
The immune system is 
responsible for the 
destruction of harmful 
pathogens 

and the clearance of 
dying apoptotic cells in 
the body. 

In contrast to the 
immune reaction 
against pathogens, 
which involves various 
in�ammatory processes, 

normal clearance of 
apoptotic cells is immu-
nologically silent and 
in�ammation does not 
occur.



A healthy immune 
system maintains 
self-tolerance – the 
ability to recognize the 
body’s own healthy cells 
and tissues. 

In patients with autoim-
mune diseases, howev-
er, self-tolerance is lost. 

The immune system 
attacks the body’s 
healthy cells and sets o� 
in�ammatory processes.

One such autoimmune 
condition is systemic 
lupus erythematosus, or 
SLE. 

It is a mysterious and 
multifaceted disease 
characterized by the 
loss of tolerance to the 
body’s own nuclear 
material, such as DNA, 
histones, and ribonucle-
oproteins. 



How does the immune 
system, instead of 
protecting the body, 
develop autoimmunity 
and turn on its host? 

The answers to this 
question are complex 
and still not fully under-
stood. 

A cell undergoing 
apoptosis, or normal 
programmed cell death,

However, researchers 
are making great prog-
ress in the �eld. Recent-
ly, scientists have 
uncovered a new mech-
anism behind the 
maintenance of 
immune self-tolerance 
in mice and a route by 
which SLE can develop.



exhibits distinct mor-
phological changes. 

These include cell 
shrinkage, 

nuclear fragmentation, 
which releases DNA 
inside the cell, 

and membrane bleb-
bing, which causes 
protrusions of the 
plasma membrane 
called blebs.

The apoptotic cell uses 
a variety of “eat me” 
signals 



to recruit phagocytic 
immune cells such as 
macrophages and 
dendritic cells. 

The immune cells 
dispose of the apoptotic 
cell in a process called 
e�erocytosis.

The apoptotic cell is 
now enclosed within 
the macrophage

inside of a mem-
brane-bound e�ero-
some. 



Within this membrane 

is the receptor TLR9, a 
protein that recognizes 
DNA material from 
apoptotic cells.  

Lysosomes, �lled with 
degradative enzymes, 

merge with the endo-
some to begin break-
down of the cellular 
debris inside. 

The increased acidity of 
the endosome environ-
ment allows



triggering a burst of 
reactive oxygen species.

In order for the macro-
phage to sustain 
self-tolerance, it must 
not come to view this 
nuclear debris as enemy 
antigens. How is this 
accomplished?

The answer is a protein 
called the aryl hydrocar-
bon receptor, or AhR.

The burst of reactive 
oxygen species from 
TLR9 activation 

for TLR9 to bind to 
nuclear material 
exposed on the apop-
totic cell blebs, 



AhR then travels to the 
nucleus 

and dimerizes with its 
partner, the AhR nuclear 
translocator protein, to 
form a transcription 
factor complex.

 This AhR complex 
regulates genes encod-
ing for cytokine produc-
tion,

releases AhR from its 
chaperone complex in 
the cytoplasm. 



stimulating macro-
phage release of anti-in-
�ammatory cytokines 
such as interleukin-10 
and TGFß. Through this 
process, the immune 
system learns to accept 
the apoptotic debris as 
self and  develops a 
long-term immune 
tolerance.

What happens, then,

when AhR does not 
work correctly?

In mouse models, 
interfering with AhR in 
macrophages and 
dendritic cells



The classic processes of 
in�ammation follow, 
including increased 
migration of leukocytes 
to the area.

As a result, immune 
cells now recognize the 
nuclear debris as 
foreign, and the mouse 
acquires symptoms of 
SLE. 

Current evidence indi-
cates that AhR plays a 
similar role in the main-
tenance of immune 
tolerance and the 
development of SLE in 
humans.

leads to the secretion of 
pro-in�ammatory 
cytokines during apop-
totic cell cleanup. 



Through the continued 
e�orts of researchers 
around the world, 
su�erers of SLE may one 
day be able

to live lives free of their 
symptoms.

While there is still much 
work to be done in the 
realm of SLE research, 
these are exciting 
�ndings which point 
the way towards future 
therapies for autoim-
mune diseases. 


