
Cancer Studies and Therapeutics
Volume 4 Issue 5Research Open

Cancer Stud Ther J, Volume 4(5): 1–3, 2019	

Perspective

A Perspective: Regulation of Ku70 Cytosolic Function
Roland P.S. Kwok*

*Departments of Obstetrics and Gynecology, and Biological Chemistry University of Michigan Medical School, Ann Arbor, MI 48109 USA

*Corresponding Author: Roland P.S. Kwok, Departments of Obstetrics and Gynecology, and Biological Chemistry University of Michigan Medical School, Ann Arbor, 
MI 48109 USA; E-mail: rkwok@umich.edu

Received: December 3, 2019; Accepted: December 13, 2019; Published: December 23, 2019; 

 

Introduction

Ku70 was first discovered as an auto-antigen [1, 2]. The majority 
of Ku70 studies focused on its DNA binding activity in the non-
homologous end joining (NHEJ) DNA repair mechanism in the 
nucleus [3, 4]. However, my laboratory has, for many years, been 
exploring the roles Ku70 in the cytosol, especially its role in regulating 
the proapoptotic activity of Bax [5, 6]. Here, I will discuss the roles of 
Ku70 in regulating Bax activity in the cytosol, integrating some of our 
key findings with others to illustrate a path forward in understanding 
the roles of cytosolic Ku70 in cells.

Model of Cytosolic Ku70 as a Survival Factor Against 
Bax-Mediated Cell Death

Because of its function as a DNA repair factor, the site of Ku70’s 
activities was always considered to be in the nucleus. The first study, 
however, to show that Ku70 could be a cytosolic protein was from a 
yeast two hybrid screen searching for Bax binding proteins [7]. Bax 
is a pro- apoptotic protein belonging to the Bcl-2 family of proteins 
[8]. Activation of Bax plays an important role in both intrinsic and 
extrinsic apoptotic pathways. Bax’s activity can be regulated by binding 
to other Bcl-2 proteins, such as Bcl-2 or Bcl-XL [9]. The yeast two 
hybrid study demonstrated that Ku70 binds to Bax and also suppresses 
Bax proapoptotic activity. This study was followed by a study showing 
that Ku70’s binding to Bax is regulated by acetylation of two lysine 
resides at K539 and K542 of Ku70 [10]. When Ku70 is acetylated at 
these two lysine residues, Bax is released, resulted in its entrance into 
the mitochondria, triggering apoptosis. We have also established that 
depleting Ku70 triggers cell death, but cell death can be prevented by 
simultaneously depleting Bax, suggesting that Ku70 may be required 
to suppress Bax activity in cells such that Bax is activated without the 
suppressive effect of Ku70 [11].

To investigate how Ku70 acetylation is regulated, we used 
neuroblastoma (NB) neuroblastic (N-type) cells as a model, and 
established that by altering the acetylation status of cells, we could 
modulate Ku70-Bax complex formation or dissociation, protecting 
these cells from dying or inducing these cells to die, respectively [12]. 
We have confirmed the original observation by Cohen et al. [10] that 
the cAMP-response element binding protein (CREB) binding protein 
(CBP), a transcriptional activator and an acetyltransferase, acetylates 
Ku70 [11]. Mutation of K539 and K542 of Ku70 to arginine blocked 
histone deacetylase inhibitors (HDACIs) induced cell death and also 

blocked Bax release following HDACI treatment. Our studies showed 
that over expression of CBP induced cell death in a Ku70 dependent 
manner. In contrast, CBP depletion caused reduction of Ku70 
acetylation, increasing the resistance of HDACI-induced cell death. 
Our results also indicated that p300, a homolog of CBP in human 
cells that shares many identical functions in cells with CBP [13], did 
not affect cell death when over expressed, suggesting that CBP plays a 
unique role in acetylating Ku70 in cells.

To further understand how Ku70 acetylation is regulated, we 
sought to identify the deacetylase that deacetylates Ku70 in the 
cytosol. Our results showed that HDAC6 bound to Ku70 and Bax [14]. 
HDAC6 is a class IIb HDAC containing two catalytic domains [15, 
16]. HDAC6 is mainly localized in the cytosol and has been associated 
with many cell functions including tubulin stabilization, cell motility, 
and regulation of binding between Hsp90 and its cochaperone [17]. 
In NB cells, HDAC6 formed a complex with Ku70 and Bax, and 
depleting HDAC6 had similar effects to treatment with tubacin, a 
HDAC6 specific inhibitor [18]. Furthermore, depleting HDAC6 also 
increased Ku70 acetylation, releasing Bax from Ku70, causing cell 
death. Based on our findings, we proposed a model in which Ku70 
may serve as a survival factor in suppressing Bax-induced cell death. 
We reasoned that, throughout life, cells continuously receive stimuli 
that affect cell viability. Some of these stimuli may be strong enough 
to trigger a high level of Bax activation leading to instant cell death 
while some minor stimuli may only activate a few molecules of Bax. 
As a protective measure and to conserve energy, cells may avoid dying 
when receiving weak signals that only activate a low level of Bax. Thus, 
to cope with these small sporadic Bax activation signals, cells may find 
ways to block these signals. We believe that Ku70 may act as one of 
these survival factors, blocking low level of Bax activation and thereby 
preventing premature cell death. While this model is compatible 
with the current data, it raises two important questions: 1. What is 
the stoichiometry of the binding between Ku70 and Bax? 2. Does this 
model apply to all cell types?

The model suggests that Ku70 needs to bind to activated Bax 
when activated Bax’s level increases. But how much do cytosolic Ku70 
and Bax bind to each other in cells at basal levels? One possibility is 
that Ku70 and Bax do not bind to each other at basal levels, and thus 
there is plenty of Ku70 available to bind Bax when Bax is activated. 
However, the study by Sawada et al. stated that “a large proportion 
of the Bax population is associated with Ku70 in normal cells.” [7] 
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This statement is not consistent with published results reporting that 
Bax is inactive and monomeric in the cytosol [19]. Using gel filtration 
chromatograph and cross-linking techniques, we have shown that 
the majority of Bax is monomeric and the majority of Ku70 is in 
complex with other factors, including its DNA binding partner Ku80 
[20]. There is only a small amount of Ku70 binding to a small amount 
of Bax at basal levels. Most important, however, is that there is no 
free Ku70 or monomeric Ku70 found in the cytosol. Where is the 
additional free Ku70 coming from when the rest of Ku70 in cells is in 
complex with other factors? Our model suggests that if Ku70 acts as a 
survival factor in rescuing cells from Bax-induced killing, Ku70 has to 
be released from complexes that contain Ku70 so that it is available to 
bind to activated Bax. If so, there has to be another level of regulation 
of Ku70 availability in the cytosol for Ku70 to act as a survival factor. 
Studies have shown that Ku70 binds to several factors in the cytosol 
[21–23]. For example, the FAAD-like interleukin-1-b-converting 
enzyme (FLICE)-inhibitory protein (FLIP) is an antiapoptotic protein 
that blocks caspase 8 activation by death receptors [24]. FLIP binds 
to Ku70 in an acetylation-dependent mechanism. However, unlike 
Bax binding to the carboxyl terminal of Ku70, FLIP binds to the Ku80 
binding domain of Ku70. When Ku70 is acetylated at K539 and K542, 
the same two lysines when acetylated regulate the binding of Bax, 
causing FLIP to be released. It is then polyubiquitinated and degraded, 
allowing caspase 8 to be activated thereby inducing cell death via the 
extrinsic pathway [24]. It is not clear whether Ku70 binds to Bax and 
FLIP simultaneously, however. Thus, the weak incoming apoptotic 
signals have to achieve at least two things: 1. to activate Bax, and 2. to 
release Ku70 from its binding proteins so that Bax can be inactivated. 
This means that there is another level of regulation of Ku70 availability 
in the cytosol that releases Ku70 from Ku70-containing complexes. 
The relative affinities of Ku70 to various complexes are not yet known. 
Thus, it is difficult to predict which complex that Ku70 is released from 
and what the mechanism of regulation is.

While the notion that Ku70 is acting as a survival factor is 
intriguing, the question remains: does it apply to all cell types? 
Originally, we used the NB N-type SH-SY5Y cells to establish the 
model in which Ku70 is acting as a survival factor [11, 12]. Our results 
demonstrated that when Ku70 was depleted using Ku70 specific 
siRNA in SH-SY5Y cells, the cells would die in a Bax- dependent 
manner (rescued by simultaneously depleting Bax). However, 
previous studies by others have shown that in other cell types, such 
as HeLa and HEK293, depleting Ku70 using Ku70 specific siRNA did 
not induce cell death [7, 10]. Our results, together with the results in 
HeLa cells and HEK293 cells, suggest that there may be at least two cell 
types in terms of Ku70 regulating Bax function: one is Ku70-depletion 
sensitive, and one is Ku70-depletion less sensitive.

In a more extended study, we depleted Ku70 using Ku70-specific 
siRNA in a panel of N- type NB cells (including SH-SY5Y cells as a 
positive control), S-type NB cells (SHEP-1), HEK293T cells, and 
a couple of ovarian cancer cells [20]. We found that except for the 
N-type NB cells, depletion of Ku70 did not trigger cell death in these 
cells. More interesting, however, is the finding that the Ku70-depletion 
less sensitive cells were also less sensitive to the HDACI treatment. 

This was not due to the fact that Ku70 was not acetylated following 
treatment of these cells. In fact, Ku70 was also acetylated in these 
cells following HDACI treatment. However, even though Ku70 was 
acetylated, our results showed that Bax did not dissociate from Ku70, 
contrary to what we observed in SH-SY5Y cells: HDACI treatment 
induced Ku70 acetylation, separating Bax and inducing cell death. 
Our results can clearly distinguish between two types of cells in terms 
of their sensitivity to cell death after Ku70 depletion: one is sensitive 
and one is less sensitive.

In the Cohen et al. paper, they described that the two lysine 
residues (K539 and K542) on Ku70 that are important for regulating 
Bax binding are localized at the linker regions of Ku70, not within 
the Bax-binding domain at the carboxyl terminal of Ku70 (residues 
578–609) [10]. Acetylation of these two lysine residues induces a 
conformational change of the Bax-binding domain of Ku70 resulting 
in Bax dissociation. Based on our current results in Ku70-depletion less 
sensitive cells, we suggest that some other factors in these cells must 
block the conformational change of Ku70 upon acetylation of these 
two lysine residues. Our gel filtration chromatograph data suggest 
that these factors must be small because the patterns of Ku70 and Bax 
gel filtration chromatograph are similar in HEK-293T cells and SH-
SY5Y cells [20]. Another less likely possibility is that Ku70 depletion 
less sensitive cells may have higher levels of the anti-apoptotic Bcl-2 
family of proteins that suppress activation of Bax and its association 
with Ku70 when Ku70 is acetylated. More work is needed to define 
these two cell types and how that knowledge can be used in targeted 
therapies in the treatment of cancer.

Conclusion

Our model that Ku70 acts as a survival factor for Bax-dependent 
cell death only in certain selected cell types is intriguing, and 
suggests that it could be beneficial to target Ku70-Bax complex as a 
therapeutic endpoint. It may be possible to manipulate the association 
or dissociation of Ku70 and Bax in these Ku70-depletion sensitive 
cells and preserve these specific cells from Bax-mediated cell death or 
to induce these cells to die, respectively, without affecting the Ku70-
depletion less sensitive cells. A five-residue peptide corresponding 
to Ku70 (residues 596–600) has been demonstrated to bind Bax and 
block Bax-induced cell death [25]. Thus, this strategy provides a 
rationale for screening small molecules that mimic the Ku70-binding 
domain of Bax and block the interaction between Ku70 and Bax by 
competing with Bax for Ku70 binding, resulting in inducing cell death 
in these Ku70-depletion sensitive cells. Agents that block Bax binding 
to Kui70 resulting in cell death may be tested in clinical settings, either 
alone or in combination with radiotherapy or DNA damaging agents, 
to target cancer cells that are sensitive to Ku70 depletion, like that in 
N-type NB cells.

Acknowledgment

RPSK was partly supported by a grant from the National Institute 
of Health (R21 AG051820-02).

References
1.	 Mimori T, Hardin JA (1986) Mechanism of interaction between Ku protein and 

DNA. J Biol Chem 261: 10375–10379.



Roland P.S. Kwok (2019) A Perspective: Regulation of Ku70 Cytosolic Function 

Cancer Stud Ther J, Volume 4(5): 3–3, 2019	

2.	 Rathmell WK, Chu, G (1994) Involvement of the Ku autoantigen in the cellular 
response to DNA double-strand breaks. Proc Natl Acad Sci U S A 91: 7623–7627.

3.	 Dvir A, Peterson SR, Knuth MW, Lu H, Dynan WS (1992) Ku autoantigen is the 
regulatory component of a template-associated protein kinase that phosphorylates 
RNA polymerase II. Proc Natl Acad Sci USA 89:  11920–11924.

4.	 Gottlieb TM, Jackson SP (1993) The DNA-dependent protein kinase: requirement 
for DNA ends and association with Ku antigen. Cell 72: 131–142.

5.	 Subramanian C, Opipari AW Jr, Castle VP, Kwok RP (2005) Histone deacetylase 
inhibition induces apoptosis in neuroblastoma. Cell Cycle 4: 1741–1743.

6.	 Hada M, Kwok RP (2014) Regulation of ku70-bax complex in cells. J Cell Death 
7: 11–13.

7.	 Sawada M, Sun W, Hayes P, Leskov K, Boothman DA, et al. (2003) Ku70 suppresses 
the apoptotic translocation of Bax to mitochondria. Nat Cell Biol 5: 320–329.

8.	 Cory S, Adams JM (2002) The Bcl2 family: regulators of the cellular life-or-death 
switch. Nat Rev Cancer 2: 647–656.

9.	 Doerflinger M, Glab JA, Puthalakath H (2015) BH3-only proteins: a 20-year stock-
take. FEBS J 282: 1006–1016.

10.	 Cohen HY, Lavu S, Bitterman KJ, Hekking B, Imahiyerobo TA, et al. (2004) 
Acetylation of the C terminus of Ku70 by CBP and PCAF controls Bax- mediated 
apoptosis. Mol Cell 13: 627–638.

11.	 Subramanian C, Jarzembowski JA, Opipari AW Jr, Castle VP, Kwok RP (2007) 
CREB-binding protein is a mediator of neuroblastoma cell death induced by the 
histone deacetylase inhibitor trichostatin A. Neoplasia 9: 495- 503.

12.	 Subramanian C, Opipari AW Jr, Bian X, Castle VP, Kwok RP (2005) Ku70 
acetylation mediates neuroblastoma cell death induced by histone deacetylase 
inhibitors. Proc Natl Acad Sci USA 102: 4842–4847.

13.	 Goodman RH, Smolik S (2000) CBP/p300 in cell growth, transformation, and 
development. Genes Dev 14: 1553–1577.

14.	 Subramanian C, Jarzembowski JA, Opipari AW Jr, Castle VP, Kwok RP (2011) 
HDAC6 deacetylates Ku70 and regulates Ku70-Bax binding in neuroblastoma. 
Neoplasia 13: 726–734.

15.	 Grozinger CM, Hassig CA, Schreiber SL (1999) Three proteins define a class of 
human histone deacetylases related to yeast Hda1p. Proc Natl Acad Sci USA 96: 
4868–4873. 

16.	 Verdel A, Khochbin S (1999) Identification of a new family of higher eukaryotic 
histone deacetylases. Coordinate expression of differentiation-dependent chromatin 
modifiers. J Biol Chem 274: 2440–2445. 

17.	 Lee YS, Lim KH, Guo X, Kawaguchi Y, Gao Y, et al. (2008) The cytoplasmic 
deacetylase HDAC6 is required for efficient oncogenic tumorigenesis. Cancer Res 
68: 7561–7569.

18.	 Cole PA (2008) Chemical probes for histone-modifying enzymes. Nat Chem Biol 
4: 590–597. 

19.	 Vogel S, Raulf N, Bregenhorn S, Biniossek ML, Maurer U, et al. (2012) Cytosolic 
Bax: does it require binding proteins to keep its pro-apoptotic activity in check? J 
Biol Chem 287: 9112–9127.

20.	 Hada M, Subramanian C, Andrews PC, Kwok RP (2016) Cytosolic Ku70 regulates 
Bax-mediated cell death. Tumour Biol 37: 13903–13914.

21.	 Mazumder S, Plesca D, Kinter M, Almasan A (2007) Interaction of a cyclin E 
fragment with Ku70 regulates Bax-mediated apoptosis. Mol Cell Biol 27: 3511–
3520.

22.	 Renault TT, Manon S (2011) Bax: Addressed to kill. Biochimie 93: 1379–1391.
23.	 Westphal D, Dewson G, Czabotar PE, Kluck RM (2011) Molecular biology of Bax 

and Bak activation and action. Biochim Biophys Acta 1813: 521–531.
24.	 Kerr E, Holohan C, McLaughlin KM, Majkut J, Dolan S, et al. (2012) Identification 

of an acetylation-dependant Ku70/FLIP complex that regulates FLIP expression 
and HDAC inhibitor-induced apoptosis. Cell Death Differ 19: 1317–1327.

25.	 Gomez JA, Gama V, Yoshida T, Sun W, Hayes P, et al. (2007) Bax-inhibiting 
peptides derived from Ku70 and cell-penetrating pentapeptides. Biochem Soc Trans 
35: 797–801.

Citation: 
Roland P.S. Kwok (2019) A Perspective: Regulation of Ku70 Cytosolic Function. Cancer Stud Ther J Volume 4(5): 1–3.


