CELL CYCLE
Role for known cell cycle proteins beyond proliferation in kidney and non-kidney cells:
The traditional paradigm has been that cell cycle regulatory proteins including cyclins, cyclindependent kinase (cdk), and cdk-inhibitors govern whether a cell proliferates or not. Although we
reported that this is indeed true in mesangial cells and podocytes, we made several discoveries that
showed novel roles for “traditional” cell cycle proteins, beyond their regulation of proliferation.
1) an early discovery was that the cdk-inhibitor p27, which is constitutively expressed in most
quiescent cells, also has a major role in regulating cell survival. We showed in mesangial cells
and fibroblasts, both in vitro and in vivo, that the threshold for apoptosis was significantly
reduced when p27 levels were lowered/absent (a). In a follow up series of studies, we showed
that the mechanism of this effect was due to an increase in unregulated and unscheduled
activity of cdk2 (b). When either p27 and or cdk2 was overexpressed, kidney and non-kidney
cells have augmented survival in response to stress.
2) we reported how cdk2 might also lead to cell death. Previous studies had shown that cdk2 is
nuclear, which is required for its regulation of DNA synthesis through signaling pathways.
However, our studies showed that when cdk2 was active, but translocated from the nucleus to
the cytoplasm in states of injury, the change in subcellular compartment of active cdk2
switched cells from a proliferative pathway to an apoptotic pathway (c). This has lead to one of
the mechanistic explanations why proliferating cells are more prone to apoptosis.
3) kidney podocytes and mesangial cells oftentimes undergo an increase in cell size due to
hypertrophy. Studies have shown that these are maladaptive responses, leading to further
detrimental outcomes. It had been shown that hypertrophy is due to an increase in a cell’s
protein content relative to its DNA content. We have several publications (e.g. d) that a major
mechanism of kidney cell hypertrophy induced by diabetes, cytokines and mechanical stretch
are the upregulation of the cdk-inhibitors p21 and p27 at a time when cells are late in G1, when
intracellular protein synthesis is maximal. By inhibiting DNA synthesis, these cdk-inhibitors
send cells down a hypertrophic fate.
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CELL CYCLE
Identification of novel cell cycle proteins governing survival in kidney and non-kidney cells:

In addition to studying “traditional” cell cycle proteins, we identified cyclin I in several
terminally differentiated non-cycling cells including podocytes and neurons. However, the
role of cyclin I had not been determined, and any potential cdk binding partner remained
elusive. We have contributed to better understanding cyclin I biochemistry and function
as follows.
1) we showed that cyclin I sets the apoptotic threshold in terminally differentiated
cells by binding to cdk5 (a). This is the first cyclin partner reported for cdk5. We
elucidated that the signaling pathways and pro-survival proteins regulated by
cyclin I-cdk5 were MEK and Bcl-2 respectively.
2) we reported that although non-cyclin p35 also binds to cdk5 in podocytes (b), we
discovered that maximal cdk5 activity, and thus function, requires both cyclin I
and p35 (c). Thus, cdk5 has dual activators, where one can compensate for the
other, but maximal effect occurs by both cyclin I and p35 acting together. Cdk5 is
detected in both the nucleus and cytoplasm, but the determinants of its
subcellular localization have not been understood.
3) we showed that the subcellular localization of cdk5 is regulated by cyclin I and p35.
Cyclin I keeps cdk5 in the nucleus, while p35 keeps it in the cytoplasm (d).
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