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Analysis of the kinase NEK7 in the regulation of G1
progression and procentriole formation
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Summary (Abstract) of doctoral thesis contents

After mitotic exit, mammalian cells must make several important decisions based
upon extracellular and intracellular conditions during the G1 phase, which determine
whether or not they will commit to enter a new cell cycle. Progression through G1
and transition into the S phase are under the control of several complex signalling
networks, which involve the phosphorylation of many different proteins to initiate
DNA replication. Not only DNA replication, but another process known as centriole
duplication is initiated at the G1/S transition, which involves the formation of a
daughter centriole at the base of a pre-existing mother centriole. Centrioles must be
duplicated exactly once per cell cycle, as they play an important role in the
organization of the mitotic spindle, and aberrations in centriole number can result in
chromosome segregation defects.

The NIMA-related kinase NEK7 was found to be one of the many factors that are
required for centriole duplication, as well as timely cell cycle entry. However, the
exact functions of NEK7 had not been characterized in detail, and its specific roles in
these events were poorly understood. Some of the earliest studies on NEK7 found it
to be crucial for mitotic spindle organization and cytokinesis, and atypical expression
of NEK7 was also found to be associated with various cancers. Likewise,
downregulation of NEK7 could lead to a delay in S-phase entry and early mortality
during murine embryogenesis. Although these studies indicated that NEK7 may play
a crucial role in the progression of the cell cycle, and particularly in G1, how exactly
NEK7 may contribute to cell cycle regulation remained unclear. Thus, as part of my
doctoral research, I decided to conduct an in-depth investigation on the roles played
by NEK7 in cell cycle progression and centriole duplication.

In this study, I largely focused on characterizing the consequences of NEK7 depletion
on various human cancer cell lines, in order to gain insights towards its function. I
observed that the depletion of NEK7 inhibited progression through the G1 phase in
U20S cells by the downregulation of various important cyclins and CDKs.
Additionally, I found that the depletion of NEK7 induced the formation of primary
cilia in human RPE1 cells, a phenotype that is frequently observed upon serum
starvation, suggesting that NEK7 may play a role in mitogenic signalling pathways
that are active during G1. The depletion of NEK7 also inhibited the earliest stages of
procentriole formation, and led to the downregulation of various centriolar proteins
such as STIL. Furthermore, I observed that in the absence of NEK7, there was an
abnormal accumulation of Cdh1 at the vicinity of the centrioles, which is a cofactor of
the anaphase promoting complex (APC/C). In NEK7-depleted cells, the ubiquitin
ligase APC/CCdhl was found to actively target the centriolar protein STIL for

degradation, thus inhibiting procentriole assembly. Collectively, my results
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demonstrate that NEK7 is involved in the timely regulation of G1 progression, S
phase entry, and procentriole formation.

Apart from the roles of NEK7 in the cell cycle, my study also provides a functional
role for the APC/C cofactor Cdh1 at the centrioles. I found that Cdh1 associated with
the centrioles throughout the cell cycle in a highly specific pattern. As cells enter
mitosis, the amount of Cdh1l at the centrioles increased with the expansion of the
pericentriolar material (PCM), which is necessary for the formation of the mitotic
spindle, and this Cdh1 then abruptly disappeared from the centrioles upon the
metaphase-anaphase transition. However, in certain conditions such as depletion of
the centriolar satellite protein PCM1, which is involved in trafficking proteins away
from the centrioles, Cdh1l exhibited a high accumulation at the centrioles, similar to
NEK7-depleted cells. This suggests that Cdh1 localization near the centrioles is
maintained alongside the cell cycle, and it may possibly play a role in the regulation
of centriole duplication.

In conclusion, my research strongly suggests that NEK7 is an important kinase in the
regulation of G1 phase progression and the G1/S transition, and also provides

valuable insights towards the regulation of Cdh1l around the centrioles.
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Summary of the results of the doctoral thesis screening

MRy Z T M O b EARN @& DO —2>TH Y, ZOHRMEEE R R ICHED DM
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