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Abstract

We previously demonstrated that pan-HDAC inhibitors could limit escape from MEK inhibitor
(MEKi) therapy in uveal melanoma (UM) through suppression of AKT and YAP/TAZ signaling.
Here, we focused on the role of specific HDACs in therapy adaptation. Class 2 UM displayed
higher expression of HDACs 1, 2 and 3 than Class 1, whereas HDACs 6, 8 and 11 were
uniformly expressed. Treatment of UM cells with MEKi led to modulation of multiple HDACs,
with the strongest increases observed in HDAC11. RNA-seq analysis showed MEKi to decrease
expression of multiple HDAC11 target genes. Silencing of HDAC11 significantly reduced protein
deacetylation, enhanced the apoptotic response to MEKIi and reduced growth in long-term colony
formation assays across multiple UM cell lines. Knockdown of HDAC11 led to decreased
expression of TAZ in some UM cell lines, accompanied by decreased YAP/TAZ transcriptional
activity and reduced expression of multiple YAP/TAZ target genes. Further studies showed this
decrease in TAZ expression to be associated with increased LKB1 activation and modulation of
glycolysis. In an /n vivo model of uveal melanoma, silencing of HDAC11 limited the escape to
MEKi therapy, an effect associated with reduced levels of Ki67 staining and increased cleaved
caspase-3. We have demonstrated a novel role for adaptive HDAC11 activity in UM cells, that in
some cases modulates YAP/TAZ signaling leading to MEK:i escape.
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Introduction

Uveal melanoma is the most common primary cancer of the eye, derived from melanocytes
residing in the uveal tract of the eye. Disseminated disease is infrequent at diagnosis,

but about half of patients eventually succumb to metastases (1), most frequently to the
liver. There are no effective treatments for metastatic UM, including immune checkpoint
inhibitors, which are now standard for metastatic cutaneous melanoma (2). Patients are
stratified into groups with low (Class 1) vs. high (Class 2) risk of metastasis based on a
validated 15-gene expression signature developed by our group (3). Class 1 tumors show
greater differentiation and are divided into Class 1a and 1b with a 5-year metastasis risk

of 2%, and 21% (4). Class 2 tumors lose melanocyte differentiation, express primitive
neuroectoderm genes, and have a 5-year metastatic risk of 70-80% (4).

More than 90% of uveal melanomas harbor activating mutations in the small G-proteins
GNAQ or GNA11 (the former more common) which activate the mitogen activated

protein kinase (MAPK) pathway (5, 6). Constitutive signaling in cascades including the
PIBK/AKT/mTOR, WNT/B-catenin and the YAP pathways are also frequently seen in

UM (7-12). Once established in the liver, UM responds poorly to targeted therapy,
immunotherapy and chemotherapy. Current efforts are focused on targeted therapies against
the kinases downstream of GNAQ/GNA11 such as the MEKi selumetinib (AZD6244) which
improved progression-free survival in UM compared to either dacarbazine or temozolomide
(13). However, a subsequent phase 111 trial of selumetinib plus dacarbazine showed no
improvement compared to dacarbazine alone (14). Previous work from our lab using
phospho-proteomics and RNA-seq to map the patterns of adaptation of UM cells to MEKi
treatment (15) identified increased YAP and AKT signaling as important escape mechanisms
(15). Drug screening showed that pan-histone deacetylase (HDAC) inhibition limits adaptive
signaling and improves response (16).

It is not yet clear which HDACs are important for MEK inhibitor escape in uveal melanoma.
Studies from cutaneous melanoma have elucidated a role for HDACS in the escape of BRAF
mutant melanoma cells from BRAF inhibitor therapy (17). In uveal melanoma, pan-HDAC
inhibitors shifted the expression profile of Class 2 UM to that of Class 1 (18). Work from
our group further supports a role for HDAC4 and HDACL in maintaining the phenotype
conferred by BAP1 loss. We here provide new data that MEK inhibition leads to increased
HDAC11expression in uveal melanoma cells and that silencing of HDACL11 can sensitize
some UM cells to MEKIi, in part through deregulation of adaptive YAP/TAZ signaling.

Materials and methods

Reagents

RPMI culture medium was purchased from Corning (Corning, NY). Fetal bovine serum
(FBS) was purchased from Sigma Chemical Co. (St. Louis, MO). Trypsin, pen/strep
antibiotics, and puromycin were purchased from Gibco (Grand Island, NY). Trametinib
(MEK inhibitor) was purchased from Selleckchem (Houston, TX). Antibodies for Western
Blot: Anti-HDAC1 (#2062, from Cell Signaling Technology (Danvers, MA), anti-HDAC2
(#2540 CST), The anti-HDAC3 and anti-HDACS antibodies were described in refs. 17,
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HDAC11(#58442, CST). Anti-HDACG6 (#H-300, sc-11420) was purchased from Santa Cruz
Biotechnologies. Cleaved PARP (Asp214) (#D64E10) (#5625 CST), phospho LKB1 (#3482,
CST), total LKB1 (#3050, CST). Anti-YAP1 antibody (#H00010413-M01, Abnova). Anti-
Vinculin (#G8796) and anti-GAPDH (#V9131) were purchased from Millipore Sigma
(Bedford, MA).

Uveal melanoma cell lines

The uveal melanoma cell lines 92.1, Mel270, Mel290 and MP41 were obtained from Dr.

J William Harbour (University of Miami), OCM1, OCM3, OCM8 and OMM1 were from

Dr. David Morse (Moffitt Cancer Center) used as previously described (19). All uveal
melanoma cell lines were cultured in RPMI-1640 supplemented with 10% FBS, L-glutamine
and antibiotics at 5% CO,. All cells were tested for mycoplasma contamination every month
using the Plasmo test-Mycoplasma Detection Test (Invivogen, San Diego, CA). Each cell
line was authenticated using the Human STR human cell line authentication service (ATCC)
and frozen stocks of cells were discarded after 10 passages.

HDAC expression analysis from scRNA-seq data

The Seurat object containing Single-cell RNA-seq data from 11 uveal melanoma samples
from previously published work from our group was obtained (20). The data was analyzed
using R (4.1.0) and the Seurat (4.0.4) package (21). The Seurat object was updated to Seurat
v3 format using the UpdateSeuratObject() function. The FindNeighbors() and RunUMAP()
functions with dims set to 1:20 were used to calculate UMAP representation. The DimPlot()
and VInPlot() functions were used to generate plots from the 59,915 cells.

Identification of HDAC11 target genes from RNA-Seq

RNA-Seq data for MEK:i treated uveal melanoma cell lines were acquired from a previously
published study (15). HDAC11 transcriptional targets were identified and analyzed using
Enrichr software (22). Pathway analysis was performed using the ShinyGO v0.741: Gene
Ontology Enrichment Analysis platform (http://bioinformatics.sdstate.edu/go/). Hallmark
pathways were analyzed using the MSigDB database. Transcription factor target enrichment
was determined using the ChEA.2016 data- base.

Colony formation assay

1x103 cells were plated and allowed to attach overnight. The medium and drug/vehicle was
replaced every two days for 4 weeks. After the specific treatments for each experiment,
colonies were stained with crystal violet dye, as previously described (23). Experiments
were performed three times in triplicate.

Flow cytometry for apoptosis analysis

1x10° cells were plated and allowed to attach overnight. After the specific treatments for
each experiment, Annexin V staining quantification was performed using FlowJo software
as previously described (24). All experiments were performed three times in duplicate.
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Immunoblotting

Cells were plated and allowed to attach overnight. After the specific treatments for each
experiment, proteins were extracted and blotted as previously described (25). Total and
phospho-proteins were analyzed and then the membranes were stripped and reprobed
for GAPDH/vinculin/B-actin. Data shown are one representative experiment from three
independent experiments.

HDAC activity assays

Histone deacetylase (HDAC) activity was measured using the Epigenase HDAC Activity/
Inhibition Direct Assay Kit (Epigentek; P-4034). The kit provided one microplate containing
the respective substrate coated onto the wells. Nuclear extract samples (7.5ug) were mixed
with the assay buffer and the assay was performed according to manufacturer’s instructions.
Data shown is mean results from three independent experiments.

Quantitative real-time PCR

Total RNA was isolated using Qiagen’s Rneasy Mini Kit (Qiagen, Hilden, Germany). 1

ng of RNA was converted into cDNA using iScript cDNA synthesis kit (Bio-Rad). Levels
of mMRNA were analyzed using quantitative reverse transcription-PCR (QRT-PCR) that was
performed using Bio-Rad CFX96 Real time system. Data was normalized using GAPDH as
an internal control and fold change was calculated by 2-AACt method. Data shown are from
three independent experiments with two replicates per condition.

Transfection and luciferase assay

A YAP/TAZ-responsive synthetic promoter driving reporter plasmid, 8XxGTIIC-luciferase
(Addgene, #34615) and control plasmid, pRL Renilla luciferase from Promega (#E2231)
were used in this assay. 92.1, Mel270 and MP41 cells (120 x 102 cells per well in 6-well
plates) were transfected with the constructs using FUGENE (Promega; #31985-070) for
8h. Media was changed for another 12h prior to the MEKi (10nM and 30nM) treatments
for another 48h. Harvested cells were washed once with PBS and luciferase assay was
performed according to the manufacturer protocol using Dual-Luciferase® Reporter Assay
System (Promega, #£1910)) and plotted the values normalized against Control without
any inhibitor treatment. Data shown are from three independent experiments performed in
duplicate.

Seahorse metabolic analysis

8.0 x 10° cells were plated per well and allowed to attach overnight in the Seahorse 96-well
cell culture plate. Glycolysis was measured on the Seahorse XFe96 instrument using the
Glycolysis Stress Test Kit (Agilent, Santa Clara, CA) according to manufacturer protocol.
Data shown in Figure 3E and 3F is one representative experiment out of two independent
experiments, visualizing 12 technical replicates within the experiment. Error bars represent
Standard Error of the Mean. Student’s t-test was performed on each of the 3 readings after
oligomycin injection, representing the glycolytic reserve of each cell line. **** = P<0.0001.
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In vivo mouse model:

Eight-week-old female CBySmn. CB17-Prdkc scid/j mice (Stock No: 001803 — Jax Labs)
were subcutaneously injected with 1.0 x 106 MP41 shCTRL or shHDAC11 uveal melanoma
cells into each flank. The tumors were allowed to grow for 3 weeks and mice were randomly
separated with similar average initial tumor volumes, with a total of 5 mice per group.
Sample size was estimated from previous studies of MEK:i therapy in this mouse uveal
melanoma model (15). The mice were treated with MEK:i (trametinib, 1 mg/kg gavage,
daily) for 32 days. The control group received vehicles (0.5% methylcellulose + 0.5%
Tween-80 molecular grade sterile water). Mouse weight and tumor volumes (1/2 “ L “ W2)
were measured every 48 hours. All animal experiments were carried out in agreement with
ethical regulations and protocols approved by the University of South Florida Institutional
Animal Care and by The Institutional Animal Care and Use Committee (IACUC number
1S00007140R). The IACUC protocol did not permit survival to be an experimental endpoint.
The investigators involved were not blinded to the treatment groups.

Immunohistochemical staining

Excised tumor samples were fixed in buffered formalin and embedded in paraffin and
sectioned at 5 pm were stained for Ki67 (Abcam, ab16667, Waltham, MA) and cleaved
caspase 3 (#9661, Cell Signaling, Danvers, MA). Slides were viewed and acquired using the
Aperio ScanScope (Leica Biosystems Inc, Buffalo Grove, IL). To quantify staining, 5 fields
of view were randomly selected for each tumor from treatment group. Ki67 and cleaved
caspase 3 expression were determined by the positive nuclei and cytosolic within a given
compartments respectively.

Statistical analysis

Results

Results are expressed as mean * standard deviation of at least three independent
experiments. One-way analysis of variance (ANOVA) was used followed by a TUKEY-
KRAMER posttest to test for multiple comparisons with a given significance level of
p<0.05. Significant differences between the control and treated groups are indicated by
*=p<0.05, **=p<0.01, ***=p<0.005, and #=p>0.05.

Uveal melanoma cell lines express multiple HDACs, some of which are upregulated in
response to MEKi

Although our previous work suggested that pan-HDAC inhibition could limit escape from
MEKi therapy, little is known about which specific HDAC (s) are involved in this response.
To address this we began by profiling a panel of uveal melanoma cell lines and human
clinical samples for HDAC expression. The majority of uveal melanoma cell lines profiled
expressed detectable and similar levels of HDAC1, 2, 3 6, 8 and 11 (Figure 1A). Analysis
of a previously published clinical uveal melanoma single cell dataset (20) identified higher
expression of HDACL, 2 and 3 in Class 2 vs. Class 1 uveal melanoma (Figure 1B) and
showed uniform expression of HDAC6 and 11 across Class 1 and Class 2 uveal melanoma.
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Previous studies in cutaneous melanoma showed that inhibition of MAPK signaling led to
increased expression and activity of HDACS8 (17). We found that treatment of the 92.1 UM
cell line with trametinib led to increased expression of multiple HDACs including, HDAC
1,2, 6,8and 11 (Figure 1C). Among these HDAC11 showed the greatest increase upon
MEK inhibition in 92.1 cells. Repeat of these studies across the MP41, OCM1 and Mel270
UM cell lines demonstrated that although MEKi treatment led to diverse effects on HDAC
expression, only HDAC2 and HDAC11 showed a consistent increase in all of the cell lines
evaluated (Figure 1C). A previously published RNA-seq analysis (15) of genes decreased in
UM cells following treatment with the MEK:i inhibitor trametinib identified multiple genes
known to modulated by HDAC11 including CDT1, E2F4, E2F5, EGR1, MYC and PN1
(Figure 1D). A pathway analysis of RNA-Seq data confirmed these findings with MYC
target genes being the most significantly enriched pathway upon treatment with trametinib
in 92.1, MP41, and Mel270 cell lines (Supplemental Figure 1A-1C). An additional analysis
was performed looking at transcription factor targets enriched upon trametinib treatment
with the HDAC11 targets E2F4, EGR1 and MYC targets being significantly altered in UM
cell lines (Supplemental Figure 1D-1F).

Silencing HDAC11 sensitizes UM cell lines to MEKi

In some UM

As HDAC11 showed the greatest increase in expression upon trametinib treatment we

next asked if this specific HDAC was responsible for histone deacetylation. We began

by generating 92.1 and Mel270 UM cells that had HDAC11 stably knocked down by
shRNA (Figure 2A). It was noted that silencing of HDAC11 led to a statistically significant
reduction in total HDAC activity (Supplemental Figure 2) and deacetylation (Figure 2B).
We next turned our attention to whether upregulated HDAC11 expression played any role

in the escape from MEK:i therapy. Having confirmed that silencing of HDAC11 expression
was effective following trametinib treatment (Figure 2A), we next demonstrated that this
was associated with an increased apoptotic response in Mel270, MP41 and 92.1 cells (Figure
2C). This increased MEKi-induced apoptotic response seen following HDAC11 knockdown
was accompanied by an increased cleavage of PARP (Figure 2D). Over long-term MEKi
treatment, HDAC11 silencing limiting escape from therapy as measured by a decrease in
drug resistant colonies formation by MP41 and 92.1 UM cells (Figure 2E).

cell lines, silencing of HDAC11 deregulates YAP/TAZ signaling

Our previous work identified escape from MEK:i therapy to be associated with increased
AKT signaling and an upregulation of YAP/TAZ signaling (15). Initial studies showed
knockdown of HDAC11 to have little effect upon adaptive AKT signaling (not shown).
Instead, we found that HDAC11 silencing impacted expression of TAZ in Mel270 cells,
but not in 92.1 (Figure 3A). The effects of HDAC11 upon YAP/TAZ signaling was also
supported by YAP/TAZ reporter assays, which showed HDAC11 silencing to reduce basal
YAP levels, and then partly suppress the MEKi-induced increases in YAP1 activity (Figure
3B). gRT-PCR analyses also demonstrated that HDAC11 silencing suppressed levels of
YAP-target genes (Figure 3C).

YAP/TAZ signaling can be regulated by liver kinase B1 (LKB1)/ 5’ adenosine
monophosphate protein kinase (AMPK) which are known targets of HDAC11 (26). UM
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cell lines such as Mel270 which had reduced TAZ expression in response to HDAC11
silencing also showed increased expression of phospho-LKB1 (Figure 3D). The Seahorse
Glycolysis stress test showed that knockdown of HDAC11 in Mel270 UM cells resulted in
a decrease of glycolytic capacity of the cells, with a complete loss of glycolytic reserve
compared to control cells (Figure 3E). Meanwhile, knockdown of HDAC11 did not result in
any significant shift in glycolysis or glycolytic capacity of MP41 cells (Figure 3F).

Silencing of HDAC11 is associated with enhanced responses to the MEKIi trametinib in in
vivo models of uveal melanoma.

Finally, we asked whether HDAC11 was required for the escape of uveal melanoma cells
from MEK:i therapy /n vivo. Isogenic HDAC11 expressing and silenced MP41 cells were
grown as flank tumors in immunocompromised mice and then treated with the MEKIi
trametinib (1mg/kg) for up to 32 days. Analysis of tumor growth over time demonstrated
that HDAC11 was required for the efficient growth of MP41 tumors (Figure 4A). It was
further noted that silencing of HDAC11 enhanced the anti-tumor effects of trametinib,
with little tumor growth being observed under therapy (Figure 4A). Immunohistochemical
analysis of the tumors at endpoint demonstrated that although the MEKIi alone significantly
reduced levels of cell proliferation (Ki67) and increased cell death (Caspase-3 cleavage)
(Fig 4B and 4C), these effects were more pronounced when HDAC11 was silenced. It thus
appeared that silencing of HDAC11 enhanced the therapeutic effects of MEKIi therapy /in
vivo models of uveal melanoma.

Discussion

Many cancers are dependent upon signaling through the mitogen-activated protein kinase
(MAPK) pathway for their growth and survival. This is typified by cutaneous melanoma
which has a high frequency of BRAFand NRAS mutations and seems to be uniquely
“addicted” to MEK/ERK signaling (27). Uveal melanoma is instead characterized by
mutations in the small G-proteins GNAQ and GNA11, which also drive signaling through
MAPK, as well as other pathways including PKC (6). In patients with metastatic uveal
melanoma, responses to MEK inhibitors are usually short-lived (28). In previous work, we
used multi-omics approaches to demonstrate that MEK inhibition led to a rapid increase in
signaling through AKT, G-protein coupled receptors (GPCRs) and YAP that was associated
with therapeutic escape (15). This adaptive signaling could be overcome through use of pan-
HDAC inhibitors, and there was evidence that the combination of a MEK and a pan-HDAC
inhibitor (Panobinostat) could overcome therapy escape - leading to prolonged responses in
mouse models of uveal melanoma liver metastasis (15).

Melanoma cells express multiple HDACs, and it is likely that each subserves different
functions. In BRAF~mutant cutaneous melanoma, BRAF inhibition (and other stresses)
upregulates expression and function of HDACS, which can drive therapy escape

through increased EGFR-mediated MAPK signaling (17). There is also evidence that
HDACS3 inhibition can suppress DNA-repair pathways in melanoma cells, increasing the
effectiveness of MAPK-targeted pathway inhibitors (29).
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Immunohistochemical studies of primary uveal melanoma have identified the expression

of multiple HDACs including HDACL, 2, 3, 4, 6 and sirtuin 2 (30). Another analysis of

64 uveal melanomas reported expression of HDACs 1, 3, 4 and 8 in high-risk UM. In

the current study, we identified HDAC11 as being upregulated following MEK inhibitor
treatment. Silencing of HDAC11 reduced global deacetylation in melanoma cells and
sensitized uveal melanoma cells to MEKi-induced cell death. HDAC11 is the smallest
known HDAC (39 kDa) and is the sole type IV HDAC (31). This enzyme is highly
conserved in organisms as diverse as plants and invertebrates (32). HDAC11 is expressed

in multiple organs including the heart, smooth muscle, kidneys and cells of the central
nervous system/neural crest and has multiple effects upon immune regulation and has been
implicated in the induction of CD4+ T-cell tolerance through the regulation of multiple
cytokines, including 1L-10 (33). There is evidence that HDAC11 plays a role in cell survival
and suppression of apoptosis with studies in neuroblastoma demonstrating that HDAC11
silencing increases apoptosis (34). In liver cancer, HDAC11 is known to negatively regulate
cell death by suppressing p53 expression (35).

There is emerging evidence that HDAC11 also regulates metabolism with recent studies
demonstrating that HDAC11-knockout mice are resistant to obesity (36). In cancer cells,
HDACL11 inhibits LKB1 expression, with studies showing that HDAC11 silencing leads
to increased AMPK expression and a decrease in glycolysis (26). Our studies supported
this and demonstrated that in some UM cell lines (such as Mel270) HDAC11 silencing
increased LKBL1 signaling and reduced rates of glycolysis. In addition to its effects upon
metabolism, the LKB1/AMPK axis can also directly suppress YAP/TAZ activity through
increased phosphorylation (37, 38). An additional layer of regulation occurs following
the phosphorylation of angiomotin-like 1 (ATMOL1) by AMPK leading to activation of
the LATS1/2 Hippo pathway kinases and the inhibition of YAP/TAZ (39). Recent work
demonstrated that AMPK is upregulated in Class 2, BAPZ mutant melanoma, perhaps
suggesting that metabolic reprogramming is required for UM metastasis (40).

It is worth noting that HDAC11 did not regulate AMPK/LKBL in all UM cell lines, or

even impact YAP/TAZ signaling, despite increasing sensitivity to MEKi treatment. Further
studies will be required to fully address the mechanisms by which HDAC11 upregulation
contributes to MEKi escape across the UM landscape. It is also of interest to determine
whether HDAC11-regulated transcriptional networks are specific to stresses associated with
MEK:i or represent a more conserved stress adaptation program in UM. In summary, we
have outlined a potential role for HDAC11 in the therapeutic adaptation of UM to MEK:i.

It is likely that use of HDAC11 inhibitors could be one potential strategy to improved
therapeutic responses to MEKi in metastatic UM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Treatment with a MEK inhibitor increases HDAC11 expression.
A)Multiple HDACs are expressed across UM cell lines. The UM cell lines OCM1, OCM3,

OCM8, OMM1, Mel270 and Mel 290 were probed for HDAC1, HDAC2, HDAC3, HDACS,
HDACS8, HDAC11, and GAPDH by Western Blot. B) HDAC1, HDAC2, HDAC3, HDACS,
HDACS, and HDAC11 expression levels are consistent across different classes of uveal
melanoma in patients. Single cell RNA-Seq was analyzed from a cohort of uveal patients
containing tumors from Class 1A, Class 1B PRAME+, Class 2 PRAME+ and Class 2
PRAME-. Shown are the gene expression levels of various HDACs. C) Treatment with a
MEK inhibitor increases HDAC11 levels and decreases histone acetylation in UM. 92.1,
OCML1, MP41 and Mel270 cells were treated a MEK:i (trametinib, 10 nM) for 4 or 8

hours. Cells were subsequently probed for HDAC1, HDAC2, HDAC6, HDAC8, HDAC11
and GAPDH by western blot and quantified using ImageJ. D) HDAC11 target genes were
significantly transcriptionally repressed after treatment with a MEK inhibitor. UM cells
were treated with trametinib (10 nM) for 72 hours and RNA-Seq was performed. Genes
identified to be transcriptionally repressed by HDAC11, including CDT1, E2F4, E2F5,
EGR1, MEFC, MYC, SERPINEZ2, and SHMT2, were compared between MEKi and vehicle
control populations.
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Figure 2: Silencing of HDAC11 increases sensitivity to MEK inhibition.
A) HDAC11 is knocked down in UM cell lines. shHDAC11, shCTRL, and basal uveal

melanoma cell lines were treated with a MEKi (trametinib, 10 nM) for 4 or 8 hours.

After treatment, the samples were probed for HDAC11 and vinculin expression by Western
Blot Protein and quantified using ImageJ.. B) Silencing of HDAC11 reduced protein
deacetylation. 92.1 and Mel270 cells transfected with shCTRL or shHDAC11 were treated
with trametinib (10nM) for 48 hours and assayed for total protein acetylation. C) Silencing
of HDACL11 increases MEKIi-induced apoptosis in UM. shHDAC11 and shCTRL containing
UM cell lines were treated with trametinib (30 nM) for 72 hours. Apoptosis was measured
using Annexin V/PI staining by flow cytometry. D) Silencing HDAC11 induces apoptosis
by caspase induced PARP cleavage. shHDAC11 and shCTRL containing UM cell lines were
treated with trametinib (30 nM) for 48 or 72 hours. Samples were subsequently probed for
cleaved PARP (cl-PARP) and vinculin expression followed by quantification with ImageJ.
E) Silencing of HDAC11 increases long term sensitivity upon cell death in UM. shCTRL
and shHDAC11 containing uveal melanoma cell lines were treated with trametinib (3 nM,
10 nM, or 30 nM) for 28 days. Colonies were stained with crystal violet and absorbance was
read at 590 nm. Significances in B), C) and E) were determined using one-way ANOVA
followed by post-hoc t-test with * = p<0.05, ** = p<0.01, *** = p<0.005, and # = p>0.05.
Experiments were repeated 3 times independently in triplicate.
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Figure 3: HDAC11 drives MEK inhibitor resistancein UM through upregulation of YAP/TAZ
signaling.

A%J Siler?cing of HDACL11 leads to decreased TAZ expression. shCTRL and shHDAC11
containing Mel270 cells were treated with a MEKIi (trametinib, 10 nM or 30 nM) for 48
hours. Cells were probed for YAP1, TAZ, and vinculin expression by Western Blot. B)
Silencing of HDAC11 decreases YAP/TAZ activity. shCTRL and shHDAC11 containing
Mel270 cells were treated with trametinib (10 nM or 30 nM) for 48 hours. YAP/TAZ
responsive 8xGTIIC-promoter activity was measured by luciferase assay. C) YAP/TAZ
targeted gene expression was decreased upon HDAC11 inhibition. shCTRL and shHDAC11
containing Mel270 cells were treated with trametinib (10 nM) for 48 hours. gRT-PCR was
performed on the YAP/TAZ targeted genes including YAP1, CTGF, AREG and CRY®61 and
normalized against Oh treatment. In B-C), significance was determined using a one-way
ANOVA followed by a post-hoc t-test with * = p<0.05, ** = p<0.01, ** = p<0.005, and #

= p>0.05. D) Silencing of HDAC11 activates LKB1. shCTRL and shHDAC11 containing
Mel270 cells were treated with trametinib (30 nM) for 0, 4 and 8 hours. Cells were probed
for pLKB1, LKB1, and vinculin expression by Western Blot followed by quantification with
ImageJ. E-F) Silencing of HDAC11 can decrease the rates of glycolysis under glycolytic
stress in uveal melanoma. Seahorse XF glycolysis stress test assay on MEL270 E) and
MP41 F). Figure shows one representative experiment out of two independent experiments
(2 biological replicates), visualizing 12 technical replicates within the experiment. Error
bars represent Standard Error of the Mean. Student’s t-test was performed on each of the

3 readings after oligomycin injection, representing the glycolytic reserve of each cell line.
**** = P<0.0001.
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Figure 4: Silencing of HDAC11 limits escape from MEKi therapy in uveal melanoma mouse
models.

A) shCTRL or shHDAC11 containing MP41 uveal melanoma cells (n=10 per treatment
group) were xenografted into CB17-Prdkc scid/j mice and tumors allowed to form before
being treated with MEK:i (trametinib, 1 mg/kg oral gavage, daily) or VC for 32 days. Data
show mean tumor volume +/— S.E. mean. B) Silencing HDAC11 decreases Ki67 expression
after trametinib treatment. Samples from A) were stained with Ki67 by IHC. Positively
stained cells for each treatment group were quantified (5 fields quantified per IHC sample).
C) Silencing HDAC11 increases cleaved caspase3 staining. Samples from A) were stained
with cleaved caspase 3 by IHC. Positively stained cells for each treatment group were
quantified (5 fields quantified per IHC sample). In A-C), significance was determined using
a student’s t-test with * = p<0.05, ** = p<0.01, *** = p<0.005, and # = p>0.05.
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