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MNK inversely regulates TELO2 vs. DEPTOR to control mTORC1 signaling
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ABSTRACT

mTORC1 is the major homeostatic nutrient sensor for the cell. As such, it is integrated into diverse
signaling networks and co-factor interactions that determine its activity. Our recent work implicates the
mTORC1 co-factor and PI3K-related Kinase (PIKK) stabilizer, TELO2, in regulating mTORC1 activity in a
MAPK-Interacting Kinase (MNK) responsive manner during mitogenic stimulation of cancer cells and T cell

activation.

Complex regulation of mTORCI involves several co-factors
that influence its catalytic output. Components of mTORCI1
include mTOR, the catalytic subunit; Raptor, the substrate
adaptor; GBL, which regulates mTOR catalytic activity; DEP-
TOR and Pras40, endogenous inhibitors of mTORCI; and
TELO2, which was previously implicated in binding to and reg-
ulating the protein stability of PIKKs including mTOR."* Col-
lectively, these accessory proteins integrate multifaceted signals
to influence basic homeostatic processes and growth programs.

mTORCI suppression with the prototypical inhibitor rapa-
mycin and its derivatives, the rapalogs, have found clinical util-
ity for immunosuppression after organ transplantation, but
disappointed as cancer therapeutics. The lacking efficacy of the
rapalogs against cancer is evident in the form of compensatory
feedback signals, including through MAPK activation, that sus-
tain—or even promote—cancer cell growth.” We previously
discovered that MNK1/2, a downstream substrate of the ERK1/
2 (MNK1 and 2) and p38«¢ MAPK (MNKI1) kinases, stimulates
mTORCI signaling to control viral IRES-mediated transla-
tion.*"® Earlier reports have linked MNK signaling to mTORC1
inhibitor resistance in cancer.” More recently, we discovered
that the mechanism of MNK-mediated mTORCI1 regulation
occurs through inverse coordination of DEPTOR and TELO2
binding with mTORC1, which ultimately determines
mTORC:substrate interactions.® Our findings implicate MNK
in an mTORCI-centered feedback loop, wherein mTORC1
inhibition activates MAPK signaling, which induces MNK
activity to reactivate mTORCI. Thus, our work uncovers deep
functional integration of the principal Raf-ERK1/2 and PI3K-
mTOR signal transduction pathways via MNK. Deciphering
these integrated signaling networks is required to understand
the implications of protein kinase inhibition in disorders with
unhinged mitogenic signaling pathways, e.g. advanced, treat-
ment-refractory cancers.

MNK is best known for its association with translation initia-
tion machinery. It binds the “ribosome adapter,” eukaryotic initi-
ation factor (eIF) 4G, to phosphorylate the cap binding protein,
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eIF4E. Despite 20 years of research, MNK’s influence on protein
synthesis control remains obscure. The functional intricacies
resulting from MNK’s involvement in multiple signaling systems
with roles in protein synthesis regulation may be to blame. Also,
MNK’s broader functional role in oncogenic signaling remains
elusive.” Therefore, after describing MNK’s apparent role in reg-
ulating mTORCI activity,” we sought to identify the mechanism
responsible. Phenotypically, MNK inhibition synergizes with
rapamycin in tempering mTORCI phosphorylation of the rapa-
mycin-resistant substrates ULK1 and 4EBP in cancer cells and T
cells.® Surprisingly, MNK accomplishes such regulation indepen-
dent of its canonical role in phosphorylating eIF4E.**

To identify potential binding partners through which MNK
might control mTORCI, we tested whether MNK associates
with known mTORCI co-factors. This analysis uncovered MNK
associations with mTOR, Raptor, TELO2, and the E3 ubiquitin
ligase DNA Damage Binding protein 1 (DDB1). Aside from its
involvement in DNA damage responses, DDBI1 regulates
mTORCI signaling through ubiquitination of Raptor."® Intrigu-
ingly, MNK binds this complex through a mechanism distinct
from eIF4G, because deleting MNK’s eIF4G binding domain did
not abolish formation of the complex.® These associations
depend on upstream MAPK signals, because PKC-Raf-ERK1/2
stimuli led to increased binding of MNK with mTORCI1:TELO2/
DDBL1.? Interestingly, MNK inhibition reduces MNK binding to
TELO2/DDBI, but did not affect its association with mTORC1.”
These findings suggest that MNK most prominently interacts
with mTORCI to facilitate mTORCI:TELO2/DDBI1 binding.
Indeed, MNK inhibition reduces mTORC1 co-IP with both
TELO2 and DDBI, indicating that MNK signaling stabilizes
mTORCIL:TELO2/DDBI associations.®

Co-regulation of TELO2 and DDBI has not previously been
documented. DDBI and TELO2 binding to mTORCI responds
to MNK inhibition in tandem,® indicating functional coordina-
tion of these factors. This is a particularly interesting possibility
because TELO2 and DDBI are both linked to the DNA damage
response (DDR); TELO2 binds to the DDR regulators and
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Figure 1. MNK activity displaces DEPTOR from mTORC1 and facilitates TELO2 binding to enhance mTORC1 substrate association. MNK is phosphorylated by ERK1/2 and
p38a MAPKs downstream of mitogenic/stress stimuli. This enables MNK binding with mTORC1, along with simultaneous displacement of DEPTOR and recruitment of

TELO2. The resulting TELO2:mTORC1 binding stabilizes mTORC1:substrate association.

PIKKs: ATM, ATR, and DNA-PK; and DDB1 has numerous
roles in the DDR including initiating DNA damage repair.
Whether or not MNK might play a role in TELO2 and/or
DDBI biology aside from mTORCI1 remains to be determined.

In testing the effects of MNK activity on mTORCI associa-
tions, we also determined that MNK inhibition increased
mTORCI:DEPTOR binding, coinciding with a reduction in
mTORCl:substrate binding.® Overexpression and depletion
studies revealed that MNK controls mTORCl:substrate prox-
imity through TELO2, but not DDB1.® Also, MNK does not
regulate mTORCI:DEPTOR association through its enhance-
ment of TELO2:mTORCI binding, as TELO2 overexpression
stimulates mTORCl:substrate association without reducing
DEPTOR:mTORCI binding.® Rather, DEPTOR overexpression
reduced TELO2: mTORCI binding while inhibiting mTORCI:
substrate association. Given the lack of a MNK:DEPTOR inter-
action, our findings suggest that MNK acts on mTORCI1 to dis-
place DEPTOR to facilitate TELO2 binding (Fig. 1).

Overall, our work defines MNK as an inhibitor of DEPTOR:
mTORCI binding and stabilizer of TELO2:mTORC1 binding.
The finding that TELO2:mTORC1 association enables
mTORCI:substrate association demonstrates that TELO2 is
involved in mTOR biology beyond its role in stabilizing nascent
mTOR protein.” It remains to be determined whether TELO2
similarly influences other PIKKs. From our studies, we also
hypothesize that DEPTOR’s inhibitory role in mTORC1 signal-
ing, and possibly mTORC2, might be accomplished though the
displacement of TELO2 from mTOR. DEPTOR and TELO2
clearly serve as inversely regulated, counterbalancing forces
that modulate mTORCI signaling. It is clear that the critical
lever in controlling these forces is MNK, an ERK1/2 and p38«
MAPK substrate: the profound functional integration of
MAPK- with the mTOR signaling network may make thera-
peutic targeting of mTOR in cancer intractable.
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