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Abstract

The field of optogenetics is rapidly growing in relevance and number of developed tools. Amongst other things, the optogenetic
repertoire includes light-responsive ion channels and methods for gene regulation. This review will be confined to the optogenetic
control of gene expression in mammalian cells as suitable models for clinical applications. Here optogenetic gene regulation
might offer an excellent method for spatially and timely regulated gene and protein expression in cell therapeutic approaches.
Well-known systems for gene regulation, such as the LOV-; CRY2/CIB-, PhyB/PIF-systems, as well as other, in mammalian
cells not yet fully established systems will be described. Advantages and disadvantages with regard to clinical applications are
outlined in detail. Among the many unanswered questions concerning the application of optogenetics, we discuss items such
as the use of exogenous chromophores and their effects on the biology of the cells and methods for a gentle, but effective gene

transfection method for optogenetic tools for in vivo applications.

Hosted file

24-11-20-Review.pdf available at https://authorea.com/users/378725/articles/495128-clinical-
applicability-of-optogenetic-gene-regulation

chromo- light

e -
deactivation
® &



https://authorea.com/users/378725/articles/495128-clinical-applicability-of-optogenetic-gene-regulation
https://authorea.com/users/378725/articles/495128-clinical-applicability-of-optogenetic-gene-regulation

Chromophore: Celllines:

_7sem
BV Hela (Kaberniuk etal., 2016)
s7s nm (Redchuk et al., 2017)
¢
ssn nm CHOK1 (Milller et al., 2013)
PCB HEK293 (Noda & Ozawa, 2018)
- 4_ HEK293T (Baaske et al., 2019)
o o Hela (Baaske et al., 2019)
8 (12h) MCF-7 (Baaske et al., 2019)

NIH/3T3 (Beyer etal., 2015), (Gomez et al., 2016)
CarH CarH CarH CarH  dark
—

(L]
Car0

AdoB12 HEK293 (Chatelle et al., 2018)

CDH01-0634 (Quejada et al., 2017)
Cos-7 (Nihongaki, Yamamoto, et al., 2015)
Eph4 (Nihongaki, Yamamoto, et al., 2015)

450 nm HEK293 (Baaske et al., 2018), (Kennedy etal., 2010),
FMN/FAD (Nihongaki, Yamamoto, et al., 2015),
< (Polstein & Gersbach, 2015)
(5.5 min) HEK293T (Lee etal., 2017), (Nihongaki, Yamamoto, et al., 2015),
(Pathak et al., 2017), (Quejada et al., 2017),
(Yamadaet al., 2018)
HeLa (Nihongaki, Yamamoto, et al., 2015)
L MEF (Quejada et al., 2017)
NIH/3T3 (Konermann et al., 2013)
G |0 D e FMN/FAD  Neuro2A(Yamadaetal., 2018)
450nm

FMN CHO-K1 (Milller, Engesser, et al., 2014)
HEK293 (Reade et al., 2017)

(17 30 9 HEK293T (Baaske et al., 2018)

H1299 (Niopek etal., 2016)
FMN HEK293 (Motta-Mena et al., 2014),
(Yumerefendi et al., 2016)
HEK293T (Bubeck et al., 2018), (Niopek et al., 2014),

~4500m

e

(30/505)
o (W. Wang et al., 2017)
h— FMN CDHO1-0634 (Quejada et al, 2017)
Gark HEK293 (Polstein & Gersbach, 2012)
(©2h) HEK293T (Quejada et al., 2017)
Hela (Yazawa et al., 2009)
MEF (Quejada et al., 2017)
450 nm NIH/3T3 (Polstein & Gersbach, 2012), (Yazawa etal., 2009)
— FMN HEK293 (X. Wang etal., 2012)
dark HepG2 (X. Wang et al., 2012)
G v MCF-7 (X. Wang et al., 2012
MDA-MB-231 (X. Wang et al,, 2012)

PC-3 (X. Wang et al., 2012)

e
(20 min)

450 nm |
D
G=) (1.8h)

FMN HEK293T (Al et al., 2015)

FAD Cos-7 (Kawano et al., 2016)
HEK293 (Kawano et al., 2016)
HEK293T (Nihongaki, Kawano, et al., 2015)
Hela (Nihongaki, Kawano, et al., 2015)
NIH/3T3 (Kawano et al., 2016)

—
—
Intrinsic
ush) aminoacids  U20s (Rizzini etal., 2011)
BphP1 - bacterial, PpsR2- iptional regulator TF iption factor DBD- DNA bmdmg domain BV bilverdin PhyB - phytochrome B
PCB - CarH  factor CarO - operator AdoB12
ay2 ircadian regulator 2 CIB- ing basic helix loop-elix 1 FMN -flavin mononucieotide FAD -flavin adenine dinucleotide
LOV - light oxygen voltage Jq~alpha-helix at C-terminus of LOV EL222 -erythrobacter litoralis asLOV2 - light oxygen voltage domain of avena sativa
FKF - flovin-binding kelch repeat F-box1 Gl - gigantea VVD - vivid Gald - galac: PYP- yellow protein

CREB - cyclic AMP response element binding protein pMag - positive magnet nMag - negative magnet UVRS - ultra violet resistance 8 COP1 - constitutive photomorphogenic 1
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