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Does the BCL-2 family member BIK control lung carcinogenesis?
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ABSTRACT
Hyperplastic airway epithelial cells may be the cause for increased risk for lung cancer in patients with
chronic lung diseases. The B-cell lymphoma 2 (Bcl-2) family member, Bcl-2-interacting killer (BIK), triggers
cell death specifically in these hyperplastic cells because of adequate presence of Death-associated
Protein Kinase 1 (DAPk1), BCL-2 Antagonist Killer (BAK), and Extracellular Signal-regulated Kinase 1/2
(ERK1/2). Therefore, BIK may be a useful tool to control the development of lung cancer in patients with
chronic diseases.

BIK (Bcl-2 interacting killer) is the founding member of BH3-
only family proteins in which the cell death activity was first
linked to the conserved Bcl-2 homology domain 3 (BH3).1

Although BIK is widely expressed in hematopoietic and in
endothelial cells of the venous lineages, loss of Bik does not
increase the numbers of such cells in mice or protect hemato-
poietic cells in vitro from apoptosis induced by cytokine with-
drawal or other cytotoxic stimuli.2 In mouse embryo
fibroblasts, Bik overexpression causes only 10% cell death but
up to 60% in AECs,3 suggesting specificity to cell type-depen-
dent susceptibility.

The airway epithelium is very efficient in regulating cell
numbers. Following exposure to environmental pollutants or
viral or bacterial infections, existing and proliferating epithelial
cells produce mucins to protect the lung from further injury.
This hyperplastic response involves a 30% increase in epithelial
cell number per mm basal lamina.4 When the injury stops, up
to 30% of hyperplastic cells are eliminated by apoptotic mecha-
nisms and the epithelium returns to the original cell numbers.4

If this resolution process is dysfunctional hyperplastic mucous
cells are sustained for longer periods, as is frequently observed
in the airways of patients with allergic asthma and cigarette
smokers. Secreted mucins can be the basis for airflow
obstruction.5

We observed that during prolonged exposure to allergens,
the resolution of hyperplastic mucous cells is mediated by Bik-
induced apoptosis of airway epithelial cells.6 In the absence of
Bik, mice fail to resolve mucous cell hyperplasia during pro-
longed exposure to allergen. This finding was validated in
humans, as BIK mRNA levels in epithelial cells from patients
with asthma were reduced compared with those from normal
control subjects.6 Similarly, cigarette smoke (CS) suppresses
Bik levels and thereby induces mucous cell hyperplasia.3 CS-
induced hyperplastic mucous cells are reduced when Bik levels
are restored. These results were further confirmed in humans

where BIK expression was reduced in lung autopsy samples
from former-smokers with chronic bronchitis compared with
those without,3 suggesting that individuals who express high
levels of BIK may be protected from chronic bronchitis. There-
fore, factors that differentially regulate BIK expression in sub-
jects with chronic bronchitis could be closely related to the
susceptibility factors that cause permanent changes in former
smokers with chronic bronchitis.

Recently, we focused on elucidating the mechanisms by
which BIK causes cell death in airway epithelial cells. Bik antag-
onizes the pro-proliferative activity of activated Extracellular
Signal-regulated Kinase1/2 (ERK1/2) by interacting with and
retaining this kinase in the cytosol and blocking its nuclear
localization.6 BIK is predominantly localized to the endoplas-
mic reticulum (ER) and mediates apoptosis signaling to mito-
chondria. BIK displaces BCL-2 Antagonist Killer (BAK) from
Bcl-2 and thereby increases BAK levels by delaying its degrada-
tion.7 The enhanced BAK translocates to the ER and interacts
with Death Associated Protein Kinase 1 (DAPk1). BIK also
activates DAPk1 to facilitate the formation of the BIK–
DAPk1–ERK1/2–BAK (BDEB) complex. This ER-anchored
BDEB complex also binds to mitochondria and increases the
contact sites between ER and mitochondria. BIK by interacting
with BCL-2 also disrupts BCL-2 and IP3R interaction. Because
BCL-2/IP3R complex retains ER-Ca2C,8 the disruption of this
complex by BIK elicits ER-Ca2C release. The ensuing transfer
of ER-Ca2C to the mitochondria elicits mitochondrial outer
membrane permeability (MOMP). Therefore, the main role of
BIK appears to be based on its high affinity to BCL-2. In fact,
mutations that mimic phosphorylation (Thr(33), Ser(35)!
Asp) enhance the cell death activity of BIK and interaction
with BCL-2,9 while mutations that prevent phosphorylation
reduce the cell death activity. Thus, BIK disrupts the interaction
of BCL-2 with BAK, IP3R, and possibly DAPk1 to initiate the
BDEB complex formation. Therefore, the cell-type-specific
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effect of BIK may be due the presence/absence of proteins that
form the BDEB complex and may explain why cells of the
hematopoietic system and endothelial cells of the venous line-
ages are less sensitive to BIK-induced death. In fact, our data
show that cells expressing low levels of DAPk1 or BAK are less
susceptible to BIK-induced cell death. The number of ER-mito-
chondria contact sites likely determines whether the cell under-
goes apoptosis, because even reduced levels of Bak as found in
heterozygous mice protects from BIK-induced cell death.7

A double hydrocarbon-stapled peptide modeled after the
BIK BH3 helix causes efficient BAK activation and cell
death to reduce allergen- or CS-induced epithelial and
mucous cell hyperplasia in primary human AECs in culture
and in vivo. Similarly, transgenic expression of Bik in the
airways of adult Bik knockout mice resolves allergen- or
CS-induced mucous cell hyperplasia.7 In cancer cells, pro-
teasome inhibitors such as Bortizomib increase the level of
BIK,10 suggesting that BIK protein is targeted by the protea-
somal machinery. While BIK itself is regulated by proteaso-
mal system, BIK also interacts with and displaces BAK
from BCL-2 to inhibit proteasomal degradation of BAK.
Thus, this close relationship of BIK with the proteasomal
function needs further investigation.

Hyperplastic airway epithelial cells can be the source for
neoplastic lesions during carcinogenesis, suggesting that the
normal function of BIK may be to remove cancerous cells
before hyperplasias form tumors. Cigarette smokers with
emphysema and chronic bronchitis are at 2–4-fold higher risk
of developing lung cancer. Therefore, BIK by specifically target-
ing hyperplastic airway cells may have implications in control-
ling the early stages of lung carcinogenesis. The sustained
suppression of BIK in airway epithelial cells of smokers could
be the initial signal for insensitivity to evading growth-arrest
signals and apoptosis via unopposed nuclear translocation of
activated ERK1/26 and BDEB-mediated ER-Ca2C release,7

respectively. Future studies need to investigate whether
increased BIK expression can protect susceptible smokers from
developing lung cancer.

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

Funding

National Institutes of Health (NIH) [grant number RO!HL068111].

References

1. Boyd JM, Gallo GJ, Elangovan B, Houghton AB, Malstrom S, Avery
BJ, Ebb RG, Subramanian T, Chittenden T, Lutz RJ, et al. Bik, a novel
death-inducing protein shares a distinct sequence motif with bcl-2
family proteins and interacts with viral and cellular survival-promot-
ing proteins. Oncogene 1995;11:1921–8. PMID:7478623.

2. Coultas L, Bouillet P, Stanley EG, Brodnicki TC, Adams JM, Strasser
A. Proapoptotic bh3-only bcl-2 family member bik/blk/nbk is
expressed in hemopoietic and endothelial cells but is redundant for
their programmed death. Mol Cell Biol 2004;24:1570–1581.
doi:10.1128/MCB.24.4.1570-1581.2004. PMID:14749373.

3. Mebratu YA, Schwalm K, Smith KR, Schuyler M, Tesfaigzi Y. Ciga-
rette smoke suppresses bik to cause epithelial cell hyperplasia and
mucous cell metaplasia. Am J Respir Crit Care Med 2011;183:1531–8.
doi:10.1164/rccm.201011-1930OC. PMID:21317312.

4. Harris JF, Aden J, Lyons CR, Tesfaigzi Y. Resolution of lps-induced
airway inflammation and goblet cell hyperplasia is independent of il-
18. Respir Res 2007;8:24. doi:10.1186/1465-9921-8-24.
PMID:17352829.

5. Lemjabbar H, Li D, Gallup M, Sidhu S, Drori E, Basbaum C. Tobacco
smoke-induced lung cell proliferation mediated by tumor necrosis fac-
tor alpha-converting enzyme and amphiregulin. J Biol Chem
2003;278:26202–7. doi:10.1074/jbc.M207018200. PMID:12711607.

6. Mebratu YA, Dickey BF, Evans C, Tesfaigzi Y. The bh3-only protein
bik/blk/nbk inhibits nuclear translocation of activated erk1/2 to medi-
ate ifngamma-induced cell death. J Cell Biol 2008;183:429–439.
doi:10.1083/jcb.200801186. PMID:18981230.

7. Mebratu YA, Leyva-Baca I, Wathelet MG, Lacey N, Chand HS, Choi
AMK, Tesfaigzi Y. Bik reduces hyperplastic cells by increasing bak
and activating dapk1 to juxtapose er and mitochondria. Nat Commun
2017;8:803. doi:10.1038/s41467-017-00975-w. PMID:28986568.

8. Rong YP, Aromolaran AS, Bultynck G, Zhong F, Li X, McColl K, Mat-
suyama S, Herlitze S, Roderick HL, Bootman MD, et al. Targeting bcl-
2-ip3 receptor interaction to reverse bcl-2’s inhibition of apoptotic cal-
cium signals. Mol Cell 2008;31:255–265. doi:10.1016/j.molcel.2008.
06.014. PMID:18657507.

9. Li YM, Wen Y, Zhou BP, Kuo HP, Ding Q, Hung MC. Enhancement
of bik antitumor effect by bik mutants. Cancer Res 2003;63:7630–3.
PMID:14633680.

10. Hur J, Bell DW, Dean KL, Coser KR, Hilario PC, Okimoto RA, Tobey
EM, Smith SL, Isselbacher KJ, Shioda T. Regulation of expression of
bik proapoptotic protein in human breast cancer cells: P53-dependent
induction of bik mrna by fulvestrant and proteasomal degradation of
bik protein. Cancer Res 2006;66:10153–61. doi:10.1158/0008-5472.
CAN-05-3696. PMID:17047080.

e1435182-2 Y. A. MEBRATU AND Y. TESFAIGZI

https://doi.org/7478623
https://doi.org/14749373
https://doi.org/21317312
https://doi.org/10.1186/1465-9921-8-24
https://doi.org/17352829
https://doi.org/12711607
https://doi.org/18981230
https://doi.org/28986568
https://doi.org/10.1016/j.molcel.2008.06.014
https://doi.org/18657507
https://doi.org/14633680
https://doi.org/10.1158/0008-5472.CAN-05-3696
https://doi.org/17047080

	Abstract
	Disclosure of potential conflicts of interest
	Funding
	References

