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Abstract

Cutaneous T-cell lymphomas (CTCL) are skin malignancies including mycosis fungoides (MF)
and CD30* lymphoproliferative disorders (LPD). In early disease, CTCL can be difficult to
diagnose, especially in MF for which there is no reliable diagnostic marker. MF/CTCL have
increased expression of thymocyte selection-associated HMG box protein (TOX). Although TOX
has been proposed to be a diagnostic marker for MF, further validation studies are needed.
Moreover, it is unclear what drives TOX expression or its role in MF/CTCL. We hypothesize
evaluation of TOX levels across a spectrum of CTCL, including MF precursor (large plaque
parapsoriasis, LPP), will help elucidate the implications of altered TOX expression. TOX staining
was performed in MF, CD30* LPD, LPP as well as benign inflammatory dermatoses (BID) and
normal skin (NS). Positive TOX expression was identified in 73.6% of MF cases and in 31.6% of
BID/NS. TOX had a positive predictive value (PPV) for MF of 86.7% and a negative predictive
value (NPV) of 48.1%. TOX expression in MF was detected more commonly in Black patients
(p=0.015) and less commonly in transformed MF (p=0.045). LPP had positive TOX staining in
70.0%. In CTCL cells, GATA3 knockdown decreased 7OX mMRNA and protein expression. 70X
expression also decreased in the presence of CTCL therapeutics. Our data indicate that TOX is
useful as a diagnostic marker in MF. Moreover, TOX expression was evident in LPP, indicating it
may have a previously unappreciated role in the development of MF. Finally, our data suggest that
GATAS regulates TOX, revealing insight into TOX regulation.

Introduction

Mycosis fungoides (MF) is the most common type of cutaneous T-cell lymphoma (CTCL)
and is the most common form of all primary cutaneous lymphomas.1:2 Clinically, MF
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lesions progress from patches to plaques and tumors. In the patch stage, diagnosis can be
difficult as the differential diagnosis is broad and includes chronic eczema, parapsoriasis,
psoriasis, and pityriasis lichenoides chronica. Furthermore, histopathologic examination can
be non-specific as the patches may not demonstrate the characteristic findings of
epidermotropic, cerebriform lymphocytes, and Pautrier’s microabscesses.?3 Instead MF
patches may simply reveal an infiltrate of well-defined, small lymphocytes, and this can
difficult to distinguish from an immunologic reactive process. Currently, there are no
clinically utilized positive tumor markers that differentiate malignant T cells from the
reactive T cells present in both early MF infiltrates and other benign conditions. Given the
non-specific nature of these early MF lesions as well as empiric corticosteroid treatment
blunting the histologic appearance, an accurate diagnosis is often delayed for years. While
“negative” markers of MF exist, i.e. the loss of CD7, CD2, CD23, and CD26, determination
of a positive tumor marker will be instrumental in the timely and appropriate diagnosis of
MF, particularly in the early stages of disease.*

A study by Zhang et al®> demonstrated a potential positive MF tumor marker, thymocyte
selection-associated HMG box protein (TOX), which showed significant upregulation in
early MF as determined by real time quantitative-PCR. TOX expression, as evaluated by
IHC and immunofluorescence, was strongly positive in MF lesions, but absent or minimally
positive in the chronic dermatitis controls as well as a cohort of CD30* lymphoproliferative
disorders (LPD), another form of CTCL.>6 TOX encodes a nuclear protein that is able to
modify chromatin structure and therefore functions as a transcription factor.”:8 TOX is
involved in lymphocyte maturation, specifically the transition from double positive
CD4*CD8* to mature CD4* T cells. TOX expression is tightly regulated and normally
dissipates after the lymphocytes exit the thymus.® Cyclin-dependent kinase inhibitors p27
and p57 were recently determined to be increased in the setting of TOX knockdown,
whereas overexpression of TOX led to AKT phosphorylation and CTCL proliferation.10.11
Another protein integral to T-cell development, GATA binding protein 3 (GATA3), which
can be upregulated in lymphoma,12 has proposed binding sites on the TOX promoter.13
Additionally, a recent report demonstrated that both TOX and GATA3 were overexpressed in
Sézary cells and identified that inhibition of TOX led to increased expression of the tumor
suppressor runt-related transcription factor 3 (RUNX3).14 Further mechanisms of TOX
expression and mechanism of action remain to be elucidated.

The purpose of this study was to determine patient or disease characteristics associated with
TOX expression in CTCL and to further validate its use as a diagnostic marker in MF. The
incidence of MF is higher among Black individuals, which are known to have a worse
prognosis.1® Furthermore, young African American women with early onset MF have been
reported to frequently have poor prognoses and more aggressive therapy should be
considered for optimal outcomes.1® Given its potential utility as a tumor marker, we sought
to determine if expression of TOX varied among patient cohorts and may be associated with
these epidemiological observations. Although Zhang et aP showed high specificity of TOX
in differentiating MF from chronic dermatosis, it remains unclear whether TOX is a reliable
marker in differentiating MF from other precursor lesions and CTCLSs. Lastly we sought to
further understand the role and regulation of TOX and GATA3 in MF.
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We identified patient samples with MF (n=53), CD30* LPD [including lymphomatous
papulosis (LyP; n=9)], cutaneous and systemic anapestic large cell lymphoma [c-ALCL
(n=8) and s-ALCL (n=3)], and large plaque parapsoriasis (LPP; n=10) retrospectively
through chart review and diagnosis based on clinical findings and histologic evaluation. All
diagnoses were established by a single dermatologist and were based upon clinical and
pathologic findings (J.A.Z). The negative control cohort was composed of normal discarded
skin (NS; n=2), and skin biopsies from patients with benign inflammatory dermatoses (BID)
(e.g. psoriasis, spongiotic dermatitis; n=17), also determined retrospectively. 4-6 mm
biopsies were paraffin-embedded and sectioned. This study was approved by the Vanderbilt
Institutional Review Board.

Immunohistochemistry

Slides were placed on the Leica Bond Max IHC stainer (Leica Microsystems, Inc., Buffalo
Grove, IL). Slides were deparaffinized and heat induced antigen retrieval was performed
using the Epitope Retrieval 2 solution for 20 minutes. Slides were incubated with anti-TOX
(Sigma-Aldrich, Inc., St. Louis, MO. Catalog # HPA018322) at a 1:500 dilution for 1 hour.
TOX staining intensity was scored 0-3 by a single dermatopathologist (J.P.Z).

Statistical analysis

Cell Culture

Statistical analysis was performed with SPSS 20.0 (IBM, New York City, NY).

The HH (CRL-2105) and Hut-78 (T1B-161) CTCL cell lines were cultured as described by
the American Type Culture Collection (Manassas, VA).

RNA isolation and quantitative real-time PCR (qRT-PCR)

Transfection

RNA was isolated from skin biopsies, PBMC, and cell lines using Trizol (Invitrogen, Grand
Island, NY) according to the manufacturer’s protocol. Sequences for g-actin, GATAS3, and
TOX-specific gRT-PCR primer pairs were obtained from the Primer Bank (Harvard Medical
School) and synthesized by Eurofins MWG Operon (Huntsville, AL). cDNA was generated
and gRT-PCR was performed with SybrGreen (SABiosciences, Valencia, CA) in triplicate,
as previously reported.1” The data are expressed in 272Ct using B-actin as an internal
reference.

HH cells (2x10%/sample) were prepared utilizing the Nucleofector Kit V (Lonza, Basel,
Switzerland) and transfected with the X-005 program in the Nucleofector Il instrument
(Lonza). Hut-78 cells (2x10%/sample) were prepared with the Nucleofector Kit R (Lonza)
and transfected with the V-001 program. The 70X and GATA3siRNA oligomer and control
SiRNA (200-600 nM) were utilized for knockdown (Origene).
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Western Blotting

Cell pellets were lysed with RIPA buffer (50 mM Tris, 150 mM sodium chloride, 1% Triton
X-100, 0.1% sodium dodecyl sulfate, 1% sodium deoxycholate) at 24 hours after
transfection (see above) with GATA3siRNA or control, and total cellular proteins western
blotted, as previously described.1” Antibodies specific for GATA3 (#5852, Cell Signaling),
TOX (HPA018322, Sigma-Aldrich), and a-tubulin (T6074, Sigma-Aldrich) were utilized.

Results

TOX is useful as a diagnostic marker for MF

We evaluated TOX expression in 53 skin biopsy samples of MF. Of these, 39 stained
positively (73.6%) and 14 stained negatively (26.4%, Figure 1A and 1B). The positive
predictive value (PPV) for any TOX expression (Grade 1-3) was 86.7% and the negative
predictive value (NPV) was 48.1%. Strong TOX expression (Grade 2—-3) was detected in 33
of 53 MF cases (62.3%, Figure 1B) and had a PPV of 97.1% and a NPV of 47.4%.
Conversely, positive TOX expression was observed in 6 of 19 (31.6%) BID/NS samples, and
strongly positive TOX expression was detected in only 1 of 19 (5.3%) BID samples.

TOX expression across patient and disease characteristics

We determined that TOX expression was associated with ethnicity. 12 of 12 (100%) Black
patients had positive TOX expression, whereas 27 of 41 (65.9%) Caucasian patients had
TOX expression (p=0.015, Fisher’s Exact Test, Table 1). There was no difference in early
(stage la-11a) or advanced (stage 11b-1V) disease, or transformed disease between the Black
and White patients, but there was a significant increase in Stage l1b disease in the White
patients (29.2% versus 0%, p=0.047, Fisher’s Exact Test, Table 2).

There was no statistically significant relationship between TOX expression and age
(p=0.069, Mann Whitney Test) or sex (p=0.452, Table 1). Regarding stage of MF at time of
biopsy versus TOX expression, there was decreased strong TOX expression in Stage Ib vs
Stage la (p=0.027). Stage Ib had reduced strong TOX expression versus all MF (p=0.052,
Table 1). There were no other significant differences between clinical stages of disease. We
also determined that MF with large cell transformation was less commonly associated with
TOX expression (p=0.045, Fisher’s Exact Test). There were 12 biopsy samples of
transformed MF. Of these, 6 had positive TOX staining (50.0%) and 6 had negative TOX
staining (50%, Table 1), whereas 80% of non-transformed MF cases had positive TOX
expression (33 of 41).

TOX is variably expressed across subtypes of CTCL

We stained a variety of CD30* lymphoproliferative CTCL samples with TOX antibody,
including primary cutaneous anaplastic large cell lymphoma (c-ALCL) (n=8), systemic
anaplastic large cell lymphoma (s-ALCL) (n=3), and lymphomatoid papulosis (LyP) (n=9).
We determined that CD30* LPD have reduced TOX expression as compared to MF. 50% of
CD30" LPD vs 73.6% of MF showed any TOX staining (p=0.053), and 5% of CD30* LPD
vs. 62.3% showed strongly positive TOX staining (p<0.001, Table 3). Additionally, LyP has
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less TOX expression compared to MF (22.2% vs 73.6% for any TOX staining and 0.0% vs
62.3% for strong TOX staining; both p<0.01, Table 3).

TOX is expressed in Large Plaque Parapsoriasis

After staining 10 LPP biopsy samples with anti-TOX antibody, we determined that LPP,
which is often considered a precursor to MF, showed similar staining patterns to MF. There
was positive staining in 70.0% of biopsy samples and strongly positive expression in 50.0%
of LPP. This compares to 73.6% of MF biopsies showing positive TOX staining and 62.3%
with strongly positive TOX expression.

TOX and GATA3 mRNA inhibition are associated with an alteration in their protein

expression

Both TOX and GATA3 are known to be important for T-cell development and there are
proposed GATAS binding sites on the 70X promoter.(9, 12, 13) 7TOXand GATA3siRNA
knocked down 7OXand GATA expression, respectively 24 hours post-transfection in Hut-78
cells (Figure 2A). GATA3siRNA reduced both GATA3and TOX' mRNA expression. 70X
siRNA did not affect GATA3 mRNA expression (Figure 2B). Furthermore, Western blot of
the CTCL Hut-78 cell line transfected with GATA3siRNA demonstrated that TOX protein
expression was decreased in the setting of GATA3 knockdown (Figure 2C).

TOX mRNA expression is reduced by CTCL therapies

The retinoid, bexarotene, and the histone deactylase inhibitor, depsipeptide, are commonly
used to treat CTCL. It has been demonstrated that decreased TOX expression is associated
with increased CTCL cell apoptosis.(10) To evaluate the role of TOX in CTCL response to
therapeutics, Hut-78 cells were treated with bexarotene and demonstrated decreased levels
of TOX'mRNA expression at 24 and 48 hours (*p<0.001, Figure 3). The CTCL HH cells
were treated with depsipeptide which also led to reduced TOX mRNA expression at 24
(**p=0.05) and 48 hours (*p=0.04, Figure 3). Notably, non-lethal doses of the medications
were used. Thus, drugs that inhibit the proliferation of CTCL cells are associated with
decreased TOX levels.

Discussion

The diagnosis of MF is often delayed due to the non-specific clinical presentation of early
cutaneous involvement, sometimes requiring up to 10 years to properly diagnose the
entity.1® Even the pathognomonic epidermotropism is not present in 4% of cases of MF and
atypical lymphocytes are present in only 9% of cases.1® Despite previously described
“negative” markers, determination of a positive tumor marker would be instrumental in the
timely and appropriate diagnosis of MF, particularly in the early stages of disease. One such
potential marker, thymocyte selection-associated HMG box protein (TOX), has been
demonstrated to be significantly upregulated in early MF as determined by real time
quantitative-PCR.> Zhang et al also utilized IHC and immunofluorescence to demonstrate
that early MF lesions were strongly positive for TOX expression, but chronic dermatitis
controls showed no or minimally positive expression.
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In this study we performed staining for TOX on biopsies of MF, control benign
inflammatory dermatoses, normal skin, CD30* LPD, and LPP. We determined that TOX is a
useful marker for MF, especially with strongly positive expression (Grade 2—-3), resulting in
a PPV of 97.1%. Furthermore, the potential MF precursor LPP and MF have similar TOX
staining profiles. These data indicate the TOX may play a role in MF pathogenesis. Indeed,
the recent study by Yu, et a/revealed that overexpression of TOX led to increased CTCL cell
proliferation.1 Further research should address whether those cases of LPP with strong
TOX expression progress at a higher rate to MF, which would allow clinicians to utilize
TOX as a prognostic indicator. Interestingly, MF with large cell transformation was less
commonly associated with TOX and only a small percentage of CD30* LPD biopsies
showed strong TOX expression, similar to the findings of Morimura, et al.® It is interesting
to note that LyP had less TOX staining as compared to c-ALCL and s-ALCL (22.2% vs
72.7%), but more work will be needed to definitively evaluate the role of TOX in
distinguishing LyP from ALCL. Further studies are also needed to evaluate whether
transition from non-transformed MF to large cell transformation leads to loss of TOX
expression.

Given the tendency of MF to be more aggressive in the Black population, we sought to
determine whether there was differential TOX expression among patient cohorts.
Interestingly, 100% of the biopsies from Black patients had positive TOX expression, as
compared to 65.9% of the biopsies of White patients. Although we did not have a significant
difference in early stage, advanced stage, or transformed MF, we did have an increase in
Stage I1b in the White as compared to the Black patients. It is possible that this discrepancy
may be contributing to the differential TOX expression, but the smaller sample size within
sub groups makes it difficult to draw appropriate conclusions. Additionally, a recent study
demonstrated that TOX expression may be associated with worse outcome.2? TOX may play
a role in the development and progression of MF in Black patients, but the molecular
mechanism responsible for this relationship remains unclear. There was no association
between TOX expression and patient age or sex. It will be important for larger studies to
further assess the relationship between ethnicity and TOX expression.

Given its role in T cell development, overexpression in CTCL, and the presence of binding
sites in the TOX promoter, GATA3 was studied to further elucidate the relationship between
these two proteins and shed light its potential role in MF pathogenesis.12:13 Results from our
experiments demonstrated that TOX mRNA and protein expression was decreased following
GATA3 knockdown, indicating GATA3 regulates TOX expression. Thus, GATAS3,
commonly expressed in CTCL, may be able to drive the increased expression of TOX that is
seen in MF/CTCL.

We present data that further demonstrates the utility of TOX as a tumor marker, especially in
the setting of strongly positive staining patterns to differentiate MF from benign
inflammatory disorders and CD30* LPD. Furthermore, the similar staining patterns between
LPP and MF support the theory that LPP is a related clinical entity to MF, and TOX
expression may be responsible in the pathogenesis of MF. The significantly increased
expression of TOX among Black MF patients compared to White MF patients, suggests that
these disease processes may vary and therefore, targeted therapies may need to differ in the

J Eur Acad Dermatol Venereol. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McGirt et al. Page 7

future. Furthermore, agents that inhibit CTCL proliferation led to decreased TOX levels,
suggesting a link between TOX and cell growth. Finally, our data indicate that GATA3 has a
role in the regulation of TOX expression providing insight, which may become important for
targeted therapies as additional information is discovered about the role of TOX in MF
pathogenesis.
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(a)

BID NS

n TOX* (%) TOX* 22* (%)
MF 53 39 (73.6) 33 (62.3)
BID/NS 19 6 (31.6) 1(5.3)

Figure 1.
TOX staining was significantly increased in MF skin samples. A) Representative

immunohistochemical staining with the TOX antibody on formalin-fixed, paraffin embedded
tissues samples (MF = mycosis fungoides; BID = benign inflammatory dermatosis; NS =
normal skin). B) Percentage of MF and BID/NS staining positively with TOX and staining
strongly positive (* score = 2) with TOX.
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Hut-78 cells were treated with bexarotene and 7OX mRNA expression was evaluated 24 and
48 hours (*p<0.001, t-test) later. HH cells were treated with depsipeptide and 7OX mRNA
expression was determined 24 hours (**p=0.05, t-test) and 48 hours (*p=0.04, t-test) later.
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