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The Mediator Complex plays key roles in activating gene transcription in eukaryotes. Mediator of RNA
polymerase Il transcription subunit 12 homolog (MED12) is a subunit of the Mediator Complex and regu-
lates the activity of the complex. MED12 is involved in a variety of cellular activities, and mutations in
MED12 gene impair MED12 activities and are associated with several diseases, including Opitz-Kaveggia
syndrome, Lujan syndrome, uterine leiomyomas and prostate cancer. This review will discuss the bio-
logical function of MED12 and the relationship between MED12 mutations and diseases.

In eukaryotes, transcription of mMRNAs
requires two sequential steps. First,
specific factors bind to DNA sequences
and recruit co-factors to modify his-
tone, which results in the relaxation of
the bound DNA. Secondly, a multiple-
protein complex named the Mediator
Complex associates with the DNA and
recruits transcription factors and RNA
polymerase Il (RNA Pol Il) to initiate
transcription (Malik and Roeder, 2010).
In higher eukaryotes, the Mediator
Complex is composed of at least 30
proteins (Bourbon, 2008), structurally
divided into three core modules that
are referred to as head, middle and tail.
The head and middle modules interact
directly with RNA Pol II, while the tail
module associates with many co-factors
to facilitate transcription. A kinase mod-
ule interacts with the Mediator Complex
to repress transcription (Knuesel et al.,
2009a). The kinase module, composed
of cyclin-dependent kinase 8 (CDKS8),
CycC, MED12 and MED13, binds to the
core complex and thus interferes with
the association of the Mediator Com-
plex with RNA Pol Il (EImlund et al.,
2006). MED12 is essential for assembly
of the kinase module and thus affects

the function of the Mediator Complex
(Knuesel et al., 2009b). Here we review
the biological functions of MED12, its
involvement in diseases and the under-
lying mechanisms.

THE BIOLOGICAL FUNCTIONS
OF MED12

MED12 is expressed in all eukaryotic
species. In mammals, its gene is lo-
cated on chromosome X (Kitano et al.,
2003). MED12 consists of 2212 amino
acids and is divided into four domains
from the N-terminus to C-terminus: the
leucine-rich domain (L), the leucine/
serine-rich domain (LS), the proline/glu-
tamine/leucine-rich domain (PQL) and
the Opa domain.

As a component of the kinase module,
MED12 can interact with G9a methyl-
transferase to induce histone methylation
and thereby represses gene transcrip-
tion (Ding et al., 2008). This function of
MED12 is considered as an additional
mechanism by which the kinase module
negatively regulates the activity of the
Mediator Complex.

MED12 interacts with different fac-
tors to regulate different biological activi-
ties. Transcriptional factor Nanog plays
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key roles in maintaining embryonic stem
cells in the pluripotent state. It either
activates or suppresses transcription
depending on the promoters and dif-
ferentiation states of cells. In embryonic
stem cells, MED12 associates with Na-
nog to regulate gene expression (Tutter
et al., 2009). MED12 also participates
in the Wnt signaling pathway. When the
pathway is activated, B-catenin is stabi-
lized in the cytoplasm and translocated
into the nucleus. It associates with MED12
to recruit the Mediator Complex to ac-
tivate down-stream gene expression
(Kim et al., 2006). In zebrafish neuronal
development, MED12 is found to be
important for the development of mono-
aminergic neurons and cranial sensory
ganglia. MED12 regulates Sox9-mediat-
ed transcription activation of zash1a and
lim1 (Wang et al., 2006). The function of
MED12 is not confined to the nucleus.
In the cytoplasm, MED12 associates
with the immature form of TGF-bR2 to
inhibit its glycosylation and thereby de-
creases TGF-bR2 levels at the plasma
membrane (Huang et al., 2012). Based
on these examples, one can tell that
MED12 is involved in a variety of cellu-
lar activities.
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THE RELATIONSHIP BETWEEN
MED12 MUTATIONS AND HUMAN
DISEASES

Mutations in MED12 gene affect its bio-
logical functions. In humans, MED12 mu-
tation may result in a variety of diseases,
such as Opitz-Kaveggia syndrome, Lujan
syndrome, uterine leiomyoma and pros-
tate cancer. The relationship between
MED12 mutations and human diseases
and the underlying mechanisms are re-
viewed below.

MED12 mutation and the X-linked
mental retardation

FG syndrome, also called Opitz-Kaveggia
syndrome, was first reported by Opitz-
Kaveggia in 1974 (Opitz and Kaveggia,
1974). It is an X chromosome-associated
genetic disease. The main characteris-
tics of the patients include short stature,
mental retardation, anal atresia, congen-
ital hypotonia, growth retardation in ex-
ercise capacity and part of corpus callo-
sum dysplasia. Because FG syndrome
shares common features with other
diseases and lacks definitive markers
for detection, it had been difficult to
confirm the diagnosis for a long time. In
2007, Risheg found that there are fre-
quent mutations in the twenty-first exon
of MED12 of FG syndrome patients,
which results in C2881T and R961W
mutations in the protein. Thereafter, the
relationship between FG syndrome and
mutations in MED12 was confirmed by
several other groups (Opitz and Kaveg-
gia, 1974; Risheg et al., 2007; Graham
et al., 2008; Graham et al., 2010). In
addition, Rump P and colleagues found
that three cousins suffering from FG
syndrome all bear a mutation (G958E)
in MED12, suggesting that the G958E
mutation may also cause FG syndrome
(Rump et al., 2011).

Lujan syndrome is a genetic neural
growth retardation syndrome, which
is characterized by being tall and thin,
giant head, high and narrow face,
maxillary dysplasia, hypotonia, mild to
moderate mental retardation, abnormal
behavior (such as hyperactivity, emo-
tional instability, shyness, aggressive-
ness or autism) and dysplasia of corpus
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callosum. Although Lujan syndrome can
be distinguished from Opitz-Kaveggia
syndrome by some features (such as
the height and head), there are many
shared clinical characteristics for these
two syndromes. It is thus difficult to ac-
curately distinguish between the two
diseases (Lacombe et al., 1993; Van
Buggenhout and Fryns, 2006). Recent
study found that Lujan syndrome is also
associated with mutations in MED12.
The mutations are in the twenty-second
exon (A3020G; N1007S), adjacent to
the mutation sites in the Opitz-Kaveggia
syndrome (Schwartz et al., 2007).

How these mutations in MED12
cause mental retardation is not fully un-
derstood. Nonetheless, recent studies
have provided some clues. Ding N et
al. identified a protein interaction net-
work involving MED12/Mediator, G9a
methyltransferase and the RE1 silenc-
ing transcription factor (REST). MED12
bridges REST to G9a-dependent his-
tone H3K9 dimethylation to suppress
neuronal genes in non-neuronal cells. Mu-
tations in MED12 found in FG and Lujan
syndromes disrupt the REST repres-
sor function, implicating that MED12-
associated mental retardation involves
impaired REST-dependent neuronal
gene regulation (Ding et al., 2008). Very
recently, Lai et al. reported that MED12
interacts with a special class of activat-
ing long noncoding RNA (ncRNA-a) to
regulate target gene expression. The
Mediator complex containing mutant
MED12 proteins found in the FG syn-
drome fails to interact with ncRNA-a.
These results suggest that the loss of
Mediator-ncRNA-a interactions may con-
tribute to FG syndrome (Lai et al., 2013).

MED12 mutations and uterine
leiomyoma

Uterine leiomyoma is a common be-
nign tumor of the female reproductive
system, caused by hyperplasia of the
uterine smooth muscle and a small
portion of connective tissue. Uterine
leiomyoma displays a high incidence in
reproductive age, and sixty-percent of
the disease occurrs in women at around
age 45 (Okolo, 2008; Selo-Ojeme et al.,

2008). Patients suffering from myoma of
uterus usually have no symptoms. Se-
vere patients may feel abdominal pain,
menstrual disorder, hypermenorrhea
and secondary anemia. Enlargement
of myoma can cause urinary urgency,
constipation and oppressive symp-
tom. Myomatous anaplasia can also
cause infertility (Stewart, 2001). Uterine
leiomyoma can be attributed to many
reasons, such as hormone disorders,
early menopause and harmful genetic
and psychological factors. However,
the molecular mechanism for uterine
leiomyoma is not clear yet. It has been
reported that in patients suffering from
uterine leiomyoma, MED12 mutations
are found in stem cells, which leads to
unlimited growth and tumor. The muta-
tion sites in MED12 are located in the
second exon (Makinen et al., 20113,
2011b; Je et al., 2012; Markowski et al.,
2012). It was recently reported that the
second exon mutation occurs in 52.2%
of uterine fibroid patients while the mu-
tation is not found in other tumors (Je et
al., 2012), implicating the involvement of
MED12 in the disease.

Markowski et al. reported that muta-
tions of MED12 are strongly associ-
ated with fibroids not displaying primary
karyotypic alterations (Markowski et
al., 2012). They also observed that sig-
nificantly high levels of wingless-type
MMTV integration site family member
4 (WNT4) is expressed in leiomyomas
with MED12 mutations (Markowski et
al., 2012). These results suggest that
the MED12 mutation might be involved
in the activation of the Wnt pathway
that activates 3-catenin, which is known
to cause leiomyoma-like lesions in a
mouse model. However, immunohisto-
chemistry results showed that there is
no correlation between MED12 status
and B-catenin nuclear/cytoplasmic lo-
calization (Perot et al., 2012; Islam et al.,
2013). Therefore, detailed mechanism
for how MED12 mutations induce uterine
leiomyoma awaits further investigation.

MED12 mutations and uterine
malignant tumor

The relationship between benign uter-
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ine leiomyoma, leiomyosarcoma and
malignant smooth muscle tumors with
uncertain etiology (STUMP) is not
clear yet (Hodge and Morton, 2007).
It is controversially thought that uterine
leiomyosarcoma is evolved from uter-
ine leiomyoma. As described above,
MED12 mutations exist in uterine leio-
myoma. But whether MED12 mutations
exist in uterine leiomyosarcoma and
STUMP is not clear yet. Analyses of the
status of MED12 in leiomyosarcoma
and STUMP should help to address
whether they develop from leiomyoma.
Studies on a hot spot region of MED12
in thirty-three patients suffering uterine
stromal tumor revealed that 66.6% of
typical uterine leiomyomas patients
had MED12 mutations, but only 11%
of STUMP patients and 20% of uterine
leiomyosarcoma patients had MED12
mutations (Perot et al., 2012). Some
mutations in leiomyoma are also found
in leiomyosarcoma, though the muta-
tions seem rare in malignant tumors
(Perot et al., 2012). Moreover, MED12
is expressed in all typical leiomyoma but
in only 60% of atypical leiomyoma, 50%
of STUMP and 20% of leiomyosarcoma
(Perot et al., 2012). These results impli-
cate that while not all leiomyosarcoma
and STUMP develop from leiomyomas,
a subset of leiomyoma has the potential
for malignant progression.

MED12 mutation and prostate cancer

Prostate cancer is a kind of malignant
tumor in prostate tissues, caused by
prostate acinar cell’s disorder and
abnormal growth. The morbidity has
geographic and racial differences. In
Europe, United States and other devel-
oped countries, it is the second common
malignant tumor in males (Daskivich et
al., 2011; Jemal et al., 2011). In pros-
tate cancer patients, the common gene
changes include loss of NKX3.1 (8p21)
and PTEN (10g23), increased andro-
gen receptor (AR), and fusion of ETS
family transcription factors genes with
androgen promoter (He et al., 1997; Li
et al., 1997; Nguyen and Wang, 2008).
A recent study of 112 cases of prostate
cancer revealed that MED12 mutations

exist in prostate cancer patients but
not in normal persons. Unlike uterine
leiomyoma, the mutations of MED12 in
prostatic carcinoma are found mainly
in the epithelial cells but not in stromal
stem cells. It has been proposed that
MED12 mutations in prostate cancer
may disrupt the androgen signaling
pathway and the CDK8-dependent tran-
scriptional regulation of p53 (Barbieri et
al., 2012).

SUMMARY AND PROSPECT

Mediator Complex is a central regulator
of transcription in eukaryotes. MED12
as a subunit of Mediator Complex plays
a key role in transcriptional regulation.
It regulates the growth and differentia-
tion of cells, and participates in vari-
ous signaling pathways. Mutations in
MED12 cause such diseases as Lujan
syndrome, Opitz-Kaveggia syndrome,
uterine fibroids and prostate cancer.
Investigation into the relationship be-
tween mutations and diseases is still in
the beginning. It is predictable that more
diseases will be found to be linked with
MED12 mutations. Comparison of the
gene expression profiles between pa-
tient and control samples should shed
light on how MED12 mutations cause
the diseases. Such investigation will
provide new insights on mechanisms of
the diseases and help to develop new
therapy strategies.
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