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Figure 1. Malignant T cells display low SATBT expression. (a, b) Bar graphs: Normalized counts from bulk RNA sequencing analysis comparing sorted (a) naive
Th versus malignant SS cells and (b) memory T-helper versus malignant SS cells. T-helper naive cells (n = 3) and memory T cells (n = 4) were sorted from healthy
individuals, and malignant cells (n = 7) were sorted based on expression of CD3 and CD4 and lack of or low expression of CD7 and CD26 in malignant

T cells as described in Fanok et al., 2018. (c) Bar graphs showing relative expression from bulk sorted and sequenced CD4" Th cells and SS cells from Wang
et al., 2015. (d) Representative t-SNE plot showing transcriptome-based clustering and levels of SATBT expression (blue) in PBMCs from a patient with SS.
Clonal malignant CD4™" T cells (1352) expressing TRAV 35: CAGQLRNAGGTSYGKLTF and TRBV 20-1: CSARFLRGGYNEQFF are encased in pink, whereas
polyclonal non-malignant CD4* T cells (1025) are encased in green. (e) Scatter plot showing frequency of clonal malignant (black) and polyclonal non-
malignant (grey) CD4" T cells from 2 patients with SS and CD4™ T cells (white) from 2 healthy individuals with normalized SATBT expression > 1.0. A total of
29 of 1352 and 18 of 1730 total malignant cells had SATBT expression > 1.0, whereas 337 of 1025 and 357 of 1288 non-malignant cells and 308 of 1089 and
387 of 1331 total CD4+ T cells from 2 healthy individuals were above that threshold. CTRL, control; PBMC, peripheral blood mononuclear cells; SATB1,
special AT-rich sequence-binding protein-1; SS, Sézary syndrome; Th, T helper; t-SNE, t-distributed stochastic neighbor embedding.

to apoptosis and poor responses to UV
treatment in mycosis fungoides (MF).
Along with the observation that SATB1
repression by miR-155 promotes aber-
rant expression of cytokines and ma-
lignant growth factors (Fredholm et al.,
2018), these new findings further sug-
gest that SATB1 should be viewed as a
tumor suppressor in the context of
cutaneous T-cell lymphoma (CTCL) and
may indeed prove to be a valuable
prognostic marker in this malignancy
(Fredholm et al., 2018; Grzanka et al.,
2015; Poglio and Merlio, 2018).
Indeed, lymphomatoid papulosis and
other forms of indolent CTCL are asso-
ciated with an increased expression of

SATB1 (Sun et al.,, 2018), whereas
Sézary syndrome (SS), an aggressive
leukemic form of CTCL, is associated
with low SATB1 expression (Wang
et al., 2011). Our analysis of previ-
ously published data on SS (Fanok
et al.,, 2018) showed low SATB1
expression in malignant T cells when
compared with either naive or memory
CD4" T cells from healthy controls
(Figure 1a and b). Malignant T cells
from patients with SS express signifi-
cantly lower levels of SATBT when
compared with both naive and memory
T cells, indicating that this SATBT
downregulation is not due to intrinsic
differences between memory and naive

Journal of Investigative Dermatology (2020), Volume 140

T-cell phenotypes. Analysis of another
RNA sequencing dataset from a previ-
ously published large cohort of patients
further validated our observation that
malignant SS cells are characterized by
low SATBIT expression (Wang et al.,
2015) (Figure 1c). As the malignant T-
cell population is known to display a
large degree of heterogeneity at a
single-cell level (Buus et al., 2018),
we performed Expanded CRISPR-
compatible Cellular Indexing of Tran-
scriptomes and Epitopes by sequencing
on peripheral blood mononuclear cells
from 2 patients with SS. This expanded
Cellular Indexing of Transcriptomes
and Epitopes by sequencing approach
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Figure 2. Inhibition of SATBT promotes expression
of IL-5 and IL-9. The malignant SS cell line SeAx was
treated with (a) siRNA against SATBT or non-target
control or (b) antagomir-155 or antagomir control.
RNA was purified 48 hours after treatment, and gene
expression was analyzed by qPCR with GAPDH as
control. Results are shown as relative values to
expression in non-target controls arbitrarily defined
as 1. GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; qPCR, quantitative reverse
transcriptase in real time; SATB1, special AT-rich
sequence-binding protein-1; SS, Sézary syndrome;
siRNA, small interfering RNA.

enabled us to simultaneously examine
the transcriptome, surface phenotype,
and T-cell receptor (TCR) rearrange-
ment of individual cells without any
presorting (Mimitou et al., 2019). Using
this approach, we were able to inter-
rogate the transcriptome of individual
malignant T-cell clones, defined by
the singular clonality of their TCR
(complementarity-determining region 3
sequence of TCRa. and TCRP), and
compare their transcriptional level of
SATBT1 with that of the polyclonal non-
malignant T cells from the blood of the
same patient and healthy controls.
Zeroing in on clonal T cells also
allowed us to study the gene expression
specific to malignant cells at a far
greater degree of confidence than what
is possible when relying on surface
markers. In these particular patients
with SS, the clonal malignant CD4* T
cells appeared in distinct clusters from
polyclonal non-malignant CD4™ T cells
on the t-distributed stochastic neighbor
embedding  dimensional  reduction
plots (Figure 1d). Notably, malignant T
cells in these 2 patients were almost
exclusively  negative for SATBI,
whereas SATB1 was robustly expressed
in polyclonal, non-malignant CD4" T
cells from the same individuals and in
T-helper lymphocytes from the blood of
2 healthy individuals (Figure Te).

In addition, we found that a malig-
nant SS T-cell line SeAx also displays
low but detectable levels of SATB1T

when compared with non-malignant
CD4" Tcell lines (unpublished data).
Because Sézary syndrome is associated
with increased Th2 cytokines and
SATBT1 inhibits expression of IL-5 and
IL-9 in MF cells, we examined whether
even a low level of SATBT had an
impact on the expression of cytokines
in SeAx cells. Small interfering RNA-
mediated knock down of SATBT trig-
gered a selective increase in IL-5 and
[L-9 expression without affecting [L-32
expression (Figure 2a), indicating that
even a residual, low expression of
SATB1 modulates cytokine expression.
This is consistent with previous findings
that SATB1 can act as a brake on cyto-
kine expression in both healthy and
malignant T cells. Because SATB1 is
downregulated by miR-155, a micro-
RNA highly expressed in malignant T
cells, we examined whether silencing
of miR-155 enhanced SATB1 expres-
sion and decreased cytokine expression
in SeAx cells. Indeed, inhibition of miR-
155 triggered an increased expression
of SATBT and a concomitant decrease
in IL-5 and IL-9 expression, whereas the
expression of IL-32 remained un-
changed (Figure 2b). These findings
indicate that miR-155, via inhibition of
SATBI, is involved in the regulation of
cytokine expression in SS cells, as pre-
viously reported in MF (Fredholm et al.,
2018). However, since miR-155 inhi-
bition had only a modest effect on
SATB1 expression, it is likely that other
mechanisms are also involved in the
repression of SATBT. Li et al. (2018)
reported a deficient expression in ma-
lignant T cells of SNF5, a core member
of the SWI/SNF chromatin-remodeling
complex, which is an upstream regu-
lator of SATBI1. Notably, forced
expression of SNF5 triggered SATB1
expression and apoptosis in SS cells (Li
et al., 2018) supporting the hypothesis
that malignant transformation of T cells
involves multiple pathways that target
and silence SATBT.

It is worth noting that in their recent
Letter to the Editor Gao et al. (2019)
highlight the “multifaceted” role of
SATB1 in discrete entities and stages of
CTCL emphasizing that it is found to be
highly expressed in some subsets (MF,
primary anaplastic large T-cell lym-
phoma and breast implant-associated
anaplastic large-cell lymphoma) while
being downregulated in SS. We agree
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that the expression and possible
downstream effects of SATB1 in hema-
tologic malignancies and solid tumors
are dependent on the context of the
tumor, the cell of origin, and epigenetic
landscapes. Furthermore, since TCR
activation can affect SATB1 expression
(Stephen et al.,, 2017), and TCR
signaling capacity and TCR expression
are known to be variable in CTCL ma-
lignancies, this may be an additional
important factor in the modulation of
SATB1 expression and its downstream
effects. We propose that SATBI1
expression in malignant T cells impacts
multiple aspects of the malignant
transformation and disease progression
through direct effects on the malignant
T cell per se (such as resistance to
apoptosis and enhanced proliferation)
and indirect effects involving cytokine
release and modulation of the tumor
environment. Several lines of evidence
indicate that malignant T cells—via
crosstalk with non-malignant T cells
and stromal cells—orchestrate a
special  inflammatory microenviron-
ment (Krejsgaard et al., 2017). Since
repression of SATB1 promotes survival,
proliferation, and “malignant inflam-
mation,” this pathway represents an
intriguing target and should be further
investigated as a possible biomarker of
disease progression in CTCL.
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TO THE EDITOR

Hidradenitis suppurativa (HS) is a
chronic scarring inflammatory skin
disease affecting the pilosebaceous
units of the axilla, inframammary folds,
groin, and buttocks. Several previous
microbiome studies consistently have
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