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Introduction

Cutaneous T-Cell Lymphoma (CTCL) is a deadly form on non-Hodgkin lymphoma that
primarily affects the skin. Non-Hodgkin lymphoma means that the lymphoma does not have the
presence of Reed-Sternberg lymphocytes. A lymphoma, also known as lymphatic cancer, affects
the lymphoid tissues, which plays a major role in the immune system. Lymphoid organs include
the lymph nodes, thymus, spleen, and bone marrow. Lymphatic fluid, also known as lymph,
travels through the blood stream to transport lymphocytes, a type of white blood cell, to and
from lymphatic organs. Due to a high concentration of lymphocytes in the skin, lymphoma

primarily affects cutaneous areas.

There are many classifications and presentations of CTCL. The most common form is
mycosis fungoides. Mycosis fungoides is presented as pink itchy rash made up of rapidly dividing
T-cells that have made their way from to blood into the skin. These cells target the skin due to
their expression of the skin-homing receptor cutaneous lymphoid antigen. These are primarily
CD4+ memory T cells. CD4+ memory T cells are a form of helper T cell, which are tasked with
marking foreign cells for later destruction by CD8+ cells, also known as cytotoxic, or “killer” T

cells. Currently there is very little understanding of the disease etiology or origin.

There is currently one FDA approved retinoid for CTCL treatment, Bexarotene
(Targretin®). Bexarotene is among vitamin A derivatives that affect many processes. These
include but are not limited to cellular differentiation, apoptosis, and proliferation. Retinoids
operate by binding to retinoic acid receptors (RAR) and retinoid X receptors (RXR). Among these
RAR and RXR receptors are three subtypes of each (-a, -B, and -y). Ligand activation of these

subtypes typically result in the dissociation of corepressors that control proliferation and



differentiation. In simpler terms, binding of ligands to these receptor proteins will induce cellular
reproduction and specialization. Unfortunately, Bexarotene has been found to cause serious side
effects such as hyperlipidemia, hypercholesterolemia, and hypothyroidism. These side effects
can be found in roughly one-in-five users, and it has a particularly high prevalence in African
American males. Hyperlipidemia results in a higher concentration on lipids in the blood, which
can resultin the restriction of blood flow. Hypercholesterolemia is an excess in blood cholesterol,
excluding triglycerides, which can lead to heart disease. Hypothyroidism is the underactivity of
the thyroid gland, which produces thyroid hormone. Imbalance in thyroid hormone can result in

abnormal heart rate, body temperature, and metabolism.

Understanding the molecular function of retinoids and how they affect CTCL will be
beneficial in future attempts to synthesize drugs with a higher specificity, hopefully eliminated

the metabolic side effects that affect its patients.

Retinoids have long been used as an anti-infective agent, and it is known from previous
research that non-malignant T-cells use retinoid binding to induce the differentiation into
mucosa-associated lymphoid tissues (MALT). It is also known that exposure to Bexarotene
induced the expression of integrin protein 37 and the chemokine receptor CCR9. These proteins
facilitate lymphocyte homing to the digestive tract. It is possible that exposure to Bexarotene
can “trick” a cancerous cell into “thinking” that is belongs in the digestive tract. A gut lymphocyte
found in the skin would likely not be able to survive its environment, making it a plausible cause
for apoptosis and CTCL treatment. The goal of this project is to determine if retinoids cause a
level of cellular differentiation by determine the expression of two known T cell transcription

factors (FOXP3 and ROR-y) within CTCL lines.



In this experiment, experiments were run to collect data to determine: baseline levels of
FOXP3 in human CTCL cells vs. healthy cells, rates of cell death when treated with different
isoforms of RXRs and RARs at varying concentrations, the degree to which cells can recover after
retinoids have been removed from the media, synergism when treated with pairs of different

isoforms, and baseline levels of FOXP compared to ROR-y and T-Bet in human CTCL lines.

Materials and Methods

2.1 Cell culture

SeAx and MyLa cell lines were provided by Dr. Robert Gniadecki (University of Copenhagen). The
RPMI8866 B-cell line was given by J.C. Wilkins (University of Manitoba). The MOLT-4 cell line was
the kind gift of Dr. Ted Bertrand (UAB, Birmingham, AL). The T cell lines, Jurkat, CCRFCEM, HuT78,
MJ, HuT102, HH were obtained from ATCC (Manassas, VA). All lines were maintained in RPMI
1640 media containing 10% FBS, 1% sodium pyruvate, and 1% penicillin/ streptomycin at 37°Cin
a 5% COz atmosphere. SeAx and HuT102 lines were supplemented with 10 U/mL IL-2 from Sigma

(St. Louis, MO) to aid growth.

2.2 Retinoids

Naturally occurring retinoids (ATRA, 9-cis RA, 13-cis RA) and Bexarotene were purchased from
Sigma (St. Louis, MO). The pan-RXR agonist UAB30 was a generous gift from Dr. Clinton J. Grubbs
(UAB, Birmingham, AL). All nuclear receptor agonists and antagonists were obtained from TOCRIS
bioscience. The isoform selective agonists employed were AM580 for RAR-a, CD2314 for RAR-B,

and BMS961 for RAR-y. These agents were administered at the established 2xECsp levels to



minimize activation of other receptor isotypes. The RAR isoform selective antagonists were
ER50891 and BMS195614 for RAR-a, LE135 for RAR-B, MM11253 for RAR-y, and the RAR-B,-y
dual antagonist CD2665. UVI3003 and CD3254, were also products of TOCRIS. Concentrations of
CD3254 were based upon established work. All retinoids were dissolved in DMSO and handled in

a manner that restricted light exposure.

2.3 Flow Cytometry

Cell permeabilization, fixation, and staining with the APC conjugated anti-FOXP3 monoclonal
antibody was performed according to the manufacturer’'s recommendations from Life
Technologies with scaling modification. Briefly, cells were harvested with HEPES Tyrodes solution
(5 mM HEPES, pH 7.4, 150 mM NaCl, 12 mM NaHCOs3, 2.6 mM KCl, 0.2 mg/ml BSA, 0.5 mM MgCl,,
and 1 mM CaCl;) and enumerated with Guava ViaCount® Assay. A total of 500,000 cells were
then spun down at 1000 x g for 5 minutes, supernatant was discarded, and 200 mL of the FOXP3
fixation/permeabilization solution was applied for 30 minutes at room temperature in the dark.
After fixation, 200 mL permeabilization buffer was added, cells were pelleted and washed with
an additional 200 mL of permeabilization buffer to ensure removal of fixative before antibody
addition. Pellets were resuspended with 100 mL of permeabilization buffer. 5 mL of the APC
conjugated anti-FOXP3 antibody was added for 30 minutes at room temperature. 500 mL of the
permeabilization buffer was added to each sample to wash unbound or disrupt nonspecifically
bound antibody. Cells were centrifuged and suspended in 500 mL of HEPES Tyrodes for analysis

by Guava easyCyte flow cytometer.

2.4 Statistical analyses



All analyses were performed using GraphPad Prism 8.4 (La Jolla, CA). A student’s t test was
employed to establish significance when comparing experimental conditions to vehicle alone.
Where appropriate, a one-way ANOVA with a Tukey’s post hoc test was utilized for multiple
comparisons. Significance is denoted with asterisks (*P<0.05, **P<0.01). All data reflect a
representative experiment done in triplicate, and all error bars represent the standard deviation

of technical triplicates in a single experiment.

Experimental

The following section contains a detailed account of the experiments undergone during the
summer of 2022. Experiments included at Cell Culture Dosing of CTCL Cell Lines for Intracellular

Analysis and Antibody Intracellular Protein Analysis

Cell Culture Dosing of CTCL Cell Lines for Intracellular Analysis

Beginning the project involves dosing of multiple CTCL cell lines. These cell lines, named MJ,
Hut78, and Myla, are the lines used to conduct intracellular protein analysis following dosing.
The MJ, Hut78, and Myla cell lines have been extracted from CTCL patients and given code names
to preserve patient confidentiality (perhaps the “MJ” line came from a patient named Mary Jane,
for example). Cell culture is needed to grow the CTCL cells in a sterile environment as well as
dose. No testing was conducted on any noncancerous cell lines. Cells were initially dosed into
T75 flasks (75ml). T75 flasks take roughly 3 days to become confluent enough to split into T25

flasks (25 ml).



For splitting and maintaining cell lines in media:

1.

Pour liquid from T75 flask into a centrifuge conical. Spin down at 1000rmp for 5min.
Remove supernatant — media.

Resuspend in 10mL of fresh warm media.

Place 1mL into each T25 Flask with 9mL of fresh warm media.

Place 3mL of leftover cells into a T75 flask with 25mL of media as a maintenance flask.

I. Make Required Media: a. RPMI Media -

I.

500mL RPMI Media 1640 1x Premade Solution w/L-Glutamine + 25mM HEPES

50mL Fetal Bovine Serum. Fetal Bovine Serum (FBS) is a serum that has been separated
out of fetal blood. FBS has very low level of antibodies and contains more growth factors
than adult bovine serum. The naive immune system reduces the risk of an immune
response but gives the growth factors needed for cell growth.

5.5mL Sodium Pyruvate. Sodium pyruvate is a supplement added to improve cell survival
in culture. Pyruvate is an intermediate in the glycolytic pathway. This improves the cell's
ability to metabolize glucose in the media to produce energy.

5.5mL Penicillin Streptomycin.  This is an antibiotic used to prevent bacterial
contamination. Antibiotics target bacterial microbes, not human cell lines.

Take confluent T75 flask of each different cell line used and split 1:10 — Putting 1mL of

resuspended cells into 3 separate T25 flasks (per cell line) each with 9mL of RPMI Media.



There is about 25mL in the T75 to begin. This is then spun down, and the supernatant
(media) discarded. The cell pellet is then resuspended in 10mL of media, and 1mL is
added to each T25.

Il. Dose cellsin T25 with retinoids- 3 Conditions:

\" (Vehicle) - Dose with lul DMSO for control

ATRA (All Trans Retinoic Acid) — Dose with 100nM ATRA

Bex (Bexarotene) — Dose with 1uM Bex

lll. Gently swirl to mix in retinoids, ensuring care not to get media on filter flask top.

IV. Incubate for 72 Hours in 5% CO2 Incubator at 37 degrees Celsius. Each line MUST be
incubated for the same length of time to ensure there are no variables in conditions
between cell lines.

V. Start Antibody Intracellular Analysis.

Antibody Intracellular Protein Analysis Protocol

The purpose of Antibody Intracellular Protein Analysis is to find what the CTCL cells are
differentiating into — T-Bet, ROR-y, or FOXP3 by testing the amounts of receptor protein in each

cell line.

VI. Make required buffers:
a. FOXP3 Fixation/Permeabilization Working Solution (Working Solution)-

i. 3mL FOXP3 Fixation/Permeabilization Diluent



ii. 1mL FOXP3 Fixation/Permeabilization Concentrate
b. 1x Permeabilization Buffer —
iii. 1mL 10x Permeabilization Buffer
iv. 9mL DI Water
e Parts A-C make up the fixation and permeabilization solution. This

will fix the cells in place while also permeabilizing the cell so that
the antibody may enter the cell without lysing the cell and losing
its contents.

VII. Pour flasks into their respectively labeled 14mL centrifuge tubes. Spin in centrifuge
at 1000 x g for 5 minutes. This step removes the media containing free retinoids to allow
the cells to be properly analyzed.

VIII. Discard test tube supernatant and resuspend pellet in 380uL of Hepes Tyrodes. Fill
resuspended tube to 10mL with Hepes Tyrodes. Place in centrifuge to spin at 1000 x g for
5 minutes. At this step, the cells are in the pellet. Hepes Tyrodes is a buffer solution used
for cell washing, enabling the cells to be analyzed without it affecting or changing the
analysis results.

IX. Discard test tube supernatant waste into waste container and gauge how much
Hepes Tyrodes to resuspend pellet in. This is determined by trial-and-error. This is
because a cell count must be done on Guava-Via Count to determine how much volume
to add of resuspended cells to have even number of cells (500,000) for the assay. If too
much is resuspended, it is too diluted for the flow to count. If too little is resuspended, it

is too concentrated for the flow to accurately count. This is gauged by analyzing cell pellet



size and estimating how much. If too much is diluted, cells will be re-spun down to re-
attempt with less liquid following a re-count. If it is diluted too little, more will be added
following a re-count.

X. Acquire correct number of vials needed for the number of samples obtained.
Transfer 380ulL of Guava Via-Count into each vial. Transfer 20ulL of each resuspended
pellet to respective vials.

XI. Place in Guava Count Instrument to Via Count. Via Count determines the count of
total live cells and dead cells so volume required to maintain 500,000 cells may be
determined.

XIlI. Acquire correct amount of microfuge tubes needed for the samples obtained,
including both a V- and a V+ for the Vehicle. Add 500,000 cells to labeled tubes by using
the calculating:

XIll. Spin down at 1000 x g for 5 minutes. Pipet out supernatant surrounding pellet,

ensuring not to pipet out the pellet.

XIV. Spin down at 1000 x g for 5 minutes. Pipet out supernatant surrounding pellet

XV. Resuspend in 200uL of working solution buffer. Allow to sit in the dark for 30

minutes (antibodies are light-sensitive).

XVI. Centrifuge at 1000 x g for 5 minutes. Pipet out supernatant surrounding pellet.

Resuspend in 200uL of 1x Permeabilization Buffer. This removes the working buffer so

that any unbound antibody can be washed away.



XVILI. Repeat Step X.

XVIII. Pipet out supernatant surrounding pellet. Resuspend in 100pL of 1x
Permeabilization Buffer. Inject 5uL of FOXP3 into each sample (except for V-). Allow to
sit in the dark for 30 minutes. This permeabilizes the cell in case FOXP3 is an intracellular
receptor.

XIX. Add 500pL of 1x Permeabilization Buffer. Centrifuge at 1000 x g for 5 minutes.
Pipette out supernatant surrounding pellet. Resuspend stained cells in 500uL of Hepes
Tyrodes. Hepes Tyrodes serves as the buffer used to resuspend cells for analysis.

XX. Analyze samples by flow cytometer (if doing triplicates, place 150uL in 3 wells per
samples). R-R-Log Channel APC Conjugated is the specific laser channel used on flow

cytometry.

1. Results

3.1 FOXP3 expression is enriched in CTCL cell lines compared to non-CTCL immune lineages.

Because the heterogeneity of CTCL is very complex, the original goal was to determine
the expression of the T-Reg-specific transcription factor FOXP3 within established CTCL cell lines.
All six CTCL lineages analyzed exhibited detectable levels of FOXP3 with anti-FOXP3 stained cells
averaging a 5-fold higher signal than unstained cells (Figure 1A). In contrast, a B cell line, RPMI
8866, which is not expected to express Treg markers, exhibited a nominal shift in fluorescent
signal, a 1.5-fold increase over unstained cells (Figure 1B). Of note, non-CTCL T cell lines (e.g.

Jurkat, Molt-4, and CCRF-CEM) exhibited signals comparable to the RPMI 8866 B cell line



indicating FOXP3 staining was enriched within the CTCL etiology compared to other common

lymphoma lines analyzed.

3.2 Retinoid exposure decreases FOXP3 expression within CTCL cell lines

Next, it was determined if retinoid exposure alters expression of the FOXP3 T-Reg marker
within CTCL cells. Bexarotene significantly decreased the expression of FOXP3 in a dose
dependent manner within the MJ cell line when compared to the control retinoid UVI3003, an
RXR antagonist. UAB30, a separate pan-RXR agonist with proven efficacy in multiple cancer
settings including CTCL[22], also decreased FOXP3 expression (Figure 2A). Then MJ exposure to
naturally occurring retinoids was assessed, i.e. retinoic acids, which function as pan-RAR agonists
and are also used therapeutically. As with the synthetic retinoids, naturally occurring retinoids
decreased the expression of FOXP3 in MJ cells in a dose-dependent manner (Figure 2B).
Interestingly, the novel differentiation effects of synthetic or natural retinoids were not
permanent or conferred to progeny. After an initial retinoid exposure, cells were washed and
sub-cultured for an additional 96 hours in media lacking retinoids. Irrespective of the retinoid
utilized, FOXP3 expression was significantly lower when the retinoid was present (Figure 2C).
Removal of the pan-RXR agonists resulted in recovery of FOXP3 expression to levels obtained
with vehicle treated cells. While removal of ATRA, a pan-RAR agonist, resulted in a statistically
significant increase in FOXP3 expression within 96 hours, FOXP3 levels did not fully return to

vehicle levels. As much of the data gathered utilized MJ cells only, the group assessed the effect



of retinoids on five additional human CTCL cell lines. All CTCL lines exhibited significantly

decreased FOXP3 expression in response to retinoid exposure (Figure 2D).

3.3 RXR/RAR receptor synergism potentiates retinoid dependent FOXP3 expression changes

As separate activation of either RXR or RAR decreased FOXP3 expression in CTCL cells, it
was determined if concomitant activation of both receptors would prompt expression changes
through receptor synergism. Synergism allows abbreviated exposure times and lower ligand
concentrations to achieve comparable cellular responses[23,24]. Indeed, dosing cells with
nanomolar levels of Bexarotene or ATRA yielded no difference in FOXP3 expression when
compared to vehicle treated cells. However, when the same nanomolar doses of Bexarotene and
ATRA were added to MJ cells simultaneously, FOXP3 expression decreased significantly,
indicating that RXR/RAR nuclear receptor synergism drives a decrease in FOXP3 expression in

CTCL cells (Figure 3A).

The next goal was to attribute the observed changes in FOXP3 expression to the activity
of specific nuclear receptor isoforms. Application of RAR isoform-selective agonists to MJ cells
demonstrated that the RAR-a isoform clearly drives the changes in FOXP3 expression observed
(Figure 3B). While RAR-B and RAR-y isoforms contributed to statistically significant changes in
FOXP3 expression, this response was only observed at the longest exposure time point of 72
hours. In contrast, the RAR-a agonist generated significant decreases at all exposure times
examined, including after only 24 hours of exposure. To validate the findings regarding RAR-a

activity, an antagonist approach was employed. Selective antagonists to RAR-B or RAR-y isoforms



failed to prevent ATRA-mediated decreases in FOXP3 expression. Blocking RAR-a receptor
activation with two distinct RAR-a selective antagonists, ER50891 or BMS195614, effectively
inhibited FOXP3 decreases in CTCL cells treated with ATRA (Figure 3C). Efforts to identify RXR
isoforms are greatly frustrated due to lack of reagent availability[25,26]. However, CD3254, a
commercially available RXR-a selective agonist, allowed us to address this aspect to some extent.
As with RAR-a activation, RXR-a selective activation resulted in a dose-dependent decrease in

FOXP3 expression (Figure 3D).

3.4 FOXP3/T-Bet/RORy expression in 4 human CTCL lines

After experiments 1-3, the assumption that FOXP3 is the best receptor protein for CTCL
diagnosis came into question. FOXP3 is the hallmark transcription factor of T-regulatory cells. It
was then determined if ROR-y (transcription factor in TH17 cells), or T-Bet (transcription factor in
TH1 cells) would be a more optimal indicator than FOXP3 for CTCL identification. The baseline
levels of ROR-y, FOXP3, and T-Bet were measured in 4 CTCL lines. The same procedure used to
measure baseline FOXP3 levels in experiment 3.1 was used here, but all antibodies for all three
transcription factors were added. Results indicated that ROR-y levels were relatively high in all

four cell lines in contrast to FOXP3 and T-Bet.

4, Discussion



The paradigm of retinoid-induced differentiation as a basis of therapeutic intervention
embodies a milestone in the treatment of acute promyelocytic leukemia (APL) [27]. The major
success of this strategy in APL prompted consideration of the possibility that retinoids might also
impact the differentiation state of CTCL. To this end, the expression profile of the hallmark Treg

marker FOXP3 in CTCL cells following treatment with clinically relevant retinoids was assessed.

Though FOXP3 T cells have been recovered from skin biopsies of patients with CTCL, the
expression level of FOXP3 within CTCL cells residing in the skin niche remains to be definitively
established. Studies reporting FOXP3 expression in the context of CTCL patients is complicated
with varied detection of FOXP3 expression in biopsies, skin infiltrates, and peripheral blood
lymphocytes (PBL). Select studies report minimal FOXP3 staining in PBLs and neoplastic infiltrates
of CTCL patients but propose the expression is sufficiently significant that FOXP3 staining may
serve as a distinguishing biomarker between CTCL variants or stages[28-30]. Additional work
demonstrates the clear presence of FOXP3 within CTCL, yet variants associated with greater
tumor burden exhibit a lower level of FOXP3 expression[31]. Knol and colleagues observed a
greater abundance of Tregs within the PBL fraction of a CTCL cohort compared to healthy
donors[32]. Importantly, Knol et al. were one of the only groups to consider the effects of
retinoid-based strategies on the FOXP3 dynamic but reported no alteration in the distinct Treg
proportions between the groups after 6 months of Bexarotene treatment. Part of this ambiguity
is due to the heterogenous nature of CTCL coupled with a lack of clear markers for identification
and isolation of malignant T cells from skin. Due to these confounding issues, numerous CTCL-
derived cell lines were utilized to demonstrate that FOXP3 expression in CTCL cells is variable,

but routinely detectable, and changes upon retinoid exposure.



The current work further demonstrates RAR-a function to be critical in prompting
changes in FOXP3 expression. Linking RAR-a activity to gut tropism, growth arrest, apoptosis and
now Treg differentiation status, establishes that this RAR isoform dictates retinoid
responsiveness within CTCL lineages[15,37,38]. Collective evidence indicates that targeting RAR-
a could yield the increased efficacy long desired for retinoids. For instance, the unparalleled
success of retinoids in APL stems from the identification of an aberrant RAR-a fusion protein that
promotes myeloid neoplasia[39,40]. Furthermore, recent studies have mapped and functionally
characterized an RAR-a mutation within a patient with peripheral T-cell lymphoma[37]. In
contrast to RAR isoforms, defining the RXR isoform contribution to health and disease has been
problematic. RXR isoform selective agents are not as readily available or characterized; a barrier
stemming from the extensive structural homology of the RXR subtypes[25,26]. However, this
landscape is rapidly changing, and a commercially available RXR-a selective retinoid, CD3254,
alone prompted changes in FOXP3 expression (Figure 3D). Most notable, the changes in FOXP3
expression were prompted with concomitant RAR/RXR activation at retinoid concentrations that
failed to generate detectable changes in FOXP3 expression when RAR or RXR were solely
targeted. A clearer understanding of the molecular events that transduce retinoid therapies into
clinically desirable responses will enable fine-tuning those therapies and restricting their

metabolic sequelae.

It was not until late in the project that ROR-y was determined to be a potentially better
indicator of CTCL. Results also suggest that CTCL originates from TH17 cells instead of the
previously theorized T-regulatory cells. It is also possible that CTCL induces differentiation of a

TH1 or T-reg cell into TH17 cells. Next steps for this project will include similar experiments to



those previously conducted pertaining to retinoids and how they affect CTCL. Instead of testing
for FOXP3 expression, experiments will be run to determine how retinoids affect ROR-y

expression in CTCL lines.

It remains to be determined if the retinoid-induced differentiation of CTCL forces a
phenotype that is incompatible with cutaneous localization and predisposes the cells to
apoptosis. Future studies must determine if the CTCL cell populations that decrease ROR-y levels
are the same as those exhibiting alteration in migratory tendencies through integrin and
chemokine receptor expression. It is tempting to speculate that retinoids supplant a cutaneous
ROR-y+ expression profile for an ROR-y- gut tropic one. However, this thought is incongruent with
the well-known role of natural retinoids to induce ROR-y expression and TH17 differentiation in
nonmalignant primary T cells [41-43]. Alternatively, retinoid-forced differentiation of cells with a
terminally differentiated phenotype, like CTCL, may trigger apoptosis. Future studies will
determine if this newly identified consequence of retinoid exposure to alter T cell differentiation

markers in CTCL has clinical ramifications reminiscent of APL.
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Figure 1. Basal expression of FOXP3 in human CTCL cell lines. (A) Flow-cytometric analysis of
FOXP3 expression in multiple human CTCL cell lines. Fluorescent intensity of permeabilized,
fixed cells lacking APC-conjugated anti-FOXP3 antibody (unfilled histograms with dashed lines)
are plotted against samples containing the antibody (shaded histograms with solid line). (B)
Analysis described in panel (A) was repeated with human immune cell lineages not of CTCL

etiology.
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Figure 2. Therapeutic retinoids decrease FOXP3 expression in a dose-dependent manner. (A)
MJ cells were cultured in the presence of varying concentrations of the pan-RXR agonists
Bexarotene (Bex) or UAB30 for 72 hrs. FOXP3 expression was then determined and displayed as
mean fluorescent intensity (MFI). The retinoid UVI3003, an RXR antagonist, was utilized as a
negative control. (B) FOXP3 expression was determined in MJ cells exposed to increasing doses
of natural retinoids for 72 or 96 hrs. Dotted line represent level of FOXP3 expression obtained
with an equimolar concentration of vehicle (DMSO). (C) MJ cells were cultured with 1 mM
Bexarotene, 1 mM UAB30, 100 nM ATRA, or vehicle (DMSO) for 72 hrs. After the initial
exposure, the cells were washed and sub-cultured in media lacking retinoids for 96 hrs before
FOXP3 expression was assessed. (D) Human CTCL cell lines were treated with 1 mM Bexarotene,
1 mM UAB30, 100 nM ATRA, or DMSO (vehicle) for 96 hrs. Data were normalized to MFI
expression obtained with cells treated with vehicle alone.
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Figure 3. Changes in FOXP3 expression are driven by RAR/RXR nuclear receptor synergism. (A)
MJ cells were cultured for 48 hrs in media containing vehicle (DMSQ), 100 nM Bexarotene, 1
nM ATRA, or a combination thereof. FOXP3 expression levels were normalized to values
obtained with the vehicle condition. (B) MJ cells were treated with DMSO (vehicle) or 2xECsg of
a RAR selective isoform agonist for the designated time. (C) Cells were initially dosed with 0.5
mM RAR isoform selective antagonist for 24 hrs and subsequently treated with 200 nM ATRA
for an additional 24 hrs before FOXP3 expression was analyzed. All data were normalized with
expression levels obtained when cells were maintained with the vehicle DMSO alone for the
entire 48 hrs. (D) The expression of FOXP3 was evaluated in MJ cells dosed with varying
concentrations of the RXRa selective agonist, CD3254, for 72 hrs.
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Figure 4. Basal expressions of FOXP3, T-Bet, and ROR-y in human CTCL lines. Flow-cytometric
analysis of FOXP3, T-Bet, and ROR-y expression in multiple human CTCL cell lines. Fluorescent
intensity of permeabilized, fixed cells lacking APC-conjugated anti-FOXP3, anti-T-Bet, and anti-
ROR-y antibodies are plotted. Analysis was repeated in 4 human CTCL lines: MJ, Myla, HUT78,
and HH. The Y-axis values represent Mean Fluorescence Intensity (MFI).



Acknowledgements

This thesis was made possible by the Department of Biochemistry, the Department of
Molecular and Cell Sciences, the Department of Immunology, and the Department of
Microbiology and Pharmacology at Arkansas College of Osteopathic Medicine (ARCOM) in Fort
Smith, Arkansas. Much of this paper has been previously contributed to by many authors,
including Andrea M. Powers, Samuel L. Stahly, Reid Cline, Lauren A. Griffin, Bryce Sarcar, Alexis
N. Danekas, Nabila A. Siddiqui, Lucas R. Johnson, Sykes Martin, Lance C. Bridges and Abby L.
Geis. The original paper (Retinoid Exposure Decreases FOXP3 Expression in Cutaneous T Cell
Lymphoma Lines) served as a template for additional work and research conducted in the

summer of 2023.

REFERENCES

[1] M. Duvic, R. Edelson, Cutaneous T-cell lymphoma, Journal of the American Academy of
Dermatology 51 (2004) S43-45. 10.1016/j.jaad.2004.01.027.

[2] S.T. Hwang, J.E. Janik, E.S. Jaffe, W.H. Wilson, Mycosis fungoides and Sezary syndrome,
Lancet 371 (2008) 945-957. 10.1016/5S0140-6736(08)60420-1.

[3] E. Olsen, E. Vonderheid, N. Pimpinelli, R. Willemze, Y. Kim, R. Knobler, H. Zackheim, M.
Duvic, T. Estrach, S. Lamberg, G. Wood, R. Dummer, A. Ranki, G. Burg, P. Heald, M. Pittelkow,
M.G. Bernengo, W. Sterry, L. Laroche, F. Trautinger, S. Whittaker, Iscl/Eortc, Revisions to the
staging and classification of mycosis fungoides and Sezary syndrome: a proposal of the
International Society for Cutaneous Lymphomas (ISCL) and the cutaneous lymphoma task force
of the European Organization of Research and Treatment of Cancer (EORTC), Blood 110 (2007)
1713-1722.10.1182/blood-2007-03-055749.

[4] B.F. Haynes, R.S. Metzgar, J.D. Minna, P.A. Bunn, Phenotypic characterization of cutaneous
T-cell lymphoma. Use of monoclonal antibodies to compare with other malignant T cells, The
New England journal of medicine 304 (1981) 1319-1323. 10.1056/NEJM198105283042202.



[5] M.B. Sporn, A.B. Roberts, D.S. Goodman, The Retinoids Biology, Chemistry, and Medicine,
Ravens Press, New York, 1994.

[6] D.M. Benbrook, P. Chambon, C. Rochette-Egly, M.A. Asson-Batres, History of retinoic acid
receptors, Sub-cellular biochemistry 70 (2014) 1-20. 10.1007/978-94-017-9050-5_1.

[7] P. Chambon, A decade of molecular biology of retinoic acid receptors, FASEB journal : official
publication of the Federation of American Societies for Experimental Biology 10 (1996) 940-954.
[8] M. Duvic, K. Hymes, P. Heald, D. Breneman, A.G. Martin, P. Myskowski, C. Crowley, R.C.
Yocum, G. Bexarotene Worldwide Study, Bexarotene is effective and safe for treatment of
refractory advanced-stage cutaneous T-cell lymphoma: multinational phase II-ll trial results,
Journal of clinical oncology : official journal of the American Society of Clinical Oncology 19
(2001) 2456-2471. 10.1200/JC0.2001.19.9.2456.

[9] C. Zhang, M. Duvic, Treatment of cutaneous T-cell lymphoma with retinoids, Dermatologic
therapy 19 (2006) 264-271.10.1111/j.1529-8019.2006.00083..x.

[10] H.N. Green, E. Mellanby, Vitamin a as an Anti-Infective Agent, British medical journal 2
(1928) 691-696.

[11] E. Mellanby, H.N. Green, Vitamin a as an Anti-Infective Agent: Its Use in the Treatment of
Puerperal Septigaemia, British medical journal 1 (1929) 984-986.

[12] J.R. Mora, Homing imprinting and immunomodulation in the gut: role of dendritic cells and
retinoids, Inflammatory bowel diseases 14 (2008) 275-289. 10.1002/ibd.20280.

[13] Y. Guo, C. Brown, C. Ortiz, R.J. Noelle, Leukocyte Homing, Fate, and Function Are Controlled
by Retinoic Acid, Physiological reviews 95 (2015) 125-148. 10.1152/physrev.00032.2013.

[14] L. Wang, S.S. DeMarco, J. Chen, C.M. Phillips, L.C. Bridges, Retinoids Bias Integrin
Expression and Function in Cutaneous T-Cell Lymphoma, The Journal of investigative
dermatology 135 (2015) 2102-2108. 10.1038/jid.2015.122.

[15] L. Wang, S.S. DeMarco, M.S. Peaks, A.L. Maiorana-Boutilier, J. Chen, M.J. Crouch, B.M.
Shewchuk, S.R. Shaikh, C.M. Phillips, L.C. Bridges, RARalpha/RXR synergism potentiates retinoid
responsiveness in cutaneous T-cell lymphoma cell lines, Experimental dermatology 26 (2017)
1004-1011. 10.1111/exd.13348.

[16] S.M. Schneider, M. Offterdinger, H. Huber, T.W. Grunt, Activation of retinoic acid receptor
alpha is sufficient for full induction of retinoid responses in SK-BR-3 and T47D human breast
cancer cells, Cancer research 60 (2000) 5479-5487.

[17] S.Y. Sun, P. Yue, L. Mao, M.l. Dawson, B. Shroot, W.W. Lamph, R.A. Heyman, R.A.
Chandraratna, K. Shudo, W.K. Hong, R. Lotan, Identification of receptor-selective retinoids that
are potent inhibitors of the growth of human head and neck squamous cell carcinoma cells,
Clinical cancer research : an official journal of the American Association for Cancer Research 6
(2000) 1563-1573.

[18] Z. Szondy, U. Reichert, J.M. Bernardon, S. Michel, R. Toth, E. Karaszi, L. Fesus, Inhibition of
activation-induced apoptosis of thymocytes by all-trans- and 9-cis-retinoic acid is mediated via
retinoic acid receptor alpha, The Biochemical journal 331 ( Pt 3) (1998) 767-774.

[19] R. Taneja, B. Roy, J.L. Plassat, C.F. Zusi, J. Ostrowski, P.R. Reczek, P. Chambon, Cell-type and
promoter-context dependent retinoic acid receptor (RAR) redundancies for RAR beta 2 and
Hoxa-1 activation in F9 and P19 cells can be artefactually generated by gene knockouts,
Proceedings of the National Academy of Sciences of the United States of America 93 (1996)
6197-6202.



[20] B. Wang, X. Fu, M.J. Zhu, M. Du, Retinoic acid inhibits white adipogenesis by disrupting
GADD45A-mediated Zfp423 DNA demethylation, J Mol Cell Biol 9 (2017) 338-349.
10.1093/jmcb/mjx026.

[21] V. Nahoum, E. Perez, P. Germain, F. Rodriguez-Barrios, F. Manzo, S. Kammerer, G. Lemaire,
O. Hirsch, C.A. Royer, H. Gronemeyer, A.R. de Lera, W. Bourguet, Modulators of the structural
dynamics of the retinoid X receptor to reveal receptor function, Proceedings of the National
Academy of Sciences of the United States of America 104 (2007) 17323-17328.
10.1073/pnas.0705356104.

[22] P.T. Vedell, Y. Lu, C.J. Grubbs, Y. Yin, H. Jiang, K.I. Bland, D.D. Muccio, D. Cvetkovic, M. You,
R. Lubet, Effects on gene expression in rat liver after administration of RXR agonists: UAB30, 4-
methyl-UAB30, and Targretin (Bexarotene), Molecular pharmacology 83 (2013) 698-708.
10.1124/mol.112.082404.

[23] A. Aranda, A. Pascual, Nuclear hormone receptors and gene expression, Physiological
reviews 81 (2001) 1269-1304.

[24] I.P. Uray, E. Dmitrovsky, P.H. Brown, Retinoids and rexinoids in cancer prevention: from
laboratory to clinic, Seminars in oncology 43 (2016) 49-64. 10.1053/j.seminoncol.2015.09.002.
[25] E. Perez, W. Bourguet, H. Gronemeyer, A.R. de Lera, Modulation of RXR function through
ligand design, Biochimica et biophysica acta 1821 (2012) 57-69. 10.1016/j.bbalip.2011.04.003.
[26] A.R. de Lera, W. Bourguet, L. Altucci, H. Gronemeyer, Design of selective nuclear receptor
modulators: RAR and RXR as a case study, Nature reviews. Drug discovery 6 (2007) 811-820.
10.1038/nrd2398.

[27] J.H. Park, M.S. Tallman, Managing acute promyelocytic leukemia without conventional
chemotherapy: is it possible?, Expert Rev Hematol 4 (2011) 427-436. 10.1586/ehm.11.42.

[28] C.D. Klemke, B. Fritzsching, B. Franz, E.V. Kleinmann, N. Oberle, N. Poenitz, J. Sykora, A.H.
Banham, G. Roncador, A. Kuhn, S. Goerdt, P.H. Krammer, E. Suri-Payer, Paucity of FOXP3+ cells
in skin and peripheral blood distinguishes Sezary syndrome from other cutaneous T-cell
lymphomas, Leukemia : official journal of the Leukemia Society of America, Leukemia Research
Fund, U.K 20 (2006) 1123-1129. 10.1038/sj.leu.2404182.

[29] M.M. Shareef, L.H. Elgarhy, S. Wasfy Rel, Expression of Granulysin and FOXP3 in Cutaneous
T Cell Lymphoma and Sezary Syndrome, Asian Pac J Cancer Prev 16 (2015) 5359-5364.
10.7314/apjcp.2015.16.13.5359.

[30] L.M. Gjerdrum, A. Woetmann, N. Odum, C.M. Burton, K. Rossen, G.L. Skovgaard, L.P. Ryder,
E. Ralfkiaer, FOXP3+ regulatory T cells in cutaneous T-cell ymphomas: association with disease
stage and survival, Leukemia : official journal of the Leukemia Society of America, Leukemia
Research Fund, U.K 21 (2007) 2512-2518. 10.1038/sj.leu.2404913.

[31] M.M. Tiemessen, T.J. Mitchell, L. Hendry, S.J. Whittaker, L.S. Taams, S. John, Lack of
suppressive CD4+CD25+FOXP3+ T cells in advanced stages of primary cutaneous T-cell
lymphoma, The Journal of investigative dermatology 126 (2006) 2217-2223.
10.1038/sj.jid.5700371.

[32] A.C. Knol, G. Quereux, A. Brocard, F. Ballanger, A. Khammari, J.M. Nguyen, B. Dreno,
Absence of modulation of CD4+CD25 regulatory T cells in CTCL patients treated with
bexarotene, Experimental dermatology 19 (2010) €95-102. 10.1111/j.1600-0625.2009.00993..x.



[33] N. Nieto-Rementeria, G. Perez-Yarza, M.D. Boyano, A. Apraiz, R. Izu, J.L. Diaz-Perez, A.
Asumendi, Bexarotene activates the p53/p73 pathway in human cutaneous T-cell lymphoma,
The British journal of dermatology 160 (2009) 519-526. 10.1111/j.1365-2133.2008.08931.x.
[34] C.F. Chou, Y.H. Hsieh, C.J. Grubbs, V.R. Atigadda, J.A. Mobley, R. Dummer, D.D. Muccio, |.
Eto, C.A. ElImets, W.T. Garvey, P.L. Chang, The retinoid X receptor agonist, 9-cis UAB30, inhibits
cutaneous T-cell ymphoma proliferation through the SKP2-p27kip1 axis, J Dermatol Sci 90
(2018) 343-356. 10.1016/j.jdermsci.2018.03.006.

[35] H. Yang, Y. Tao, M. Zhang, P. Ma, L. Li, Q. Diao, Effects of 9-cis-retinoic acid on the
proliferation and apoptosis of cutaneous T-cell lymphoma cells, Anticancer Drugs 30 (2019) 56-
64. 10.1097/CAD.0000000000000692.

[36] C. Zhang, P. Hazarika, X. Ni, D.A. Weidner, M. Duvic, Induction of apoptosis by bexarotene
in cutaneous T-cell lymphoma cells: relevance to mechanism of therapeutic action, Clinical
cancer research : an official journal of the American Association for Cancer Research 8 (2002)
1234-1240.

[37] X. Wang, S. Dasari, G.S. Nowakowski, K.N. Lazaridis, E.D. Wieben, M.E. Kadin, A.L. Feldman,
R.L. Boddicker, Retinoic acid receptor alpha drives cell cycle progression and is associated with
increased sensitivity to retinoids in T-cell ymphoma, Oncotarget 8 (2017) 26245-26255.
10.18632/oncotarget.15441.

[38] S.G. Kang, J. Park, J.Y. Cho, B. Ulrich, C.H. Kim, Complementary roles of retinoic acid and
TGF-betal in coordinated expression of mucosal integrins by T cells, Mucosal immunology 4
(2011) 66-82. 10.1038/mi.2010.42.

[39] R.P. Warrell, Jr., S.R. Frankel, W.H. Miller, Jr., D.A. Scheinberg, L.M. Itri, W.N. Hittelman, R.
Vyas, M. Andreeff, A. Tafuri, A. Jakubowski, et al., Differentiation therapy of acute
promyelocytic leukemia with tretinoin (all-trans-retinoic acid), The New England journal of
medicine 324 (1991) 1385-1393. 10.1056/NEJM199105163242002.

[40] R.A. Larson, K. Kondo, J.W. Vardiman, A.E. Butler, H.M. Golomb, J.D. Rowley, Evidence for a
15;17 translocation in every patient with acute promyelocytic leukemia, Am J Med 76 (1984)
827-841.10.1016/0002-9343(84)90994-x.

[41] J.L. Coombes, K.R. Siddiqui, C.V. Arancibia-Carcamo, J. Hall, C.M. Sun, Y. Belkaid, F. Powrie,
A functionally specialized population of mucosal CD103+ DCs induces Foxp3+ regulatory T cells
via a TGF-beta and retinoic acid-dependent mechanism, The Journal of experimental medicine
204 (2007) 1757-1764. 10.1084/jem.20070590.

[42] C.M. Sun, J.A. Hall, R.B. Blank, N. Bouladoux, M. Oukka, J.R. Mora, Y. Belkaid, Small
intestine lamina propria dendritic cells promote de novo generation of Foxp3 T reg cells via
retinoic acid, The Journal of experimental medicine 204 (2007) 1775-1785.
10.1084/jem.20070602.

[43] M.). Benson, K. Pino-Lagos, M. Rosemblatt, R.J. Noelle, All-trans retinoic acid mediates
enhanced T reg cell growth, differentiation, and gut homing in the face of high levels of co-
stimulation, The Journal of experimental medicine 204 (2007) 1765-1774.
10.1084/jem.20070719.

[44] “Differences between Hodgkin & Non-Hodgkin Lymphoma.” Moffitt Cancer Center,
moffitt.org/cancers/lymphomas-hodgkin-and-non-hodgkin/fags/hodgkin-lymphoma-vs-non-
hodgkin-lymphoma/. Accessed 9 May 2023.



[45] “Mycosis Fungoides: Medlineplus Genetics.” MedlinePlus,
medlineplus.gov/genetics/condition/mycosis-fungoides/. Accessed 9 May 2023.

[46] “22400 - RPMI 1640, Hepes.” Thermo Fisher Scientific - US,
www.thermofisher.com/us/en/home/technical-resources/media-formulation.117.html.

Accessed 9 May 2023.



	Retinoids and their Clinical Benefits to Treating Cutaneous T-Cell Lymphoma
	2.1 Cell culture
	SeAx and MyLa cell lines were provided by Dr. Robert Gniadecki (University of Copenhagen). The RPMI8866 B-cell line was given by J.C. Wilkins (University of Manitoba). The MOLT-4 cell line was the kind gift of Dr. Ted Bertrand (UAB, Birmingham, AL). T...
	2.2 Retinoids
	Naturally occurring retinoids (ATRA, 9-cis RA, 13-cis RA) and Bexarotene were purchased from Sigma (St. Louis, MO). The pan-RXR agonist UAB30 was a generous gift from Dr. Clinton J. Grubbs (UAB, Birmingham, AL). All nuclear receptor agonists and antag...
	2.3 Flow Cytometry
	Cell permeabilization, fixation, and staining with the APC conjugated anti-FOXP3 monoclonal antibody was performed according to the manufacturer’s recommendations from Life Technologies with scaling modification. Briefly, cells were harvested with HEP...
	2.4 Statistical analyses
	All analyses were performed using GraphPad Prism 8.4 (La Jolla, CA). A student’s t test was employed to establish significance when comparing experimental conditions to vehicle alone. Where appropriate, a one-way ANOVA with a Tukey’s post hoc test was...
	The paradigm of retinoid-induced differentiation as a basis of therapeutic intervention embodies a milestone in the treatment of acute promyelocytic leukemia (APL) [27]. The major success of this strategy in APL prompted consideration of the possibili...
	Though FOXP3 T cells have been recovered from skin biopsies of patients with CTCL, the expression level of FOXP3 within CTCL cells residing in the skin niche remains to be definitively established. Studies reporting FOXP3 expression in the context of ...
	The current work further demonstrates RAR-α function to be critical in prompting changes in FOXP3 expression. Linking RAR-α activity to gut tropism, growth arrest, apoptosis and now Treg differentiation status, establishes that this RAR isoform dictat...
	It was not until late in the project that ROR-γ was determined to be a potentially better indicator of CTCL.  Results also suggest that CTCL originates from TH17 cells instead of the previously theorized T-regulatory cells.  It is also possible that C...
	It remains to be determined if the retinoid-induced differentiation of CTCL forces a phenotype that is incompatible with cutaneous localization and predisposes the cells to apoptosis. Future studies must determine if the CTCL cell populations that dec...
	Figure 4.  Basal expressions of FOXP3, T-Bet, and ROR-γ in human CTCL lines.  Flow-cytometric analysis of FOXP3, T-Bet, and ROR-γ expression in multiple human CTCL cell lines. Fluorescent intensity of permeabilized, fixed cells lacking APC-conjugated ...

