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Serine phosphorylation has generally been considered indispensable for full transcriptional activity of STAT proteins.
Recent data indicate that CDK8-mediated phosphorylation of signal transducer and activator of transcription 1 (STAT1)
on S727 inhibits natural killer (NK) cell cytotoxicity and restrains tumor surveillance. These findings implicate CDK8 as a
promising target for immunotherapy.

Main Text

The phenomenon of tumor immuno-
surveillance has been controversial for
much of the past century. Thanks to the
unwavering dedication of a few key
researchers and physicians, there is now
conclusive proof that the host immune
system has an important role in the fight
against cancer. Recent reports have con-
vinced even the skeptics and Science Mag-
azine chose cancer immunotherapy as
breakthrough of the year in 2013.1

Immune cells pose a constant chal-
lenge to nascent neoplasms. Thus,
malignant cells need strategies to evade
immunosurveillance or to suppress anti-
tumor immune responses. Novel thera-
pies frequently aim to overcome T-cell
paralysis by targeting cytotoxic T lym-
phocyte associated protein 4 (CTLA-4)
or programmed cell death 1 (PD-1),
thereby reducing the threshold for
attack on malignant cells. Additionally,
natural killer (NK) cells are prominent
players in the battle against cancer, par-
ticularly in response to leukemia, mela-
noma and renal cell carcinoma. NK
cells are highly cytotoxic and need no
prior sensitization. Although NK cell-
based antitumor immunotherapy holds
great promise,2 clinical responses to
date have been modest at best. There is

thus a clear need for a more detailed
understanding of the molecular players
involved in NK cell-dependent antitu-
mor immunity.

Our recent study focused on a par-
ticular phosphorylation site of the signal
transducer and activator of transcription
protein 1 (STAT1-S727) in NK cells.
We previously showed that STAT1 acts
as a tumor promoter in leukemia.3 Loss
of STAT1 precludes expression of
MHC Class I molecules on tumor cells,
providing a strong trigger for NK cell-
mediated tumor clearance. However,
STAT1 is required for a full blown
cytotoxic response in NK cells, so loss
or inactivation of STAT1 should lessen
the ability of NK cells to mount a full
response. The overall outcome of these
2 opposing effects is that Stat1-deficient
mice are more resistant to the induction
of leukemia. We wondered whether it is
possible to separate the opposing func-
tions of STAT1 on NK cell-dependent
tumor surveillance.

Contrary to indications in the litera-
ture, we found a significant level of
phosphorylated STAT1-S727 in resting
NK cells in vivo. Surprisingly, this was
not accompanied by tyrosine phosphor-
ylation, which is considered a prerequi-
site for the phosphorylation of S727.
Further experiments revealed that

STAT1-S727 phosphorylation in NK
cells is important for cytotoxicity and
for NK cell antitumor function in
vivo.4 The situation is complex and
STAT1-S727 phosphorylation has been
shown to impart both activating and
inhibitory effects on NK cells in vitro.
It is required for full interferon-g
(IFNg) induction but it antagonizes
the production of granzyme B and per-
forin. As perforin exhibits a gene-
dosage effect, we reasoned that higher
levels of perforin cause the increased
cytotoxicity observed in murine NK
cells, in which S727 has been mutated
to alanine (Stat1-S727A). The reduc-
tion of expression of the inhibitory
receptor killer cell lectin-like receptor
subfamily G member 1 (KLRG1), the
increase in expression of NKG2A/C/E
and the elevated amount of granzyme
B might also contribute to the effect.
The significance of the other molecular
alterations in Stat1-S727A NK cells,
such as decreased levels of miRNA-30e
and ¡378, is unclear. However, the net
result of all changes caused by the
mutation of S727 to alanine in NK
cells is that the cells acquire enhanced
potency against tumors. Under our
experimental conditions, Stat1-S727A
mice are considerably more resistant to
B16F10 melanoma and to v-abl C
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leukemic cells and are entirely resistant
to 4T1 breast cancer metastasis.

The identification of the serine/thre-
onine kinase that phosphorylates
STAT1-S727 in resting NK cells repre-
sents an additional twist to the tale.
Several lines of evidence implicate
cyclin-dependent kinase 8 (CDK8) in
mediating this function. We thus postu-
late that inhibiting CDK8 in cancer
patients might block STAT1-S727
phosphorylation and enhance NK cell
cytotoxicity, as observed in a murine

NK cell line (Fig. 1). Of course, target-
ing CDK8 might interfere with a pleth-
ora of other downstream targets.
Although our data suggest that there is
a window of opportunity for targeting
CDK8 in cancer patients, considerable
further experiments are required before
CDK8 inhibitors can be recommended
for clinical trials: the side-effects of
blocking CDK8 in patients are likely to
be wide-ranging and hard to predict.

Despite their key roles in regulating
growth and gene transcription, inhibitors

of individual cyclin-dependent kinases
have entered clinical trials. As such,
CDK4/6 inhibitors represent a success
story and were selected as “breakthrough
therapy of the year” by the FDA. Inhibi-
tors of CDK4/6 have fairly specific effects
exerted on tumor cells and have been asso-
ciated with only mild or tolerable side
effects, so targeting CDKs may well pro-
vide a useful concept.

The development of an inhibitor tar-
geting CDK8 may be of even greater
clinical significance. Even when chemo-
therapy succeeds in eradicating all visi-
ble signs of cancer, it fails to target
dormant cancer stem cells. Such stem
cells can cause cancer relapse, which
limits the success of the treatment. In
leukemia, there is an increasing body of
evidence that NK cells are able to eradi-
cate leukemic stem cells and control
minimal residual disease.5 Recent
approaches have combined conventional
therapy with immunotherapy, aiming to
ensure sustained long-term success.
There is a great demand for pharma-
ceuticals that can effect both tumor cell
destruction and immune cell activation.
CDK8 has recently been implicated as a
tumor promoter in colorectal cancer,6

breast cancer7 and melanoma8 and
seems to foster tumor cell dedifferentia-
tion.9 CDK8 thus offers a promising
molecular target to attack and directly
destroy cancer cells. Our study also sug-
gests that targeting CDK8 may enhance
antitumor immunity via altering STAT-
mediated NK cell activation. Taken
together, CDK8 inhibitors may effec-
tively kill 2 birds with one stone, atten-
uating bulk tumor cells while licensing
NK cells to target cancer (stem) cells.
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