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Abstract: Background: Cyclin-dependent kinase 8 (CKDS8) is a component of the mediator
complex, which regulates the gene transcription of nearly all RNA polymerase II-dependent genes.
It is known to be overexpressed in more aggressive cutaneous melanomas, but no data exist for its
uveal counterpart. Methods: Retrospective study on human UM tissue, performing CDKS8
immunostaining (n=19). For analysis, a scale of 0-3 staining intensity was used along with an
extent score, the percentage of positively staining cells (0-100%), and the confirmed pathological
stages. Results: No significant change was seen in the CDKS staining patterns between the
different pathologic stages, but there was a trend of higher pathological stage showing lower
(P=0.06). CDK38

immunoreactivity was associated with a trend for higher grade UM, highlighting the possible

staining intensity score between the stages Conclusions: Lower

tumor suppressor role of CDK8 in UM advancement.

Keywords: Uveal melanoma; Ocular melanoma; Cyclin-dependent kinase 8 immunoexpression;

Ocular oncology

1. Introduction

Uveal melanoma (UM) is a malignant entity of the choroid, ciliary body, or iris with
the choroid being the most common location. UM is a relatively rare cancer with
5-6 cases per 1 million people per year in the United States, with a predilection for
white adults with a mean age of 60 years[l]. The prognosis of UM is poor even after
surgery, with liver metastasis occurring in approximately 50% of patients up to
10-15 years later™. Of patients diagnosed with primary UM approximately 20-30%
die of systemic metastases within 5 years of diagnosis and 45% die within 15 yearsB].
Genetic etiologies related to the development of UM include mutations in breast
cancer gene 1-associated protein 1 (BAP1), guanine nucleotide-binding protein G(q)
subunit alpha gene (GNAQ) and Guanine nucleotide-binding protein subunit alpha-11
gene (GNAT11), besides others!"*. Monosomy 3 is frequently correlated with high
metastatic risk”.

MacroH2A expression has been shown to have an inverse relationship with
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cyclin-dependent kinase 8 (CDKS8) in cutaneous
melanomal®. CDKS8 is a coactivator in the mediator
complex involved in gene transcription regulation of
many RNA polymerase II-dependent genes. It is not
directly involved with the cell cycle, however, it
indirectly acts to regulate it. Increased CDKS8 expression
has been associated with various malignancies including
breast cancer, colon cancer, acute myeloid leukemia, and
myeloproliferative neoplasmsm. Cutaneous melanomas
have been shown to have decreased levels of macroH2A,
and overexpression of CDKS, which is believed to be
important in tumor progression. Conversely, in the eye,
UM tumors with increased malignancy and progression
have overexpression of macroH2A with an unknown
expression of CDK8"!.

This study aims to quantify CDKS8 immunoreactivity
in human UM tumor tissues of different pathological
stages to elucidate the role of CDKS in the pathogenesis
of melanoma, and to possibly offer a new therapeutic

target for the disease.

2. Data and methods
2.1. Patient Selection

A retrospective study was performed on 19 UM tumor
tissues. All the samples were from enucleations, with
patients not eligible for radiotherapy by local therapeutic
guidelines[g]. The Institutional Review Board Committee

ruled that approval was not required for this study.
2.2. Study Design

The cases were retrieved from the archives of the
Linda

University, and the California Tumor Tissue Registry.

Anatomic  Pathology Department, Loma
Several cases were excluded from the study because
they either: did not have representative tumor tissue,
were incompletely excised, or pre-operatively treated.
Paraffin-embedded UM tissue blocks were retrieved
from Loma Linda University Medical Center from 2009
to 2020, and from the California Tumor Tissue Registry
from 1972 to 1974. No written informed consent was

required because of the retrospective nature of the study.

2.3. Histology

Four um paraffin-embedded tissue sections were used in

our study. We made one hematoxylin and eosin (H&E)

and one CDK8 immunostained slide from each block.
Human colorectal adenocarcinoma tissue (4 pm,
paraffin-embedded sections) served as positive controls
for our CDKS staining. The H&E staining was
(Richard-Allan

Kalamazoo, MI, USA). For our immunohistochemical

performed by hand Scientific,
study, the slides were stained in the Leica Bond III
(Leica Biosystems, Vista, CA, USA) automated stainer
using the following: anti-CDKS8 antibody (Abcam,
Cambridge, USA; rabbit polyclonal, ab124218; 1:500),
BOND epitope retrieval solution 1 (Leica Biosystems,
Vista, CA, USA), rabbit secondary antibody (Leica
Biosystems, Vista, CA, USA), red chromogen (Leica
Biosystems, Vista, CA, USA) with a pH of 6.0 setup for

the heat-induced epitope retrieval stage.

2.4. Analysis

The tumor location and size were evaluated by
ophthalmoscopy and ultrasonography. The tumors were
staged using the American Joint Commission on Cancer
TNM Classification of tumors of the eye[w]. CDKS
immunopositivity was called positive if red chromogen
staining was visible in the nucleus. Human colorectal
adenocarcinoma tissue with pathological T stage 3
served as the positive control.

The H&E samples were used to re-assess morphology.
For immunostaining, the intensity of staining (IS) was
evaluated by light microscopy (Olympus, Center Valley,
PA, USA) using 100X objective, and counting 200
cells at least in each tumor tissue. We used two scoring
systems. In the first, we simply scored the nuclear
staining intensities as follows: 0=no staining; 1=weak,
2=moderate, 3=strong (background melanophage
cytoplasmic staining was not included). Our other
scoring system with extent score (ES) used five levels of
staining intensities, using the proportion of CDKS
positive nuclei/all nuclei as follows: <5% = 0; 5-30% =1;
31-50% =2; 51-75% =3; and >75% =4. Using these
scores, an intensity reactivity score (IRS) was calculated
by multiplication of the intensity of the staining (IS) and
the percentage of positive cells (IS x ES): when the IRS
was <6, CDKS expression was considered to be “low”
(L-IRS), while an IRS >6 was considered to be “high”
expression (H-IRS).
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The evaluation of immunohistochemical expression
of CDKS8 was performed separately by two pathologists
(J.C.K. and J.K.D.), who were blinded to the patient’s
identity, clinical data, and group identification.

2.5. Statistical analysis

The median age of the patient, tumor thickness, largest
diameter, location, extrascleral extension, and cell type
were compared between positive staining and negative
staining tumors using individual T-tests. The CDK8 IRS
scores were compared in between the different stages of
the disease (pT2, pT3, pT4), using two-way ANOVA.

Factors with a P-value <0.05 were considered significant.

3. Results
3.1. Patient Demographics

The patients were 7 females and 12 males with a mean
age of 65 years, with a range of 38-99 years. Of the 19
patients, 3 developed metastatic melanoma proven by a

combination of physical examination, computed
tomography, and hepatic ultrasound. However, many
patients were either lost to follow-up or continued their
care and screening outside of the Loma Linda University

Health Consortium system (Table 1).
3.2. Tumor cases

Thirteen melanoma tumors were found strictly in the
choroid, while 6 were found involving both the choroid
and the ciliary body. Extrascleral extension was found in 3
cases. Five cases were classified as epithelioid cell type, 2
cases as spindle cell type, and 12 cases as mixed cell type.

TNM staging in the 12 patients with positively
staining UM tumors were as follows: pT2 (1 case, 8.3%),
pT2a (1 case, 8.3%), pT2c (1 case, 8.3%), pT2d (1 case,
8.3%), pT3a (4 cases, 33.3%), pT3c (1 case, 8.3%),
pT3d (1 case, 8.3%), pT4 (1 case, 8.3%), and pT4e (1
case, 8.3%). TNM staging in the 7 patients with
negatively staining UM tumors were as follows: pT2 (1
case, 14.3%), pT2b (1 case, 14.3%), pT3a (1 case,
14.3%), pT4a (1 case, 14.3%), pT4b (2 cases, 28.6%),
and pT4e (1 case, 14.3%) (Table 1).

Table 1. Patient demographics, tumor parameters, CDK8 expression parameters in primary uveal melanoma,

including intensity of staining (IS), extent score (ES), intensity reactivity score (IRS), and low or high IRSs. Choroid
(Ch), Ciliary body (CB), Mixed (Mx), Epithelioid (Ep), Spindle (Sp), Metastasis (M), Extrascleral extension (EE).

Sex (}igfs) Location Th(ir;kr;l;' s DLizL%:tS::r ”Ey epi Pafl? g{[zgiecal IS ES IRS Lcl)l:vsor
(mm) High
F 38 Ch/CB 7 3 Mx pT2b 0 0 0 L
F 42 Ch 6 10 Ep pT2c 3 3 9 H
F 75 Ch 11 13 Mx pT3a 1 2 2 L
F 73 Ch/CB 6 10 Mx pT2d (M, EE) 1 3 3 L
F 60 Ch 9 11 Ep pT3a 0 0 0 L
M 81 Ch 7 12 Ep pT2a 3 3 9 H
M 99 Ch/CB 9 14 Mx pT4e (EE) 0 0 0 L
M 65 Ch 17 19 Ep pT4 1 2 2 L
M 83 Ch 11 12 Mx pT3a 1 1 1 L
M 76 Ch 8 14 Mx pT3a (M) 2 2 4 L
M 85 Ch 12 17 Sp pT3a 1 2 2 L
M 59 Ch 9 12 Mx pT2 0 0 0 L
M 62 Ch 13 18 Mx pT4e (EE) 1 2 2 L
F 59 Ch 8 10 Ep pT2 2 3 6 L
M 82 Ch/CB 9 20 Mx pT4b 0 0 0 L
M 62 Ch 22 20 Mx pT4a 0 0 0 L
M 45 Ch 4 12 Mx pT3c 1 1 1 L
F 64 Ch/CB 9 13 Mx pT3d M) 1 2 2 L
M 68 Ch/CB 20 16 Sp pT4b 0 4 0 L
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3.3. Immunohistochemistry

The control tissue stained with CDKS8 was colonic
mucosal epithelial cells with higher intensity in higher
stage colorectal adenocarcinomas. In the control, staining
was predominantly seen in the nucleus with occasional,
relatively milder staining in the cytoplasm. UM tumors
with increased pigmentation showed heavy, nonspecific

staining in melanophages. When intensity and extent

scores were evaluated, CDK8-staining melanophages were
not included. The UM tumor samples showed variable
CDKS& expression between different samples.

When the CDKS8 positively staining groups were
compared to the negatively staining groups, no significant
differences were seen between these two groups in median
age, location, largest diameter, tumor thickness, cell type,
and extrascleral extension (Table 2).

Table 2. Medians and ranges of patient demographics, tumor parameters, and CDKS intensity reactivity score.
Choroid (Ch), Ciliary body (CB), Mixed (Mx), Epithelioid (Ep), Spindle (Sp)

Largest
Sex Age Thickness Diameter Cell Extrascleral Pathological CDKS8
m-f (years) Location (mm) (mm) Type Extension T Stage IRS
Ep: 5 pT2: 6
All 65 Ch 13 9 13 Sp: 2 Yes: 3 pT3:7 2
(n=19) 12-7  (38-99) Ch/CB 6 (6-22) (3-20) Mx: 12 No: 16 pT4: 6 (0-9)
CDK8 Ep: 4 pT2: 4
Positive 69 Ch 10 9 12.5 Sp: 1 Yes: 2 pT3: 6 2
(n=12) 7-5  (42-81)  Ch/CB2 (6-12) (10-20) Mx:7 No: 10 pT4: 2 (1-9)
CDK8 Ep: 1 pT2:2
Negative 62 Ch4 13 16 Sp: 1 Yes: 1 pT3:1
n=7) 5-2 (38-99) Ch/CB 3 (7-22) (3-20) Mx: 5 No: 6 pT4: 4
P (CDK8
positive vs
negative) 0.69 0.062 0.387 0.87 0.8 >().99 0.06
In UM tumors, CDKS IS was intense/intermediate in without metastasis could not be included in our

4 cases (21.1%) and mild in 8 cases (42.1%), while in 7
(36.8%) cases no immunoreactivity was observed
(Figure 1).

ES was >50% in 4 cases (21.1%), 31-50% in 6 cases
(31.6%), 5-30% in 2 cases (10.5%). The interobserver
agreement was very high (Kappa = 0.894). Considering

the whole group (n = 19), the median CDKS8 value was 2:

H-IRS was observed in 2 (10.5%) melanomas and
L-IRS in 17 (89.5%).

Between pathological stage groups there was a
tendency for lower CDK8 IRS in the higher stages of the
disease (P=0.06) (Figure 1). Representative IHC images
are shown in Figure 2.

Only three cases of metastasis were identified due to
frequent change of providers and loss to follow-ups,

therefore the tumor staining pattern in patients with or

statistics.

Mean Intensity Reactivity Score (IRS)
vs Stage Groups

10

IRS

pT2 pT3 pT4
Stage groups
Figure 1. Mean intensity reactivity (MIR) score of each
pathologic stage group. Two-way ANOVA P-value=0.06.
Standard deviation (SD)
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Figure 2. 2A: 6 mm thick tumor staining positively for CDK8 (40 X). 2B. 4 mm thick tumor staining positively for CDK8 (40X). 2C. 20

mm thick tumor staining negatively (40 ). 2D. 22 mm thick tumor staining negatively (40 X) 2E. Positive control in colonic

adenocarcinoma (40 X) 2F. Negative control in colonic adenocarcinoma (40 X).

4. Discussion

In the CDKS

immunoreactivity in UM, variable protein expression

current  study, investigating
was seen in the individual cases studied. We found no
significant difference in the immunoreactivity with age,
tumor size, cell type or location; but there was a trend
(P=0.06) of decreased CDK8 immunoreactivity in the
higher stages of the disease. It is to note that UM is a
rare malignancy, making the histologic studies, such as

ours, somewhat limited due to the low number of cases

available. Our results indicate, however, that CDKS is
either not a significant factor in UM oncogenesis or that
it might have a tumor suppressor function. Of note, no
prognostic analysis could be done in our study due to
limited follow-up information available.

As previously mentioned, CDKS8 is a component of
the mediator complex, which is a general coactivator of
RNA polymerase II. The mediator complex is composed
of 30 subunits in humans''! with four structural modules:
the head and middle (together they form the core
mediator/ cMed) interact with the RNA polymerase II;

Cancer Plus | 2023, Volume 5, Issue 4
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the tail; and the CDKS kinase modules (CKM) — latter
containing CDKg!H*

the polymerase Il C-terminal repeat domain'" and other

, whereas CDKS8 phosphorylates

transcription factors having both positive and negative
effects on gene transcription[20'24].

Specifically, CDK8 is known to regulate DNA
synthesis and switching the cell cycle from G1 to S
phase[24]. Additionally, CDK8 modulates transcriptional
elongation cooperatively with positive transcription
elongation factor b™. These functions of CDKS8 are
found in physiological processes, with its elevated levels
being associated with tumorigenesis implicated in
cutaneous melanoma, myeloid neoplasms, pancreatic-,
colorectal-, and breast cancers' V. Also, CDK8 alters
cellular metabolism, helping tumorigenesis and tumor
progression[23’26].

To put the changes in CDKS8 expression in context of
other previously studied markers in UM, we discuss the
importance of BAP-1 and histone H2A in relation to this
disease. BAP-1 is known as a tumor suppressor that
encodes a deubiquitination enzyme, regulating several
besides  others,

key cellular pathways, and

deubiquitinates histone H2A, resulting mostly in
transcriptional  activation, with evidence of its
. . - . [27-32]
involvement  in  transcriptional  repression .

Consequently, BAP-1 regulates several physiological
processes, and it is important in carcinogenesis.
Importantly, a 2010 study from Harbour and co-workers
reported inactivating somatic mutations in the encoding
region of BAPI in approximately 84% of metastasizing
uveal melanomas, suggesting that the BAP/ functions as

334 1n addition, loss of

a tumor suppressor in uMt
BAP-1

increased risk of metastasis in UM. Interestingly, even a

immunoreactivity has been linked to an

focally decreased BAP-1 expression was associated with
a more invasive behavior within the UM tissue"*".
Interestingly, in cutaneous melanoma, loss of BAP-1 is

associated with a clinically and morphologically distinct

type of neoplasmBO].

H2A is part of the large histone family that includes
variants such macroH2A1 and macroH2A2, which can
chromatin

be associated with repression of

transcription[39’40]. The H2A variants, such as

macroH2A1 and macroH2A2 can replace the

H2A
transcription repression“”. Past studies have correlated

macroH2A2
[42-44]

conventional in  nucleosomes, resulting in

tumoral expression  with  clinical

pathological features , suggesting that it can act both
as an oncogene or a tumor suppressor, depending on the
type of tumor and on the degree of stemness %, As for
its oncogenic role, macroH2A’s downstream epigenetic
effects were studied by Kapoor and co-workers in a
murine skin melanoma cell line, who found that several
genes increased more than two-fold with the loss of
macroH2A, including Integrin alpha 4, CDKS8, and
Cited1"”. The same study group proved that an inverse
relationship existed between macroH2A2 and CDK8
mRNA levels*?. Supporting these results, melanoma
cells with overexpression of macroH2A were shown to
have increased levels of G2/M arrest leading to cell
death by apoptosis. The tumor-promoting function of
macroH2A loss was also shown to be mediated partially
through direct upregulation of CDKS, increasing
progression into mitosis without undergoing correct
DNA synthesism]. Kapoor et al. postulated that CDKS8
cutaneous melanoma by

induces progression in

enhancing cell growth and migration[46].

Conversely to cutaneous melanoma, it has been
demonstrated that macroH2A1 protein expression is
higher in more advanced UMl Similarly, the loss of
macroH2A1 was shown to inhibit UM cell proliferation
and aggressiveness[47]. In addition, macroH2A1 loss was
associated with impaired mitochondrial replication in
UM patients[m. It is possible therefore that increased
macroH2A in UM could alter tumor progression in a
different way than in its cutaneous counterpart, such as
via metabolic changes, or inhibition of cell cycle arrest
in a different way than seen in cutaneous melanoma.
Interestingly, the previously reported decreased BAP-1
expression in UM should decrease the deubiquitination
of H2A in UM, meaning that the increased H2A protein
expression may reflect increased amount, but
nonfunctional protein, or more likely, it can result in an
increased amount of functional H2A in UM, which
participates in tumorigenesis in a different way than
seen in cutanecous melanoma. This is still to be
elucidated.
in UM, if the same

Furthermore, regulatory
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mechanism is upheld between macroH2A and CDKS as
in cutaneous melanoma, it is hypothesized that the
CDKS levels would be decreased in more malignant
cases of uveal melanoma (Figure 3), which is in line
with our current findings.

ADVANCED MELANOMA

CUTANEOUS UVEAL
fmacroH2A —““>1CDK8  fmacroH2A —“““> | CDK8

Figure 3. Previous data suggest that in advanced cutaneous
melanomas, decreased macroH2A expression results in increased
cyclin-dependent kinase 8 expression. Based on our results and
previous data on macroH2A, the opposite is suggested, with
increased macroH2A expression resulting in decreased

cyclin-dependent kinase 8 expression.

Although CDKS8 can potentially participate in UM
tumorigenesis, it plays the role of a tumor suppressant in
advanced disease. This clearly shows a different way of
how UM is evolved and progresses compared to several
other tumors, such as cutaneous melanomas. It is likely
that in UM, similarly to endometrial carcinoma, CDKS
regulates tumorigenesis in a different way than in other
tumors, such as cutaneous melanomas. This can be on
the cell cycle regulation, cancer metabolism, or cancer
metastasis level, and can be due to different driver
mutations ~or  tumor  microenvironment  and
metabolism™>%. In support of this, an in vivo mouse
model showed that although CDKS$ loss by itself did not
result in tumorigenesis, it shortened the animals’
survival and increased the tumor size without tumor
initiation in the Apc”™ intestinal tumor model.
Interestingly, repressed EZH2 activity was associated
with the accelerated tumorigenesis in the latter model of
CDK3$ deletion, possibly by at least part via diminished

[-catenin signaling[ﬂ].

5. Conclusions

In conclusion, we found no significant difference in
CDKS8 immunoreactivity when compared the thickness,
largest diameter, cell type, or extrascleral extension in
our human UM tissue samples. There was, however, a
tendency of lower CDKS8 immunoreactivity in higher
stages of the tumor. This latter is in line with a previous

study, showing increased macroH2A in UM, which
usually has an inverse relationship with CDKS. The
prognostic value of CDKS8 could not be assessed in our
study due to loss of long-term follow-ups. Targeted
CDKS inhibition, however, might be a therapeutic
choice in the future in CDKS8 positive, less advanced
UMs.

Acknowledgments

Not applicable.

Funding

No external funding or other financial support received.
Conflict of interest

The authors declare they have no competing interests.
Author contributions

Conceptualization: DMR, EAWG

Methodology: DMR, EAWG, JCK

Formal analysis: DMR, EAWG

Writing — original draft: DMR, EAWG, AMR

Writing — review & editing: DMR, EAWG, CH, JCK,
JKD

Ethics approval and consent to participate
Not applicable.

Consent for publication

Not applicable.

Availability of data

All original data can be requested be the corresponding
author.

Further disclosure

None.
References

1. Kaliki S, Shields CL, 2017, Uveal melanoma: relatively rare
but deadly cancer. Eye (Lond), 31(2):241-257.
DOI: 10.1038/eye.2016.275

2. Collaborative Ocular Melanoma Study Group, 2001,
Assessment of metastatic disease status at death in 435
patients with large choroidal melanoma in the Collaborative
Ocular Melanoma Study (COMS): COMS report no. 15.
Arch Ophthalmol, 119(5):670-676.

Cancer Plus | 2023, Volume 5, Issue 4



Real DM, et al.

10.

11.

12.

13.

14.

DOI: 10.1001/ archopht.119.5.670

Singh AD, Turell ME, Topham AK, 2011, Uveal melanoma:
trends in incidence, treatment, and survival. Ophthalmology,
118(9):1881-1885.

DOI: 10.1016/j.0ophtha.2011.01.040

Silva-Rodriguez P, Fernandez-Diaz D, Bande M, et al., 2022,
GNAQ and GNA11 genes: A comprehensive review on
oncogenesis, prognosis and therapeutic opportunities in
uveal melanoma. Cancers (Basel), 14(13):3066.

DOI: 10.3390/cancers 14133066

Thomas S, Piitter C, Weber S, et al., 2012, Prognostic
significance of chromosome 3 alterations determined by
microsatellite analysis in uveal melanoma: A long-term
follow-up study. Br J Cancer, 106(6):1171-1176.

DOI: 10.1038/bjc.2012.54

Kapoor A, Goldberg MS, Cumberland LK, et al., 2010, The
macroH2A
through

histone  variant suppresses  melanoma

progression of CDKS.
468(7327):1105-1109.
DOI: 10.1038/nature09590

Menzl 1, Witalisz-Siepracka A, Sexl V, 2019, CDK8-Novel

regulation Nature,

Therapeutic ~ Opportunities.  Pharmaceuticals  (Basel),
12(2):92.

DOI: 10.3390/ph12020092

Salvatorelli L, Puzzo L, Bartoloni G, et al., 2019,

Immunoexpression of Macroh2a in Uveal Melanoma.
Applied Sciences, 9(16):3244.

DOT:https://doi.org/ 10.3390/app9163244

Choudhary MM, Triozzi PL, Singh AD, 2015, "Uveal
melanoma: evidence for adjuvant therapy. Int Ophthalmol
Clin, 55(1):45-51.

DOI: 10.1097/110.0000000000000057

Amin MB, Greene FL, Edge SB, et al., 2016, AJCC Cancer
Staging Manual. New York, NY: Springer.

Verger A, Monté D, Villeret V, 2019, Twenty years of
Mediator complex structural studies. Biochem Soc Trans,
47(1):399-410.

DOI: 10.1042/BST20180608

Asturias FJ, Jiang YW, Myers LC, et al., 1999, Conserved
structures of mediator and RNA polymerase II holoenzyme.
Science, 283(5404):985-987.

DOI: 10.1126/science

Dotson MR, Yuan CX, Roeder RG, et al., 2000, Structural
organization of yeast and mammalian mediator complexes.
Proc Natl Acad Sci U S A4, 97(26):14307-14310.

DOI: 10.1073/pnas.260489497

Borggrefe T, Davis R, Erdjument-Bromage H, et al., 2002,

15.

16.

17.

19.

20.

21.

22.

23.

24.

A complex of the Srb8, -9, -10, and -11 transcriptional
regulatory  proteins J Biol Chem,
277(46):44202-44207.

DOI: 10.1074/jbc.M207195200

Jeronimo C, Langelier MF, Bataille AR, ef al., 2016, Ail and
differently regulate
recruitment and function in vivo. Mol Cell, 64(3):455-466.
DOI: 10.1016/j.molcel.2016.09.002

Petrenko N, Jin Y, Wong KH, et al, 2016, Mediator
Undergoes a Compositional Change during Transcriptional
Activation. Mol Cell, 64(3):443-454.

DOI: 10.1016/j.molcel.2016.09.015

El Khattabi L, Zhao H, Kalchschmidt J, et al., 2019, A

pliable mediator acts as a functional rather than an

from yeast.

kinase modules core mediator

architectural bridge between promoters and enhancers. Cell,
178(5):1145-1158.20.

DOI: 10.1016/j.cell.2019.07.011

Fan X, Chou DM, Struhl K, 2006, Activator-specific
recruitment of Mediator in vivo. Nat Struct Mol Biol,
13(2):117-120.

DOI: 10.1038/nsmb1049

Hengartner CJ, Myer VE, Liao SM, et al., 1998, Temporal
regulation of RNA polymerase II by Srbl0 and Kin28
cyclin-dependent kinases. Mol Cell, 2(1):43-53.

DOI: 10.1016/s1097-2765(00)80112-4

Hirst M, Kobor MS, Kuriakose N, et al., 1999, GAL4 is
regulated by the RNA polymerase II holoenzyme-associated
cyclin-dependent protein kinase SRB10/CDKS8. Mol Cell,
3(5):673-678.

DOI: 10.1016/51097-2765(00)80360-3

Liu Y, Kung C, Fishburn J, er al, 2004, Two
cyclin-dependent kinases promote RNA polymerase II
transcription and formation of the scaffold complex. Mol
Cell Biol, 24(4):1721-1735.

DOI: 10.1128/MCB.24.4.1721-1735.2004

Rohde JR, Trinh J, Sadowski I, 2000, Multiple signals
regulate  GAL transcription in yeast. Mol Cell Biol,
20(11):3880-3886.

DOI: 10.1128/MCB.20.11.3880-3886.2000

Steinparzer I, Sedlyarov V, Rubin JD, et al., 2019,
to IFN-y
kinase-dependent pause release and mechanistically distinct
CDKS8 and CDK19 functions. Mol Cell, 76(3):485-499.¢8.
DOI: 10.1016/j.molcel.2019.07.034

Vincent O, Kuchin S, Hong SP, et al., 2001, Interaction of

Transcriptional responses require mediator

the Srb10 kinase with Sip4, a transcriptional activator of

gluconeogenic genes in Saccharomyces cerevisiae. Mol Cell

Cancer Plus, 2023 | Volume 5, Issue 4



Real DM, et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Biol, 21(17):5790-5796.

DOI: 10.1128/MCB.21.17.5790-5796.2001

Fant CB, Taatjes DJ, 2019, Regulatory functions of the
Mediator kinases CDK8 and CDKI19. Transcription,
10(2):76-90.

DOI: 10.1080/21541264.2018.1556915

Lapenna S, Giordano A, 2009, Cell cycle kinases as
therapeutic targets for cancer. Nat Rev Drug Discov,
8(7):547-566.

DOI: 10.1038/nrd2907

Ebmeier CC, Taatjes DJ, 2010, Activator-Mediator binding
regulates Mediator-cofactor interactions. Proc Natl Acad Sci
US A, 107(25):11283-11288.

DOI: 10.1073/pnas.0914215107

Czegle I, Gray AL, Wang M, et al., 2021, Mitochondria and
their relationship with common genetic abnormalities in
hematologic malignancies. Life (Basel), 11(12):1351.

DOI: 10.3390/life11121351

Scheuermann JC, de Ayala Alonso AG, Oktaba K, er al.,
2010, Histone H2A deubiquitinase activity of the Polycomb
repressive complex PR-DUB. Nature, 465(7295):243-247.
DOI: 10.1038/nature08966

Machida YJ, Machida Y, Vashisht AA, et al., 2009, The
deubiquitinating enzyme BAP1 regulates cell growth via
interaction with HCF-1. J Biol Chem, 284(49):34179-34188.
DOI: 10.1074/jbc.M109.046755

Zhou Y, Nelson AC, He Y, et al., 2021, Gene expression and
mutational profile in BAP-1 inactivated melanocytic lesions
of progressive malignancy from a patient with multiple
lesions. Genes (Basel), 13(1):10.

DOI: 10.3390/genes13010010

Belle JI, Nijnik A, 2014, H2A-DUBbing the mammalian
H2A
deubiquitinating enzymes in cell biology and physiology. Int
J Biochem Cell Biol, 50:161-74.

DOLI: 10.1016/j.biocel.2014.03.004

Barbour H, Daou S, Hendzel M, et al., 2020, Polycomb

group-mediated  histone

epigenome: expanding frontiers for histone

H2A monoubiquitination  in
epigenome regulation and nuclear processes. Nat Commun,
11(1):5947.

DOI: 10.1038/s41467-020-19722-9

Fursova NA, Turberfield AH, Blackledge NP, ef al., 2021,
BAP1 constrains pervasive H2AK119ubl to control the
transcriptional potential of the genome.
35(9-10):749-770.

DOI: 10.1101/gad.347005.120

Harbour JW, Onken MD, Roberson ED, et al., 2010,

Genes Dev,

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Frequent mutation of BAPI
melanomas. Science, 330(6009):1410-1413.

DOI: 10.1126/science.1194472

Szalai E, Wells JR, Ward L, et al., 2018, Uveal Melanoma
Nuclear BRCA1-Associated Protein-1 Immunoreactivity Is
an Indicator of Metastasis. Ophthalmology, 125(2):203-209.
DOI: 10.1016/j.0phtha.2017.07.018

Kalirai H, Dodson A, Fagqir S, et al., 2014, Lack of BAP1

protein expression in uveal melanoma is associated with

in metastasizing uveal

increased metastatic risk and has utility in routine
prognostic testing. BrJ Cancer, 111(7):1373-1380.

DOI: 10.1038/bjc.2014.417

van de Nes JA, Nelles J, Kreis S, et al., 2016, Comparing
of BAPI
chromosome 3 status, and BAP1 immunohistochemistry in
uveal melanoma. Am J Surg Pathol, 40(6):796-805.

DOI: 10.1097/PAS.0000000000000645

Stadlhammar G, See TRO, Phillips SS, ef al., 2019, Density

of PAS positive patterns in uveal melanoma: Correlation

the prognostic value mutation pattern,

with vasculogenic mimicry, gene expression class, BAP-1
expression, macrophage infiltration, and risk for metastasis.
Mol Vis, 25:502-516.

Herrspiegel C, See TRO, Mendoza PR, et al., 2020, Digital
morphometry of tumor nuclei correlates to BAP-1 status,
monosomy 3, gene expression class and survival in uveal
melanoma. Exp Eye Res, 193:107987.

DOI: 10.1016/j.exer.2020.107987

Costanzi C, Pehrson JR, 1998, Histone macroH2A1 is
concentrated in the inactive X chromosome of female
mammals. Nature, 393(6685):599-601.

Zhang R, Poustovoitov MV, Ye X, et al., 2005, Formation of
MacroH2A-containing senescence- associated
heterochromatin foci and senescence driven by ASFla and
HIRA. Dev Cell, 8(1):19-30.

DOI: 10.1016/j.devcel.2004.10.019

Atlas, Human Protein. MACROH2A1 protein expression
summary - The Human Protein Atlas. April 5, 2022.
https://www.proteinatlas.org/ENSG00000113648-H2AFY.

Borghesan M, Fusilli C, Rappa F, er al, 2016, DNA

Hypomethylation and Histone Variant macroH2Al
Synergistically ~ Attenuate =~ Chemotherapy-  Induced
Senescence to Promote Hepatocellular ~ Carcinoma

Progression. Cancer Res, 76(3):594-606.
DOI: 10.1158/0008-5472.CAN-15-1336
Park SJ, Shim JW, Park HS, et al., 2016, MacroH2A1
downregulation enhances the stem-like properties of bladder

cancer cells by transactivation of Lin28B. Oncogene,

Cancer Plus | 2023, Volume 5, Issue 4



Real DM, et al.

46.

47.

48.

35(10):1292-1301.

DOI: 10.1038/0nc.2015.18

Lo Re O, Vinciguerra M, 2017, Histone MacroH2A1: A
Chromatin Point of Intersection between Fasting,
Senescence and Cellular Regeneration. Genes (Basel),
8(12):367.

DOI: 10.3390/genes8120367

Lei S, Long J, Li J, 2014, MacroH2A suppresses the
proliferation of the B16 melanoma cell line. Mol Med Rep,
10(4):1845-1850.

DOI: 10.3892/mmr.2014.2482

Giallongo S, Di Rosa M, Caltabiano R, et al., 2020, Loss of
macroH2A1

reduces the aggressiveness of uveal melanoma cells. Aging

decreases mitochondrial metabolism and

49.

50.

51.

(Albany NY), 12(10):9745-9760.

DOI: 10.18632/aging.103241

Xu W, JiJY, 2011, Dysregulation of CDK8 and Cyclin C in
tumorigenesis. J Genet Genomics, 38(10):439-452.

DOI: 10.1016/j.jgg.2011.09.002

Gu W, Wang C, Li W, et al., 2013, Tumor-suppressive effects
of CDKS8 in Cell Cycle,
12(6):987-999.

DOI: 10.4161/ cc.24003

McCleland ML, Soukup TM, Liu SD, ef al., 2015, Cdk8

deletion in the Apc(Min) murine tumour model represses

endometrial cancer cells.

EZH2 activity and accelerates tumourigenesis. J Pathol,
237(4):508-519.
DOI: 10.1002/path.4596

Publisher’s note
Accscience Publishing remains neutral with regard to
jurisdictional claims in published maps and institutional

affiliations.

10

Cancer Plus, 2023 | Volume 5, Issue 4



