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Simple Summary  

Uveal melanoma (UM) is an ocular malignancy which is derived from melanocytes in the uveal 

tract. Epigenetic regulators such as Histone deacetylase enzymes (HDACs) are being tested as 

treatment of UM metastases. Expression of different HDACs is variable, and some are increased 

in high-risk tumours with loss of one chromosome 3. As this genetic abnormality is also associated 

with an inflammatory phenotype, we analysed whether HDAC expression was associated with 

inflammation. In two cohorts of UM cases, several HDACs showed a positive correlation with 

tumour-infiltrating leukocytes. Interferon-gamma stimulated expression of some HDACs on UM 

cell lines. These data suggest that cytokines produced by leukocytes may be responsible for the 

increased expression of some HDACs in UM with monosomy 3. 

Abstract 

In Uveal Melanoma (UM), an inflammatory phenotype is strongly associated with the 

development of metastases, and with chromosome 3/BAP1 expression loss. As expression of 

several Histone Deacetylases (HDACs) was associated with loss of chromosome 3, this suggested 

that HDAC expression might also be related to inflammation. We analysed HDAC expression and 

the presence of leukocytes by mRNA expression in two sets of UM and determined the T 

lymphocyte fraction through ddPCR. Four UM cell lines were treated with IFNɤ (50IU, 200IU). 

Quantitative PCR (qPCR) was used for mRNA measurement of HDACs in cultured cells. 

In both cohorts (Leiden and TCGA), a positive correlation occurred between the presence of a T 

cell infiltrate and expression of HDACs 1, 3, and 8, while a negative correlation was observed 

between macrophages and HDACs 2 and 11. After stimulation of UM cell lines with IFNɤ, a slight 

increase of HDACs 1, 4, 5, 7, and 8 occurred in two out of four UM cell lines. 

We conclude that the observed positive correlations between HDAC expression and chromosome 

3/BAP1 loss may be related to the presence of infiltrating T cells.  

Keywords: Uveal Melanoma, Inflammation, Metastasis, Chromosome 3, Histone deacetylase 
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1.  Introduction  

Histone Deacetylases (HDACs) are epigenetic enzymes which regulate gene expression primarily 

by modifying the chromatin structure through the removal of acetyl groups from histones, acting 

in balance with Histone Acetyl Transferases (HATs). Eighteen types of HDACs have been 

identified in man, classified into four classes: HDAC Class I includes HDACs 1, 2, 3, and 8, which 

are located in the nucleus, HDAC Class II includes HDACs 4, 5, 6, 7, 9, and 10, with both nuclear 

and cytoplasmic locations, HDAC Class III consists of sirtuins 1-7, and HDAC Class IV is made 

up by HDAC 11 [1, 2]. Several types of HDACs show overexpression in cancer cells, which has 

been associated with invasive behavior [3-5] and a poor clinical outcome, for instance in oral 

squamous cell carcinoma [6].  

Inhibitors of HDACs (HDACi) are being investigated as treatment of a wide range of 

malignancies, one of which is Uveal Melanoma (UM), which constitutes a rare ocular tumour 

arising from the uveal tract. It mainly involves the choroid but may also develop in the iris or 

ciliary body, and gives rise to metastases in 50% of cases [7]. Specific somatic mutations and 

chromosome aberrations in primary UM are associated with the risk of metastases: loss of one 

chromosome 3 (monosomy 3) and a mutation in the BRCA1-associated protein 1 (BAP1) gene on 

the other chromosome 3 are associated with a very high-risk of developing metastases [8, 9]. In a 

recent study, we described that high-risk UM showed an elevated expression of several HDACs, 

which was associated with monosomy 3 [10].  

It has been known for quite some time that monosomy 3 is related to an inflammatory phenotype, 

which is characterized by the presence of tumour-infiltrating lymphocytes (TILs), tumour-

associated macrophages (TAMs) and high expression levels of HLA Class I and HLA Class II [11-

15]. Infiltration of UM with immune cells is associated with an increased risk of metastasis [16- 

18]. Specific genetic abnormalities are associated with the development of inflammation in UM: 

extra copies of chromosome 8q are related to macrophage influx, while monosomy 3/BAP1 loss 

are also associated with the presence of lymphocytes [16, 19]. As differences in expression levels 

of HDACs were related to monosomy 3/BAP1 loss, we considered a relation between their 

expression and inflammation. 
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We set out to investigate the hypothesis that the variation in expression of HDACs is related to the 

inflammatory phenotype, due to the production of cytokines produced by the infiltrating 

leukocytes. We analyzed this by determining HDAC expression and the presence of an 

inflammatory phenotype in two cohorts of UM patients, and by treating four UM cell lines with 

IFNɤ. 

2.    Materials and Methods  

2.1. Study samples 

The studied tumours came from 64 eyes that underwent an enucleation for UM at the Leiden 

University Medical Center (LUMC), Leiden, The Netherlands, between 1999 and 2008. In this 

group, 51% of the patients were male and 49% female. Their mean age at the time of enucleation 

was 61 years. The mean follow-up time (defined as the time period between enucleation and death) 

was 83 months (range 2 to 229 months). Follow-up was updated in 2020. At the end of follow up, 

17 patients (27%) were alive, 37 patients (58%) had died because of metastases, four (6%) had 

died because of other causes, while for six patients (9%) the cause of death was unknown.  

MRNA levels of patients included in the TCGA database were investigated for validation of our 

results (n=80) [18]. 

This work has been carried out in accordance with the Code of Ethics of the World Medical 

Association (Declaration of Helsinki). The project was approved by the LUMC Biobank 

committee and the LUMC METC committee (19/10/2016, code G16.076/NV/gk). 

2.2. Chromosome analysis 

Tumour DNA was isolated using the QIAmp DNA Mini kit (Qiagen, Venlo, The Netherlands). 

Single-nucleotide polymorphism (SNP) analysis was performed using an Affymetrix 250K_NSP 

or Affymetrix SNP 6.0 array to detect chromosome 3 loss [20]. Additional copies of chromosome 

8q were detected by Affymetrix SNP 6.0 array and analysed using the GISTIC 2.0 algorithm [19]. 
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2.3. Tumour gene expression 

RNA was isolated using the RNeasy mini kit (Qiagen, Venlo, The Netherlands). Gene expression 

levels were determined using an Illumina HT12v4 array (Illumina, Inc., San Diego, CA, USA) and 

data were obtained for expression of epigenetic regulators (HDAC1, HDAC2, HDAC3, HDAC4, 

HDAC6, HDAC7, HDAC8, HDAC9, and HDAC11) and infiltrate markers (CD3E, CD8A and 

CD68). Information regarding the Illumina probe numbers and gene expression levels has been 

published [10]. 

2.4. Droplet Digital PCR (ddPCR) 

Droplet digital PCR (ddPCR) was used in order to measure the T cell fraction as previously 

described [21, 22], applying a specifically-designed probe directed at a locus of the TCR-β gene. 

2.5. Cell lines and cell culture 

Four UM Cell lines were used in this study: the OMM1 cell line was previously established by Dr 

G.P.M. Luyten (LUMC, Leiden, The Netherlands) [23]. OMM2.5 was a gift from Dr B.R. Ksander 

(Schepens Eye Re-search Institute, Boston, MA, USA) [24]. Both are BAP1-positive and cultured 

in Roswell Park Memorial Insti-tute Medium 1640 (RPMI) Dutch modified media (Life 

Technologies, Europe bv, Bleiswijk, The Netherlands) supplemented with 10% fetal bovine serum 

(FBS) (Greiner Bio-one, Alphen a/d Rijn, The Netherlands), 1% GlutaMAX and 1% penicillin/ 

streptomycin (Life Technologies).  

Two BAP1-negative UM cell lines (MP46 and MP38) were provided by the Curie Institute, Paris, 

France [25] and cultured in Iscove’s modified Dulbecco medium (IMDM) (Life Technologies), 

supplemented with 20% FBS (Greiner Bio-one) and 1% penicillin/streptomycin (Life 

Technologies). 

2.6. Quantitative RealTime Polymerase Chain Reaction (qPCR) 

The procedure for RNA isolation and quantitative real-time polymerase chain reaction (qPCR) has 

been described previously [26]. In summary, total RNA was extracted from cells using an RNeasy 

Mini Kit (Qiagen Benelux B.V., Venlo, The Netherlands).  
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The IScript cDNA synthesis kit (Bio-Rad Laboratories B.V., Veenendaal, The Netherlands) was 

used for complementary cDNA synthesis according to the manufacturer’s instructions. 

Quantitative real-time polymerase chain reaction (qPCR) was performed in three independent 

experiments using the CFX-384 machine (Bio-Rad), with triplicates. Data were analysed using 

CFX manager 3.1 (Bio-Rad). CT values of genes of interest were normalized against the geometric 

mean of housekeeping genes RPS11 and CAPNS1. The sequences of primers used in the study are 

shown in Table 1. 

Table 1. Sequences of primers used in the qPCR test. 

 

 

 

 

 

 

 
 

2.7. Statistics 

Data were analyzed with SPSS software version 22.0 (SPSS, nc., Chicago, Il, USA). Spearman 

correlation was performed in order to test correlations between non-parametric data. Pearson’s chi 

square test was used for categorical data analysis. Graphs were obtained using GraphPad Prism 

version 5.0 for Windows (GraphPad Software, La Jolla, CA, USA). An Independent t test was 

used to compare qPCR data. 

3.        Results 

3.1. HDAC expression is related to clinical and genetic tumour characteristics 

When we looked at the mRNA levels of the different HDACs, we noticed a moderate variable 

expression in the Leiden cohort (Figure 1A) as well as in the TCGA panel (Figure 1B).  

Primers  Forward  Reverse 
 
HDAC1 

 
5'- CATCGCTGTGAATTGGGCTG 

 
5'- CCCTCTGGTGATACTTTAGCAGT 

HDAC2  5'- CATGGCGTACAGTCAAGGAG 5'ATAATTTCCAATATCACCGTCGTAG 
HDAC3  5'- AGTTCTGCTCGCGTTACACA 5'- CCGAGGGTGGTACCTCAAAC 
HDAC4  5'- TGGGAGTTTGGAGCTCGTTG 5'- AGTCCATCTGGATGGCTTTGGG 
HDAC5  5'TGGTCTACGACACGTTCATGCT 5'- TCAGGGTGCACGTGTGTGTT 
HDAC6  5'-GGAGAATCAGATCGCAACCGC 5'- ACTGGGGGTTCTGCCTACTT 
HDAC7  5'- GACAAGAGCAAGCGAAGTGC 5'- GAGGTGTGGGGACACTGTAG 
HDAC8  5'- CCAAGAGGGCGATGATGATC 5'- GTGGCTGGGCAGTCATAACC 
HDAC9  5'- GAGGACGAGAAAGGGCAGTG 5'- GTACCAGAGCTTGGGATGGC 
HDAC11  5'- TGTCTACAACCGCCACATCT 5'- GGTGCCTGCATTGTATACC 
RPS11  5'- AAGCAGCCGACCATCTTTCA 5'- CGGGAGCTTCTCCTTGCC 
CAPNS1  5'ATGGTTTTGGCATTGACACATG 5'- GCTTGCCTGTGGTGTCGC 
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We already knew that expression of some of the HDACs was related to the tumour’s chromosome 

3 status, but now also investigated the possible association between HDACs and other high-risk 

tumour characteristics, such as cell type, tumour location (involvement of the ciliary body), tumour 

size (indicated as cTNM stage), BAP1 expression as determined by immunohistochemical staining 

in the Leiden cohort of 64 cases as well as in the TCGA cohort (mRNA expression) of 80 cases. 

Increased expression of HDACs 1 and 8 was associated with the presence of epithelioid cells (p= 

0.002 and p = 0.005), increased HDAC4 expression was associated with ciliary body involvement 

(p = 0.04) and high cTNM stage (p = 0.04). Expression of HDACs 1, 4, and 8 was higher in 

tumours with monosomy 3 (p = 0.002, p = 0.01, and p < 0.001, respectively), while HDAC11 

showed a lower expression in cases with monosomy 3 (p < 0.001). Increased expression of HDAC4 

and HDAC8 was associated with loss of BAP1 (p = 0.004, p = 0.001 respectively), while the 

opposite relation was observed for HDAC11 (p = 0.004) (Table 2). When we looked at disomy 3 

tumours only, HDAC4 and HDAC7 were associated with chromosome 8q gain (p = 0.01, p = 

0.007). As expected, when we looked at the TCGA cohort, HDACs 4 and 8 but also HDAC3 

showed a negative correlation with the BAP1 mRNA expression level (p < 0.001, p < 0.001, p = 

0.02), while HDACs 6 and 11 (p < 0.001, p < 0.001) showed a positive correlation (Supplementary 

Table 1). 
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3.2. HDACs and relation with infiltrating leukocytes 

As already observed [10] and confirmed (Table 2), expression levels of some of the HDACs were 

related to the tumour’s chromosome 3/BAP1 status [10]. As monosomy 3 is associated with the 

presence of an inflammatory phenotype, we speculated that the epigenetic enzymes might be 

upregulated due to the presence of infiltrating leukocytes which produce cytokines that stimulate 

HDAC expression. We set out to test this hypothesis (Table 3).  

Expression of HDACs 1, 3, 7, and 8 was positively correlated with the expression of the T cell 

markers CD3E and CD8A, while these correlations were negative for HDAC11. HDAC2 and 11 

were inversely correlated with macrophage marker CD68 (p < 0.001, p = 0.001). 
When performing the same analysis using the TCGA cohort, the results showed that HDACs 1, 3, 

and 8 were (again) positively correlated with to the presence of CD3E and CD8A TILs, while 

HDACs 2 and 11 were (again) negatively correlated with CD3E (p = 0.003, p = 0.002), and 

HDAC2 and HDAC9 with CD68 (p < 0.001, p < 0.001) (Table 4). 

Table 3. Correlation between mRNA expression levels (determined by Illumina array) of different HDACs 
and expression of TILs (CD3E and CD8A) and TAMs (CD68) in the LUMC cohort (n=64). R = two-tailed 
Spearman correlation coefficient. p ≤0.05 is considered significant (indicated in bold). 

Table 4. Correlation between mRNA expression levels of different HDACs and expression of TILs (CD3E 
and CD8A) and TAMs (CD68) in the TCGA cohort (n=80). R = two-tailed Spearman correlation 
coefficient. p ≤0.05 is considered significant (indicated in bold). 

CD3E  CD8A  CD68 
R  p  R  p  R  p 

HDAC1  .340 .006  .407 .001  .082 .52 
HDAC2  -.197 .12 -.153 .23 -.430 < 0.001 
HDAC3  .256 .04  .315 .01  .129 .31 
HDAC4  .074 .56 .217 .08 .029 .82 
HDAC6  -.109 .39 -.228 .07 .017 .89 
HDAC7   .329 .01  .395 .001  .260 .04 
HDAC8  .350 .005  .429 < 0.001  .241 .05 
HDAC9  -.136 .28 -.168 .18 -.034 .79 
HDAC11  -.259 .04  -.254 .04  -.415 .001 

CD3E  CD8A  CD68 
R  p  R  p  R   p 

HDAC1  .409 < 0.001  .446 < 0.001  -.124 .27 
HDAC2  -.329 .003  -.143 .20 -.445 < 0.001 
HDAC3  .323 .003  .373 .001  .201 .07 
HDAC4  .076 .50 .229 .04  .076 .50 
HDAC6  -.211 .06 -.270 .01  .074 .51 
HDAC7  .003 .98 -.089 .43 .060 .59 
HDAC8  .364 .001  .478 < 0.001  -.202 .07 
HDAC9  -.098 .39 .020 .86 -.396 < 0.001 
HDAC11  -.339 .002  -.452 < 0.001 -.169 .13 
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In order to obtain the real percentage of T cells as part of the tumour, we used a ddPCR technique 

to quantify the T cell infiltrate (Supplementary Table 2). A comparison of the T cell fraction versus 

the expression of HDACs 1, 4, 8, and 11 is provided in Figure 2. Significant positive correlations 

were observed between T cell fraction and HDACs 1, 3, and 8, and a negative correlation with 

HDACs 6 and 11. 

Figure 2. Correlations between mRNA expression levels (determined by Illumina array) of different 
HDACs and T cell fraction (%) (Determined by ddPCR) (n=59). HDAC1 R2 = 0.124, p = 0.002, HDAC4 
R2 = 0.019, p = 0.13, HDAC8 R2 = 0.071, p = 0.01, HDAC11 R2 = 0.160, p = 0.005.

3.3. HDAC expression in UM cell lines 

The correlation between some infiltrate markers and expression levels of HDACs 1, 3, 4, 6, and 8 

�����������������������������������������������������������������������������������������������;������

may be due to the production of cytokines such as interferon ɤ (IFNɤ).  
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To test this option, we looked at the level of expression of a range of HDACs in four UM cell lines 

and exposed them to two different doses of IFNɤ for 48 hrs (Figure 3). HLA-A and HLA-B mRNA 

levels were measured as positive controls, and show a strong response to IFNɤ exposure 

(Supplementary Figure 1). 

We observed low levels of HDACs 3, 6, and 7 in all cell lines, with slightly higher levels of HDACs 

8 and 11. IFNɤ induced a slight but significant increase in HDACs 1, 4, 5, 7, and 8 in cell lines 

OMM2.5 and MP38 cell lines, and of HDAC11 in MP38. No significant changes were observed 

in cell lines OMM1 and MP46. 

4. Discussion 

Previously, we reported that expression of several HDACs was increased in high-risk UM with 

monosomy 3/loss of BAP1 and gain of 8q [10]. However, we observed variation in expression of 

several HDACs. As we wanted to get a better insight into the cause of this variable expression, we 

determined whether expression was related to any specific histological or genetic tumour 

characteristics. For this, we first used the set of 64 primary UM from Leiden which had been 

analysed for their chromosome 3 and 8q status, their BAP1 staining and their mRNA expression 

levels. Expression levels of two HDACs (1 and 8) were higher in case of epithelioid cells, and 

three HDACs (1, 4, 8) were increased in tumours with monosomy 3, an indicator of bad prognosis 

in this di�����;� �����nosomy 3 is related to the presence of an inflammatory phenotype with 

increased levels of HLA Class I expression and the presence of TIL and TAM, we considered the 

option that the inflammatory microenvironment may be responsible for the upregulation of 

HDACs in UM. In the Leiden cohort, we observed that four of the HDACs (HDACs 1, 3, 7, and 

8) showed a positive correlation between expression levels and TIL, while this was the case for 

three of the HDACs in the TCGA study (HDACs 1, 3, and 8). HDAC11 showed a consistently 

negative association with TIL as well as TAM. In order to test our hypothesis that the presence of 

infiltrating leukocytes led to HDAC expression through the production of cytokines, we treated 

four UM cell lines (two BAP1 positive ones: OMM1 and OMM2.5, and two BAP1-negative ones: 

MP46 and MP38) with two different doses of IFNɤ, an inflammatory cytokine normally expressed 

by immune cells such as CD8. After 48hrs we found that IFNɤ led to some induction of HDAC 

expression in two out of four treated cell lines (OMM2.5 and MP38).
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This suggests a potential difference in the regulation of HDACs between individuals in response 

to IFNɤ. HDACs contribute towards malignancy: they block the activity of cell cycle inhibitors, 

inhibit differentiation and apoptosis and thereby enhance uncontrolled proliferation and survival 

of cancer cells.  HDAC expression might be related to invasive and stem cell behavior of UM 

cells: a change in epigenetic regulation has been proposed by Landreville in 2012, who noticed 

that loss of melanocytic behavior and a shift toward stem cell behavior occurred during BAP1 

�����������������;����������������������������������������������������������������������������������

However, we did not notice a basic difference in expression between the BAP1-positive and 

BAP1-negative cell lines. Beside their role in the induction of malignancy and invasive behavior, 

HDACs are also involved in inflammatory processes: HDACs could act as inducers of interferon-

stimulated genes: inhibition of HDACs by trichostatin inhibited the recruitment of RNA poly II 

and expression of the ISRE element-containing genes ISG54, ISG15, and ISG56 in primary human 

�����������;������������������������������������������������������������������������������������

a potential regulator for inflammatory processes [28].  

We may be dealing with a circular process, in which cytokines stimulate expression of some 

HDACs, which subsequently stimulate inflammatory cellular pathways. As we saw a negative 

association between HDAC2 and the presence of macrophages, some HDACs may have a similar 

negative immunomodulatory effect.  

We previously reported that HDACs are associated with HLA expression, which is part of the 

inflammatory phenotype in UM: mRNA expression of HDACs (1, 4, and 8) was positively 

associated with HLA-A and HLA-B expression [10]. When we now look at the relations with 

����������������������������������������������������������������������������������������and 

HDACs 2 and 11 a strong negative association. HDAC1 is involved in the expression of type I 

IFN-responding genes: when cells were treated with the HDAC inhibitor Sodium Butyrate, 

expression of interferon-��������������������������������������������������������;��������������

HDAC1 by siRNA reduced the mRNA level of ISG54 [29].  

HDAC8 has been shown to have increased enzymatic activity and play a pathogenic role in 

����������������;��������������������������������������������������������������������������

the level of HDAC8 protein expression was significantly increased in the lungs, together with high  
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numbers of CD68 and CD163 macrophages, while treatment with the specific HDAC8 inhibitor 

PCI-34051 reduced these effects. The study reported a role for HDAC8 and Galectin-3 for the 

development of inflammatory macrophages [30]. Another study found that the use of PCI-34051 

downregulated inflammatory cytokines in peripheral blood mononuclear cells (IL-18, IL-1β, MIP-

1b, MCP-1, TNFa, and IL-6) [31]. These reports demonstrate a role for HDAC8 in the induction 

of inflammation.  

HDAC2 and HDAC11 showed a negative correlation with markers of inflammation such as the 

presence of lymphocytes and macrophages, both in the Leiden cohort as well as the TCGA cohort. 

In a study on human cervical cancer cell lines, HDAC2 was found to inhibit transcription of MHC 

genes, which are associated with the inflammatory phenotype in UM [32]. HDAC2 has been 

studied extensively in relation to pulmonary inflammation: HDAC2 mRNA and protein expression 

were reduced in lung epithelial cells and macrophages after exposure to hypoxia [33]. We have 

previously shown that high-risk UM are characterized by a hypoxic environment [34]. It has been 

similarly shown that HDAC11 has a low expression in high-risk UM [35, 10]. The best explanation 

for this phenomenon is that HDAC11 is located on chromosome 3 and expression is decreased 

after loss of one of the two chromosomes 3. We previously published that monosomy 3 is 

associated with tumour inflammation: here, we observe a negative correlation between HDAC11 

expression and inflammatory TIL and TAM markers. However, a low HDAC11 level may still 

contribute to the invasiveness of malignant cells: low levels of this HDAC have been reported to 

increase the risk of metastasis in breast cancer [36]. The expression of some of the HDACs not 

only shows a correlation with infiltrating lymphocytes, but has also been shown to associate with 

immune checkpoint expression, suggesting a possible role for these HDACs in the immune evasion 

of tumour cells: high levels of HDACs 1, 3, 6, and 8 were positively correlated with expression of 

the B7 homolog 1 checkpoint inhibitor (B7-H1) in gastric cancer. When gastric cell lines were 

treated with the HDAC inhibitor vorinostat after IFNɤ induction, B7-H1 was reduced, showing 

that HDACs play a role in the IFNɤ enhancement of B7-H1 in gastric cancer and are involved in 

the evasion phenotype of these malignant cells [37]. 
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5. Conclusion 

We report that expression of several HDACs is related to high-risk characteristics in UM and to 

inflammation, and is possibly regulated by inflammatory cytokines produced by the infiltrated 

immune cells. The upregulation of HDACs might contribute towards the progression of 

inflammation and subsequently increase the malignant behavior in this disease. 
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Supplementary Table 1. Correlation between mRNA expression levels (determined by Illumina array) of 
different HDACs and expression of BAP1 in the TCGA cohort (n=80). R = two-tailed Spearman correlation 
coefficient. p ≤0.05 is considered significant, and indicated in bold. 

 

 

 

 

 

 

 

 

 

Supplementary Table 2. Correlation between mRNA expression levels (determined by Illumina array) of 
different HDACs and T cell fraction (%) as determined by ddPCR (n=59). R = two-tailed Spearman 
correlation coefficient. p ≤0.05 is considered significant, and indicated in bold 

 

 

 

 

 

 

 

 

 

 

 

   BAP1 
   R  p 

HDAC1  -.201 .07 
HDAC2  -.010 .93 
HDAC3  -.268 .02 
HDAC4  -.625 <0.001 
HDAC6  .427 <0.001 
HDAC7   -.022 .84 
HDAC8  -.560 <0.001 
HDAC9  -.069 -.069 
 HDAC11  .739 <0.001 

   T cell fraction 
   R  p 

HDAC1  .399 .002 
HDAC2  -.232 .08 
HDAC3  .319 .01 
HDAC4  .200 .13 
HDAC6  -.314 .02 
HDAC7   .183 .16 
HDAC8  .357 .01 
HDAC9  -.122 .36 

HDAC11  -.363 .005 
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Supplementary Figure 1: Influence of adding IFNɤ on HLA-A and HLA-B mRNA expression on cultured 
UM cell lines. * p ≤ 0.05, ** p < 0.01, *** p < 0.001. 
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