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MAK-V/HUNK is an AMPK-like protein
kinase which role remains largely enig-
matic. MAK-V is preferentially expressed
in specific cell populations in brain, kid-
ney, mammary gland and in embryonic
development.' Besides that, mak-v cDNA
has been isolated in a result of compara-
tive studies of mouse tumor kinomes*’
with later study demonstrated its frequent
overexpression in human breast tumors.®
Together the data obtained strongly sug-
gest that MAK-V might play some role
in developmental processes and in ner-
vous system and potentially its expression
might determine some specific properties
of tumor cells. However these suggestions
are largely based on the mak-v expression
pattern and just a few experimental evi-
dences supporting them became currently
available.*” In an attempt to reveal effects
of MAK-V on cell behavior, we have used
PC12 cells with doxycycline (DOX)-
inducible expression of the C-terminally
FLAG-tagged MAK-V protein (referred as
WT cells). To ultimately address a ques-
tion of specificity for the effects observed
upon MAK-V expression, we generated
PC12 cells with inducible expression of
the kinase-dead MAK-V mutant with
catalytic lysine substituted for arginine
thus rendering enzyme inactive (KR cells,
Sup. Fig. 1). Based on the expression
pattern, MAK-V is expected to play a
role in nervous system which has been
recently confirmed by its involvement in
Xenopus brain pattering and morphogen-

esis.” We have used WT cells to directly

assess if MAK-V expression affects dif-
ferentiation along the neural pathway
induced by nerve growth factor (NGF).
NGF treatment resulted in appearance
of larger number of WT cells with neu-
rites when MAK-V expression has been
induced but percentages of differenti-
ated cells were the same irrespectively of
MAK-V expression. Instead, total cell
number at the end of NGF treatment was
higher when cells were treated with DOX
thus indicating their improved viability
(Sup. Fig. 2). Indeed, when grown on
collagen IV-treated surface, the condi-
tions used in differentiation experiments,
WT but not parental PC12TetOn cells
showed reduced viability when not treated
with DOX to induce MAK-V expression
(Fig. 1A and Sup. Fig. 3). This was
accompanied by the increase in lactate
dehydrogenase (LDH) release into cell
culture medium, higher caspase-3/7 acti-
vation and elevated Annexin V-FITC
1B-D). This
indicates that collagen IV induces apop-
totic cell death in WT cells and MAK-V
expression allows cells to escape from it.
Similar to WT cells, KR cells showed sup-
pressed viability when plated on collagen
IV (Sup. Fig. 3). However induction of
catalytically inactive  MAK-V  mutant
expression failed to improve their viability

immunoreactivity (Fig.

that was concomitant with no change in
LDH release (Fig. 1A and B). Therefore
improved viability of WT cells upon
contact with collagen IV can be entirely
attributed to the expression of catalytically
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active MAK-V protein kinase. WT and
KR cells showed decreased viability upon
contacting with collagen IV but this
effect was not so pronounced when cells
were grown on laminin-coated surface
(Sup. Fig. 4A). At the same time, only
when plated on collagen IV but not on
laminin WT cells acquired spreaded mor-
phology (Sup. Fig. 4B) indicating that
formation of contacts with collagen IV but
not with laminin induces rearrangements
in actin cytoskeleton. Thus it is feasible
that collagen I'V-induced actin rearrange-
ment can result in activation of apoptotic
machinery by some unknown mecha-
nism which is alleviated by MAK-V pro-
tein kinase activity. Interestingly, recent
study linked MAK-V with actin cytoskel-
eton rearrangement through regulation of
cofilin phoshorylation.® However induc-
tion of MAK-V expression in WT cells
had no effect on cofilin phosphorylation
(Sup. Fig. 4C). This observation further
supports the emerging suggestion that
MAK-V activity depends on the specific
cellular context and might significantly
differ in different types of cells!" and
rules out a possibility that MAK-V in WT
PC12 clonal derivative directly affects
actin cytoskeleton rearrangement induced
by collagen IV through cofilin-1. Integrin
signaling activates numerous signal trans-
duction events including those affect-
ing cell viability and survival, among
them ERK and Akt pathways. Moreover,
MAK-V was identified as one of the candi-
date protein kinases that might modulate

Volume 9 Issue 20



A Cell viability B % LDH activity
AU AU
s00 [ &
400 = =
400+ 300
200
200
100
pox: + - + - pox: + - L + -
wWT KR wT KR PC12TetOn
(o -3/7 activit
ot e aciviy Annexin V-FITC
£
400 = 80 — DOX+
1 3 DOX-
300 § 60
; 40
200 8 20
1009 0 10° 10" 10° 10°
FL1 Log
pox: + - + -
WT  PC12TetOn

Figure 1. (A) Viability of WT and KR cells on collagen IV. Cells were cultured for 8 days without

(-) or with (+) DOX to induce transgene expression prior to determining their viability. Data are
presented in arbitrary units (AU) of cellular dehydrogenase activities as average of measure-
ments in three independent wells + standard deviation (SD). (B) Release of LDH into cell culture
medium. WT, KR or parental PC12TetOn cells were cultured for 60 hrs without (-) or with (+) DOX
to induce transgene expression prior to quantification of LDH released into cell culture medium.
Data are presented in arbitrary units (AU) of LDH activity as average of measurements in three
independent wells + SD. *p < 0.0001. (C) Activation of caspases-3/7 in WT and PC12TetOn cells on
collagen IV. Cells were cultured for 2 days without (-) or with (+) DOX to induce transgene expres-
sion prior to quantification of cellular caspase-3/7 activity. Data are presented in arbitrary units
(AU) of caspase-3/7 activity normalized to total cell number as average of measurements in three
independent wells + SD. **p = 0.0013. (D) Annexin V-FITC reactivity of WT cells on collagen IV. An-
nexin V-FITC reactivity in WT cells cultured for 2 days without (-) or with (+) DOX to induce MAK-V
expression was analyzed by flow cytometry. See Supplemental materials for experimental details.

EGEF signaling.'* However MAK-V expres-
sion in WT cells did not alter activation
of ERK signaling. Similarly, no change
in Akt signaling pathway activation was
evident in MAK-V expressing WT cells
(Sup. Fig. 5). Therefore MAK-V protein
kinase affects distinct from the assayed
molecular pathway in WT cells to inhibit
their apoptotic death induced by collagen
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IV binding. Summarizing, we showed
that MAK-V expression can improve cell
viability as exemplified by WT cells grown
on collagen IV. This is the first study to
demonstrate pro-survival activity of the
MAK-V protein kinase molecular mech-
anisms underlying which are yet to be
identified. Our findings ultimately prove
previously suggested role of MAK-V in
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cell viability regulation derived from the
results of two high-throughput RNAi
screens.'®! Importantly, MAK-V expres-
sion in tumor cells might benefit their sur-
vival in otherwise restrictive conditions,
and this conclusion is supported by the
reported predominant MAK-V expres-
sion in aggressive subsets of tumors.’
Although functional consequences of
MAK-V expression might vary depend-

811 the revealed

ing on the cellular context,
pro-survival and anti-apoptotic activity
of MAK-V signifies its role in tumor cells
and prompt future research aiming to vali-
date MAK-V as a novel target to treat can-
cer. In addition, MAK-V is characterized
by highly patterned expression in embry-
onic development assuming its involve-
ment in developmental processes. Our
findings suggest a novel role of MAK-V in
developmental processes through regulat-
ing cell survival and directed migration in
response to contacts with specific compo-
nents of extracellular matrix.
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