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Autophagy in Health and Disease
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Methods to Monitor Autophagy

Orhon and Reggiori, Cells 2017



The Principle of the Autophagy LC3 HiBiT Reporter Assay
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Technical manual, Promega

Theory behind the assay
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The Autophagy Pathway in More Detail

InvivoGen, review

ATG7
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LC3 HiBiT Reporter Assay & Autophagy Modulators
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LC3 HiBiT Reporter Assay & Autophagy Modulators
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LC3 HiBiT Reporter Assay & Autophagy Modulators

CM: control medium

BafA1: 100 nM bafilomycin A1

CQ: 100 µM chloroquine

pp242: 2 µM
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LC3 HiBiT Reporter Assay & Autophagy Modulators

• Autophagy stimulation results in decreased reporter levels (decreased luminescence)

• Autophagy inhibition results in increased reporter levels (increased luminescence)

• Easily detects both early- and late-phase autophagy pathway inhibitors

• Autophagy reporter level decreases/increases over time and in a concentration-
dependent manner in U2OS and HEK293 cells (data from Dan Lazar, Promega) 



LC3 HiBiT Reporter Assay under Physiological Conditions

• Autophagy stimulation by starvation (EBSS medium)

• Autophagy inhibition by siRNA-mediated depletion of ATG proteins

• Autophagy inhibition by viruses
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LC3 HiBiT Reporter Assay under physiological conditions
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LC3 HiBiT Reporter Assay under Physiological Conditions

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,5 3 4,5

re
la

ti
ve

 r
ep

o
rt

er
 le

ve
ls

time [h]

control

EBSS

EBSS+BafA1

EBSS+WM

U2OS reporter cells



0,0

0,2

0,4

0,6

0,8

1,0

1,2

CM EBSS

HEK293 reporter cells

LC3 HiBiT Reporter Assay under Physiological Conditions
re

la
ti

ve
 r

ep
o

rt
er

 le
ve

ls

0,0

0,2

0,4

0,6

0,8

1,0

1,2

CM DMEM EBSS

re
la

ti
ve

 r
ep

o
rt

er
 le

ve
ls

U2OS reporter cells

CM: control medium

DMEM: serum starvation

EBSS: amino acid + serum           

starvation

 Autophagy induction by starvation reduces reporter levels



LC3 HiBiT Reporter Assay under Physiological Conditions

HiBiT-Spacer-LC3

C
M

E
B

S
S

C
M

+
B

a
fA

1

E
B

S
S

+
B

a
fA

1

tubulin

p62/SQSTM1

LC3-I
LC3-II

50kDa

50kDa

62kDa

16-18kDa

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

CM EBSS CM+baf EBSS+baf

p
ro

te
in

ab
u

n
d

an
ce

[a
.u

.]

HiBiT-LC3/tubulin p62/tubulin

U2OS reporter cells



LC3 HiBiT Reporter Assay under Physiological Conditions
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LC3 HiBiT Reporter Assay under Physiological Conditions

0

0,2

0,4

0,6

0,8

1

1,2

CM EBSS

re
la

ti
ve

 r
ep

o
rt

er
 le

ve
ls

5h

after replenish

U2OS reporter cells



LC3 HiBiT Reporter Assay under Physiological Conditions

• Autophagy stimulation by starvation (EBSS medium)

• Autophagy inhibition by siRNA-mediated depletion of ATG proteins

• Autophagy inhibition by viruses
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The Autophagy Pathway in More Detail
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LC3 HiBiT Reporter Assay under Physiological Conditions
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LC3 HiBiT Reporter Assay under Physiological Conditions
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LC3 HiBiT Reporter Assay under Physiological Conditions

• Autophagy stimulation by starvation (EBSS medium)

• Autophagy inhibition by siRNA-mediated depletion of ATG proteins
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LC3 HiBiT Reporter Assay under Physiological Conditions
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LC3 HiBiT Reporter Assay: Conclusions

• Autophagy LC3 HiBiT Reporter expressed at low levels in stable cell lines

• Easy-to-handle autophagy reporter assay, “add-mix-read” protocol 

• Monitors autophagosomal-lysosomal degradation

• Can be used to detect autophagic activity in HEK293 3D culture models       
(Dan Lazar)

• Mostly suitable for compound screening and automated high-throughput
assays

• siRNA applications: normalization parameter(s) under preparation
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• Generated HEK293 Autophagy LC3 HiBiT

Reporter day-4, cell spheroids in Corning 

#7007 ULA 96-well plates (round bottom)

• Compared autophagy reporter recovery 

and detection to ATP levels measured with 

CellTiter-Glo 3D Cell Viability Assay in 

parallel samples (multiplex not possible)

• Increased shake time to 30 min after 

addition of Nano-Glo HiBiT Lytic Reagent 

(shorter shake times may be sufficient for 

complete reporter recovery and detection)

• Linear relationship between autophagy 

assay and cell viability assay signals 

indicates modified autophagy assay 

protocol effectively recovers Autophagy 

LC3 HiBiT Reporter from 3D cell spheroids

Assay Application to HEK293 Autophagy LC3 
HiBiT Reporter 3D Cell Spheroids

N = 2, n = 4

Dan Lazar



Autophagy Assay Performance Enables Comparison of Compound 
Effects in Both 2D and 3D Models

• HEK293 Autophagy LC3 HiBiT Reporter Cells
• Day-4, 3D spheroids (~540mm diameter) vs. normal 2D monolayer cultures

Assay Protocol
1. Prepare day-4 cell spheroids and normal 2D 

monolayer cultures in 96-well plates
2. Treat with reference compounds for 6 h in 

37oC, CO2 incubator
Vehicle (0.2% DMSO)
50nM Baf A1
2mM PP242
2mM PP242 + 50nM Baf A1

3. Equilibrate plates to room temperature
4. Add equal volume of Nano-Glo HiBiT Lytic 

Reagent (100uL)
5. Plate shake (extended shake for 3D)
6. Transfer 3D reaction volume to 96-well, 

white assay plate (because ULA plate’s clear)
7. Read luminescence on a GloMax Discover

Dan Lazar



Functional complexes of the ATG proteins during autophagy

Autophagy initiation and 
Phagophore biogenesis

ULK 
complex

PI-3 kinase 
complex

Phagophore elongation

Ubiquitin-like 
conjugation systems

ATG9 cycling
complex



LC3 HiBiT Reporter Assay under physiological conditions
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LC3 HiBiT Reporter Assay under physiological conditions
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