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CDKS8 as the STAT1 serine 727 kinase?
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Whereas cytokine-induced tyrosine
phosphorylation of STAT (signal
transducer and activator of transcrip-
tion) proteins by JAK kinases has been
well studied, much less is known about
STAT-specific serine kinases and their
signal-dependent regulation. The paper
by Joanna Bancerek and colleagues pub-
lished recently in Immunity reports that
upon interferon-y (IFNvy) stimulation
of cells the chromatin-associated cyclin-
dependent kinase 8 (CDKS8) phosphory-
lates the regulatory serine residue 727 in
the transactivation domain of STATI.
The authors state that the CDK8 module
of the Mediator complex is a key com-
ponent in the STAT1 signal pathway,
linking serine phosphorylation to gene-
specific transcriptional events.

Although it has been well established
that receptor-associated Janus kinases
phosphorylate members of the STAT
protein family on a critical tyrosine resi-
due in their carboxy-termini, the kinase
concomitantly phosphorylating  serine
residues in the transactivation domain
(TAD) of STAT proteins upon exposure
of cells to cytokines has long been elu-
sive. Historically, soon after the discovery
of STAT1 it was revealed that in IFNvy-
treated cells phosphorylation of tyro-
sine 701 is an essential prerequisite for
dimerization of STAT1, which requires
the activity of two Janus family protein
kinases, JAKI and JAK2.1? At that time in
the mid-1990s, there was also evidence of
a second phosphorylation event in STAT1
and STAT3 which was revealed by isolat-
ing [**P]-labeled proteins from cytokine-
stimulated cells and subjecting them to
phospho-amino acid analysis.*® The cyto-
kine-induced increase in phospho-serine
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was mapped to residue 727 in the TADs
of both STAT1 and STAT3. Sequence
alignment showed that a PMSP motif in
the carboxy-termini of STAT1, STAT3,
and STAT4, or the equivalent PSP motifin
the homologous position in STAT5A and
STATS5B, was conserved in the otherwise
divergent TADs found in vertebrates.® By
generating antibodies specifically reacting
with the phosphorylated serine epitope in
the C-terminal P(M)SP motifs, the pres-
ence of additional serine phosphorylation
sites in STAT4, STAT5A, and STATSB
was confirmed. Using these antibodies as
tools for immunodetection, a significant
increase in serine phosphorylation was
observed upon stimulation of cells with
appropriate cytokines, which, however,
was abrogated in the respective point
mutants with a substitution of alanine for
serine.”"?

Most studies have shown that post-
translational modification of serine 727
is required for full transcriptional activity
on cytokine-regulated genes, and there is
one report on the phenotype of a STAT1
knockin-mouse line which expresses the
respective serine 727 to alanine mutation."
STAT1-S727A mice showed a significantly
reduced expression of IFNy-induced genes
and increased mortality upon infection
with Listeria  monocytogenes. Clearance
of the bacteria from spleen and liver was
impaired in transgenic mice lacking ser-
ine 727 phosphorylation as compared
with their wild-type littermates. Given
the significance of TAD phosphorylation
for macrophage activation and IFNy-
dependent immune responses in vivo, the
identification of the responsible kinase
and its precise regulation should deepen
our understanding of the design structure

of the STAT1 pathway.
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Figure 1. Canonical and non-canonical pathways leading to serine 727 phosphorylation of the transcription factor STAT1. The model proposed by
Bancerek et al. depicts the role of cyclin-dependent kinase 8 (CDK8) as the nuclear STAT1 serine 727 kinase in the context of interferon-v signaling,
which includes its signal-dependent recruitment to the promoter of cytokine-driven target genes and subsequent phosphorylation of the STAT1
transactivation domain. Not shown in this model are the spatial reorganization between different dimer conformations and the nucleocytoplasmic

translocation of unphosphorylated STAT1.

Previous work from the Kovarik labora-
tory revealed thatin IFNvy-stimulated cells
tyrosine 701 phosphorylation and nuclear
accumulation of STATT are both required
for TAD modification and, moreover,
STAT1 needs to be assembled into chro-
matin-bound transcriptional complexes
to become phosphorylated on serine 727
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and fully biologically active.” Unlike the
stable chromatin association required for
IFN+v-induced, canonical TAD phosphor-
ylation, STAT1 can be phosphorylated on
serine 727 also independently of cytokine
stimulation under conditions of cellular
stress (Fig. 1).'®" Kinases which cause
TAD  phosphorylation

non-canonical
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of STAT1 in response to bacterial lipo-
polysaccharide (LPS), UV irradiation, or
tumor necrosis factor & (TNFa) include
p38 mitogen-activated protein kinase
(MAPK). Interestingly, Stephanou and
colleagues demonstrated that serine 727
phosphorylation resulted in the enhance-

ment of ischemia/reperfusion-induced
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apoptosis in cardiac myocytes, whereas
inhibition of the p38 pathway prevented
TAD phosphorylation and reduced the
level of cardiomyocyte cell death.”® Data
from the same laboratory also showed that
the isolated carboxy-terminus of STAT1 is
both necessary and sufficient to enhance
sensitivity to stress-induced cell death.”
This important finding suggests that the
STAT1 TAD functions as an adaptor
or co-activator for enhancing apoptosis
rather than being directly involved as a
signal-dependent transcription factor in
modulating pro- and anti-apoptotic genes.
In the light of these observations, the
identification of a STATI-specific ser-
ine 727 kinase that selectively regulates
interferon responses would add a new
level of complexity to the understanding
of STAT1 gene expression. In their paper,
Bancerek et al. stated that CDKS recruit-
ment to STAT1-mediated target genes is
dependent on IFNvy stimulation of cells,
while the S727A mutation significantly
reduced the amount of promoter-bound
CDK8. From microarray analyses, the
authors reported that CDKS8-mediated
serine phosphorylation both positively and
negatively regulated the expression rate
of IFNy-induced target genes. However,
they found no direct correlation between
the effects of the TAD modification and
gene regulation by the presence of specific
STAT DNA-binding elements, such as
IFN+y-activated sites (GASs) or interferon-
stimulated response elements (ISREs).
When the authors examined the
recruitment of RNA polymerase II
(RNAPII) to transcription start sites
(TSS) in IFNy-regulated genes by means
of  chromatin  immunoprecipitation
(CHIP) assays, they observed gene-spe-
cific effects of TAD phosphorylation on
the association of RNAPII to chromatin.
While there was no difference between the
recruitment of RNAPII to the 7rf7 TSS,
the occupancy of RNAPII at the 7zp! and
Gbp2 TSSs was significantly lower in cells
expressing STAT1-S727A than the wild-
type protein. These CHIP results on the
chromatin recruitment of RNAPII were in
agreement with their gene expression data
from microarray analyses and RT-PCR
validation. Moreover, the authors showed
that silencing of Cene, which encodes
the regulatory CycC subunit of CDKS,
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resulted in increased sensitivity of cells to
infection with vesicular stomatitis virus,
suggesting that CDKS8 is indeed either
an important component in the cellular
protection against viral infection or, alter-
natively, functions as a broader, STATI-
independent regulator. The molecular
mechanisms behind the assumed gene-
specific divergent regulation by CDKS-
mediated serine phosphorylation remain
completely unclear.

The Vinkemeier laboratory uncovered
the fact that accelerated nuclear export
accounted for the increased transcrip-
tional activity of serine 727-phosphory-
lated STAT1, shown by a prolonged phase
of IFNvy-induced nuclear accumulation
in the case of the S727A mutant as com-
pared with the wild-type.? In view of this
important finding, further research is now
required to explore more fully whether or
not CDK8 plays a role in marking STAT1
molecules for their subsequent dephos-
phorylation by the nuclear Tc45 phos-
phatase as a prerequisite for nuclear exit.
Although there is no evidence that CDK8
acts directly in non-canonical STAT1
signaling cascades so far, the possibility
remains that it may have an impact on
stress-induced stimuli when the cells are
pretreated with IFNvy. It is conceivable
that silencing of Cenc may modulate the
rate of cell survival in virus-infected cells
simply by enhancing apoptotic cell death
in the presence of increasing concentra-
tions of IFNy. Thus, it will be interest-
ing to established whether CDK8 indeed
selectively controls interferon responses
or may be regarded as a more general
regulator, which integrates different sig-
nal inputs by sensitizing both cytokine-
dependent and -independent stimuli.
Thus, further research is now required,
first, to confirm these data and, second, to
evaluate in more detail the potential inter-
action between canonical and non-canon-
ical STAT1-mediated signal pathways.

In conclusion, Bancerek et al. state that
CDKS8 has an impact on the activation of
the majority of IFN+y-stimulated genes,
suggesting a gene-specific role of this
chromatin-associated kinase in STATI-
mediated transcriptional regulation. This
novel finding highlights the importance
of examining not only the contribution
of a single key player to posttranslational
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modification, but also the complex inter-
play between the general transcription
machinery and other regulatory molecules
within the STATI-specific signal path-
way. Understanding the complexity, both
at a gene-specific and a more global level,
is what ultimately provides mechanistic
insight into how antiviral responses are
orchestrated in tissues and organisms.
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