role in the pathogenesis of SD.  

 We explored the involvement of Th17 axis cytokines in a D2C mouse model of psoriasiform 

disease that shows a high degree homology to the clinicopathological characteristics of human seborrheic 

dermatitis. IL-6 and IL-23, which are important for the differentiation of Th17 cells, and IL-17 and IL-22, 

which are the Th17 effector molecules, were measured at both protein and mRNA levels in sera and 

lesional skin from D2C mice.  An immunohistochemical analysis was also performed to detect the 

presence of IL-17 in D2C lesional skin relative to normal skin from DBA/2 controls.  

Our data demonstrated significantly elevated levels of IL-6, IL-17 and IL-22 in sera from 

diseased D2C mice compared to controls and/or convalescent mice. There were no significant differences 

in IL-23 protein levels in sera from D2C mice compared to those from wild type mice or convalescent 

D2C mice. RT-PCR revealed a significant increase in IL-23 and IL-17 gene expression in D2C lesional 

skin relative to normal skin. Gene expression levels of IL-22, but not IL-6, were statistically significant 

elevated in D2C skin lesions compared to controls, by real time PCR. Our IHC study of IL-17 expression 

showed an abundance of positively stained mononuclear cells in D2C lesional skin relative to DBA/2 
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normal skin. Altogether, our data demonstrate that Th17 axis cytokines are elevated locally at mRNA 

levels for IL-23, IL-17,and IL-22 and systematically at protein levels for IL-6, IL-17, and IL-22. This data 

lay the foundation for further studies investigating a role for Th17 axis cytokines in the cutaneous 

inflammatory disease seen in our mouse model of SD and, ultimately, in the development of human SD.  

  

 Mycosis fungoides (MF) is the most common type of cutaneous T cell lymphoma (CTCL). The 

etiology of MF is unknown, but there is substantial evidence suggesting a potential role for a yet 

unidentified infectious agent in the pathogenesis of MF. Many studies have claimed that there is an 

association between MF and the Human T cell Lymphotorpic Virus Type 1 (HTLV-I); however, the 

involvement of this virus in the etiology of MF is a controversial topic. In our study, we used nested PCR 

to explore the association between HTLV-I infection and MF by screening genomic DNA from 114 skin 

biopsies for the presence of HTLV-I provirus. We also utilized a ViroChip and high-throughput 

sequencing (HTS), as a case study, to attempt to detect novel virus-specific oligonucleotides that may be 

associated with CTCL. Our data showed no evidence for HTLV-I proviral integration in the 114 MF 

samples that were screened using nested-PCR. The ViroChip and HTS results also did not reveal any 

signature sequence for known or unknown infectious agent in the CTCL case study. Collectively, this 

data argue against the involvement of HTLV-I provirus in the pathogenesis of MF.  
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1. INTRODUCTION 

1.1. Immune System  

The immune system is a complex network of cells, tissues, and organs that normally work 

together effectively to defend against “foreign” invaders such as infectious pathogens. It also can 

recognize and eliminate non-infectious pathogens including transformed and self-reactive cells. This 

enormous task requires the immune system to have a very diverse repertoire of antigen receptors to ensure 

that virtually all kinds of pathogens are recognized. Immune responses and pathogen eradication is mainly 

mediated by T lymphocytes (effector T cells) and B lymphocytes (B cells). These cells can recognize 

antigens via surface receptors known as T cell receptors (TCR) and B cell receptors (BCR), respectively. 

To ensure the antigen receptor diversity, TCR and BCR (immunoglobulin) are generated by a random 

process of somatic gene rearrangement during lymphocyte development. This process (also called genetic 

recombination) involves the assembly of genetic segments encoding antigen receptors 
1, 2

. Because of the 

randomness of genetic recombination, immune cells with self-reactive receptors need to be eliminated 

through mechanisms that ensure self-tolerance. 

Self-tolerance mechanisms involves both positive and negative selection,
3, 4

 which take place in 

primary lymphoid organs such as bone marrow, thymus and spleen. In addition, regulatory T cells serve 

to maintain tolerance in the peripheral blood 
5
. Self-reactive immune cells that manage to escape these 

mechanisms can cause a serious health threat as they can lead to the development of autoimmune diseases 

6
. Unlike other blood cells, T cell development is dependent on the interaction of progenitor cells with the 

thymic microenvironment. Blood-borne progenitor cells migrate from the bone marrow to seed the 

thymus, where T cell development occurs in a well-defined sequence of cell selection and maturation. All 

thymocytes are educated to recognize peptides expressed by self-MHC molecules in which the strength of 

TCR recognition affinity to self-peptide/MHC complex determines whether the cells survive or die by 

apoptosis. These processes are known as positive and negative selection, respectively 
7, 8

. 



   
 

2 

 

In the periphery, antigen-specific recognition through TCR or BCR leads to the activation and 

clonal expansion of antigen-specific immune cells. Activated effector T cells play an important role in 

cell-mediated immunity through processes such as cytokine secretion, whereas activated B cells mediate 

humoral-immunity through antibody production. In contrast to immune responsiveness, immune tolerance 

is mediated by regulatory T cells, which have the ability to suppress deleterious excessive immune 

responses and control the expansion and activation of autoreactive effector T- and B-lymphocytes.    

 

1.1.1. Regulatory T cells   

CD4
+
regulatory T (Treg) cells were first identified because of their unique ability to mediate 

immunological tolerance to self-antigens
5
. In addition, CD4

+
 Treg cells consistently co-express CD25, 

also known as IL-2 receptor alpha chain, which plays an essential role in suppressing unwanted excessive 

immune responses 
5
. Subsequently, Treg cells were shown to express the forkhead transcription factor-3 

(FoxP3), which is a master regulator for their function and development 
9, 10

. The mutation of human 

FoxP3 gene leads to the development of immunodysregulation, polyendocrinopathy, enteropathy, X-

linked (IPEX) syndrome 
11-13

. A similar result was observed in FoxP3 deficient scurfy mice, 
14

 who suffer 

from an aggressive CD4
+
 and CD8

+
 T cell-mediated autoimmune diseases with multi-organ inflammation 

resulting in their death after 3-5 weeks of birth 
12, 15

.  

CD4
+
CD25

+
FoxP3

+
 Treg cells appear in the periphery 3 days after birth in normal healthy mice 

and comprise 5-10% of the total peripheral CD4
+
 T cell population in adult mice 

16
. Treg cells are also 

characterized by high expression levels of the cytotoxic T lymphocyte antigen-4 (CTLA-4), 
17

 the 

glucocorticoid-induced tumor necrosis factor receptor (GITR), 
18

 and CD39 
19 

and low expression levels 

of CD127, IL-7-receptor 
20, 21

. These surface molecules have been considered as cell markers able to 

reliably identify Treg cells and allow for their isolation. Regulatory T cells include two subsets: natural 

Treg (nTreg) and adaptive Treg, also called inducible Treg (iTreg),
22

. nTreg are derived from the thymus  

because of their high affinity for self-peptides presented by thymic stromal cells 
23

. It is believed that the 



   
 

3 

 

autoimmune regulator (AIRE) gene induces the expression of a wide repertoire of peripheral tissue 

antigens in the thymus 
24

 and that these expressed self-antigens are involved in the development of nTreg 

cells and the control of their clonal selection.  iTreg cells, however, are developed from naïve CD4
+ 

T 

cells in the periphery and their development is driven by transforming growth factor (TGF)-β
 25-27

 and the 

interaction of their TCR with exogenous antigens 
28

.  

nTreg and iTreg cells synergize to provide host immunological homeostasis and prevent 

autoimmune responses 
16. 

 iTreg cells mediate their suppressive effects  through the secretion of IL-10 and 

TGF-β 
29, 30

, whereas nTreg cells mediate their suppressive function in a cytokine-independent manner 

that requires cell-cell contact 
31

. Functional defects and/or a numerical reduction in the Treg population 

have been reported in a wide range of human autoimmune diseases including rheumatoid arthritis 
32

, 

multiple sclerosis 
33

 and psoriasis 
34

, as well as in murine autoimmune disease models such as collagen-

induced arthritis (CIA) 
35

 and experimental autoimmune encephalomyelitis (EAE) 
36

. Under inflammatory 

conditions, Treg cells can lose their suppressive activity and differentiate into inflammatory T cells 
37

 

particularly in the presence of the pro-inflammatory cytokine, IL-6, which abolishes the suppressive 

ability of Treg cells in inflammatory conditions 
38

. Conversely, tumor cells are found to produce large 

amounts of TGF-β, which has an essential role in converting naïve CD4
+
 T cells into iTreg cells 

25-27
. 

TGF-β also has a potent immunosuppressive effect that allows cancer cells to modify the 

microenvironment to favor their survival by suppressing effector immune cells.  

 

1.1.2. Effector T cells  

Effector CD4
+
 T cells play a central role in orchestrating immune responses by providing help to 

other cells and by generating a variety of effector molecules during immune reactions. CD4
+
 T cells are 

heterogeneous, and several subsets have been identified based on their signature cytokines and 

transcription factor profiles 
39

. Upon antigenic stimulation, naïve CD4
+
 T cells activate, expand and 

differentiate into two classic effector subsets, T helper (Th) 1 and Th2. Th1 cells produce interleukin-2 
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(IL-2), interferon-γ (IFN-γ) and lymphotoxin (LT), all of which have an important role in host defense 

against intracellular pathogens. Th2 cells secrete IL-4, IL-5, IL-10, and IL-13, which are essential for the 

elimination of extracellular pathogens through the generation of appropriate antibody class switching in 

mature B cells 
40, 41

. Despite the specific effector roles of these cells in the clearance of infectious 

pathogens, dysregulated expansion of Th1 responses is associated with various autoimmune and 

inflammatory disorders, whereas excessive Th2 cytokine production is involved in atopic diseases, 

including allergies and asthma 
42

. 

Recently, IL-17-producing T cells have been identified as a distinct lineage of CD4
+
 T cells, 

named Th17 cells. These cells are highly pro-inflammatory and play an important role in host defense 

against extracellular pathogens that are not efficiently cleared by Th1- and Th2-type immune responses 

such as in infectious diseases with Klebsiella and Candida 
43, 44

. Moreover, Th17 cells and their cytokines 

have been associated with the pathogenesis of several autoimmune and inflammatory disorders including 

rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosus, and psoriasis 
45, 46

. Many of these 

disorders were previously thought to be mediated exclusively by Th1 immune responses 
47

, but the 

discovery of the Th17 cell subset (see section 1.1.3) has revised the Th1/Th2 paradigm 
48

. Figure 1.1 

illustrates the role and the effector molecules of each CD4
+
 T cell subsets.   

 

1.1.3. STAT Family  

Cytokines mediate their biological function through activation of members of STAT (signal 

transducers and activators of transcription) family. To date, seven mammalian STAT proteins have been 

identified. These include STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, and STAT6 
49

. The 

extracellular binding of cytokines to their receptors triggers the activation of intracellular signaling 

cascades 
50

 initiated with Janus kinase (Jak), which is always associated with the cytoplasmic domain of 

cytokine receptors 
51

. Jak phosphorylates a specific tyrosine residue in the cytokine receptors leading to 

the recruitment and activation of cytoplasmic STAT proteins. Following phosphorylation, activated 
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STAT proteins dimerize and actively translocate to the nucleus, where they bind to specific DNA-binding 

sites. In the nucleus, each phosphorylated STAT (pSTAT) protein induces the expression of particular 

cytokine genes and a specific transcription factor 
49, 52

. For example, IL-12 activates STAT1 and STAT4, 

which are specifically involved in the development of Th1 cells as these STAT members promote the 

gene expression of the specific Th1 cell transcription factor, T-bet 
53

. IL-4 activates STAT6, which 

governs the differentiation of Th2 cells through the induction of the GATA-3 (trans-acting T cell-specific 

transcription factor) 
54

. STAT3 is involved in the Th17 cell development 
55

, whereas STAT5 is important 

for Treg differentiation 
56

 (Figure 1.1). In addition, STAT proteins can interact with other signaling and 

transcription molecules. For instance, STAT3 interacts with SMAD1 (Mothers against decapentaplegic 

homolog 1), a member of another signaling molecule family that is involved in the translocation of 

signals from TGF-β receptor 
57

. This is illustrated in Figure 1.2.  
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Figure 1.1 Schematic representation of Naïve CD4
+
 T cell differentiation   

 

During the early stages of an acquired immune response, naïve CD4+ T cells (Th0) differentiate into 

effector CD4
+
 T helper (Th1, Th2, and Th17) cells or regulatory T (Treg) cells. The binding of particular 

cytokines (above the arrows) to their receptors on the naïve cell surface, activates members of STAT 

family, which regulate the expression of a key transcription factor (under the arrows) that is responsible 

for the differentiation of Th0 cells to a specific T cell lineage. Each differentiated CD4
+
 T cell subset 

plays an important role in host protection against pathogens through the secretion of a number of 

signature cytokines. T cell subsets also play a pathological role in inflammatory autoimmune diseases as 

well as allergies. Treg cells, however, modulate immune responses and mediate immune homeostasis. 

Abbreviations: IL-; interleukin, IFN-γ, interferon-gamma; TNF-α, tumor necrosis factor-alpha; STAT, 

signal transducer and activator of transcription; TGF-β, transforming growth factor-beta; ROR, retinoid-

related orphan receptor; FoxP3, forkhead box p3. (The figure is made the author, Mariam Alkhawaja)  
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1.1.4. T Helper 17 Cell Discovery  

IL-12 is linked with autoimmunity because of its important role in the induction of Th1 immune 

responses 
58

. IL-12, which is secreted by antigen presenting cells, i.e. dendritic cells, macrophages, and B 

cells, is involved in the differentiation of naive T cells into the Th1 lineage. It stimulates the production of 

interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α) from Th1 cells 
59

 (Figure 1.1). 

Biologically, IL-12 is a heterodimeric cytokine composed of two proteins (p35) and (p40).  The (p40) 

subunit can also combine with a (p19) subunit to form a novel heterodimeric cytokine named IL-23 
60

, 

which is involved in the differentiation of Th17 cells. 

The importance of the Th17 lineage in autoimmune diseases was first demonstrated in mice 

deficient for the IL-23p19 subunit 
60

. Interestingly, mice lacking the IL-23p19 and the IL-12p40 subunits, 

but not those lacking the IL-12p35-specific subunit, are resistant to the development of autoimmunity in 

mouse models, including collagen-induced arthritis (CIA) and experimental autoimmune 

encephalomyelitis (EAE). Furthermore, these mice had similar numbers of IFN-γ-producing T cells 

compared to wild type mice but showed a dramatic decrease in IL-17-producing CD4
+
 T cells 

61, 62
. These 

experiments highlighted the prominence of IL-23/Th17 axis in the pathogenicity of autoimmune diseases, 

and showed that IL-23, rather than IL-12, is critical for the development of autoimmune diseases in these 

model systems. 

It is important to note that IL-23 alone is not sufficient to drive the in vitro differentiation of Th17 

cells from naïve CD4
+
 T cells as the latter does not express IL-23R. Instead, transforming growth factor 

(TGF)-β in combination with IL-6/IL-21, and subsequently IL-23, promotes the polarization of naïve 

CD4
+
 T cells into the Th17 lineage 

63-65
. TGF-β is produces by various cells including macrophages 

66
 and 

Treg cells, 
11, 66, 67

 whereas IL-6 can be produced by macrophages 
68

, B cells 
69

 and epithelial cells such as 

keratinocytes 
70

. Although TGF-β is crucial for the induction of regulatory T cells 
26

, it synergizes with 

the proinflammatory cytokine, IL-6 to induce the orphan nuclear receptor, retinoid-related orphan 

receptor (ROR) α and ROR γt, which are the key transcription factors that  induce IL-17 expression in 
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naïve CD4
+
 T cells 

63, 71, 72
. TGF-β, IL-6 and autocrine source of IL-21 activate the cytoplasmic 

transcription factor STAT3, which is in coordination with RORα and RORγt leads to the production of 

IL-17 
55, 73

. STAT3 is essential for the expression of IL-23R, which further enhances the activation of 

STAT3 after extracellular binding of IL-23 to the IL-23R. IL-23 produced by antigen presenting cells as 

well as endothelial cells 
60, 74

 stabilizes and completes the commitment of CD4
+
 cells to the Th17 lineage

 

75
 (Figure 1.2).  
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Figure 1.2 Steps in the Differentiation of Th17 Cells 

Th17 cell polarization involves three steps: differentiation of Th17 cells from naïve CD4
+
 T cells, 

amplification of Th17 precursor cells, and stabilization of the effector phenotype of differentiated Th17 

cells. Various molecules play a particular role in one of these steps. TGF-β together with IL-6 are the 

differentiation factors for Th17 cells, whereas IL-21, which is produced by Th17 cells themselves, acts in 

a positive feedback loop to increase the frequency of Th17 cells. STAT3 is the essential signaling 

molecule for the differentiation of Th17 cells, and it is also critical in the signal transduction cascades of 

IL-6, IL-21 and IL-23 receptors. IL-23 expands and stabilizes Th17 cells to produce their effector 

cytokines IL-17A, IL-17F and IL-22. Abbreviations: IL-; interleukin, STAT3; signal transducer and 

activator of transcription 3, TGF-β; transforming growth factor-beta, ROR; retinoid-related orphan 

receptor. SMAD1; Mothers against decapentaplegic homolog 1. (Adapted from Ref. 
76

and reprinted with 

permission from Nature Publishing Group) 
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1.1.4.1 T Helper 17 Cell Effector Molecules 

IL-17A/IL-17RA 

The IL-17 cytokine family is a recently discovered group of cytokines, composed of 6 members: 

IL-17A, IL-17B, IL-17C, IL-17D, IL-17E (IL-25) and IL-17F 
77, 78

. IL-17 (IL-17A) was originally 

identified in 1995
 79

. Amongst the CD4
+ 

T cell subsets, IL-17A is specifically expressed by Th17 cells and 

is considered to be their signature cytokine 
78.

 The major source of IL-17A is the innate immune cells 

such as γδ T cells, NK cells, mast cells and neutrophils 
78, 80-82

. IL-17A and IL-17F are genetically and 

functionally linked. They are coexpressed, can form heterodimers 
83, 84

, and they are key cytokines for the 

recruitment, activation and migration of neutrophils 
43, 78

. They can also act on a wide range of cell types. 

For example, IL-17A mediates neutrophils recruitment indirectly through a paracrine mechanism that 

stimulates keratinocytes to secrete CXCL8 (IL-8), the most potent neutrophil chemotactic factor 
85, 86

.  

The IL-17A receptor is expressed ubiquitously, yet the most responsive cells are endothelial cells, 

fibroblast cells and epithelial cells; including, but not limited to, keratinocytes 
87

. When stimulated with 

IL-17A, these cells produce a variety of proinflammatory cytokines, chemokines, matrix 

metalloproteinases, and angiogenic proteins 
88-90

. IL-17A and IL-17F can induce the expression of TNF-α, 

IL-6, IL-8 (proinflammatory cytokines), GM-CSF, G-CSF (growth factors) 
78

, CXCL1, CXCL10, CCL20 

(chemokines) 
78, 91, 92

, metalloproteinase-9 
93

, and VEGF (angiogenic factor) 
94

 in these stromal cell. The 

functions of IL-17A are illustrated in Figure 1.3. 

 

IL-22/IL-22R 

IL-22, another cytokine secreted by CD4
+ 

Th17 cells 
95, 96

, belongs to the IL-10 family of 

cytokines. IL-22 differs from other cytokines of the IL-10 family as it is a potent proliferative and 

proinflammatory agent 
 97

. IL-23-mediated STAT3 activation leads to IL-22 production by both adaptive 

and innate immune cells. These include differentiated Th17 cells, γδ T cells, and NK cell 
98-100

. Although 

IL-17 gene expression is highly dependent on the transcription factors RORγt and RORα, IL-22 gene 

expression requires the ligand-dependent transcription factor aryl hydrocarbon receptor (Ahr) 
101

.
 
The IL-
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22 receptor is highly expressed in epithelial cells and parenchymal tissues but not in immune cells 
102

. IL-

22 therefore has a vital role in the immune barrier function of epithelial cells. For instance, it induces 

antimicrobial agents and β-defensins in keratinocytes  
100

. IL-22 is also involved in skin inflammation as it 

up-regulates, in a dose-dependent manner,  the expression of a group of proinflammatory molecules as 

well as the expression of matrix metalloproteinase 3, platelet-derived growth factor A, and the CXCL5 

chemokine 
103

. In addition, IL-22 induces keratinocyte migration and promotes hyperplasia of 

keratinocyte layers resulting in the overall thickening of the epidermis 
103

 (Figure 1.3). Lastly, in vitro 

assays have shown that treatment of keratinocytes with IL-22 quickens repair after wounding indicating a 

pivotal role for IL-22 in tissue remodeling 
104

. 

 

IL-21/IL-21R 

In addition to IL-17A, IL-17F and IL-22 cytokines, Th17 cells secrete IL-21 
65

, which is a 

member of the type I cytokine family, and is homologous to IL-2, IL-4, and IL-15 
105

. IL-21 is mainly 

produced by activated CD4
+ 

T cells and NK cells. It mediates its function via IL-21R, which is 

preferentially expressed by T cells, B cells, NK cells, some populations of myeloid cells, and 

keratinocytes
 105

. As mentioned earlier, Th17 cell differentiation requires the presence of IL-6 and TGF-β 

64
 because IL-6 knockout (IL-6

-/-
) mice do not develop Th17 cells and have abundance of Foxp3

+
 Treg 

cells in their peripheral CD4
+
 T cell repertoire 

65
. However, the depletion of Treg cells with anti-CD25 

monoclonal antibody resulted in the reappearance of Th17 cells in the IL-6
-/- 

mice, suggesting an 

alternative pathway of Th17 cells differentiation. Subsequent experiments revealed that TGF-β can 

synergize with IL-21 to induce RORγt and IL-17 gene expression in naïve CD4
+
 T cells 

65, 106
.  

In IL-21 and IL-21R deficient mice, Th17 cell polarization after TGF-β and IL-6 stimulation is 

partially impaired and the CD4
+
CD44

+
IL-17

+
 T cell fraction is significantly reduced 

65, 106
. These findings 

indicate that even under the classical TGF-β plus IL-6 mediated Th17 cell differentiation, IL-21 is 

essential for Th17 cell amplification. This is due to IL-21 secretion by Th17 cells themselves, which 

provides an autocrine signal that further amplifies Th17 cells 
106

. This positive feedback loop established 
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by IL-21 in combination with TGF-β upregulates the expression of IL-23R by differentiated Th17 cells 

107.
 IL-23, in turn, promotes the commitment of differentiated CD4

+
 T cells to the Th17 phenotype 

(Figure 1.2).  

 

1.1.5. T Helper 17 Cells Regulation  

1.1.5.1. Relationship between Th17 and Th1/Th2 cells  

During CD4
+
 T helper cell differentiation, each cell inhibits the development of the opposing 

subset to sustain lineage-specific responses. For example, IL-4 suppresses the differentiation of Th1 cells  

108
, and IFN-γ inhibits the development of Th2 cells 

109, 110
. Furthermore, both Th1 and Th2 cytokines 

inhibit the generation of the Th17 lineage 
91, 111

. In addition to IFN-γ, IL-27 which is another important 

cytokine for polarization of naïve CD4
+
 T cell toward the Th1 lineage acts as a potent inhibitor of Th17 

cell differentiation 
112, 113

. Both IFN-γ and IL-27 inhibit Th17 development in a STAT1-dependent manner 

112, 113
. More recently, IL-25, also known as IL-17E, has been shown to suppress the differentiation of 

Th17 cells 
114

. IL-25 is mainly produced by Th2 cells and plays a role in Th2-type allergic responses 
115

. 

Although IL-2 is a mitogenic agent for most T cell subsets, it negatively regulates Th17 differentiation by 

impairing the expression of IL-6R 
116

, and phosphorylating STAT5, which opposes the differentiation of 

Th17 cells 
117

. 
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Figure 1.3 Representative model of the role of Th17 axis cytokines in autoimmune and 

inflammatory disorders  

 

The combination of TGF-β and IL-6 leads to the polarization of naïve T helper cells (Th0) toward the 

Th17 lineage. These initiation cytokines are provided by a variety of cell types such as APC, Treg and 
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KC. Differentiated Th17 cells, but not naïve T cells express IL-23R, which binds to its cytokine, IL-23 

leading to stabilization and completion of Th17 cell phenotype commitment. IL-21, in an autocrine 

manner, leads to the amplification of Th17 cell. Fully differentiated Th17 cells secrete a group of effector 

molecules that have a fundamental role in autoimmune and inflammatory disorders. IL-17A and/or IL-

17F activate the expression of inflammatory cytokines, chemokines and growth factors that are involved 

in neutrophil recruitment in target tissues, resulting in chronic inflammation and tissue damage. IL-22 

also activates the expression of inflammatory cytokines and growth factors, which induce keratinocytes 

migration leading to epidermal hyperplasia. IL-21 promotes the survival and expansion of B cells and 

their differentiation into autoantibody-producing plasma cells, as seen in lupus. Abbreviations: APC; 

antigen presenting cells, IL-; interleukin, IL-23R; interleukin-23 receptor, KC; keratinocytes, MMPs; 

matrix metalloproteinase, TGF-β; transforming growth factor-beta, Th0; Naïve T cell, Th17; T helper 17 

cell, Treg; regulatory T cell. (The figure is made by the author, Mariam Alkhawaja).  
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1.1.5.2. Reciprocal Relationship between Th17 and Treg Cells  

The Th17 and iTreg developmental pathways are closely related. TGF-β acts as a critical 

common factor for inducing both RORγt and FoxP3, which are expressed by Th17 and iTreg cells, 

respectively 
26, 63, 64

. Many studies have shown a reciprocal relationship between FoxP3
+
 Treg and Th17 

cells in which proinflammatory cytokines play a pivotal role in determining whether immune responses 

are orchestrated by pathogenic Th17 cells or by protective Treg cells
 71

. In the absence of inflammation, 

TGF-β induces FoxP3 expression leading to the generation of iTreg cells 
26

. FoxP3 physically associates 

with ROR family members and antagonizes the expression of the Th17 transcriptional factors, RORγt and 

RORα 
118, 119

. Conversely, under the influence of an inflammatory stimulus, the proinflammatory 

cytokines, particularly IL-6, IL-21, and IL-23, induce STAT3 activation resulting in the suppression of 

TGF-β-driven FoxP3 expression, and the promotion of TGF-β-induced RORγt expression, which leads to 

the development of Th17 cells 
55, 64, 65, 107

 (Figure 1.4). 

Evidence from a large number of studies indicates a noteworthy reciprocal regulation of Th17 and 

Treg cells. For example, the vitamin A metabolite retinoic acid promotes the development of anti-

inflammatory Treg cells, and inhibits the induction of proinflammatory Th17 differentiation 
120, 121

. The 

2,3,7,8 -tetrachlorodibenzo-p-dioxin (TCDD) and the 6-formylindolo[3,2-b]carbazole (FICZ), which are 

exogenous (synthetic) and endogenous (natural) ligands, respectively, can bind with high affinity  to aryl 

hydrocarbon receptor (Ahr) 
122, 123

. Although both TCDD and FICZ activate the ligand-activated 

transcription factor, Ahr, they show opposing effects in Treg/Th17 cell regulation 
124, 125

. Ahr activation 

by the non-metabolizable TCDD ligand promotes the generation of regulatory T cells, while inhibiting 

Th17 development 
124, 126, 127

. Conversely, FICZ binding to Ahr interferes with Treg differentiation and 

promotes Th17 development by inhibiting STAT1 and STAT5 activation 
124, 125, 128

 (Figure 1.5).  

TGF-β induces low levels of Ahr expression in naïve CD4
+ 

T cells, whereas TGF-β plus IL-6 

(Th17-polarizing conditions) robustly upregulates Ahr expression in differentiated Th17 cells 
124, 128

. Ahr-

deficient naïve T cells showed a considerable loss in their ability to differentiate into Th17 cells when 
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they are stimulated by TGF-β and IL-6 
128

, suggesting an important role of Ahr in the differentiation of 

Th17 cells (Figure 1.5). 

In contrast to the reciprocal regulation of Treg and Th17 cells, more recent studies have revealed 

that Th17 cell differentiation is supported by Treg cells. For instance, Treg cells themselves can transform 

into RORγt-expressing, IL-17-producing cells after IL-6 stimulation 
129

. Additionally, Treg cells may 

serve as a source of the TGF-β required for the induction of RORγt in Th17 cells 
64

. Finally, Treg cells 

can promote early Th17 differentiation through the consumption of IL-2, which suppresses RORγt 

expression by the STAT5 pathway 
130, 131

.  

A recent study showed that the cardiac glycoside digoxin, which is used for treatment of 

congestive heart failure 
132, 133

, is a specific inhibitor of RORγt activity. Digoxin therefore specifically 

suppresses Th17 cell differentiation without affecting the differentiation of other T cell lineages 
134

. 

Digoxin is toxic for human cells at high concentrations 
135

; however, it inhibits RORγt at a very low 

concentration. This study showed that, at this low non-toxic concentration, digoxin was effective in 

delaying the onset and reducing the severity of autoimmune disease in mice 
134

. The study suggested 

using “derivatives” of digoxin as therapeutic agents for targeting RORγt, and there by mitigating the 

development of human inflammatory and autoimmune diseases. 
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Figure 1.4 Competitive antagonism between FoxP3 and ROR family members dictates induced 

regulatory T cell versus T helper 17 cell developments. 

 

Naive CD4
+ 

T cells activated by antigen in the presence of TGF-β are induced to express the retinoic acid-

related orphan receptor genes RORC and RORA, as well as forkhead box P3 (FoxP3), which encode 

RORγt, RORα and FoxP3, respectively. These cells can differentiate into either T helper 17 (Th17) cells 

or induced regulatory T (iTreg) cells depending on the dominance of IL-6 or retinoic acid, respectively. In 

the presence of retinoic acid, and absence of IL-6, FoxP3 can bind, and inhibit the activity of, ROR family 

factors, thereby promoting Treg cell development. IL-6 and STAT3-activating Th17 cell-inducing 

cytokines such as IL-21 and IL-23 appear to promote Th17 cell development, at least in part, by 

antagonizing the FoxP3-mediated inhibition of ROR family members through an undefined mechanism. 

ROR factors might also inhibit FoxP3 expression through direct or indirect mechanisms. Abbreviations: 

TGF-β; transforming growth factor-beta, IL-6; interleukin-6, STAT3; signal transducer and activator of 

transcription 3, IL-12Rβ1, interleukin-12 receptor beta1. (Adapted from Ref. 
136

 and reprinted with 

permission from Nature Publishing Group). 
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Figure 1.5 Ahr opposing effects on Th17 and Treg cell differentiation  

 

Aryl hydrocarbon receptor (Ahr) is expressed in both Tregs and Th17 cells. The engagement of Ahr with 

the natural ligands, FICZ, promotes Th17 cell differentiation, wheras the engagement of Ahr with another 

synthetic ligand, TCDD enhances FoxP3 expression resulting in Treg cell diffrentiation. Note that the 

Th17 polarization conditions such as the precence of TGF-β plus IL-6 preferentially induces the 

expression of Ahr in Th17 cells.  (Adapted from Ref. 
137

 and reprinted with permission from John Wiley 

and Sons) 
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1.1.6. T Helper 17 Cells in the Pathogenesis of Disease 

1.1.6.1. Role of IL-23/Th17 Axis in Autoimmune and Inflammatory Disorders  

There is a growing body of evidence supporting the pivotal role of Th17 cells and their cytokines 

in the pathogenicity of autoimmune diseases. Th17-related cytokines have been detected in the sera and 

target tissues form patients and mouse models of various autoimmune diseases including rheumatoid 

arthritis 
138

, multiple sclerosis 
139, 140

, systemic lupus erythematous 
141

, and psoriasis 
142-144

. 

 

Rheumatoid Arthritis (RA)  

In a collagen-induced arthritis (CIA) mouse model, the disease is mainly mediated by IL-17A 

because neutralization of either IL -17A or its receptor before the onset of disease, attenuates arthritis, and 

reduces IL-6 serum levels 
145

. During late stages of the disease mice with CIA show increased expression 

of IL-22 by synovial Th17 cells 
146

. An important role for IL-22 in CIA mouse model is supported by the 

observation that IL-22-deficient mice with CIA show a decreased incidence of arthritis 
147

. Another study 

demonstrated that mice with CIA have increased levels of IL-21 in serum and target tissues and that the 

inhibition of the IL-21/IL-21 receptor pathway ameliorates arthritis in mouse models 
148, 149

. In patients 

with RA, IL-22 serum levels correlate positively with radiographic progression of the disease 
150

. In 

addition, patients with early-stage RA have elevated levels of IL-21 in the synovium, synovial fluid, and 

serum and the IL-21 levels correlate with diseased activity 
148

.  

 

Multiple Sclerosis (MS) 

IL-17 and IL-22 disturb the integrity of blood-brain barrier and promote inflammation in the 

central nervous system by downregulating tight junction proteins and inducing chemokines in endothelial 

cells  
151

. Various studies have showed that either deficiency or neutralization of IL-17 with anti-IL-17 

monoclonal antibody delays the onset of experimental autoimmune encephalomyelitis (EAE) and reduces 



   
 

20 

 

the severity of disease 
140, 152, 153

. In patients with MS, IL-17 expression is augmented in mononuclear cells 

of the blood and cerebrospinal fluid, and correlates with disease activity 
139

. 

 

Systemic Lupus Erythematous (SLE) 

In experimental animal models as well as in patients with SLE, IL-17 in combination with IL-21 

and BAFF promotes formation of germinal centers and promotes autoantibody production by B cells. 

These studies highlighted a critical role for Th17 cells in the development of autoantibody-producing 

plasma cells 
154, 155

. The role of Th17 cells in the development of plasma cells is illustrated in Figure 1.3. 

 

Psoriasis 

Intradermal injections of IL-23 induced a psoriasis-like skin phenotype in mice and significantly 

upregulated IL-6 at both the mRNA and protein levels 
156

. Another study showed that recombinant murine 

IL-23 injections induced ear swelling, epidermal hyperplasia in wild type mice and expression of both IL-

17 and IL-22. The same study demonstrated that the systemic delivery of blocking antibodies directed 

against either IL-22 or IL-17 completely inhibited IL-23-induced epidermal hyperplasia in the WT mice 

144
. Over expression of IL-22 in il22-transgenic mice 

157
 or direct administration of IL-22 into the skin of 

normal mice induced an aberrant skin phenotype that resembles psoriasis, and induced the expression of 

both antimicrobial peptide and proinflammatory cytokines 
143

. Increased IL-22 mRNA and protein levels 

have been also found in the skin and blood of psoriatic patients with IL-22 mRNA levels being higher in 

lesional skin than in peripheral blood mononuclear cells (PBMCs) 
142

.  

Collectively, these findings indicate a critical role for the IL-23/Th17 axis in the 

immunopathogenesis of inflammatory autoimmune diseases. Targeting certain molecules involved in this 

axis such as IL-17, IL-22 and IL-21 may provide an effective therapeutic strategy for preventing and/or 

treating a wide range of autoimmune and inflammatory diseases. 
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1.1.5.2. Role of IL-23/Th17 Axis in Cancer 

In addition to autoimmune diseases, immune cells play a critical role in promoting carcinogenesis 

and tumor growth, largely by producing specific cytokines or growth factors 
158

. An abundance of 

evidence supports a critical role for disregulated IL-6 over expression in tumor progression. This results 

in both the inhibition of cancer cell apoptosis and the stimulation of angiogenesis 
159

. IL-6 mediates its 

effects through several signaling pathways. The most important of these is the STAT3 pathway, which 

promotes tumor cell survival, proliferation, and tumor angiogenesis 
160, 161

. IL-23, another important 

cytokine for the Th17 axis, promotes carcinogenesis through STAT3 activation 
162

.  

Increased numbers of IL-17-producing T cells have been detected within certain tumors 
163-165

; 

however, their role in cancer progression or inhibition remains controversial 
166-172

. For instance, the 

growth of cancers such as B16 melanoma and MB49 bladder carcinoma was found to be reduced in IL-

17
-/-

 mice but immensely accelerated in IFN-γ
-/- 

mice. In addition, adoptive transfer studies and the 

analysis of the tumor microenvironment revealed that CD4
+
 T cells were the predominant source of IL-17 

and suggested a role of IL-17 in promoting tumor growth 
173

.  As mentioned earlier, IL-6-induced IL-17 

gene expression is regulated by STAT3 
174

. Altogether, the continuous activation of STAT3 via Th17 axis 

cytokines in the tumor microenvironment promotes the local accumulation of myeloid-derived suppressor 

cells and regulatory T cells, resulting in the mitigation of the anti-tumor immune responses 
175

. 

 

Cutaneous T cell Lymphoma 

Cutaneous T cell lymphoma (CTCL) is a group of lymphoproliferative disorders characterized by 

localization of malignant T lymphocytes to the skin 
176

. Mycosis fungoides (MF), the most common form 

of CTCL 
177, 178

, and is characterized by the malignant proliferation of neoplastic CD4
+
, CD45RO

+
 T cells 

that home to the skin. As the disease advances, the abnormal CD4
+
, CD45RO

+
 T cells become the 

predominant T cell within the lesional skin 
179

. Sézary syndrome (SS), a leukemic variant of CTCL, 

manifests as erythroderma, generalized lymphadenopathy, and the presence of Sézary cells in the skin, 

lymph nodes, and the peripheral circulation 
179, 180

. Immunologically, several groups have reported that in 
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early MF/CTCL, when the tumor burden is low, activated PBMCs exhibit a Th1 phenotype, with 

increased gene expressions of IL-2 and IFN-γ 
181

. Interestingly, as the malignancy progress, activated 

PBMCs obtained from late MF/CTCL have a Th2 phenotype, characterized by increased IL-4, IL-5, IL-

10, and IL-13 
181-183

. 

Th17-axis cytokines received attention in the study of CTCL immunology after the discovery of 

the Th17 cell subset. A study reported that IL-22 mRNA expression was significantly increased in CTCL 

skin in most patients and that the IL-22 serum level were elevated at both mRNA and protein levels and 

correlated with disease severity. Immunohistochemical analysis of CTCL lesions also showed an 

abundant expression of IL-22 
184

. These findings suggest that IL-22, rather than IL-17 may play an 

important role in CTCL. It was reported that IL-22 induces STAT3 phosphorylation in human 

keratinocyte cell lines and that STAT3 expression was elevated at both mRNA and protein levels 
103

. 

Consistent with this is the observation that phosphorylation of STAT3 (pSTAT3) and increased 

expression of IL-23 was detected in the epidermal keratinocytes in MF/SS lesions but not in normal skin 

184, 185
. As discussed earlier in section (1.1.6.1), inducing over expression of IL-23 or IL-22 in normal skin 

promotes epidermal hyperplasia and thickening of the skin that is similar to psoriatic lesions. 

Consistently, acanthosis (i.e. thickening of the skin), is often seen in CTCL skin lesions, which have 

elevated levels of IL-22 and IL-23 as well as a high expression level of pSTAT3 in keratinocytes in 

MF/SS lesions, 
186, 187

. 

Malignant T cells derived from MF or SS patients and malignant T cell lines established from 

CTCL patients express and secrete IL-17 following  in vitro stimulation with phorbol 12-myristate 13-

acetate (PMA) and ionomycin, 
188, 189

. In addition, IL-17 gene expression was detected in MF/SS biopsies 

but not in biopsies of non-lesional control skin 
189

. IL-17 protein was also found in the supernatant of 

purified Sézary cells from a SS patient 
189

. A recent study demonstrated that the expression levels of a 

group of cytokines in PBMCs from late MF/SS are variable and depend on the extent of neoplastic CD4
+
 

T cells to the blood. For example, PBMCs from late MF/SS without blood involvement revealed 

increased expression of IL-5, IL-10, IL-13, and IL-17 upon in vitro stimulation, compared to PBMCs 
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from late MF/SS with blood involvement, PBMCs from healthy controls, and PBMCs from patient with 

psoriasis. Stimulated PBMCs from late MF/SS with blood involvement had the most depressed levels of 

IL-2, IL-4, IFN-γ, IL-13, and IL-17 amongst the various groups 
190

. These findings indicate that malignant 

CTCL cells can express IL-17 in situ and suggest that their secretion of this proinflammatory cytokine 

represents an early event in the development of an inflammatory tumor microenvironment that likely 

support cell transformation and tumor progression.  

CTCL lesions exhibit increased angiogenesis and elevated levels of inflammatory and angiogenic 

proteins that are known to be induced by IL-17 such as TNF-α, IL-8, CCL20, and vascular endothelial 

growth factor as well as matrix metalloproteinase (MMp) 2 and MMp9 
191-195

. Another study showed that 

IL-17 expression was detectable in all CTCL lesions significantly infiltrated with neutrophils, suggesting 

a role of IL-17 in neutrophils recruitment 
189

. In summary, malignant CTCL cells express IL-17, which 

likely stimulates the stromal cells to secrete proinflammatory cytokines, chemokines, and angiogenic 

factors that contribute to tumorigenesis by promoting angiogenesis and chronic inflammation.  

 

1.2. Psoriasiform Diseases 

Psoriasiform diseases or psoriasiform reaction patterns are a group of cutaneous disorders, that 

clinically or histologically resemble psoriasis 
196

. Histopathologically, the psoriasiform reaction pattern is 

defined by the presence of epidermal hyperplasia/acanthosis, and impaired keratinocyte maturation, that 

leads to the retention of the nucleus (parakeratosis), the elongation of rete ridges in a regular manner,  the 

dilation of  blood vessels in the papillary dermis, the formation of a suprapapillary exudate and the 

exocytosis of leukocytes into the epidermis 
197

.  This non-specific reaction pattern can be seen in a great 

variety of chronic dermatosis conditions including psoriasis, seborrheic dermatitis (SD), and mycosis 

fungoides (MF).  
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1.2.1. Psoriasis 

Psoriasis is the oldest of all recorded dermatologic disorders, affecting approximately 2% of the 

population, and tending to be more frequent in Caucasians than in other ethnic groups 
198-200

. The 

prevalence is almost equal in men and women 
199

, and the disease can develop at any age. Generally, it 

often appears after puberty between the ages of 15 and 25 in females and at middle age in males. Psoriasis 

is common among immunosuppressed patients such as those with acquired immunodeficiency syndrome 

(AIDS). Its prevalence in HIV-1-seropositive individuals is comparable to that of their seronegative 

counterparts 
201

; however, psoriatic lesions in AIDS patients tend to be more severe, extensive, destructive 

and unmanageable 
202, 203

. 

Psoriasis usually manifests as raised, well-defined, erythematous oval plaques with adherent 

silvery scales (Figure 1.6). There are many distinct clinical sub-types of psoriasis often overlap. Among 

these, psoriasis vulgaris (also called plaque psoriasis) is the most common sub-type, which affects 80% to 

90% of psoriatic patients 
199, 204

 
205

. Plaque psoriasis is characterized by chronic scaling papules and 

plaques that are usually concentrated on the extensor surfaces (elbows, knees and lumbar back), scalp, 

genital areas, palms, and soles of the feet 
206

 (Figure 1.6 A, B, C). Another sub-type of the disease is 

erythrodermic psoriasis, which is characterized by generalized inflamed erythema and widespread 

scaling, affects up to 100% of the body surface area (Figure 1.6 D) 
199

, making it difficult to distinguish 

from Sézary‟s syndrome. Skin with erythrodermic psoriasis loses its ability to maintain body temperature, 

to prevent loss of fluids and nutrients through the epidermis, and to protect against infection; hence, 

sepsis is a common complication if erythrodermic psoriasis that are untreated 
207

. Psoriasis can also 

appear in extracutaneous forms in which 6% to 42% of patients develop psoriatic arthritis affecting 

multiple parts of the hand joints 
208

 (Figure 1.6 E).  Twenty-five percent of the patients develop psoriatic 

lesions in the nail bed leading to nail dystrophy 
197

 (Figure 1.6 F).  Lastly, the involvement of facial and 

scalp lesions in psoriasis can mimic seborrheic dermatitis (discussed in section 1.2.2).   
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Figure 1.6 Different clinical forms of psoriasis 

The photograph in (A) shows a plaque psoriasis which is characterized by patches of inflamed skin with 

silvery scales that typically affect the elbows. (B) demonstrates another form of plaque psoriasis 

characterized by sharply demarcated erythematous scaling plaques. (C) shows non-pustular palmar-

plantar psoriasis affects soles of feet. (D) represents erythrodermic psoriasis characterized by inflamed red 

erythema and scaling that affects large parts of the cutaneous surface. (E) shows psoriatic arthritis which 

often affects hand joints. (F) illustrates nail psoriasis which can lead to pitting and clouding of the nails 

and sometimes with total loss of the nail bed. (Adapted from Ref. 
199, 209

 and reprinted with permission 

from Elsevier)    
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1.2.1.1. Histopathology of Psoriasis 

Psoriasis is characterized by a hyperproliferative epidermis with incomplete cornification of 

keratinocytes because of an increased mitotic rate of the basal keratinocytes. This abnormal 

hyperproliferation results in acanthosis (thickening of the epidermis) and parakeratosis (retention of 

nuclei in the stratum corneum). Psoriatic skin lesions are also characterized by dilated, hyperplastic blood 

vessels and an inflammatory infiltration of leukocytes, predominantly in the dermis. A hallmark feature of 

psoriasis is elongated rete ridges, which in combination with the dermal inflammatory infiltrate, 

contributes to the overall thickness of lesions. The redness of the lesions is due to increased numbers of 

capillaries that reach the skin surface through a markedly thinned epithelium 
204, 210

 (Figure 1.7 A). 

 

1.2.1.2. Pathogenesis and Etiology of Psoriasis 

Until the late 1970‟s, psoriasis was thought to be a primary proliferative disorder of epidermal 

keratinocytes 
211

. However, during the 1980‟s, psoriasis patients were successfully treated with 

immunosuppressive agents such as cyclosporine A, which inhibits T cell proliferation and cytokine 

production. This was the first clinical evidence for the potential role of T cells in the pathogenesis of 

psoriasis 
212

. Other T cell-targeted drugs like anti-CD4 monoclonal antibody 
213

 and cytotoxic T 

lymphocyte-associated antigen 4 (CTLA-4)-immunoglobulin also showed a remarkable therapeutic 

efficacy in psoriasis treatment 
214

.    

The discovery of conserved clonal TCR gene rearrangements within psoriatic skin lesions and the 

continuous presence of the same T cell clone over a prolonged period of time, even in relapsing disease, 

suggested that common antigens trigger T cell activation and that these cells mediate chronic psoriasis 
215

. 

Hundreds of studies have since been conducted to identify the stimuli that activate pathogenic T cells 

during psoriasis development. The close relationship between streptococcal infection and psoriasis have 

made streptococcal antigens, in particular M protein, peptidoglycan (PG), and streptococcal DNA, 

possible candidates for T cells activation 
216-218

. Many other environmental factors have been implicated 
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in the induction of psoriasis including smoking tobacco, stress, weather changes, trauma, diet, 

vaccinations and drugs 
197

. For example, the withdrawal of systemic corticosteroids is known to be the 

most common cause of erythrodermic psoriasis 
206

. Currently, psoriasis is defined as an autoimmune-

related disease, which is characterized by chronic inflammation that is triggered by unknown antigens 

and/or infectious agents 
204

.  

Psoriasis is generally considered to have a genetic component because the incidence of psoriasis 

is greater amongst first- and second-degree relatives of patients with psoriasis than among the general 

population 
219

. The involvement of a genetic factor is also supported by twin studies, which indicated that 

the risk of psoriasis is two to three times higher in monozygotic twins compared to dizygotic twins 
200, 219

. 

More importantly, advances in whole-genome analysis have provided significant insights into disease-

related cells and pathways, by providing a complete set of transcripts that are present in a particular cell 

type (transcriptome analysis) 
220

. Genomic signatures in psoriatic lesions, for instance, indicate that 

dendritic cells and T cells are key cell types, and that type I interferons, interferon-γ (IFN-γ) and TNF-α 

are key cytokines 
221, 222

. A comprehensive genome-wide study suggested an association of psoriasis with 

the interleukin-23 pathway 
223

. Recent interest has been focused on the role of the proinflammatory 

cytokine, IL-17 and other IL-23/Th17 axis cytokines in the immunopathogenesis of inflammatory 

diseases including psoriasis. T cells from psoriatic skin lesions were found to be predominantly secret 

IFN-γ and IL-17 
224

. The neutralization of IL-22 in a mouse model of psoriasis-like skin inflammation 

showed a reduction in acanthosis, inflammatory infiltrates and the expression of Th17 proinflammatory 

cytokines 
143

. Although the numbers of Treg cells are not altered in psoriatic skin lesions, they seem to be 

functionally defective 
34, 225

. A recent study suggest that IL-6 secreted by endothelial cells and dermal 

DCs in lesional psoriatic skin enables cutaneous effector T cells to escape the suppressive effects of Treg 

cells and promotes the differentiation of Th17 cells, which mediate skin inflammation leading to psoriasis 

225
. 
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Figure 1.7 Histopathology of psoriasis  

 

The photomicrograph of H&E stained psoriatic skin in (A) shows the thickened epidermis/acanthosis [a], 

loss the granular layer, and the regular elongation of rete ridges [r] which reflects the hyperproliferative 

state. A chronic inflammatory infiltrate [i] composed mainly of small T-lymphocytes can also be seen in 

the epidermis and dermis. The photomicrograph of H&E stained healthy skin in (B) shows a regular 

epidermis [e] and orthokeratosis [o] (anuclear keratin layer). (Adapted from Ref. 
226

 and reprinted with 

permission from John Wiley and Sons) 
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1.2.2. Seborrheic Dermatitis  

The name „seborrheic dermatitis‟ (SD) implies that the skin is both oily and inflamed, but the 

disease is much more complex than what the name suggests. SD is characterized by the appearance of 

red, flaking, greasy areas of skin, most commonly present on the scalp (usually known as dandruff), 

nasolabial folds, ears, eyebrows, chest, and groin. SD therefore primarily affects areas that are rich with 

sebaceous glands 
197, 227

 (Figure 1.8). The severity of SD varies from mild flaking dandruff to a severe 

oily, dense scaling of the scalp, face and trunk. Typical SD is more common in males than in females with 

an increased incidence among people over 50 years of age 
228

. Infantile seborrheic dermatitis (ISD) affects 

babies only, during their first year of life and often resolves spontaneously by 6 to 12 months of age 
229

. 

 

1.2.2.1. Histopathology of SD  

Seborrheic dermatitis cannot be distinguished from other forms or eczematous dermatitis based 

on assessment of histopathologic features alone. However, typical SD exhibits intercellular edema 

(spongiosis) localized to the follicular ostia or upper infundibula. Papillary dermal edema and ectasia 

(dilation) of the superficial dermal vessels are other characteristic features of the disease. Chronic SD 

lesions, however, become less spongiotic and more acanthotic over time, making the histological 

distinction of SD and psoriasis more difficult. The pathological changes in the stratum corneum epidermal 

layer is characterized by folliculocentric scale-crusts consisting parakeratosis and predilection of the 

follicular ostia, which forms a feature called shoulder parakeratosis. Neutrophilic crust is commonly 

present and Pityrosporum yeast spores may also be present in the stratum corneum layer 
230, 231

. (Figure 

1.9 and 1.10). 
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Figure 1.8 Body areas that are most affected by SD 

SD has a very distinctive tissue distribution, occurring in areas heavily rich with sebaceous glands such as 

the scalp, T-zone of the face, presternal area, axillary and perigenital region 
197, 227

. (Adapted from 

http://www.panoramadermatologyclinic.co.za/seborrheic-dermatitis) 

http://www.panoramadermatologyclinic.co.za/seborrheic-dermatitis
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Figure 1.9 Histopathology of SD   

The photomicrograph of H&E stained SD skin lesions in (A) shows psoriasiform hyperplasia associated 

with parakeratosis around follicular ostia (shoulder parakeratosis). The mononuclear inflammatory 

infiltrate in the dermis is comprised principally of lymphocytes and is associated with mild spongiosis in 

infundibulum. The photomicrograph in (B) shows some of these features at a higher magnification. The 

microscopic magnification is 100x and 400x for (A) and (B), respectively. (Adapted from Ref. 
232

 and 

reprinted with permission from Creative commons) 



   
 

32 

 

 

 

 
 

Figure 1.10 Pityrosporum yeast spores in the follicular ostia 

 

The photomicrograph of H&E stained skin lesions in (A) shows marked perifollicular lymphoneutrophilic 

infiltrate without acute folliculitis. The photomicrograph in (B) shows numerous PAS (+)"fungal spores" 

in the follicular ostia at a higher magnification.  

(Adapted from http://www.vgrd.org/archive/cases/2005/pit/pit.htm  by David Elpern, 2005)  

http://www.vgrd.org/archive/cases/2005/pit/pit.htm
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1.2.2.2. Pathogenesis and Etiology of SD  

Although the clinical features of SD are well characterized, its pathogenesis is not completely 

understood, and it has several possible etiologies. An early study reported that SD might be a skin 

hypersensitivity reaction to Pityrosporum yeasts 
233

, also known as Malassezia yeasts 
234

. The fungal 

theory of SD disease was supported by the propensity of SD to develop in areas enriched with sebaceous 

glands 
197, 227

, and that the tendency of Malassezia lipophilic yeast 
234

 to colonize  oily skin 
235

. In this 

theory, the disease is caused by seborrhea (i.e. excessive sebum production), which is ingested by yeast 

and bacteria and converted to free fatty acids, which irritate the skin 
236

. Other studies, have failed to 

demonstrate fungal overgrowth 
237

 or a rise in the levels of anti-yeast antibody titers in SD patients 
238, 239

. 

In addition, Malassezia species are normal human skin commensals 
234

. Consequently, the association 

between this yeast species and the pathogenesis of SD has been excluded 
227

. 

Despite the lack of a clear correlation between sebum levels and the development of seborrheic 

dermatitis, there is evidence suggesting an association between SD and seborrhea. For instance, SD is rare 

before puberty and manifests during adolescence when the sebaceous glands are active due to increase 

levels of circulating androgens 
227, 235, 240

. In addition, ISD occurs because maternal progestin, circulating 

in infant blood stream stimulates neonatal sebaceous glands 
241

.  

Another potential feature of SD pathogenesis is immune deficiency. Although SD is a common 

chronic condition affecting 5% of the general population 
242

, its prevalence increases to 80% among 

immunosuppressed patients such as those with HIV-AIDS 
227

. Almost all HIV-seropositive patients suffer 

from disfiguring lesions, and these dermatological manifestations are currently considered to be markers 

of AIDS progression 
243

. Among the psoriasiform diseases, SD is an early clinical marker in HIV-positive 

patients with CD4
+
 cell counts between 450 and 550 cells/µl 244, 245

, and it subsides after highly-active 

antiretroviral treatment (HAART) 
246

. Since SD has been associated with HIV infection, a recent 

explanation for the pathogenesis of this condition not only involves  a decline in CD4
+
 T cell count 

247
, 

but also a shift in the balance of CD4
+
 T cells 

248
. The latter is supported by the observation that SD is 
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associated with a systemic immune response characterized by circulating, activated immune cells, which 

accumulate in lesional skin 
249

. SD lesional skin has also been shown to express increased levels of 

inflammatory cytokines 
239, 250

. 

Additional studies are needed to clarify the primary immunological cell type and key cytokines 

involved in the pathophysiology of SD. Supporting the idea that IL-23/Th17 axis cytokine play a role in 

the pathogenesis of SD comes from the proinflammatory properties of these cytokines and their role in a 

variety of inflammatory and autoimmune diseases 
138-141, 145

,  as well as the similarly of some of the 

clinical and histopathopathological  features shared between SD and psoriasis, a disease in which Th17 

axis cytokines is known to be involved 
142-144

.  

 

1.2.3. Mycosis Fungoides 

Cutaneous T cell lymphoma (CTCL) is a heterogeneous group of malignant T cell lymphomas 

with a primary manifestation in the skin 
179

.  Mycosis fungoides (MF) is the most common type of CTCL 

as it accounts for approximately 50% of CTCL cases and has an annual incidence of 5 new cases per one 

million people 
179

. The disease occurs in male and female at a ratio of 2:1 and appears at a median age of 

60 years 
179

. MF primarily arises in the sun-protected areas of the body including axillae, breasts, groin, 

and buttocks.  Historically, MF has been classified into three clinical stages: patch, plaque and tumor. The 

latter can consist of tumors alone or a combination of patches, plaques and tumors 
251

. Morphologically, 

the disease manifests with thin, red, scaly poorly demarcated plaques. These plaques thicken overtime and 

progress to more erythematous lesions. Eventually, tumors develop and ulceration may occur 
252

 (Figure 

1.11). MF is an indolent disease as the clinical course can be protracted developing over years.  

The diagnosis of the early stages (patch-stages) can be difficult as it may be confused with a 

benign dermatosis such as psoriasis, atopic dermatitis, or allergic contact dermatitis 
252

. During tumor 

stage, neoplastic CD4
+
 T cells can disseminate to extracutaneous sites such as lymph nodes and viscera 

including spleen, lung and liver 
251

. When a large number of tumor cells are found in the blood, the 
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condition is called Sézary syndrome (SS), a leukemic variant of CTCL. Sézary syndrome presents with 

exfoliative erythroderma, lymphadenopathy, and leukocytosis characterized by atypical circulating 

lymphocytes with hyperconvoluted nuclear contours called Sézary cells 
180

. SS  is staged in two different 

ways; some groups designate SS as being the late stages of MF 
253, 254

, whereas other groups identified 

MF and SS as two distinct entities because SS can evolve directly without the development of the patch, 

plaque or tumor stages seen in MF 
255-257

.    

 

1.2.3.1. Histopathology of MF   

The MF early stage is characterized by patchy lichenoid or band-like infiltrates of small 

lymphocytes that align at the dermoepidermal junction. Epidermotropism of solitary lymphocytes is seen 

and cerebriform nucleus is usually observed. The papillary dermis becomes fibrotic and contains wiry 

collagen (Figure 1.12 A). Plaques of MF reveal a dense, band-like infiltrate within the upper dermis.  

Intraepidermal lymphocytes forming Pautrier‟s microabscesses are common in this stage (Figure 1.12 B). 

The tumor stage is characterized by a dense, nodular or diffuse infiltrate within the entire epidermis that 

expands into the subcutaneous layer. In most cases, a memory T-helper profile (CD3
+
, CD4

+
, CD8

-
 and 

CD45RO
+
) cells are seen immunohistologically, while CD30 may be expressed in the more advanced 

tumor stages with large cell transformation 
251, 258

. 
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Figure 1.11 Clinical presentation of CTCL 

 

The photograph in (A) shows a typical early patch with erythema and mild scale. The photograph in (B) 

demonstrates typical plaque with raised, palpable borders, central clearing, and overlying scale. (C) 

shows large tumor with necrosis and ulceration. (D) represent generalized erythroderma as seen in SS. 

(Adapted from Ref. 
259

 and reprinted with permission from Elsevier)  
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Figure 1.12 Histopathology of MF  

The microphotograph of H&E stained skin lesion in (A) represent MF patch stage, whereas the 

microphotograph in (B) illustrates MF plaque stage. (Adapted from Dermatopathology Institute 

http://www.dermpathmd.com  by Dr. Paul K. Shitabata).    

 

http://www.dermpathmd.com/
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1.2.3.2 Pathogenesis and Etiology of MF  

The etiology of MF is unknown, though there are two hypotheses. The first one suggests a 

presence of a persistent antigen that would continuously trigger T cell activation leading to chronic 

inflammation, which results in the development of a malignant T cell clone. The second hypothesis, 

proposed by several investigators, claims that a viral agent causes the malignant cell transformation of T 

cells and the continuous expression of viral antigens stimulates the development of MF in the same 

fashion as the first hypothesis 
260

.   

Various epidemiological studies have attempted to identify environmental factors that might 

contribute to the pathogenesis of MF. Although most studies have failed to provide a strong association 

between MF and any environmental influences, some groups have showed that employment in the paper 

industry is associated with an increased risk of MF 
261, 262

. However, this finding does not completely fit 

with the presentation of the disease, since the most often affected areas on the body are those with 

minimal exposure to environmental factors, such as the trunk.  

Regarding the second hypothesis, there is substantial evidence suggesting a potential role of a yet 

unidentified infectious agent in CTCL. A wide spectrum of human viruses has been suspected as the 

causative agents in MF including Epstein-Barr virus (EBV) cytomegalovirus (CMV), Merkel cell 

polyomavirus (MCV), and Human T cell lymphotorpic virus type 1 (HTLV-I). Given the extensive 

number of EBV-associated lymphoproliferative disorders, it is not surprising that associations between 

EBV MF have been explored by various groups 
263-265

. This work has shown that, the virus can only be 

detected in a small number of MF lesions. CMV seropositive is significantly associated with MF and SS 

266, 267
, but the immunosuppressive status of CTCL patients might be responsible for the reactivation of 

latent CMV. MCV is a newly discovered polyomavirus that was recently shown to be a carcinogenic 

agent in Merkel cell carcinoma 
268

. A study showed that MF is not associated with MCV 
269

.  
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1.3. Human T cell Lymphotropic Virus Type 1 (HTLV-I)  

1.3.1. Genomic Structure of HTLV-I 

HTLV-I, also called the Adult T cell lymphoma virus type 1, is a retrovirus with an RNA 

transcriptome that is approximately 9 kb long. After infecting T cells, the virus is transcribed into proviral 

DNA that becomes clonally integrated into the host genome, typically at a frequency of about one copy 

per cell 
270

. HTLV-I genome contains typical structural and enzymatic genes (gag, pro, pol, and env) 

flanked between two long terminal repeats (LTRs). The pX region, which is located between env gene 

and the 3`-LTR, contains a viral transactivator named TAX 
271

. In the complementary strand of the viral 

genome, there is a gene known as HBZ, which is encoded by the 3`-LTR 
272

 (Figure 1.13). Amongst 

these regulatory proteins, TAX and HBZ appear to have an important role in viral persistence and 

pathogenesis 
271, 273-275

. TAX is an oncogenic protein that has the ability to immortalize cells in vitro and 

produce tumors in transgenic mouse models 
271

. TAX protein is mainly localized to the nucleus and is 

essential for the replication of HTLV-I because of its ability to transactivate the proviral transcription 

from the 5`-LTR 
275

. TAX is also able to transcriptionally activate the expression of cellular genes that are 

involved in growth and proliferation 
276

 and to interrupt the expression of tumor suppressor genes 
277

.  

 

1.3.2. Expression of HTLV-I Oncogenic Proteins  

 HTLV-I is the primary cause of Adult T cell leukemia/lymphoma (ATL) 
278

. HTLV-I proteins 

and integrated form of HTLV-I proviral DNA have been detected in T-cell lines derived from ATL and in 

fresh peripheral lymphocytes from patient with ATL 
279-281

. Amongst HTLV-I seropositive individuals, 

only a small percentage (2-5%) develop ATL after several decades of clinical latency 
282, 283

. Despite the 

oncogenic propriety of TAX, its expression is typically low or undetectable in about 60% of patients with 

ATL 
273

, suggesting that TAX expression initiates cell transformation but is unnecessary for the 

maintenance of the transformed phenotype. HBZ appears to be the only gene that is continuously 

expressed in HTLV-I infected cells 
284, 285

, and the suppression of HBZ expression decreases the 
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proliferation of HTLV-I infected T cells 
286

. TAX is a major target of cytotoxic T-lymphocytes (CTLs) in 

vivo, and it elicits a strong immune response that counterbalances the proliferation of infected cells 
287-289

. 

HTLV-I controls TAX gene expression through its own proteins such as HBZ, which act as a negative 

regulator of TAX-mediated viral transactivation 
290

. Although HBZ is also an immunogenic protein, 

HBZ-specific CTLs seem unable to eliminate HTLV-I infected cells efficiently 
291

. Suppression of TAX 

expression involves several mechanisms including genetic changes in the TAX gene, deletion or 

hypermethylation of the 5`-LTR 
274

. The latter epigenetic change starts in internal sequences such as gag, 

pol, and env genes and then extends to the 5`-LTR and pX region, whereas 3`-LTR remains unmethylated 

274
 (Figure 1.13).  
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Figure 1.13 HTLV-I proviral genome structure 

 

The gag, pol, and env structural genes are flanked by 5' and 3' long terminal repeats (LTRs). Of note, the 

5' LTR is frequently deleted and methylated, whereas the 3' LTR invariably remains intact in all cases of 

adult T cell leukemia (ATL). In the 3' portion of the genome is a pX region that encodes the Tax, Rex, 

p21, p12, p13 and p30 proteins in its various reading frames. Because the Tax oncoprotein is the primary 

viral antigen targeted by the host's cytotoxic T- lymphocyte response, ATL cells with mutations in the tax 

gene frequently emerge as disease progresses. The HTLV-I basic leucine zipper factor (HBZ) minus 

strand RNA and protein synthesized in an antisense fashion from the 3' LTR are shown in blue. 

Superscript Roman numerals indicate the respective open reading frame used for the translation of the 

indicated protein. HTLV-I, human T cell leukemia virus type 1. (Adapted from Ref. 
292

 and reprinted with 

permission from Nature Publishing Group)  
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1.3.3. MF and HTLV-I Infection 

Many studies have been aimed at exploring a causal association between HTLV-I infection and 

MF because of the similarly between MF and ATL, which is believed to be caused by HTLV-I. ATL is an 

aggressive leukemic disease that is characterized by malignant mature T lymphocytes that are present in 

the peripheral blood. ATL is classified into four subsets, acute, lymphomatous, chronic, and smoldering, 

that differ in their presentation, progression and response to treatment 
283, 293

. Chronic and smoldering 

ATL present with skin lesions that resemble those from MF patients making the differentiation between 

ATL and MF sometimes difficult 
283

. In addition, ATL is characterized by accumulations of DNA damage 

and chromosomal instability that is associated with the gene expression of HTLV-I genes such as TAX 

294-296
. Similarly, MF is associated with high frequencies of structural and numerical chromosomal 

aberrations detected by cytogenetic analysis 
297-300

, and although a genetic signature has been identified 

for many lymphomas, MF remains an enigmatic condition.  

A particular research group reported repeatedly that HTLV-like particles were detected in 

peripheral blood mononuclear cell (PBMC) cultures of almost all MF patients. The particles were 

identified as HTLV-I by electron microscopy as well as biomolecular analysis 
301, 302

. Other groups 

supported the involvement of HTLV-I or HTLV-II in the etiology of MF 
303-305

.  The percentage of PCR-

positive CTCL cases ranged from 7% to 92%. The reason for the broad range of positivity is unclear and 

it is reviewed in the Discussion. Amongst the PCR-positive cases, only portions of the HTLV-I proviral 

genome could be detected 
270

. The most common detectable segment of HTLV-I genome was the pX 

region, which includes TAX and REX genes, suggesting that CTCL may involve the integration of a 

“truncated” or deleted form of HTLV-I 
303, 306, 307

. Other studies, however, found no association between 

MF and HTLV-I/II regardless of using similar PCR techniques 
270, 308-312

. 
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2. RATIONALE AND HYPOTHESES 

2.1. Rationale of the Study  

Part 1: IL-23/Th17 Axis Cytokines in the D2C Mouse Model of Cutaneous Autoimmunity 

The (DBA/2 2C-TCR– D2C mouse) is a spontaneous, 100% penetrant, mouse model system of 

psoriasiform disease that shows a high degree  of homology to the clinicopathological characteristics of 

human seborrheic dermatitis 
313

. The mouse model is characterized by severe lymphopenia of T cells 

including regulatory T cells (Treg). Pathophysiologically, the D2C mouse model is a lymphoproliferative 

disease of effector T cells, because its development can be abrogated by the adoptive transfer of 

syngeneic Treg 
314

. The 2C TCR is under the control of the Lck promoter, which is a lymphocytes-

specific tyrosine kinase that is involved in intracellular signaling pathways triggered by lymphocyte 

receptors 
315

. The 2C TCR forces the expression of T cell receptors (TCR) that recognize the ubiquitous, 

mitochondrial-derived, p2Ca peptide (LSPFPFDL) 
316

.  The high affinity recognition of p2Ca by the 2C 

TCR leads to the negative selection of transgenic 2C TCR-expressing thymocytes 
317

, the precursors of 

mature CD4
+
 and CD8

+
 T lymphocytes. Therefore, D2C mice have severe reduction in the number of 

these two T cell subsets including regulatory T cells (Treg). Although the Lck promoter drives 2C TCR 

transgene expression in all T cells, some cells rearrange endogenous TCR α chain genes [as these mice 

are not deficient for recombination activating gene (RAG)] resulting in a TCR with new antigen 

specificity, thereby enabling them to escape the negative selection process. Subsequently, these newly-

formed, positively-selected, T cells (predominantly CD4
+
 T effector cells) undergo a dysregulated 

expansion to fill the void in the T cell compartment in the D2C mice. This dysregulated effector T cell 

proliferation is associated with a cytokine storm that leads ultimately to disease development, in part 

attributable to a marked reduction in the number of Treg cells. We hypothesized that the dysregulated 

expansion of effector T cells and the subsequent development of cutaneous pathological changes of 

psoriasiform disease is induced by polarization of  CD4
+
 T cells to the Th17 lineage, resulting in the 

upregulation of IL-23/Th17 axis cytokines (Figure 2.1). 
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Figure 2.1 
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Figure 2.1 Schematic representation of hypothesized 2C TCR mouse model pathophysiology  

 

The D2C transgenic mouse model forces the expression of 2C TCR transgene (indicated in blue) that 

recognizes the ubiquitous, mitochondrial-derived, p2Ca peptide with high affinity when presented by 

MHC class I molecule (L
d
) on the H-2

d
 background such as DBA/2 mice. This high affinity recognition 

leads to the negative selection of transgenic TCR-expressing thymocytes. However, because D2C mice 

are not deficient for RAG, some thymocytes rearrange endogenous TCR α chain genes resulting in a TCR 

with new antigen specificity (indicated in yellow). If the newly-formed TCR binds to self-peptides with 

low affinity, the thymocyte expressing this endogenous TCR is positively selected and gives rise to either 

a mature CD4
+
 or a CD8

+
 T lymphocyte.  In the periphery, the void in the mature T cell compartment and 

the reduction in the number of CD4
+
 Treg cells lead to the dysregulated expansion of the scarce positively 

selected CD4
+ 

effector T cells, which are hypothesized to be Th17 cells. The cytokine storm associated 

with Th17 cell proliferation causes the development of the cutaneous pathological changes seen in 

diseased D2C mice, whereas the accumulation of threshold levels of Tregs, deriving from the 

rearrangements of endogenous TCR genes results in disease abolition leading to the convalescent period. 

Abbreviations: MHC; major histocompatibility complex, TCR; T- cell receptor, RAG; recombination 

activating gene, CD; cluster of differentiation, D2C; DBA/2 2C T cell receptor transgenic mouse, Th17; T 

helper 17. The figure is made by the author (Mariam Alkhawaja). Mice photos are adapted from Ref. 
313 

and reprinted with permission from Nature Publishing Group)  
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Part 2: The Involvement of HTLV-I or another Virus in the Pathogenesis of Mycosis 

Fungoides   

It is hypothesized that MF arises from persistent antigenic stimulation that leads to an 

accumulation of skin-homing T cells that have defects in their apoptotic cell death pathway 
176, 318, 319

. 

However, the involvement of infectious agents, mainly retroviral infection, in cutaneous T cell 

lymphomas (CTCL) remains a subject of debate.  The aforementioned important role of TAX-mediated 

DNA damage in ATL made TAX a key target for HTLV-I proviral detection in MF by various molecular 

techniques 
270, 301-304, 310-312

. However, the observation that TAX protein is a major target for CTLs, and 

that the TAX gene is down regulated by genetic changes in the HTLV-I provirus might explain the 

contradictory PCR results of HTLV-associated MF studies. Therefore, a more stable gene such as HBZ 

might be a better candidate for HTLV-I detection by PCR.  

It is also possible that a novel virus other than HTLV may be associated with the T cell 

transformation seen in MF. The detection and identification of such a virus requires advanced approaches. 

ViroChip™ is a DNA microarray-based platform for viral detection and discovery. These microarrays are 

constructed by spotting the most highly conserved 70-mer oligonucleotides within each known viral 

family 
320

. Viruses are detected by analyzing the hybridization pattern resulting from the binding of 

matched sequence in an examined genome to the viral oligonucleotides on a ViroChip™. These 

microarrays have been successfully used to detect known viruses 
321-324

 and to discover novel human viral 

pathogen 
320

. Another approach involves a high-throughput sequencing (HTS), which involves massively 

parallel DNA sequencing of a whole genome within a few hours. HTS was recently used to identify the 

Merkel cell polyomavirus as an infectious agent in the aggressive neuroendocrine skin tumor, Merkel cell 

carcinoma 
268

. A similar sequencing analysis may identify virus-specific oligonucleotide associated with 

cutaneous T cell lymphoma. We hypothesized that the genetic destabilization process in at least a 

subset of mycosis fungoides cases might be associated with HTLV-I or another virus. 

 



   
 

47 

 

2.2. Research Objectives 

Part 1: IL-23/Th17 Axis Cytokines in the D2C Mouse Model of Cutaneous Autoimmunity 

We will do the following:  

1. Quantify Th17 axis cytokines in sera by ELISA and study the relationship between cytokine 

levels and disease severity. 

2. Measure Th17 axis cytokine mRNA expression in lesional skin of D2C mice by endpoint RT-

PCR and quantitative PCR. 

3. Identify the presence and the distribution pattern of IL-17 in lesional skin from diseased D2C 

mice using immunohistochemistry. 

 

Part 2: The Involvement of HTLV-I or another Virus in the Pathogenesis of Mycosis 

Fungoides   

We will do the following: 

1. Determine the frequency of mycosis fungoides cases associated with integrated HTLV-I-HBZ 

provirus by nested PCR. 

2. Perform a CTCL case study that uses both ViroChip™ analysis and high-throughput sequencing 

to determine whether mycosis fungoides is associated with any other proviral sequence.   
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3. MATERIALS AND METHODS 

Part 1: IL-23/Th17 Axis Cytokines in the D2C Mouse Model of Cutaneous Autoimmunity  

3.1.1. Mice 

Transgenic 2C mice on the C557BL/6 genetic background were originally acquired from the 

Howard Hughes Medical Institute (Washington University, St. Louis, MO). They were bred o the DBA/2 

inbred strain at UBC (University of British Colombia, Vancouver, BC) before being housed at the 

University of Manitoba Animal care facility. The DBA/2 strain was chosen because DBA/2 2C TCR 

transgenic mice develop a spontaneous cutaneous inflammatory and autoimmune disease, whereas the 

C57BL/6 2C transgenic mice and mice from other stains were found to be resistant 
314, 325

. Syngeneic 

DBA/2 wild type mice and DBA/2 2C TCR (so called D2C) transgenic mice were housed in plastic cages 

with wood-chip bedding and fed rodent chow and water ad libitum at the Genetic Model Centre at the 

University of Manitoba, where all experiments were performed according to standards set by the 

Canadian Council for Animal Care.  

 

3.1.1.1 Mice Genotyping  

2C mice were genotyped by PCR using DNA and primers specific for the transgenic TCR chains; 

Vβ 8.2 (5'-AGA TAT CCC TGA TGG ATA CAA GGC-3'), and Jβ 2.5 (5'-CTA ACA CGA GGA GCC 

GAG TGC CTG-3') 
313

. DNA was extracted from mouse tails by standard proteinase K (PK) digestion 

technique. Briefly, tails were chopped finely with scissors in a 1.5 ml Eppendorf tube containing 300 μl 

1X lysis buffer (0.1 M Tris (pH 8.0), 0.2 M NaCl2, 5 mM EDTA) and 3 μl PK. Tissues were incubated 

overnight at 55C for complete digestion. Tubes were then centrifuged briefly at a high speed at RT, and 

1 ml ddH2O was added to each sample. The digested tissue was boiled twice for 10 min and incubated for 

10 min on ice. Extracted DNA was amplified by PCR and the amplicons were electrophoresed on 2% 

agarose gels. 2C TCR-positive mice were identified by the presence of a 250 bp band.  
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3.1.1.2. Disease Scoring 

The disease was divided subjectively into 4 stages (S0-S3), each corresponding to the extent of 

rostral skin the pathological changes in the rostral skin. The stages were defined as follows: S0, no 

apparent disease; S1, minimal periocular erythema and swelling; S2, extensive periocular swelling +/- lid 

fusion with little contiguous spread to surrounding tissue; S3, extensive periocular disease with 

significant spread to contiguous tissue 
313

 Figure 3.1. 

    

 

 

 

Figure 3.1 Natural history and gross pathology disease in the D2C model  

Schematic diagram in (A) shows the natural history of D2C disease with the periods that correspond 

to the disease stages and age of the mice in days. The photograph in (B) shows the D2C gross 

pathological changes for each of the four stages: stage 0, no disease; stage 1, minimal periocular 

disease; stage 2, major periocular swelling ± lid fusion with little contiguous spread to surrounding 

tissue; and stage 3, stage 2 features plus significant spread to contiguous tissue. Abbreviations: S0; 

stage 0, Conv; convalescence, S1; stage 1, S2; stage 2, S3; stage 3. (A) Made by the author, Mariam 

Alkhawaja. (B) Adapted from Ref. 
313

 and reprinted by permission from Nature Publishing Group. 

 

 

 

Stage 0 or Conv Stage 1 Stage 2 Stage 3 

Natural History of D2C Disease  

 

A 

B 
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3.1.2. Enzyme-Linked Immunosorbant Assay (ELISA)  

Whole blood was collected by intracardiac puncture from control DBA/2 mice, diseased D2C 

mice (S1, S2, and S3) and, convalescent D2C mice. Samples were centrifuged at 1000g for 10 minutes at 

room temperature, and the sera were collected and cryopreserved at -80C until the day of analysis.  

Serum samples were used to quantify Th17 axis cytokine protein (IL-6, IL-17, IL-22, and IL-23) levels 

using ELISA kits specific for each cytokines (eBioscience, San Diego, CA, USA). Assays were 

performed according to the manufacturer‟s instructions. 

  

3.1.3. RNA Extraction and DNase I Treatment  

RNA was extracted from previously obtained, cryopreserved tissues, or snap frozen fresh tissue 

from D2C and DBA/2 facial skin. Tissues were ground in liquid nitrogen and homogenized through 

QIAshreder columns. An RNeasy Mini Kit™ was subsequently used for RNA extraction (both the 

columns and kit were purchased from Qiagen, Toronto, ON, Canada). The extracted RNA was treated 

with DNase I Amplification Grade using an AMPD1 kit (Sigma, St. Louis, MO, USA), in order to 

eliminate contaminating genomic DNA. Briefly, RNA in 50 µl of elusion solution was incubated with 5 

µl of DNase I (1 U/µl) and 5 µl of 10X DNase I reaction buffer (1X DNase I buffer = 20 mM Tris-HCl 

(pH 8.3), 2 mM MgCl2) for 30 min at RT. The reaction was stopped by adding 1 µl of stop solution (50 

mM EDTA) and heat inactivated at 70C for 10 min. In parallel, RNase free water was treated with 

DNase I to be used as a blank solution for spectrophotometric measurement prior to the quantification of 

the RNA. The RNA concentration was measured by Nanodrop spectrophotometry (Thermo Scientific, 

Wilmington, DE, USA).  Samples with RNA purity ≥1.8 for both 260/280 and 260/230 ratios were used 

for complementary DNA (cDNA) synthesis.  
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3.1.4. Reverse Transcription Polymerase Chain Reaction (RT-PCR)  

One microgram of treated RNA was reverse-transcribed into complementary DNA using 

randomly amplified using hexamers and a SuperScript™ III Reverse Transcriptase kit. The reaction was 

prepared by mixing 1 μl of reverse transcriptase (200 U/μl), 1 μl of random primer, 4 μl of 5X buffer (1X 

buffer = 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 5 mM MgCl2), 1 μl of 0.1 M DTT, and 1 μl of 10 mM 

dNTP Mix (dATP, dGTP, dCTP and dTTP; 10 mM each). RT-PCR mixtures were heated at 65C for 5 

min and cooled on ice for 1 min. This was followed by one cycle consisting of: 5 min at 25C, 60 min at 

50C, 15 min at 70C, and samples were then held at 10C.  Subsequently, cDNA was amplified with 

primers for IL-6, IL-17, IL-22 or IL-23, one pair at a time (Table 3.2). Cytokine gene expression levels 

were normalized using an appropriate housekeeping gene (Table 3.1). Fifteen microliters of PCR product 

was electrophoresed on a 2% agarose gel stained with SYBR®Safe. Bands were visualized using a UV 

gel documentation system (Alpha Innotech, Fisher Scientific, Ottawa, ON, Canada). The levels of 

cytokine mRNA were measured semi-quantitatively by band densitometry using Alpha Ease FC (Fluor 

Chem HD2) software. All reagents and primers were purchased from Life Technologies, Burlington, ON, 

Canada. 

 

3.1.5. Primers 

  Published primer sequences for three housekeeping genes and Th17 axis cytokines are 

summarized in Tables 3.1 and 3.2, respectively.  Primers were de-lyophilized by adding 1XTE buffer (2 

µM Tris (pH 7.5) and 1 µM EDTA) to obtain a final concentration of 100 µM. A one in ten dilution was 

then performed to bring the primer to a working concentration of 10 µM. The final concentration of all 

Primers in a 50 µl PCR mixture was 200 nM. 
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Table 3.1.Housekeeping Gene Primers 

 

Gene 
Band 

size 
Sequences 

mRNA Accession 

Number 

β-actin 322 bp 
F: 5'-GTATGGAATCCTGTGGCATC-3',  

R: 5'-AAGCACTTGCGGTGCACGAT-3' NM_007393 

18S rRNA 140 bp 
F: 5`-CTA CTA CCG ATTGGA TGG TTT AGT G-3` 

R: 5`-TAG ATA GTC AAG TTC GAC CGT CTT C-3` - 

UBC 100 bp 
F: 5'-CAAGAAGGTCAAACAGGAAGACAGA-3` 

R: 5`- AAGACACCTCCCCCATCACA-3` NM_019639 

 

Table 3.2.Th17 Axis Cytokine Primers  

Gene 
Band 

size 
Sequences 

mRNA Accession 

Number 

IL-23 p19 254 bp 
F: 5`-AGC GGG ACA TAT GAA TCT ACT AAG AGA-3` 

R: 5`-CTC CTA GTA GGG AGG TGT GAA GTT G-3` 
NM_031252 

IL-6 305 bp 
F: 5`- TGT GCA ATG GCA ATT CTG AT -3` 

R: 5`- GGA AAT TGG GGT AGG AAG GA -3` 
NM_031168 

IL-17A 140 bp 
F: 5`-GCT CCA GAA GGC CCT CAG-3` 

R: 5`-CTT TCC CTC CGC ATT GAC A-3` 
NM_010552 

IL-22 97 bp 
F: 5`- TTG AGG TGT CCA ACT TCC AGC A-3` 

R: 5`- AGC CGG ACG TCT GTG TTG TTA-3` 
NM_016971 

 

Abbreviations: rRNA; ribosomal ribonucleic acid,  bp; base pairs, F; Forward, R; Reverse, UBC; 

Ubiquitin C. 
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3.1.6. Quantitative PCR (qPCR) Analysis   

qPCR, also known as real time PCR, was performed using a 7500 Real-Time PCR (Applied 

Biosystems®, Burlington, ON, Canada). cDNA was amplified using the aforementioned primers and a 

SYBR Green Super mix kit (Ssofast™, BIO-RAD, Mississauga, ON, Canada).To minimize sample-to-

sample and/or tube to tube variation, a master mix of 10 μl of SYBR Green Super mix, 2 μl of a primer 

pair, and 1 μl RNase free H2O was prepared in a single 1.5 ml Eppendorf tube on ice. Aliquots containing 

15 μl of the solution were placed into a 96 thin-well PCR plate (Thermo Scientific, Ottawa, ON, Canada). 

PCR amplification was performed on 5 µl of DNase-I-treated reverse-transcribed RNA in a final volume 

of 20 µl. The non-template control was prepared by adding 5 µl of ddH2O, instead of the cDNA, to 15 µl 

of the master mix. The PCR conditions were as follows: 95C for 30 sec then 40 cycles of 15 sec at 95C 

and 1 min at 60C. Product specificity was determined in two ways: i) a melting curve analysis, was done 

by adding an additional cycle after the actual PCR cycles using the following conditions: 15 sec at 95C, 

1 min at 60C, 15 sec at 95C, and 15 sec at 60C), and ii) The PCR amplicons were visualized on 

agarose gels and compared to a 100 bp DNA ladder (New England BioLabs, Whitby, ON, Canada). 

 

3.1.6.1. Relative Quantitative PCR (qPCR)  

Relative qPCR was performed using the comparative Ct method (∆∆Ct) 
326

. The Ct value is 

defined as the cycle number at which the fluorescence emission exceeds a fixed threshold. Since the ∆∆Ct 

method is used under one set of conditions in which both the target and reference genes are amplified 

with PCR efficiencies near 100%, i.e. PCR products double with each cycle 
327

. The qPCR efficiency for 

each primer set was tested for these conditions. A 1:9 serial dilution for both housekeeping gene (HKG) 

and the target gene (TG) were performed on 3 samples to draw a qPCR standard curve and to calculate 

the efficiency of the PCR reaction. Slopes between -3.1 and -3.6 that give reaction efficiencies between 

90 and 110% are typically acceptable. The PCR efficiency (E) can be calculated using the formula 
328 

: 
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3.1.7. Immunohistochemistry (IHC) 

Rostal skin from D2C mice and DBA/2 mice was dissected and fixed in 10% formalin. The fixed 

tissues were processed and embedded in paraffin. Formalin-fixed, paraffin-embedded (FFPE) tissues were 

sectioned and stored until the day IL-17 IHC was performed. For staining, the slides were deparaffinized 

and rehydrated in xylene and a series of ethanol washes, respectively. Heat induced antigen retrieval was 

performed in Na Citrate (pH 6) utilizing a Decloaking chamber (Biocare medical, Concord, CA, US) for a 

period of 10 min at 120°C.  When the slides reached RT, endogenous peroxidase activity was blocked by 

incubation in 3% H2O2 in water for 15 min. To reduce non-specific binding, the slides were blocked for 

30 min with 10% normal horse serum (Sigma, St. Louis, MO, USA) in 1x TBS buffer (50 mM Tris-Cl 

(pH 7.6) and 150 mM NaCl2) containing 1% BSA. The sections were incubated overnight at 4°C with a 

rabbit IL-17 polyclonal antibody (Santa Cruz Biotechnology Inc., Dallas, Texas, USA) prepared at 1 in 

100 dilution. On the following day, the slides were stained with the micropolymer horse anti-rabbit IgG 

that is conjugated to horseradish peroxidase (HRP) (Vector Laboratories, Burlington, ON, Canada) for 1 

hour. Finally, the sections were stained with the Vector NovaRed substrate prepared according to the 

manufacturer‟s instructions. Hematoxylin (Thermo Scientific, Ottawa, ON, Canada) was used for 

counterstaining, and cover slips were then applied. All steps were performed at room temperature unless 

otherwise indicated. The negative control for IL-17 staining was achieved by replacing the rabbit IL-17 

polyclonal antibody with TBS buffer.   

 

3.1.8. Statistics 

Statistical analyses were conducted by the non-parametric Mann Whitney test for two group 

comparison or the Kruskal- Wallis test for ≥3 group comparison. Dunn‟s multiple comparison test was 

then performed to detect statistically significant differences among all possible pairs of medians. All 

statistical analyses were carried out using GraphPad Prism Version 5 (GraphPad Software, Inc.), and a 

probability of p<0.05 was considered to be statistically significant. 
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Part 2: The Involvement of HTLV-I or another Virus in the Pathogenesis of Mycosis 

Fungoides   

Part A – Detection of HTLV-I Provirus Using Nested-PCR  

3.2.1. Patients 

Potential MF cases were identified by screening 14-year old skin biopsies that were received at 

the University of Chicago Medical Center during the period from 1995 to 2009. Cases with sufficient 

numbers of atypical lymphocytes were selected to represent different histopathological subsets of MF. 

Whenever possible, multiple biopsies from the same patient taken at different stages of disease (patch, 

plaque, and tumor) were included. The study included a screening of 114 tissue samples, which were 

obtained from 82 MF patients (52 males and 30 females) at different stages of disease.  Details 

concerning the patient gender, age, stage of disease, type of lesion sampled and geographic origin are 

included in Table 3.3.  

 

3.2.2. DNA Extraction  

Genomic DNA was previously-extracted from previously-obtained, formalin-fixed, paraffin-

embedded (FFPE) and/or fresh frozen skin biopsy material archived at the Section of Dermatology at the 

University of Chicago Medical Center using QIAamp DNA tissue kits (Qiagen, Valencia, CA, USA). 

DNA concentrations were determined using a Nanodrop spectrophotometer (Thermo Scientific, 

Wilmington, DE USA).  
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# Patient ID Sex Ethnicity Sample ID Age Site MF Stage Diagnosis 

1 MK-3 F AA MK-3 44 Arm Plaque MF with large cell transformation 

2 MK-4 M AA MK-4 50 Arm N/A 
MF with early stage of large cell 

transformation 

3 MK-6 F AA MK-6A 45 Neck Plaque MF 

4 

MK-9 F AA 

MK-9B 74 Leg Tumor 
MF with early stage of large cell 

transformation 

5 MK-9C 78 Nose Tumor MF 

6 MK-10 F N/A MK-10A 55 Flank Plaque MF 

7 MK-11 F AA MK-11A 45 Thigh Patch MF 

8 

MK-12 M N/A 

MK-12A 49 Thigh Patch MF 

9 MK-12D 53 Thigh Plaque MF 

10 MK-14 M AA MK-14B 45 Back Patch MF 

11 MK-17 M C MK-17A 60 LN N/A MF 

12 

MK-18 F N/A 

MK-18B 60 Back Plaque MF 

13 MK-18C 60 Abdomen Plaque MF 

14 

MK-19 M AA 

MK-19A 75 Back Patch MF 

15 MK-19B 76 LN N/A MF with large cell transformation 

16 
MK-20 M N/A 

MK-20A 42 Back N/A MF with large cell transformation 

17 MK-20B 39 Shoulder Patch MF 

18 

MK-21 M N/A 

MK-21A 65 Forearm N/A 
MF with anaplastic large cell 

lymphoma 

19 MK-21B 64 Shoulder N/A 
MF with  anaplastic large cell 

lymphoma 

20 MK-22 M AA MK-22B 48 Hip Plaque MF 

21 MK-23 M N/A MK-23B 91 Flank N/A MF 

22 
MK-25 M C 

MK-25B 64 Forehead N/A MF 

23 MK-25C 64 Thigh N/A MF 

24 

MK-26 F AA 

MK-26A 61 Hand Tumor MF 

25 MK-26C 62 Breast Tumor 
MF, CD30+  lymphoproliferative 

disorders 

26 

MK-27 M AA 

MK-27A 49 Arm Patch MF 

27 MK-27C 53 Lip Tumor MF 

28 

MK-30 F C 

MK-30A 59 Arm Plaque Follicular center cell lymphoma 

29 MK-30B 60 LN N/A MF 

 

Table 3.3 MF Patient and Sample Characteristics  
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# Patient ID Sex Ethnicity Sample ID Age Site MF Stage Diagnosis 

30 

MK-31 M H 

MK-31A 33 Thigh Patch MF 

31 MK-31B 36 Hip Patch MF 

32 MK-31C 36 Hip Patch MF 

33 MK-32 F AA MK-32 58 Thigh Plaque MF 

34 MK-33 M N/A MK-33A 71 Back Plaque MF 

35 

MK-35 M AA 

MK-35A 56 Chest Patch MF 

36 MK-35B 60 Flank Plaque MF 

37 

MK-38 M N/A 

MK-38A 76 Scalp Tumor Granulomatous MF 

38 MK-38B 77 Buttock Plaque MF 

39 MK-39 F C MK-39B 92 Neck Plaque MF with large cell transformation 

40 

MK-40 M N/A 

MK-40B 53 Buttock Tumor MF 

41 MK-40C 53 Buttock Tumor MF 

42 

MK-41 M C 

MK-41A 47 
post-

auricular 
Plaque MF 

43 MK-41E 54 LN Tumor MF 

44 MK-42 M N/A MK-42B 64 Arm Plaque MF 

45 MK-43 F AA MK-43B 34 Thigh Plaque MF 

46 MK-44 M C MK-44B 55 Back Patch MF 

47 MK-46 M C MK46-B 57 Back Patch MF 

48 MK-47 M N/A MK-47C 38 Scapula Patch MF 

49 MK-48 F AA MK-48B 7 Arm Patch MF 

50 MK-49 F C MK-49A 47 Hip Patch MF 

51 MK-51 M C MK-51A 74 Arm Plaque MF 

52 MK-52 M C MK-52A 54 
Leg 

superior 
Plaque MF 

53 MK-53 M N/A MK-53D 65 Skin Plaque MF with large cell transformation 

54 MK-56 M C MK-56C 89 Thigh Plaque MF 

55 

MK-57 F AA 

MK-57A 72 Back Patch MF 

56 MK-57C 71 Arm Patch MF 

57 

MK-58 M AA 

MK-58A 62 LN Plaque MF 

58 MK-58D 64 Hand Tumor MF 

59 MK-61 M C MK-61A 57 Arm N/A MF 
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# Patient ID Sex Ethnicity Sample ID Age Site MF Stage Diagnosis 

60 

MK-62 M C 

MK-62A 74 N/A N/A CD30+  lymphoproliferative disorders 

61 MK-62B 77 Trunk Tumor MF 

62 

MK-63 M N/A 

MK-63B 80 Arm Tumor MF 

63 MK-63C 80 Forearm Tumor MF 

64 

MK-64 M C 

MK-64A 43 Thigh N/A Spongiotic and interface dermatitis 

65 MK-64B 43 Buttock N/A MF 

66 MK-67 F C MK-67C 47 Face Tumor MF 

67 MK-68 F N/A MK-68 75 Groin Patch MF 

68 MK-69 F N/A MK-69 74 Leg Plaque MF 

69 MK-70 F N/A MK-70 46 N/A Plaque MF 

70 MK-72 M C MK-72 69 Arm Plaque MF 

71 

MK-73 M N/A 

MK-73A 68 Nose Plaque MF 

72 MK-73B 68 Glabella Plaque MF 

73 

MK-76 M H 

MK-76A 60 Thigh Patch MF 

74 MK-76B 60 Back Patch MF 

75 MK-76C 60 Thigh Patch MF 

76 

MK-77 F N/A 

MK-77A 78 Back Plaque MF 

77 MK-77B 78 Forearm Tumor MF 

78 MK-79 M AA MK-79 40 Arm Patch MF 

79 MK-80 M C MK-80 55 Axilla Plaque MF 

80 

MK-81 F H 

MK-81A 56 Thigh Tumor MF with large cell transformation 

81 MK-81B 55 Axilla Tumor MF with large cell transformation 

82 MK-81C 55 Scalp Tumor MF with large cell transformation 

83 MK-82 M N/A MK-82A 70 Arm Patch N/A 

84 MK-83 M N/A MK-83B 69 Ear N/A MF 

85 MK-85 M N/A MK-85 40 Arm N/A MF 

86 MK-86 M C MK-86A 79 Thigh Patch MF 

87 MK-88 F AA MK-88A 31 Arm Patch MF 

88 MK-92 F N/A MK-92A 78 Arm Plaque MF 

89 MK-97 F N/A MK-97B 81 Flank Patch MF 
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# Patient ID Sex Ethnicity Sample ID Age Site MF Stage Diagnosis 

90 MK-101 F N/A MK-101 71 Arm Patch MF 

91 MK-102 F N/A MK-102 78 Back N/A Seborrheic keratosis 

92 MK-104 F C MK-104 56 Back N/A Malignant T cell lymphoma 

93 MK-107 M C MK-107 69 Thigh N/A Atypical lymphoid infiltrate 

94 MK-108 F AA MK-108 15 Arm Plaque MF 

95 
MK-109 M N/A 

MK-109A 51 Back Plaque MF 

96 MK-109B 51 Back Plaque MF 

97 MK-111 F AA MK-111 16 Arm N/A MF 

98 MK-112 M C MK-112B 25 Buttock N/A MF 

99 MK-113 M AA MK-113 7 Thigh Patch MF 

100 MK-114 M N/A MK-114A 49 Forearm Plaque MF with follicular mucinosis 

101 MK-117 M H MK-117B 8 Abdomen Patch MF 

102 

MK-118 M N/A 

MK-118A 55 Skin N/A Lymphomatoid papulosis 

103 MK-118B 55 Leg N/A Lymphomatoid papulosis 

104 MK-122 M N/A MK-122 78 Flank Plaque MF 

105 MK-124 M N/A MK-124 72 Abdomen N/A Atypical lymphoma proliferation 

106 MK-125 M AA MK-125A 82 Abdomen N/A Suspicious for MF 

107 

MK-126 F N/A 

MK-126A 23 LN N/A 
Atypical CD30+ lymphoproliferative 

disorders 

108 MK-126B 23 Sacrum N/A 
Atypical CD30+ lymphoproliferative 

disorders 

109 

MK-127 M N/A 

MK-127A 80 Leg Plaque MF 

110 MK-127B 77 Arm Tumor MF 

111 MK-128 M N/A MK-128 55 Forearm Plaque MF 

112 MK-129 F N/A MK-129 61 Hand Tumor MF 

113 
MK-130 M N/A 

MK-130A 78 Abdomen N/A Unusual variant of MF 

114 MK-130B 78 Abdomen N/A Unusual variant of MF 

 
Abbreviations: N/A, not available; AA, African American; C, Caucasian; H, Hispanic; LN, lymph nodes.   



   
 

60 

 

 

 

 

 

 

 

Table 3.4 MF Patient and Sample Characteristics Summary 

 

Patient Characteristics 

Medium age   60 

Sex  

Female  30   

Male   52   

Ethnicity 

AA   22 

C   21 

H   4 

N/A   35 

  

Sample Characteristics  

Stage  

Patch  29  

Plaque   36 

Tumor  20 

N/A    29 

         

 

 

  

Abbreviations: N/A, not available; AA, African American; 

 C, Caucasian; H, Hispanic.   
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3.2.3. Amplification Strategy   

HTLV-I HBZ gene was amplified using nested PCR, which involves two PCR reactions run with 

two different sets of primer pairs. The first PCR reaction involves outer primers that amplify a target 

sequence within the HBZ gene. The HBZ-PCR products were then used as templates for the second PCR 

reaction that involves inner (nested) primers which amplify a shorter sequence within the HBZ-

amplicons. The logic behind this strategy is that if the wrong locus were amplified mistakenly, the 

probability is very low that it would also be amplified a second time by a second pair of primers. Thus 

this technique increases the specificity and the sensitivity of the PCR reaction (Figure 3.2). A 

disadvantage of this technique is that using PCR products as a template for an additional amplification 

round increases the chances of post-PCR contamination. Therefore, an enzymatic method was utilized to 

amplify the HBZ-PCR products with nested primers in a way that the nested-HBZ amplicons are not 

efficiently re-amplifiable in a third PCR mixture. This method involves adding the uracil DNA 

glycosylase (UDG) in the nested PCR mix as well as substituting the dTTP with dUTP. UDG enzyme 

selectively destroys any PCR product containing uracil. Obviously, UDG and dUTP were not added to the 

first PCR mixes involving the outer HBZ primers; otherwise, the amplicons are not reamplifiable. UDG 

strategy is a standard PCR technique used to control for contamination from PCR product carryover  
329

 

(Figure 3.2 and 3.3).  

 

3.2.4. Polymerase Chain Reaction (PCR)  

 A commercially available HotStartTaq kit™ (Qiagen, Toronto, ON, Canada) was used for all 

PCR reactions. Following the manufacturer‟s recommendation, ≤ 1 µg of genomic DNA was mixed in a 

total volume of 50 µl. To minimize sample-to-sample and/or tube to tube variation, a master mix was 

prepared in a single 1.5 ml Eppendorf tube on ice. An aliquot containing 45 µl of the PCR mix was added 

to a thin-well PCR tube (Fisher Scientific, Ottawa, ON, Canada) containing 5 µl of DNA template.  The 

master mix contained 1X PCR buffer (10 mM Tris-HCl (pH 8.7), 50 mM KCl, 1.5 mM MgCl2), 2 mM 
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MgCl2, dNTP mix (200 µM each), 1.25 unit of Taq polymerase, and 0.2 µM primers. The integrity of the 

DNA was verified with specific primers for the human housekeeping gene (β-actin) and amplified using 

the abovementioned PCR mixture. For HBZ nested PCR, 1 µl of DNA amplicons was added to a new 

PCR mixture supplemented with 1 unit of AmpErase® Uracil DNA glycosylase (Invitrogen, Burlington, 

ON, Canada). dNTP mix was replaced with a deoxyuridine-deoxynucleotide triphosphates set (Promega, 

Madison, WI, USA) in which the nucleotides were mixed at equivalent concentration except for dUTP, 

which was at 2:1 concentration because Taq tends to have low affinity for dUTP 
330

.  

The first HBZ PCR amplification round as well as the β-actin amplification were performed as 

follows: 1 cycle at 95˚C for 5 min, followed by 35 cycles of denaturation at 94˚C for 30 sec, annealing at 

59 ˚C for 30 sec, extension at 72˚C for 30 sec, and 1 cycle at 72˚C for 7 min as final extension. The 

reaction was then held at 4˚C. For nested PCR amplification, the PCR reactions were incubated for 1 

cycle at 37˚C for 4 min to activate UDG. This was followed by 1 cycle at 95˚C for 10 min to activate Taq 

polymerase and deactivate UDG. After 35 PCR cycles, the reaction was held at 72˚C to prevent amplicon 

degradation because UDG is not completely deactivated during the 95°C incubation 
330

 (Figure 3.3). A 

Techne TC-3000 PCR Thermal Cycler (GMI, Inc., Ramsey, Minnesota, USA) was utilized to perform all 

PCR reactions.  
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Figure 3.2 Schematic representation of PCR amplification using outer and inner (nested) primers 

and the incorporation of dUTP in the nested PCR products.  

 

 
Made by the author, Mariam Alkhawaja 
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Figure 3.3 Schematic representation of the role of UDG for the prevention of post-PCR carryover 

contamination  

 

 

Made by the author, Mariam Alkhawaja 
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3.2.5. Primers  

To detect HTLV-I provirus, oligonucleotide primers for the HBZ gene were designed according to the 

standard methods for primer designing 
331

. Custom Primers - OligoPerfect™ Designer Service provided 

on the Life Technology website was utilized to design the primers. The primers were purchased from the 

Invitrogen™ Custom DNA Oligos service. The integrity of all DNA samples was verified by PCR with 

primers detecting the human housekeeping gene, β–actin. DQ273132 and NM_001101.3 are GenBank 

accession numbers for HBZ and β–actin, respectively. HBZ nested PCR products (114 bp) and β-actin 

products (100 bp) were electrophoresed on 2% agarose gels. The primer sequences and their genomic 

location are as follows:  

1- HBZ outer primers  

Forward 5`- ATC CTG GAG CGT CGA CTA GA -3` (nucleotide 1770-1789)  

Reverse 5`- CCA GCT ACC ATG CCA CCT AT -3` (nucleotide 1938-2057) 

2-  HBZ inner primers 

Forward 5`- GTA TAG GGG CAG GTC CAT GA -3` (nucleotide 1905-1923)  

Reverse 5`- TTG GAT CAA AAA GCC AAA CC -3` (nucleotide 1998-2017) 

3-  β–actin primers  

Forward 5`- GAT GAG ATT GGC ATG GCT TT-3` (nucleotide 1276-1295) 

Reverse 5`- CAC CTT CAC CGT TCC AGT TT-3` (nucleotide 1356-1375) 
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Part B - A CTCL Case Study 

 

This work was done in collaboration with Dr. Charles Chiu at the UCSF Viral Diagnostic and 

Discovery Center (SF, USA). One selected CTCL (Sézary syndrome) sample and one normal whole 

blood sample were sent to be sequenced for HTLV-I and other viral genomic sequences using unbiased 

high-throughput sequencing (HTS) as well as a DNA microarray-based platform for viral detection and 

discovery known as (ViroChip™) 
332

.  

 

3.2.6. RNA Extraction 

Samples were prepared for ViroChip™ and HTS at The Chiu Lab according to their standard 

methods 
333

. Briefly, RNA extraction was performed by lysing cells, using 0.1 mm silica beads (MP 

Biomedicals, Santa An, CA, USA). The samples were centrifuged, and the supernatant was passaged 

through a 0.2 µM filter. Viron-protected viruses and their RNA transcripts were then enriched using an 

Ambion® Turbo DNase kit (Life Technologies, Grand Island, NY, USA). Finally, the resulting RNA was 

isolated using the Qiagen EZ1 Biorobot and the nucleic acid extraction kit, EZ1 Virus 2.0 (Qiagen, 

Hilden, Germany). 

 

3.2.7. Amplification 

Purified RNA was reverse-transcribed into cDNA and amplified with a nonamer known as Primer 

A (5`- GTT TCC CAC TGG AGG ATA NNN NNN NNN-3`). The resulting cDNA was amplified with 

Primer B (5`-GTT TCC CAC TGG AGG ATA-3`), which is Primer A without the nonamer. The PCR 

conditions were as follows: 25 cycles of 30 sec at 94˚C, 30 sec at 50˚C, and 1 min at 72˚C. PCR products 

were examined by 2% agarose gel electrophoresis to assess the quality and size distribution of the cDNA 

library. For the ViroChip™, the PCR product was amplified with Primer B for an additional 15-20 cycles 

using Klenow polymerase in the presence of aminoallyl-dUTP for microarray labeling (both were 

purchased from Life Technologies, Grand Island, NY, USA). 
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 3.2.8. Labeling and Hybridization to a ViroChip™ Microarray  

The amplified cDNA was labeled with Cy3 fluorescent dye and measured on a Nanodrop 

spectrophotometer to ensure adequate dye incorporation and cDNA concentration. All samples passed the 

quality check were hybridized overnight on the microarray at 65˚C. The ViroChip™ was analyzed using 

the automated ViroChip™ analysis program, E-predict algorithm or the Z-score analysis. 

 

 3.2.9. Unbiased High-Throughput Sequencing (Deep Sequencing) 

The CTCL sample was put through a modified TruSeq protocol (Illumina, San Diego, CA, USA) 

to generate a sequencing library. Prior to the sequence library generation, the restriction enzyme Bpm1 

was used to cut Primer B out from the amplified DNA. Also, the Chiu Lab bioinformatics pipeline 

specifically cuts out the Primer B sequence, so it is not seen so much in the sequencing data. To validate 

the library, the BioAnalyzer High-Sensitivity DNA kit (Agilent, Santa Clara, CA, USA) was used to 

assess library size, and the Kapa Universal qPCR kit (Kapa Biosystems, Woburn, MA, USA) was used to 

quantify the library. After validation, the sample was placed on an Illumina MiSeq instrument and 250 bp 

paired-end sequencing run was performed. 
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Contributions 

 

All work and data analysis were performed by the author, Mariam Alkhawaja, with exception for the 

following:  

1. Dr. Darryl Oble staged the disease in individual mice from the D2C mouse model. 

2. Dr. Oble provided some help with the ELISA experiments because of large number of serum 

samples and the necessity to maintain consistent incubation periods. 

3. Timothy Gosselin a Bsc. Medicine student in our lab performed the IL-22 ELISA experiment  

4. Members of the Manitoba Tumor Bank cut the histology slides that were used for IHC staining 

optimization. 

5. Dr. Oble and Elisabeth Collett performed Mycosis fungoides DNA extraction. 

6. The Chiu laboratory at the UCSF performed the ViroChip™ and HTS sample preparation and 

data analysis.    
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4. RESULTS 

Part 1: IL-23/Th17 Axis Cytokines in the D2C Mouse Model of Cutaneous Autoimmunity  

4.1.1. Quantification of Serum Th17 Axis Cytokines in D2C Mice by ELISA 

Protein levels of IL-6, IL-23, IL-17 and IL-22 were quantified in serum samples collected from 

DBA/2 controls and D2C mice at different stages of the disease (S1, S2, S3, and convalesce). Samples 

were run in duplicate in each assay, and the concentrations were determined by interpolation on a 

standard curve. The non-parametric Kruskal-Wallis test revealed statistically significant differences when 

the means from D2C mice (S1, S2, S3) were compared to control mice (DBA/2) and convalescent D2C 

mice (Figure 4.1). The statistical results were (p<0.0001) for IL-6, (p=0.048) for IL-23, (p=0.041) for IL-

17, and (p=0.009) for IL-22.  

IL-6 and IL-22 had the highest serum protein levels, whereas IL-17 and IL-23 were very low. The 

post hoc Dunn‟s multiple comparison test showed that serum IL-6 and IL-22 levels at S2 disease stage 

were statistically higher than those seen in DBA/2 controls, (p>000.1) and (p>0.05) respectively. IL-6 

levels from S2 D2C mice were also significantly higher than those from convalescent mice, whereas IL-6 

levels at S3 were only significantly elevated compared with DBA/2 controls. For IL-17 serum levels, only 

convalescent D2C mice had statistically lower levels of this cytokine relative to S3 D2C mice. Although 

IL-23 serum levels approached statistically significant (p=0.048) utilizing Kruskal-Wallis test, the post 

hoc comparison test, failed to detect any statistically significant differences amongst the groups.  
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 Number of mice  

Cytokine DBA/2 S1 S2 S3 Conv 

IL-6 5 8 8 7 7 

IL-22 9 3 8 4 0 

IL-17 5 8 8 7 7 

IL-23 5 5 8 6 7 

 

 

Figure 4.1 Mean concentrations of circulating Th17 axis cytokines in sera from D2C mice 

 

Serum was collected from DBA/2 controls and D2C mice at different stages of disease for quantification 

of circulating IL-6 (A), IL-22 (B), IL-17 (C), and IL-23 (D) levels by ELISA. The mean cytokine levels 

were compared using a Kruskal-Wallis test, and the post hoc Dunn‟s multiple comparison test. The table 

shows the number of serum samples used for each cytokine assay. Data are expressed as means ±SEM. 

Statistically significant differences are indicated as follows: *p < 0·05 and ***p < 0·001. S1; stage 1, S2; 

stage 2, S3; stage 3, conv; convalescent, N.D; not done. 

 



   
 

71 

 

4.1.2. Semi-Quantification of Th17 Axis Cytokine Gene Expression in D2C Lesional 

Skin by Band Densitometry 

 Housekeeping genes such as glyceraldehyde-3-phosphate dehydrogenase (GAPDH), cyclophilins, 

ubiquitin C (UBC), β-actin, and 18S ribosomal RNAs are widely used as internal controls for quantitative 

and semi-quantitative assays in many tissues, including skin 
334,

 
335

. Expression of housekeeping genes 

can be up-regulated or down-regulated based on the type of tissues and disease conditions 
336

; therefore, 

the expression of three different housekeeping genes was analyzed in D2C skin tissues. The genes were β-

actin, UBC, and 18S rRNA. The expression of β-actin was inconsistent among the D2C samples and not 

detectable in the DBA/2 controls. The 18S rRNA showed minimal variability between samples compared 

to the UBC gene, which was not consistently expressed in all samples (Figure 4.2). The 18S rRNA gene 

was therefore used as an internal control for sample normalization (Figure 4.3).  

 Band densitometry was utilized to determine Th17 axis cytokine mRNA levels in DBA/2 and 

D2C skin tissues. Figure 4.3 shows that IL-23p19 mRNA expression was detected in lesional skin from 

diseased D2C mice (S1, S2 and S3), but not in the skin from convalescent or to DBA/2 mice. IL-17 

mRNA levels were detectable in the advanced stages of the disease including (S2 and S3) with a high 

levels of expression in S3 skin lesions. A faint band can also be seen in the lesional skin from 

convalescent D2C mouse. IL-17 mRNA was not detected in any of the DBA/2 skin. IL-6 mRNA 

expression was only detected in half of the D2C skin samples without any specific correlation with 

disease stage. IL-22 gene expression was markedly elevated in the S3 D2C skin lesions and some faint 

bands appear to be present in the S2 lesions. 

 Because there were insufficient cDNA samples to compare the individual D2C disease stages, we 

pooled the results from all of the disease stages to perform the statistical analysis. The Mann-Whitney test 

revealed statistically significant differences ((p<0.05) in the mean cytokine mRNA levels for IL-23 and 

IL-17 in D2C lesional skin compared with DBA/2 normal skin (Figure 4.4 A and B).  

However, the test did not detect any statistically differences for IL-6 or IL-22 gene expressions when 

diseased D2C mice were compared to DBA/2 controls (Figure 4.4 C and D).   
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Figure 4.2 Analysis of gene expression levels for three mouse housekeeping genes   

The levels of expression were compared for three different mouse housekeeping genes using photographs 

of electrophoresed cDNA samples from three D2C mice and three DBA/2 controls. 
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Figure 4.3 Semi-quantitative analysis of Th17 axis cytokine gene expression in D2C mice 

  

RNA was extracted from facial skin of D2C mice and DBA/2 controls and RT-PCR was performed using 

specific primers for mouse 18S, IL-23p19, IL-17, IL-6 and IL-22 genes. The 18S gene was used as the 

internal control for DNA integrity and sample normalization. Band intensities were measured by 

densitometry. The table shows the disease stages of D2C mice used in this experiment. Abbreviations: bp; 

base pairs, Conv; convalesce, S1; stage 1, S2; stage 2, S3; stage 3. 

 

 

 

 

 

 

 

D2C samples 1 2 3 4 5 6 

Disease Stage S3 Conv S2 S2 S1 S1 
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Figure 4.4 Graphical representation of mean Th17 axis cytokine mRNA levels determined by band 

densitometry 

 

Band densities of Th17 axis cytokine gene expression in D2C skin lesions were compared to those of 

DBA/2 controls utilizing the non-parametric Mann-Whitney test which revealed statistically significant 

differences for IL-23p19 (A) and IL-17 (B) mRNA levels but not for IL-6 (C) or IL-22 (D). Data are 

expressed as means ±SEM. Abbreviations; *; significant (p<0.05), n.s.; non-significant.  
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4.1.3. Quantitative Analysis of IL-22 and IL-6 Gene Expression in D2C Lesional 

Skin by qPCR 

 Some of the limitations of the traditional or endpoint RT-PCR assay are that there may be 

considerable intra-assay variation and that post-PCR analysis is required.  The latter involves the 

electrophoresis of PCR Products on an agarose gel. In addition, in the densitometry analysis, the presence 

of faint bands may affect the sensitivity of the assay and interfere with the ability to detect statistically 

significance differences 
337

. We therefore decided to measure the Th17 axis cytokine mRNA levels by 

quantitative PCR (qPCR; also known as real time PCR), which has a higher levels of sensitivity than RT-

PCR and does not require gel electrophoresis for data analysis. However, because of the limited time and 

samples that were available, only IL-6 and IL-22 were measured by qPCR.  

 Relative qPCR was performed using the comparative Ct method (∆∆Ct) 
326

, which requires PCR 

efficiencies near 100% . The specificity of IL-22 and IL-6 PCR product was evaluated by melting curve 

analysis and by running the PCR product on agarose gels. The efficiency of the PCR reactions and the 

specificity of PCR product are shown in Figure 4.5 and 4.6, respectively.  IL-22 mRNA levels were 

detected after 32-36 cycles in the diseased D2C samples, whereas the expression was undetectable in the 

DBA/2 samples (Figure 4.7 A). As per standard practice 
338

, samples with undetectable levels of 

expression were given a Ct value of 40, which is the maximum number for PCR cycles. The relative 

quantification of IL-22 mRNA was determined by calculating the ∆∆Ct values of the normalized samples. 

∆∆Ct values were then used to calculate the relative quantity (2
-∆∆Ct

), which revealed statistically 

significant differences (p<0.05) for IL-22 gene expression by the non-parametric Mann-Whitney test 

(Figure 4.7 B).  

The IL-6 gene expression, however, was detected in both diseased and control groups (Figure 4.8 

A) without any significant difference shown by the statistical Mann-Whitney test (Figure 4.8 B).  
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Figure 4.5 Evaluation of qPCR efficiencies of 18S rRNA and IL-22 amplification  

 

The automated standard curve assay in the SDS software (Version 1.3.1, Applied Biosystems) was used 

to calculate the slope of (A) reference gene (18S rRNA) and (B) target gene (IL-22 gene). One in ten 

dilution was performed using cDNA samples amplified with 18S and IL-22 primers. The corresponding 

qPCR efficiencies for these genes were calculated according to the equation: E = 10
(-1/slope)

 
328

. 

Abbreviations: Ct; threshold cycle, Log CO; copy number (starting quantity), E; efficiency.  

 

A 

B 
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Figure 4.6 Determination of the specificity of IL-22 and IL-6 qPCR products by melting curve 

analysis. 

 

The derivative verses temperature plots demonstrating the individual melting curves peaked at 84C for 

each PCR product amplified with (A) IL-22 or (B) IL-6 primers. These individual peaks result from a 

single PCR product that dissociated at specific melting Tm after each PCR cycle.    

  

A 

B 
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D2C Samples DBA/2 Samples 

One from S1  Four from retired breeders, ≥10 months old 

Two from S2 

One from Conv  

 

 

Figure 4.7 Relative quantification of IL-22 mRNA in skin lesions from diseased D2C mice by qPCR 

 

A graph representing the Ct values for IL-22 gene expression in the lesional skin from diseased D2C mice 

and normal skin from DBA/2 syngeneic controls is shown in (A). IL-22 mRNA was detected in the D2C 

lesional skin but not in the DBA/2 normal skin as indicated. 18S rRNA was used as a housekeeping gene 

for sample normalization. A graphical representation of the mean level of IL-22 mRNA in diseased D2C 

skin, relative to those in skin from DBA/2 controls is shown in (B). The level was 86-fold higher in D2C 

lesional skin and was found to be statistically significant by a Mann-Whitney test (p<0.05). The table 

represents the number and disease stages of the mice used in this experiment 
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D2C Samples DBA/2 Samples 

One from S1 Four from retired breeders, ≥10 months old 

Two from S2 

One from Conv  

 

 

Figure 4.8 Relative quantification of IL-6 mRNA in skin lesions from diseased D2C mice by qPCR 

 

A graph representing the Ct values for IL-6 gene expression in the lesional skin from diseased D2C mice 

and normal skin from DBA/2 syngeneic controls is shown in (A). IL-6 mRNA was detected in both 

lesional skin from D2C and normal skin from DBA/2 controls as indicated. 18S rRNA was used as a 

housekeeping gene for sample normalization. A graphical representation of the mean level of IL-22 

mRNA in D2C lesional skin, relative to the mean level in DBA/2 normal skin is shown in (B). The 

statistical analysis demonstrate non-significant results of IL-6 gene expression in the lesional skin from 

diseased D2C mice relative to DBA/2 normal skin by a Mann-Whitney test, (p>0.05). The table 

represents the type of samples were used in this experiment.  n.s.; not significant. 



   
 

80 

 

4.1.4. Detection of IL-17 Protein in Lesional Skin from D2C Mice by 

Immunohistochemistry 

 

Because IL-17 is the signature proinflammatory cytokine for Th17 cells, and it has been 

associated with many autoimmune and inflammatory disorders 
140, 145, 152, 154, 155

, we next focused on 

studying the presence and the distribution of IL-17
+
 cells within D2C skin lesions. Rostal skin tissues 

form DBA/2 syngeneic mice and diseased D2C mice were stained with a rabbit IL-17 polyclonal antibody 

(Santa Cruz Biotechnology Inc., Dallas, Texas, USA). D2C lesional skin showed more positively stained 

mononuclear perivascular cells than DBA/2 normal skin (Figure 4.9). IL-17 immunostained sections also 

indicated that morphologically, the positive staining appeared not to be limited to lymphocytes (data not 

shown). This observation is consistent with a previous study showing that IL-17
+
 mast cells and IL-17

+
 

neutrophils are present in psoriatic skin by co-staining with lineage-specific markers 
339

. To determine the 

specificity of our staining, we included two negative controls. One involved omitting the primary 

antibody (anti-rabbit IL-17 polyclonal antibody) and the other involved omitting the secondary, detection 

reagent (micropolymer anti-rabbit IgG). Neither condition resulted in any positively-stained cells or non-

specific background staining (data not shown). The high epidermal staining seen in Figure 4.9 is non-

specific background staining that is commonly observed in most IHC performed on skin sections.  
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Figure 4.9 Detection of cells in lesional skin of diseased D2C mice by immunohistochemical staining 

with anti-IL-17 antibody.  

 

Photomicrographs of skin sections from DBA/2 (A & C) and D2C (B & D) are shown.  Both (C) and (D) 

are high power microscopic views of (A) and (B), respectively. Red arrows indicate positively stained IL-

17 cells, whereas yellow arrows for negatively stained IL-17 cells.  

  



   
 

82 

 

Part 2: The Involvement of HTLV-I or another Virus in the Pathogenesis of Mycosis 

Fungoides 
 

Part A – Detection of HTLV-I Provirus Using Nested-PCR 

 

4.2.1. HTLV-HBZ Provirus Detection in DNA Samples from Patients with Mycosis 

Fungoides 

In an attempt to detect HTLV-I proviral DNA sequence in MF, a genomic nested-PCR analysis 

was performed on lesional biopsy specimens obtained from 114 MF cases. All MF DNA samples were 

uniformly negative for the HTLV-I-HBZ gene. The quality of MF DNA was assessed by a standard PCR 

technique using specific primers for the human housekeeping gene, β-actin. Representative findings for 

HBZ and β-actin PCR are illustrated in Figure 4.10 and Figure 4.11, respectively.  

 

 

 



   
 

83 

 

 
 

 

 

Figure 4.10 Detection of HTLV-I HBZ proviral DNA in MF samples by nested PCR 

 

Representative MF DNA samples from different stages of the disease were negative for the HTLV-I HBZ 

proviral sequence. ATL (adult T-cell leukemia lymphoma) samples were used as positive control. 

Abbreviations: +ve ; positive control samples, bp; base pairs; HBZ; HTLV-I basic leucine zipper factor, 

MF; mycosis fungoides.  
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Figure 4.11 Assessment of the quality of MF DNA samples by standard PCR  

 

PCR products were visualized in a 2% agarose gel following electrophoresis in the presence of SYBR 

Safe, a fluorescent DNA stain. β-actin (housekeeping gene) was used as an internal control for DNA 

integrity. The resulting bands from representative MF DNA samples are showing products of 100 bases in 

length. Abbreviations: bp; base pairs, MF; mycosis fungoides. 
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Part B – A CTCL Case Study 

4.2.2. Detection of Virus-Specific Oligonucleotides in CTCL Using ViroChip™ 

Analysis    

Because HTLV-I PCR results were clearly negative for all MF DNA samples that were screened, 

a ViroChip™, DNA microarray-based platform for viral detection and discovery was used to further 

confirm the absence of any association between HTLV-I or another viral infection and MF. After cDNA 

hybridization to the ViroChip™ microarray (see section 3.2.8 in materials and methods), the results were 

analyzed using two established methods in the Chiu laboratory; z-score analysis, which is used for 

identifying weak viral signatures 
340

 and E-Predict algorithm 
332

, which compares the profile of positive 

probe hits on the microarray to those of known viruses.  

For z-score analysis, background-corrected intensities were generated by computationally 

identifying elevated probes in a normal whole blood sample that was sent with the experimental sample. 

The probes that had intensity of 450 or greater in this normal whole blood sample were subsequently 

subtracted from the analysis. A random set of normal respiratory samples was then used to generate 

normalized median intensity values for the remaining probes. The intensities of the microarray probe hits 

corresponding to the experimental whole blood sample were ranked based on the most statistically 

significant probes (z-score) relative to the normal respiratory samples. This analysis yields a high-level 

view of possible viruses present in the sample within viral families. Viral signatures were reported if there 

were ≥ 5 positive probe hits present for an individual viral species or ≥ 9 positive probe hits present for a 

viral family. Based on these criteria, the CTCL sample had no hits for any specific viral species or family 

(Table 4.1).   

E-Predict algorithm, which compares a given microarray hybridization signature to theoretical 

signatures of all ~2,500 known viruses for which sequence data are available, was applied to analyze the 

background-corrected results. E-Predict provided a list of candidate viruses present in the sample by 

comparing the probe hybridization signal with the theoretical hybridization profile for every virus present 

in GenBank. The most frequent viral signature present in this sample was Human Adenovirus (Table 
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4.2); however, a cut-off value has not been established yet for calling a sample positive, based on E-

Predict results. The viral candidates therefore need to be confirmed using specific PCR or unbiased high-

throughput sequencing. 

 

Table 4.1 Top 50 Probes with the Most Statistically Significant ViroChip™ Hybridization Intensity 

Ranked by Z-Score 

 

Species Family Genome RV NV Z-Score 

unidentified herpesvirus Herpesviridae dsRNA 148820 0.027434 183023.48 

Influenza B virus Orthomyxoviridae (-)ssRNA 10805 0.001992 22055.46 

Rotavirus B Sedoreovirinae dsRNA 82261 0.015164 12815.24 

Feline calicivirus Caliciviridae (+)ssRNA 1896 0.000350 7867.33 

Pichinde virus Arenaviridae (-)ssRNA 3254 0.000600 1333.99 

Oropouche virus Bunyaviridae (-)ssRNA 664 0.000122 566.01 

Dugbe virus Bunyaviridae (-)ssRNA 2664 0.000491 498.05 

Rotavirus C Sedoreovirinae dsRNA 18525 0.003415 441.34 

Porcine astrovirus Astroviridae (+)ssRNA  304 0.000056 421.03 

RV-Slider turtleI Retroviridae ssRNA 410 0.000076 371.87 

Oropouche virus Bunyaviridae (-)ssRNA 642 0.000118 350.56 

Human papillomavirus 4 Papillomaviridae* dsDNA 416 0.000077 348.92 

Sindbis virus Togaviridae (+)ssRNA 813 0.000150 344.09 

Human papillomavirus 6 Papillomaviridae* dsDNA 257 0.000047 309.87 

Human adenovirus C Adenoviridae dsDNA 420 0.000077 302.23 

Human enterovirus B Picornaviridae** (+)ssRNA 420 0.000077 287.44 

Walleye virus 2 Orthoretrovirinae ssRNA 338 0.000062 278.97 

Human coronavirus HKU1 Coronavirinae (+)ssRNA 1070 0.000197 253.18 

Feline calicivirus Caliciviridae (+)ssRNA 146 0.000027 245.70 

Salmonid herpesvirus 1 Alloherpesviridae dsDNA 240 0.000044 243.83 

Turkey astrovirus Astroviridae (+)ssRNA  161 0.000030 233.20 

Human rhinovirus A*** Picornaviridae** (+)ssRNA 466 0.000086 231.72 

Human papillomavirus 34 Papillomaviridae* dsDNA 149 0.000027 225.50 

Human papillomavirus 16 Papillomaviridae* dsDNA 439 0.000081 221.56 

Lassa virus Arenaviridae (-)ssRNA 115 0.000021 219.80 

Murine leukemia virus Orthoretrovirinae ssRNA 6965 0.001284 219.25 

Newcastle disease virus Paramyxovirinae (-)ssRNA 330 0.000061 209.67 

Latino virus Arenaviridae (-)ssRNA 386 0.000071 209.64 
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Equine encephalosis virus Sedoreovirinae dsRNA 161 0.000030 207.04 

Porcine teschovirus Picornaviridae** (+)ssRNA 499 0.000092 204.85 

Human rhinovirus A*** Picornaviridae** (+)ssRNA 305 0.000056 204.12 

Rhesus macaque parvovirus Parvovirinae ssDNA  512 0.000094 201.68 

Sapporo virus Caliciviridae (+)ssRNA 28980 0.005342 189.69 

Rabbit oral papillomavirus Papillomaviridae* dsDNA  211 0.000039 182.45 

Mammalian orthoreovirus Spinareovirinae dsRNA 91 0.000017 179.60 

Xenopus endogenous retrovirus Retroviridae ssRNA 106 0.000020 177.57 

Florida manatee papillomavirus Papillomaviridae* dsDNA 153 0.000028 177.25 

California encephalitis virus Bunyaviridae (-)ssRNA 136 0.000025 176.34 

Human rhinovirus A*** Picornaviridae** (+)ssRNA 206 0.000038 176.18 

Human enterovirus B Picornaviridae** (+)ssRNA 309 0.000057 175.57 

Cypovirus 15 Spinareovirinae dsRNA 318 0.000059 174.91 

Human papillomavirus 34 Papillomaviridae* dsDNA 122 0.000022 174.27 

Simian picornavirus 1 Picornaviridae** (+)ssRNA 392 0.000072 173.93 

Human coronavirus NL63 Coronavirinae (+)ssRNA 88 0.000016 172.13 

Bovine torovirus Torovirinae (+)ssRNA 342 0.000063 170.47 

Human papillomavirus 5 Papillomaviridae* dsDNA 114 0.000021 169.91 

 

Abbreviations: RV; raw value, NV; normalized vale, (+)ssRNA; positive single-strand RNA,  
(-)ssRNA; negative single-strand RNA, dsDNA double-strand DNA, dsRNA; double-strand RNA.  
*     a maximum viral family reads was 8; for papillomaviridae family  
**   a maximum viral family reads was 8; for picornaviridae family  
*** a maximum individual viral species reads was 3; for Human rhinovirus A 
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Table 4.2 Viral Oligonucleotide sequence in the CTCL Whole Blood Sample Provided by E-Predict 

Algorithm 

Species Family Genome Genome RV NV E-Value 

Human adenovirus D Adenoviridae Human adenovirus 48 dsDNA 624 0.000115 0.1752106 

Human adenovirus C Adenoviridae Human adenovirus 2 dsDNA 844 0.0001556 0.0941329 

Human adenovirus D Adenoviridae Human adenovirus 48 dsDNA 320 0.000059 0.1752106 

Human adenovirus D Adenoviridae Human adenovirus 48 dsDNA 338 0.0000623 0.1220746 

Human adenovirus D Adenoviridae Human adenovirus 32 dsDNA 539 0.0000994 0.0759305 

Human adenovirus E Adenoviridae Simian adenovirus 24 dsDNA 363 0.0000669 0.0970918 

Human adenovirus D Adenoviridae Human adenovirus 53 dsDNA 292 0.0000538 0.1201579 

Human adenovirus E Adenoviridae Simian adenovirus 24 dsDNA 489 0.0000901 0.0578959 

Human adenovirus D Adenoviridae Human adenovirus 48 dsDNA 182 0.0000336 0.1545346 

Human adenovirus C Adenoviridae Human adenovirus 5 dsDNA 569 0.0001049 0.0425297 

Porcine adenovirus A Adenoviridae Porcine adenovirus 3 dsDNA 217 0.00004 0.1030586 

Human adenovirus D Adenoviridae Human adenovirus 17 dsDNA 213 0.0000393 0.0985776 

Human adenovirus C Adenoviridae Human adenovirus 5 dsDNA 563 0.0001038 0.0356749 

Human adenovirus C Adenoviridae Human adenovirus 5 dsDNA 408 0.0000752 0.0481262 

Human adenovirus C Adenoviridae Human adenovirus 5 dsDNA 199 0.0000367 0.0920951 

Human adenovirus C Adenoviridae Human adenovirus 5 dsDNA 164 0.0000302 0.1023746 

Human adenovirus D Adenoviridae Human adenovirus 48 dsDNA 108 0.0000199 0.1545346 

Human adenovirus F Adenoviridae Human adenovirus 41 dsDNA 248 0.0000457 0.066138 

Human adenovirus C Adenoviridae Human adenovirus 5 dsDNA 426 0.0000785 0.0373721 

Human adenovirus B Adenoviridae Human adenovirus 50 dsDNA 236 0.0000435 0.0640304 

 

Abbreviations: dsDNA; double-strand DNA, RV; raw value, NV; normalized value, E-value; E-Predict 

Algorithm.  

 

  



   
 

89 

 

4.2.3. Detection of Virus-Specific Oligonucleotides in CTCL Using Unbiased High-

Throughput Sequencing  

One CTCL sample was analyzed for high-throughput sequencing (HTS) to identify any virus-

specific oligonucleotides. Interestingly, the sequencing run yielded 6,200,070 raw reads for the CTCL 

sample. These reads were submitted to an in house computational pipeline developed at UCSF to classify 

the reads bioinformatically by their origin (human, bacteria, or virus) based on the Scalable Nucleotide 

Alignment Program (SNAP) 
341

. This revealed that 95.8% of the reads were human matched sequence. To 

determine if the virus-matched reads represented true viral sequences, the reads were filtered by aligning 

them to NT, which is the NCBI non-redundant nucleic database. NT includes essentially all nucleic acid 

sequence in the GenBank. The reads that are better matches for non-viral sequences were removed and 

this remained 7 reads, which were matched to Bovine Diarrhea Virus-1 (BVDV-1).  BVDV-1 reads were 

then found to be due to contamination from an adjacent library because of the sensitivity of this platform; 

0.1 to 1% contamination can be expected across samples. (Table 4.3). 

A rapid amino acid alignment tool (RAPSearch) 
342

 was also used to determine if there were any 

divergent viral sequences present in the unmatched reads that were not detected by SNAP. Reads were 

aligned to NR, which is a non-redundant protein database. Reads that are better matches to non-viral 

protein sequence were removed. A nucleotide BLASTn alignment was then performed on the top 

RAPSearch hits for viral species that had at least 4 reads present. From these alignments, viral matched 

reads for three viral species from the Retroviridae viral family were identified. All other potential virus 

hits were determined to be human genome or previously cloned viral integration sites within the human 

genome (Table 4.3 and Table 4.4). 
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Table 4.3 A Summary of High Throughput Sequence Analysis   

Sequencing Stats Read Count 

Raw reads 6,200,070 

Pre-processed 5,085,165 

SNAP Human Matched 4,872,276 

SNAP Human Unmatched 212889 

SNAP to NT Matched 47,858 

SNAP to NT Unmatched 165,031 

SNAP to NT Virus 7 

RAPSearch 27,299 

 

Table 4.4 Human Viral Sequence in the CTCL Whole Blood Sample after Utilizing RAPSearch, a 

Rapid Amino Acid Alignment Tool 

 

Species Family Read Count 

Human endogenous retrovirus  Retroviridae 14 

Human endogenous retrovirus K  Retroviridae 7 

Human endogenous retrovirus W  Retroviridae 6 
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5. DISCUSSION 

Part 1: IL-23/Th17 Axis Cytokines in the D2C Mouse Model of Cutaneous Autoimmunity  

Cytokines play a crucial role in the communication between cells. They can initiate, maintain, 

and regulate the immunological aspects of various physiological and pathological processes. 

Characterizing the cytokine profiles in patients with autoimmune or inflammatory disorders can 

successfully lead to a better understanding of the pathophysiology of the disease, as well as its severity. It 

may also facilitate the identification of key cytokines as therapeutic targets. The effectiveness of using 

cytokine therapy has been demonstrated in a wide range of chronic autoimmune and inflammatory 

disorders 
343-345

. Biologically, cytokines are soluble mediators that have a short half-life. They are 

produced locally and act in an autocrine or paracrine manner. They are rapidly degraded to maintain 

immune homeostasis 
346

. Therefore, measuring cytokines in the circulation can be difficult. However, 

under the influence of a strong immune reaction, cytokines can be highly expressed locally - at the site of 

the immune response, and exonerated to the circulation, leading to a systemic immune response.     

This thesis focuses on measuring four principal cytokines belonging to the IL-23/Th17 axis in a 

mouse model of cutaneous autoimmunity that is homologous to human seborrheic dermatitis (SD). 

Interestingly, very few studies have investigated the changes in cytokine levels that occur in patients with 

SD and none of them explored the pattern of Th17 axis cytokine levels in the pathogenesis of this disease 

347-349
.  In order to evaluate the Th17 axis cytokine modulation in our mouse model, we quantified both 

the serum protein levels at each stage of the disease and the mRNA expression levels in the lesional skin.   

 

IL-6 Levels 

The initiator cytokine of the Th17 lineage, namely IL-6, revealed a maximum elevation of serum 

levels at S2 of the disease and the levels were significantly higher than those from DBA/2 controls as well 

as convalescent D2C animals. IL-6 serum protein levels from S3 D2C mice were statistically elevated 

compared with those from DBA/2 controls. The importance of IL-6 for the Th17 lineage was 
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demonstrated in IL-6 knockout mice, which lack the ability to develop Th17 cells and have abundance of 

FoxP3
+
 Treg cells in their peripheral CD4

+
 T cell repertoire 

65
. In addition, the inhibition of IL-6 restores 

the balance between circulating Th17/Treg cells in patients with RA 
350

. 

Because of the severe reduction of peripheral CD4
+
 T-cells in the D2C transgenic model, D2C 

mice have an increased susceptibility to infections 
313

, leading to B-cell activation. Activated B-cells are a 

major source of IL-6, which provides the favorable conditions for Th17 cell polarization. This theory has 

been proved in other mouse models such as EAE 
351

. The latter study showed that B-cell depletion can 

lessen the severity of autoimmune disease and reduce Th17 cell responses.  

At the mRNA level, RT-PCR data showed some faint bands from D2C lesional skin on the 

agarose gels (Figure 4.3). However, the IL-6 mRNA level in D2C lesional skin was not significantly 

different compared to near matched-age DBA/2 normal skin. The number of the lesional skin samples 

was not large enough to statistically compare the cytokine gene expression at the various stages of the 

disease. Therefore, we compared the mean expression levels in D2C skin samples from all of the diseased 

mice combined, to the mean level seen in skin from DBA/2 mice (Figure 4.4). The wide variability in IL-

6 mRNA expression amongst the D2C disease stages may attribute to the non-statistically significant 

findings in the RT-PCR results.  We attempted to obtain a statistically significant difference by repeating 

the experiment using qPCR analysis. Despite the higher level of sensitivity of the qPCR technique, the 

mRNA levels in lesional skin from D2C mice were not significantly elevated.  This may again be a result 

of combining the data from D2C mice in all stages of the disease and/or because of using retired breeder 

DBA/2 mice as controls. Only for qPCR, but not for RT-PCR, the DBA/2 mice that were available for 

analysis were retired breeders. The idea that retired breeders may have elevated IL-6 levels is based on 

the observation showing increased age-related expression of mouse and human IL-6 gene even in the 

absence of infection, trauma or other stress 
352

. This review further showed that IL-6 gene expression is 

under the control of hormones such as estrogen and androgen, both of which show age-related production.     

To summarize, our serum ELISA data correlated positively with prior studies that reported a 

statistically significant increase in IL-6 in sera from patients with psoriasis 
353-355

. Previous studies also 
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showed a significant increase of IL-6 mRNA expression in psoriatic lesional skin compared to normal 

skin 
356

. Our data, however, did not reveal any statistically significant upregulation of IL-6 in the D2C 

lesional skin compared to controls. Our study of IL-6 mRNA levels can be better approached by 

harvesting lesional skin from the various disease stages and having at least four mice per group as well as 

from young matched-aged DBA/2 controls. This would provide a better understanding for the local 

expression of the IL-6 gene and how it might correlate with the severity of the disease.  

 

IL-23 Levels 

IL-23 protein levels were elevated in sera from diseased D2C mice compared to DBA/2 

syngeneic mice. However, the post hoc test did not reveal any specific statistically significant differences 

between the groups (Figure 4.1). IL-23 is produced predominantly by macrophages and dendritic cells 

during inflammation. It is also crucial for the phenotypic stabilization of differentiated Th17 cells 
63-65

.  

Therefore, it is likely that IL-23 is produced locally in the lesional skin and may rapidly participate in the 

paracrine mechanisms of cell differentiation, thus only trace amount can be detected in the circulation. 

Another way to investigate the systemic immune response is to measure cytokine proteins such as IL-23 

by ELISA, in the supernatants from cultured spleens harvested from various stages of diseased as well as 

from normal DBA/2 controls.  

Our data from RT-PCR revealed a statistically significant elevation of IL-23p19 mRNA in D2C 

lesional skin relative to normal skin from DBA/2 mice (Figure 4.3). Interestingly, IL-23p19 mRNA was 

markedly higher in the early stages of the disease (S1 and S2) than the advanced stages (S3 and 

convalescence). This pattern is in agreement with the important role of IL-23 during the early stages of 

naïve CD4
+
 T-cells differentiation toward the Th17 lineage 

75
.  

Overall, although our IL-23 serum ELISA results approached the statistically significant 

probability score by (p=0.048), the differences in the levels were not big enough to detect statistically 

significant differences amongst the various groups by the post hoc comparison test (Figure 4.1). Previous 

studies showed a significant increase of IL-23 in serum from psoriatic patients 
357-359

. However, another 
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study found that IL-23 was not detectable in the serum from patients with psoriasis 
360

. IL-23p19 mRNA 

levels were increased in psoriatic lesional skin compared to non-lesional skin 
356, 361

, which correlates 

positively with our RT-PCR data.  

 

IL-17 Levels 

ELISA data revealed a significant reduction of IL-17 protein levels in the sera from convalescent 

D2C mice compared to S3 D2C mice. However, there were no significant different in IL-17 serum levels 

between any of the D2C disease stages (S1, S2 or S3) and DBA/2 controls (Figure 4.1).  Repeating the 

experiment with a larger sample size would allow us to determine whether any differences might exist 

amongst these disease stages. Interestingly, findings from various studies that measured IL-17 levels in 

serum from psoriatic patients were inconsistent. A study reported that IL-17 was not elevated in serum 

samples of patients with psoriasis 
354

; others showed statistically significant increases in serum levels of 

this cytokine in psoriatic patients compared to healthy donors 
356, 362

. The most recent study suggested that 

IL-17 serum levels were not statistically significant different between patients and controls. However, 

statistically significant differences were revealed among the various clinical subtypes of psoriasis 
363

. 

In our study, IL-17 mRNA expression was significantly higher in D2C lesional skin compared to 

normal skin (Figure 4.4). This result is consistent with previous studies reporting a significant elevation 

of IL-17 mRNA in psoriatic lesions compared to unaffected tissues 
356, 362

. In addition, our data appeared 

to show trends towards differences in the levels IL-17 mRNA expression amongst D2C disease stages 

(Figure 4.3). For example, during the very early stage of the disease (S1), IL-17 mRNA expression was 

markedly lower than those from S2 and S3 samples. Therefore, unlike serum IL-17 data, RT-PCR data 

demonstrated a better association between IL-17 gene expression and D2C disease severity. However, the 

differences in IL-17 mRNA levels in the various stages of the disease were not compared statistically, due 

to an insufficient number of mice in each group. 
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IL-22 Levels 

IL-22 levels in sera from D2C mice revealed a maximum elevation at S2 of the disease, and the 

levels were significantly different compared to those from DBA/2 controls (Figure 4.6).  Although IL-22 

levels are not measured in sera from convalescent mice due to an insufficient amount of serum, (Figure 

4.1) we expect that similar to the other Th17 axis cytokines, the level of IL-22 would decrease in the 

circulation of convalescent D2C mice.  

The levels of IL-22 mRNA expression detected by RT-PCR in the D2C skin lesions were not 

statistically significant different compared to those in the controls. Again, because there were insufficient 

amount of skin lesions to statistically compare the individual disease stages, we compared the expression 

of combined D2C samples to those of DBA/2 controls (Figure 4.4). Our qPCR data, however, did show a 

significantly increase of IL-22 mRNA levels in lesional skin form D2C mice compared to those from 

DBA/2 controls (Figure 4.7). The difference in our findings from RT-PCR and qPCR assays likely stems 

from the greater level of sensitivity in the latter assay. 

IL-22 is a proliferative agent that is involved in the activation and the migration of keratinocytes. 

Various studies demonstrated that IL-22 is the primarily cytokine that induces epidermal hyperplasia seen 

in psoriasiform diseases 
103, 144, 157

. This is also supported by the fact that among skin cells, only 

keratinocytes expressed IL-22R, making them the principal target of IL-22. Activated keratinocytes 

promote the expression of antimicrobial agents and β-defensins 
100, 143

 as well as a group of 

proinflammatory and chemotactic molecules 
103

, leading to augmentation of skin inflammation. Two 

studies demonstrated that blocking IL-22 with an IL-22 monoclonal antibody was effective in reducing 

the thickening of psoriatic skin in mouse models 
143, 144

.  

Collectively, our serum ELISA data showed a statistically significant elevation of IL-22 in D2C 

mice compared to controls. This finding correlates positively with many studies reporting that IL-22 is 

detectable and significantly elevated in sera from psoriatic patients compared to those from controls 
142, 

358, 360
. In addition, our qPCR finding was consistent with previous studies showing that IL-22 mRNA 
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levels are significantly elevated in the target tissues of several chronic inflammatory conditions including 

psoriasis and rheumatoid arthritis 
98, 142

. 

 

IL-17 Immunohistochemistry 

An immunohistochemical analysis of IL-17 expression in the skin lesions from S3 D2C mice 

detected a dermal infiltration of positively stained cells, which consisted predominantly of lymphocytes 

(Figure 4.9). Compared to the normal skin tissue, which showed sparse positively stained IL-17 

mononuclear cells, there was an abundance of positively stained cells in D2C lesional skin. This finding 

is similar to a previous study that identified an abundance of IL-17
+
 cells in psoriatic lesions examined by 

IHC 
92

. Inflammatory infiltrates in the skin lesions reflect the presence of the inflammatory processes 

associated with cutaneous pathological changes. However, quantifying the number of infiltrating cells 

would indicate the percentage of positively stained lymphocytes, and this would allow us to perform a 

statistical analysis to compare the number of IL-17
+
 cells in D2C lesional and non-lesional skin. 

Additionally, since we did not stain for CD4 molecules, it difficult to say whether the positively stained 

IL-17 cells are CD4
+
 Th17 cells. IL-17 has been detected in a wide range of immune cells such as CD8

+
 

T-cell 
339

, γδ T-cells 
364

 and NK cells 
80

, which have been reported to be involved in the pathogenesis of 

psoriasis 
339, 364-366

. 

Because virtually all nucleated cells stained positively for IL-17 polyclonal antibody, it is 

possible that either all these cells are IL-17
+
 cells or that the antibody is not specific for the IL-17 protein. 

The first possibility needs to be confirmed by co-staining for a cell specific marker such as CD4. With 

respect to the second possibility, the rabbit IL-17 polyclonal antibody (Santa Cruz Biotechnology Inc., 

Dallas, Texas, USA) was chosen after a literature search that resulted in finding ten studies in which a 

mouse IL-17 IHC experiment was performed 
367-376

. Six of these utilized the rabbit IL-17 polyclonal 

antibody from Santa Cruz Biotechnology Inc. 
367-370, 372, 375

. Before using the antibody from Santa Cruz 

Biotechnology, Inc. our experiment was attempted using: i) a rat IL-17 monoclonal antibody (LS-B4912-

LifeSpan BioScience, Seattle, WA, USA), which revealed no staining at all, and ii) a rabbit IL-17 
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polyclonal antibody (251552-Abbiotec, San Diego, CA, USA), which revealed non-specific background 

staining. Since IHC was difficult for us to be optimized for IL-17, especially considering that cytokines 

are secreted to the tissue which may result in the high background and non-specific staining, IL-17 

protein could be measured in the lesional skin by immunoblotting or a Proximity Ligation Assay, which 

measures protein levels by qPCR. To assure that the IL-17 is secreted by CD4
+
 T cells and not from other 

IL-17-producing cells, we would use a laser-capture microdissection guided with fluorescent mAb 

specific for CD4 molecules.  

Overall, our data demonstrated statistically significant differences in the systemic levels of IL-6 

and IL-22, in diseased D2C mice compared to controls.  The levels of IL-6 and IL-17 were significantly 

higher in diseased D2C mice at S2 and S3, respectively, compared to the levels seen in convalescent 

mice. No statistically differences were revealed for IL-23 serum levels perhaps because of the local 

secretion and the paracrine consumption of this cytokine. These data are in agreement with previous 

studies reporting significant elevation of IL-6 
353

, IL-17 
360

, and IL-22 
142

 in sera from psoriatic patients. 

Our IL-23 ELISA data were also in accordance with a study that reported no statistical differences of IL-

23 levels in sera from psoriatic patient compared to those form controls 
360

. The statistically significant 

elevation of Th17 axis cytokines (IL-6, IL-17, and IL-22) in the serum of D2C mice suggests a massive 

secretion of these cytokines at the inflamed site, leading to their appearance in the blood.  It also indicates 

that cutaneous changes in the diseased D2C mice are associated with a strong immune response that 

results in the elevation of effector molecules of Th17 cells, IL-17 and IL-22 and the Th17 axis initiator 

cytokine, IL-6. In our study, the data also showed that the maximum elevation was at S2 of the disease 

and that there was a reduction at convalescent stage (we anticipate that IL-22 would have the same 

reduction pattern in the circulation of convalescent D2C mice) (Figure 4.1). This downward trend of 

serum cytokine levels is associated with the accumulation of threshold levels of Treg cells, and the 

incipient development of disease convalescence, as demonstrated previously 
314

. 

Since our Th17 axis cytokine protein levels were elevated in sera from diseased D2C mice 

relative to those from DBA/2 controls and/or convalescent D2C mice, we expected a similar finding for 
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Th17 axis cytokine gene expression. The latter was the case except for IL-6. Although IL-6 protein levels 

were statistically elevated in sera from D2C mice relative to controls, and its levels were the highest 

amongst all cytokines analyzed, IL-6 gene expression was not statistically elevated in the lesional skin 

relative to normal skin obtained from DBA/2 controls. This was explained may be because of including 

retired breeder‟s skin tissues in the control group. Another explanation for the IL-6 protein vs. mRNA 

inconsistent finding may be because of comparing data obtained from two different types of specimen. 

Cytokine protein levels were measured in sera samples by ELISA, whereas mRNA levels were measured 

in skin samples using RT-PCR. The experiment could be improve by extracting RNA from PBMCs or 

cultured spleens and used to measure IL-6 mRNA levels which could be then correlated with our IL-6 

protein levels. 

Although SD affects only 5% of the general population 
242

, its incidence is more common than 

psoriasis, which affects 2% of the general population 
198-200

. Amongst AIDS patients, the prevalence of 

SD increases up to 80% 
227

, and it is considered to be the earliest clinical signs related to HIV infection. 

We reported that in our mouse model of SD, Th17 axis cytokines were significantly elevated at both 

protein (IL-6, IL-17, IL-22) and mRNA (IL-23, IL-17, IL-22) levels. To our knowledge, this is the first 

study that investigated the profile of IL-23/Th17 axis cytokines in a mouse model of SD. More studies are 

needed to further explore the role of Th17 axis cytokines in the pathogenesis of this cutaneous 

inflammatory disorder, and to identify the most appropriate cytokines for therapeutic intervention.   

 

Part 2: The Involvement of HTLV-I or another Virus in the Pathogenesis of Mycosis 

Fungoides 

 

Part A – Detection of HTLV-I Provirus Using Nested-PCR 

 

Many bacterial and viral infections are known to provide chronic immune stimulation that leads 

to cell transformation and cancer development. Two viral examples are Epstein-Barr virus (EBV), which 

causes B cell lymphoproliferative disease and nasopharyngeal carcinoma, and Human T-cell leukemia 

virus-1 (HTLV-I), which plays a role in the development of adult T-cell leukemia/lymphoma (ATL). 
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Bacterial infection may also increase the risk of cancer. One of the best known examples of this is 

Helicobacter pylori-induced gastric carcinoma 
377

. Various infectious agents have been examined for a 

causative relationship with mycosis fungoides (MF), the most common type of cutaneous T-cell 

lymphoma (CTCL). These include EBV 
263-265

 and some infectious bacteria such as Chlamydia 

pneumonia 
378

 and Borrelia burgdorferi 
379

. The first study reporting that an HTLV-I-like retrovirus is 

associated with CTCL was published in 1987 
380

. Since then, many studies have reported variable 

detection rates of HTLV-I in patients with CTCL. However, the involvement of infectious agents in the 

pathogenesis of CTCL remains a controversial topic.  

In our study, we found no evidence of HTLV-I proviral integration in 114 MF samples that were 

screened using nested-PCR (Figure 4.10). This is in agreement with previous studies that found no 

association between HTLV-I infection and CTCL 
270, 308-312

. However, other studies showed successful 

amplification of HTLV-I genes in MF/SS samples 
301-305, 307

. Some possible factors that may have 

influenced the validity of these discrepant results are discussed in the following paragraphs.  

 

1- Factors that Could Affect the Validity of the Negative Results:  

The MF samples used in our study were extracted from formalin-fixed, paraffin-embedded 

(FFPE) and/or fresh frozen skin biopsies that were archived over a period of 14 years in the Dermatology 

Section at the University of Chicago Medical Center. It is known that formalin leads to the generation of 

cross-linking between nucleic acids and proteins and causes nucleic acids fragmentation 
381, 382

. Other 

studies showed that using DNA extracted from FFPE is feasible for PCR analysis when high molecular 

weight DNA is not required 
383

. It was also reported that formalin fixed tissues can be successfully used 

for DNA extraction to amplify PCR products shorter than 318 base pairs (bp) even if the biopsies were 39 

years old 
384

. We designed HBZ-specific primers that amplify 288 bp long-amplicons, which were then 

used as templates for HBZ nested-PCR that amplifies DNA fragments that are 114 bp long.  

Consequently, our first PCR product fell within the range that, based on this study, should have been 

amplified successfully.  Additionally, our DNA samples were examined with specific primers for the 
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human housekeeping gene, β-actin, which was our internal control for DNA integrity. The results showed 

that β-actin could be successfully amplified in all of the DNA samples that we tested (Figure 4.11). It is 

notable that the densities of β-actin PCR products following gel electrophoresis were inconsistent and 

some bands showed lower expression compared to others. One possible cause of the weaker bands is low 

quality of the DNA. It is therefore possible that our ability to detect the targeted sequence would have 

been reduced in samples showing a weaker -actin band. Another possibility for the variability of β-actin 

band intensity is the inconsistency in β-actin gene expression in patients with MF. A study showed that 

the expression of some epidermal housekeeping genes can vary under some disease conditions 
385

.   

In our study, nested PCR was used to improve both the sensitivity and specificity of HTLV-I 

proviral gene detection and to exclude any false negative results. PCR amplicons were uniformly negative 

for all MF DNA samples that were investigated (Figure 4.10).  This finding suggests that proviral HTLV-

I sequence does not exist in our MF samples using a nested PCR that is more sensitive and specific than 

those used in the other studies. However, the possibility of having some false negative results cannot be 

completely excluded by only utilizing a high sensitive PCR detection assay as DNA degradation in some 

of our samples, if any, may play a role. 

It is possible that some DNA extraction protocols may result in a reduced ability to detect HTLV-

I by PCR.  One report suggested that the discrepant findings regarding HTLV-1 and CTCL association is 

due to the method employed for preparing the PBMC samples for PCR, namely whole cell lysates versus 

high molecular weight genomic DNA extracts 
386

. This study reported that positive results could be 

obtained from whole cell lysates but not from high molecular DNA extracts. This hypothesis is unlikely, 

because, except for a few studies reported by the same group, all positive results for HTLV-I detection in 

CTCL were prepared by PBMC DNA extracts 
303-305, 307, 387

. Furthermore, the impact of whole cell lysates 

on the HTLV-I detection was examined on 11 whole cell lysates from PBMCs of 11 MF patients using 

the same suggested protocol for the whole cell lysate preparation 
386

. The PCR results were still 

consistently negative 
312

, supporting the idea that DNA extraction plays a minor role in reducing the 

chances of proviral detection. Therefore, the negative results obtained in our study are unlikely to be due 



   
 

101 

 

to the loss of HTLV-I provirus during DNA extraction process. It is notable that the aforementioned 

studies compared the methods used for preparing PBMC samples for PCR, whereas in our study the DNA 

was extracted from skin biopsies. The impact of sample type on the HTLV-I proviral detection will be 

discussed in the following paragraph. 

It is possible that the criteria used to diagnose MF or the range of MF subsets included in the 

study could contribute to the contradictory findings. Some ATL subset can be difficult to distinguish from 

CTCL (discussed further below). It is also possible that HTLV-I might be involved in the pathogenesis of 

a subset of MF such as those with CD30
+
 large cell transformation analogues to ATL, which is known to 

be associated with HTLV-I 
278

 and can contain CD30
+
 anaplastic large cells in some cases 

388, 389
.  Our 

study included 114 CTCL cases from 81 patients diagnosed with MF, MF with large cell transformation, 

or MF with secondary CD30
+
 lymphoproliferative disorders, which can evolve in the advanced MF tumor 

stage (Table 3.3). The cases were selected based on the histomorphological diagnosis of MF, the presence 

of a sufficient numbers of atypical lymphocytes, the immunogenotyping of lymphocyte infiltrate, and the 

clonality of neoplastic CD4
+
 T-cells by TCR gene rearrangement test 

299, 390
. The type of specimen 

involved in the study might be also a factor.  In our study, the specimens were obtained from every type 

of skin lesion (patch, plaque and tumor) (Table 3.3 and 3.4). Our samples, however, did not include 

isolated DNA from PBMC. One study reported no evidence of HTLV-I provirus in 215 DNA samples 

isolated from 121 fresh PBMCs, 26 PBMCs after short-term culture, and 68 skin lesions from patients 

with CTCL 
312

, suggesting that both blood and skin samples revealed negative findings. Therefore, it is 

less probable that our negative findings can be attributed to sampling error including MF diagnosis, stage 

of disease, type of skin lesion, or types of tissue studied.  

It is possible that an inability to detect HTLV-1 could be due to using samples from patients 

within one geographic region or ethnic group. The percentage of HTLV-I positive-PCR CTCL cases 

ranged from 7% to 92% in studies that included patients from the USA 
301-303

 as well as other European 

countries such as England 
391

, Italy 
380, 392

, and Hungary 
393

. The HTLV-I negative-PCR findings include 

CTCL cases from USA 
270, 310-312

, Spain, UK, France, Portugal 
312

, Denmark 
308

, Germany, and 
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Switzerland 
309

. Our MF samples were all from the USA and included patients from various ethnicities 

(African American, Caucasian, and Hispanic) (Table 3.4). Based on the results from previous studies, 

geographical clustering of HTLV-associated CTCL is unlikely because of the overlapping and wide 

geographical diversity of HTLV-I-positive and HTLV-I-negative CTCL cases.  

2- Factors that Could Have Influenced the Validity of the Positive Results:  

Our findings clearly showed no association between CTCL and HTLV-1; however, as mentioned 

earlier, some studies did report a positive association 
301-305, 307

. It is possible that these findings were 

correct or they may be false positive results.  Some of the factors that could have contributed to the latter 

are described below. 

 Human endogenous retroviruses (HERVs) constitute less than 1% of the human genome, and they 

share similar structural genes (gag, pol, and env) to exogenous retroviruses such as HIV and HTLV 
394

. 

HERVs have been isolated and found to share some sequences that are homologous to the HTLV-I gag 

and pol segments 
395-397

. There is therefore a possibility that positive findings in CTCL samples, at least in 

the studies that used structural gene-specific primers, can be attributed to the amplification of HTLV-

related endogenous sequence 
391

. 

Another explanation for a positive finding is that cells cultured in one area are at risk of being 

contaminated by other cells that harbor the proviral DNA. Many of the studies that reported positive 

HTLV-I results in MF/SS cases involved culturing isolated PBMCs 
301-304, 307

. Additionally, some of these 

studies reported that the HTLV-I proviral DNA was best detected after culturing PBMC isolated from 

CTCL patients 
301, 386

, suggesting that the ability to detect HTLV-I provirus in the latter study might be 

because of viral contamination during the culture process. The viral contaminant could be from HTLV-I 

positive samples, from positive control cell lines or even from culture reagents such as fetal bovine serum, 

which may contain bovine virus 
398

.   

False positive results could also have been resulted from post-PCR contamination.  PCR-products 

from HTLV-I positive samples could easily contaminate other negative samples. We are confident that in 

our study PCR contamination was carefully controlled by physically separating the pre- and post-PCR 
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areas and using pipette tips with aerosol filters while preparing DNA samples and setting up PCR reaction 

mixtures. In addition, the post-PCR contamination was reduced by using an enzymatic strategy involving 

the UDG enzyme, which selectively destroys any DNA sequence containing uracil 
329

.  Since all of our 

findings were HTLV-I negative, contamination by material from positive samples is not a factor to be 

considered in our study. Interestingly, such strategies for controlling contamination were not reported by 

the earlier studies reporting HTLV-I positive findings.    

Misdiagnosis of some variants of ATL such as smoldering or chronic ATL, which have potential 

clinical and histopathological similarities with CTCL, including MF and SS, could lead to a false-positive 

result.  Unlike ATL patients, most patients with CTCL test negatively for antibodies against HTLV-I 

structural and oncogenic proteins 
301, 303, 308, 391, 392, 399

. However, some studies reported that MF/SS patients 

were HTLV-I seropositive, suggesting that they were either ATL-misdiagnosed patients or CTCL patients 

who were already infected with HTLV-I.  

 In summary, we screened skin biopsies from 114 MF cases for the presence of HTLV-I provirus 

using nested-PCR. The data argue against an association between HTLV-I and MF. In addition, we took 

into the account all the possible factors that might contribute for false negative or false positive results 

leading to the discrepancy seen in the literature amongst the HTLV-I and MF association studies. We 

carefully evaluated the factors that might influence the validity of our negative findings by discussing 

how our study was approached and comparing that to other studies.  Factors including the source of 

material from which the DNA was extract, the sensitivity and the specificity of the PCR detection assay, 

the method used for sample preparation for PCR , the criteria used for MF diagnosis and the range of MF 

subtypes included in the study, and finally the geographical distribution of the MF cases. We also 

discussed factors that may influence the invalidity of the positive findings such as the amplification of 

HTLV-I related endogenous sequence, the contamination from viral positive cell culture or post-PCR 

positive products, as well as the misdiagnosis of some variants of ATL cases. With confidence, we 

conclude that our findings do not support an association between HTLV-I provirus and MF. 
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Part B – A CTCL Case Study 

It is important to consider that there may be another, yet unidentified pathogen associated with 

CTCL.  We utilized ViroChip™ and high-throughput sequencing (HTS) to detect sequence corresponding 

to a novel virus that may be associated with CTCL. These experiments were performed at The Chiu 

Laboratory at the UCSF Viral Diagnostic and Discovery Center (SF, USA). The most suitable specimen 

that was recommended by Dr. Charles Chiu for viral detection was a whole blood sample. Because 

neoplastic CD4
+
 T-cell are rare in blood circulation of patients with mycosis fungoides, we provided a 

whole blood sample from a patient with Sézary syndrome.  

ViroChip analysis revealed no evidence for any viral signature in the SS sample.  The HTS 

detected three species belong to the Retroviridae viral family. These were HERV, HERV-K, and HERV-

W (Table 4.4). All other potential virus hits were determined to be human genome or previously cloned 

viral integration sites within the human genome. Our HTS finding is consistent with those from a recent 

study that demonstrated no evidence for viral sequence in six CTCL patients. The latter study utilized 

HTS to perform a whole transcriptome (RNA) sequence analysis of cutaneous lesions from the six CTCL 

patients 
400

. It also identified rare hits that matched endogenous retrovirus sequences, which is in 

agreement with our findings. Interestingly, a very recent study including 12 patients with MF, reported 

that the HERV-W mRNA level was significantly increased in 6 MF lesions compared to non-lesional skin 

from the same patient, which may suggest a role of HERV in the pathogenesis of MF 
401

. 

In summary, our ViroChip and HTS results did not reveal any signature sequence for known or 

unknown infectious agent in the CTCL case study. However, no definitive conclusion can be drawn from 

this because only one sample was screened.  
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6. FUTURE DIRECTIONS 

Part 1: IL-23/Th17 Axis Cytokines in the D2C Mouse Model of Cutaneous Autoimmunity  

1- Determining the Th1 and Th2 cytokine profiles  

In order to have a complete picture of the immune responses in the D2C mouse model, the 

cytokine profiles of the other CD4
+
 T helper cells such as Th1 and Th2 cells should be investigated. The 

Th1 axis cytokines such as IFN-γ, TNF-α, and IL-12 as well as the Th2 cell cytokines including IL-4, IL-

5, and IL-13, can be measured locally and/or systematically at both mRNA and protein levels using qPCR 

and ELISA, respectively. There are two advantages in determining the levels of Th1 and Th2 cytokines in 

sera and lesional skin from D2C mice relative to controls. First, if levels of these cytokine were not 

significantly elevated that would strength our hypothesis that Th17 cells is the major proinflammatory cell 

subsets that mediate the cutaneous pathological changes in the D2C mouse model. Second, if some of 

these cytokines were significantly elevated and positively associated with disease severity, this would 

suggest the involvement of more than one cell subset in the pathogenesis of SD. A study reported that 

psoriasis is a mixed inflammatory environment that is mediated by Th1 and Th17 immune responses 
224

. 

With regard to SD, a study showed a significant elevation of IL-2 and IFN-γ protein levels in sera from 

patient with SD compared to controls 
348

. Interestingly, IFN-γ-producing Th17 cells have been reported in 

various autoimmune diseases 
402-404

, and that both IL-17 and IFN-γ were detected in the inflammatory 

target tissues.  

 

2- Studying the effects of adoptively transferring Th17 cells into D2C mice  

 To further explore the role of Th17 cells in the pathogenesis of SD in our D2C mouse model, 

Th17 cells could be adoptively transferred into pre-diseased D2C mice. First, the source of naïve CD4
+
 T 

cells would be determined by comparing the ability of DBA/2 and D2C naïve CD4
+
 lymphocytes to 

polarize to the Th17 lineage, in vitro. The cells that can differentiate and proliferate to a large number of 

Th17 cells that produce more IL-17 in vitro will be used for the adoptive transfer experiments. We 
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hypothesize that the introduction of CD4
+ 

Th17 cells will exacerbate disease in D2C mice relative to the 

control group, which would consist of pre-D2C recipients given PBS. Note that our previous 

experimental observation showed that the adoptive transfer of CD4
+
CD25

-
 effector T cells into pre-

disease mice resulted in deterioration of the condition of the mice and accelerated development of the 

disease relative to control recipients. Additionally, these recipients were found to have more pronounced 

cutaneous CD4
+
 T cell infiltration 

314
. The adoptive transfer of CD4

+
 Th17 cells, however, would allow us 

to precisely determine the extent to which this proinflammatory T helper subset is involved in the 

pathogenesis of the cutaneous inflammatory disease seen D2C mice. 

 

3- Targeting specific components of the Th17 axis  

 Various pathways in the Th17 axis could be manipulated in an attempt to develop effective ways 

to intervene in the development of the disease pharmacologically. For example, a study showed that a 

cardiac glycoside, named digoxin suppresses Th17 cell differentiation without affecting the differentiation 

of the other T cell lineages. A digoxin subunit was found to specifically inhibit the activity of the Th17 

transcription factor, RORγt 
134

. D2C mice have a sever reduction in their thymic output of mature CD4
+
 T 

cells resulting in a disregulated expansion of effector CD4
+
 T cells, which we hypothesized to be skewed 

towards the CD4
+ 

Th17 lineage.  It will be interesting to observe the effect of RORγt pathway blockage as 

this suppresses the differentiation of Th17 cells. This may either have a protective effect on the 

development of disease or it may serve to polarize naïve CD4
+
 T cells towards the Th1 or Th2 lineages  

  The polarization of naïve CD4
+
 T cells to the Th17 lineage requires the presence of TGF-β and 

IL-6 
64

. Th17 cell differentiation can be inhibited in vivo by a monoclonal antibody (mAb) against the 

proinflammatory cytokine, namely IL-6. This will inhibit the initiation of Th17 cell polarization and may 

allow the predominance of Treg cell differentiation. Another important target in the Th17 cytokine axis is 

IL-22, which has an important role in mediating keratinocyte activation and migration resulting in 

thickening of the epidermis 
103

.  Blocking this final common pathway in the Th17 axis with a specific 
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mAb administrated into pre-diseased D2C mice, may reduce the thickening and the severity of the 

cutaneous lesions.   

 

4- Studying the Th17 axis cytokine in D2C gene knockout mice 

 Studying the effect of blocking a specific target in the IL-23/Th17 axis can be also approached 

experimentally be cytokine gene knockout (KO) mice. For example, IL-6 deficient or IL-17 deficient 

mice can be crossed back with D2C mice to further understand the pathological role of this axis in our SD 

mouse model. However, gene knockout mice are typically available on genetic backgrounds such as 

C57BL/6 and not on DBA/2 mice. Cytokine KO mice on C57BL/6 breeders would first have to be 

backcrossed with DBA/2 mice for 10 generations and then the homozygote KO gene mice could be bred 

with D2C mice. The D2C mice would be continue to be backcrossed until homozygosity for the gene KO 

is obtained. Transferring the knockout gene to the DBA/2-2C TCR genetic background would take 

considerable time. It is therefore notable that this kind of experiment takes a longer time relative to the 

mAb blocking experiments.  

 

5- Exploring the role of B cells in the pathogenesis of disease in D2C mice  

 Pervious findings on this mouse model suggest that B cells may play a role in the pathogenesis of 

SD in D2C mice, perhaps by serving as a source of IL-6. To elucidate the role of B cells, pre-diseased 

D2C mice could be depleted of B cells using an anti-CD20 mAb. This experiment may reveal a similar 

effect on the disease as the anti-IL-6 mAb.  If this is the case, it would suggest that activated B cells in the 

diseased D2C mice are a major source of the IL-6 that derives Th17 differentiation. Additionally, 

previous work on this mouse model showed that expansion of activated polyclonal B cells is dysregulated 

in D2C mice resulting in autoantibody-producing plasma cells. Diseased D2C mice have higher titers of 

anti-dsDNA antibodies compared to age-matched DBA/2 controls and D2C kidneys showed membranous 

glomerular deposits, which were not observed in the control sections 
314

. Therefore, B cell depletion may 

also interfere with the development of pathogenic autoantibodies and reduce the severity of the disease. 
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Using ELISA, autoantibody against the dsDNA could be quantified in sera from B-cell depleted D2C 

mice as well as non-B cell depleted D2C controls. The protective effect of B cell depletion could be 

further confirmed by immunoflorescent staining of frozen kidney sections to determine whether the 

glomerular IgG deposits are abolished.  

 

  

6- Studying the effect of CD4
+
CD25

+ 
Treg cell depletion 

 

 We know that the adoptive transfer of CD4
+
CD25

+
 Treg cells into pre-diseased D2C mice can 

completely abrogate the cutaneous disease phenotype 
314

. We would like to investigate the effect of Treg 

cell depletion in pre-diseased D2C mice using anti-CD25 mAb. Although CD25 is not a specific marker 

for Treg cells, as it is expressed on various activated cells, studies have shown that the CD25 mAb (clone 

PC61) depletes ~ 70% of CD4
+ FoxP3

+
 Treg cells in vivo 

405
. We hypothesize that the depletion of this 

protective CD4
+
 T cell subset will prolong disease course and increase the severity of cutaneous disease 

phenotype. It also may prevent diseased D2C mice from achieving their convalescent disease stage which 

develops after the accumulation of a threshold level of Treg cells 
314

.  

 

7- Studying the Th17 axis cytokines in another SD mouse model 

 OF1 outbred mice that are homozygous for seb gene develop inherited SD 
406

. The disease results 

from mutation of a single autosomal recessive gene, named seb. There is no laboratory manipulation take 

place to generate the mutation or mutant phenotypes. We would study the Th17 axis cytokines in sera and 

lesional skin form OF1
seb/seb

 mouse to determine if the IL-23/Th17 axis has any association with the 

disease pathogenesis. This would likely provide further understanding of the role of Th17 cells in the 

pathogenesis of SD and would support our findings in the D2C mice independently of the laboratory 

manipulation that is integral to the 2C TCR-transgenic mouse model.   
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8- Measuring the Th17 axis cytokines in sera and lesional skin from patients with SD 

 Only few studies investigated the cytokine levels in SD patients and none of them included the 

Th17 axis cytokines. We are planning on measure Th17 cell related cytokines in sera and lesional skin 

biopsies from patient with SD at both protein and gene expression levels, to see if there is any significant 

elevation relative to sera and normal skin from donors. ELISA can be used to quantify serum cytokine 

levels and qPCR will be used to measure the gene expression of Th17 axis cytokine in skin biopsies.  

 

Part 2: The Involvement of HTLV-I or another Virus in the Pathogenesis of Mycosis 

Fungoides 

 

 Neoplastic CD4
+
 T cells in MF tumor stages are characterized by a high degree of structural and 

numerical changes involving almost every chromosome 
297-300

. Therefore, it might be beneficial to search 

for a recurrent signature in archived MF skin biopsies of pre-tumor stages. Various cytogenetic 

techniques could be utilized to identify genetic signature in early MF lesions. These include interphase 

FISH studies, and comparative genomic hybridization (genome-wide analyses). Additionally, High-

throughput genomic transcriptome analyses, which identifies differentially expressed genes in 

diseased/tumor cells compared to normal cells 
407

 could be performed to identify differentially expressed 

genes in lesional MF skin compared with normal skin. This would aid in the identification of molecular 

markers for early-stages of MF.  
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