
BIO-479: Exercise 1

Revision of Lecture 1



Immune activation cascade
What are the layers of defence that the innate immune system 
provides?



e.g. epithelia lining internal 
and external surfaces

e.g. phagocytes beneach 
epithelial layer, antimicrobial 
peptide repertoire

recognition of pathogen-
associated patterns through 
PRRs
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ANATOMICAL BARRIERS

PRE-FORMED EFFECTORS

RECRUITMENT OF 
EFFECTOR CELLS

BRIDGE TO ADAPTIVE 
IMMUNE SYSTEM



How would you define a pathogen?





Pathogen-induced damage
What are the direct and indirect mechanisms by which pathogens 
can exert damage to the host?





The epithelium
How do our epithelial surfaces protect us from immune threats?



Mechanical / physical defences
• Tight junctions between epithelial cells prevent microorganisms from 

entering
• Mucus production can prevent the adhesion of pathogens to epithelial 

surfaces
• Peristalsis (smooth muscle contraction) in the gut helps expel microbes

Chemical defenses
• Enzymes e.g. in tears, saliva and the gut, low pH in the gut, fatty acids in 

the skin have antimicrobial functions

Microbiological defenses
• Commensal bacteria, such as lactobacilli, produce antimicrobial 

substances



Antimicrobial peptides (AMPs)
How do AMPs exert host protection?
What is an example of a cell type that stores AMPs?



e.g. neutrophils store α-
defensins 



Overview of innate immune cell types
Which immune cell types can you list?
What are their different functions?



Source: CST

Overview of innate immune cell types

Myeloid lineage Lymphoid lineage



Source: CST

Myeloid lineage Lymphoid lineage

Overview of innate immune cell types



Neutrophils
Which of the following is not true about neutrophils?
• Neutrophils are produced in the bone marrow
• Neutrophils can degranulate to release antimicrobial editors
• Neutrophils are long-lived cells
• Neutrophils are phagocytically active
• Neutrophils participate in the acute phase of inflammation



Neutrophils
Which of the following is not true about neutrophils?
• Neutrophils are produced in the bone marrow
• Neutrophils can degranulate to release antimicrobial editors
• Neutrophils are long-lived cells
• Neutrophils are phagocytically active
• Neutrophils participate in the acute phase of inflammation

Half-life in circulation: 6-12h, tissue lifespan only up to a few days



Neutrophils

• Neutrophils are produced in the bone marrow
• Neutrophils can degranulate to release antimicrobial 

editors
• Neutrophils are long-lived cells
• Neutrophils are phagocytically active
• Neutrophils participate in the acute phase of inflammation

They are both a type of granulocyte and a type of phagocyte !



Mononuclear phagocytes
Which cell types are mononuclear phagocytes?
Where are they localized?
What do they do?



Mononuclear phagocytes
• Includes monocytes – can migrate to tissues and become 

macrophages
• Includes tissue-resident macrophages
• Both are phagocytic
• Monocytes are circulating and can be recruited to infection sites
• Macrophages also dispose of apoptotic cells
• Macrophages also take care of tissue repair after injury



Mast cells
How do mast cells act in our immune system?



Mast cells
• Mast cells are another type of granulocyte
• They contain granules with inflammatory mediators such as 

histamine
• They are present in the skin and mucosal epithelia



Dendritic cells
List important physiological functions of dendritic cells



Dendritic cells
• Potent antigen-presenting cells (APCs)
• They can induce T cell response against antigens
• Immature DCs occur across tissues; they have high capacity 

for antigen uptake but limited antigen presentation capacity
• Mature DCs present in T cell areas; reduced antigen capture 

capacity, but high propensity for antigen presentation & T cell 
activation





NK cells
How do NK cells recognize and kill target cells?



NK cells
• Contain cytotoxic proteins like granzyme or perforin
• Type I IFNs and other cytokines active their killing behaviour
• They distinguish healthy from infected cells through a 

combination of inhibitory and activating receptors





Recognising immune threats
• NK cells detect microbes by integrating signals from inhibitory 

vs. activating receptors
• But how do other cells decide when to eat (neutrophils / 

macrophages), when to activate T cells (dendritic cells), 
and when to produce antimicrobial peptides (epithelial 
cells)?



Pattern recognition receptors (PRRs)
What is a pattern recognition receptors?
Give examples of receptor:ligand pairs!



Pattern recognition receptors (PRRs)
Bacteria, viruses, fungi can produce…

• Microbe-associated molecular patterns (MAMPs)
• Pathogen-associated molecular patterns (PAMPs)
• Damage-associated molecular patterns (DAMPs)

We have specialized receptors that can recognize these 
patterns and trigger different signaling cascades as a 
consequence

Examples of such PAMPs include nucleic acids (DNA, 
RNA), bacterial cell wall lipids, or carbohydrates



Why would DNA be an indicator of 
pathogen invasion?



NLRP3 senses danger/stress 
(ATP, ROS, K+ efflux)

C-type lectins such as Dectin-1 detect 
fungi-derived carbohydrates

RIG-I or MDA5 can recognize 
RNA viruses

TLR3,7/8 can recognize RNA 
viruses

TLR9 can recognize DNA viruses

TLR2/4/5 can recognize bacteria 
e.g. via LPS sensing

cGAS senses cytosolic DNA

Overview of some key PRRs and their ligands





BIO-479: Seminar 1

Activating the innate immune 
system from within



• An intact immune system activates upon presentation of external stimuli
• However, there are medical conditions characterized by excessive immune 

activation, or immune activation without an external stimulus: Type 1 
interferonopathies



Aicardi-Goutieres Syndrome (AGS)
• 1988: Virologist Lebon & pediatricians Aicardi & Goutieres described elevated IFNα in the 

CSF of children affected by a genetic disorder that resembled in utero-acquired viral 
infection

• AGS was the first Mendelian disease to be associated with enhanced type I interferon 
signalling

• It appeared as if the children had acquired a viral infection, but without the actual 
presence of an underlying infection

“Virological investigations excluded various congenital infections.”

IFN-alpha was detected in 
cerebrospinal fluid and/or sera 
from 7 of 8 patients […]. The 
secretion of IFN-alpha was 
prolonged, as shown by its 
presence at different times 
between birth and 5 years, and 
was not associated with IFN-
gamma.



What could cause an infection-like 
response without an infection?

Genetic sequencing had delineated this locus 
as likely causal, however there was no clear 
link between the nearest gene (TREX1) and 
the immune phenotype of AGS

TREX1 is a 3′ → 5′ DNA exonuclease, which 
chews up free DNA in the cytosol (e.g. DNA of 
viral origins)



Mutations within TREX1 locus in AGS patients 3’ DNA exonuclease activity assay

• These two panels represent the entirety of the data in this paper (Nature Genetics 2006)
• Let’s try to interpret them:



Mutations within TREX1 locus in AGS patients 3’ DNA exonuclease activity assay

Sample Table
GM06315A: normal lymphoblastoid ctrl
MRC5: fibroblast cell line (no AGS)
HFF: fibroblast cell line (no AGS)
F39A: 341G à A
F39B: 341G à A + [600+601insGAT]
F40: 490C à T
F43: 341G à A
F46:  341G à A
F47: 602T à A

Cell-free protein extracts 
were assayed for 3′ DNA 
exonuclease activity with a 
3′-end-labeled poly(dA) 
substrate



Mutations within TREX1 locus in AGS patients 3’ DNA exonuclease activity assay

What conclusion would you draw from this data?

Sample Table
GM06315A: normal lymphoblastoid ctrl
MRC5: fibroblast cell line (no AGS)
HFF: fibroblast cell line (no AGS)
F39A: 341G à A
F39B: 341G à A + [600+601insGAT]
F40: 490C à T
F43: 341G à A
F46:  341G à A
F47: 602T à A

Cell-free protein extracts 
were assayed for 3′ DNA 
exonuclease activity with a 
3′-end-labeled poly(dA) 
substrate



Mutations within TREX1 locus in AGS patients 3’ DNA exonuclease activity assay

à The ability to degrade free DNA is impaired in AGS patients
à These patients have mutations within a gene encoding for an 

exonuclease (TREX1), suggesting a causal link



But why would a dysfunctional exonuclease lead to an 
immune response in the absence of infection? 

• What would your hypothesis be?



Cell, 2008

Hypothesised that there are self-derived nucleic acids that can activate our innate immune 
receptors, and TREX1 usually keeps these in check

“[…] it is unclear whether accumulation of self-nucleic acids within cells can activate cytosolic 
sensors.”

“[…] a number of fundamental questions regarding the principles of self-/non-self discrimination 
arise. Specifically, are there dedicated mechanisms that limit excessive activation of cytosolic 
nucleic acid sensors?”



Their first finding: TREX1 can bind externally delivered 
immuno-stimulatory DNA



Bone marrow-derived macrophages of the 
indicated Trex1 genotype were transfected with 
ISD. IFNβ and IL-6 mRNA expression 4 hr 
posttransfection were measured by quantitative 
RT-PCR, normalized to HPRT expression 
within each sample, and compared to 
untreated controls to calculate the relative 
expression.

Based on this data, is TREX1 the 
sensor of immunostimulatory DNA?



Bone marrow-derived macrophages of the 
indicated Trex1 genotype were transfected with 
ISD. IFNβ and IL-6 mRNA expression 4 hr 
posttransfection were measured by quantitative 
RT-PCR, normalized to HPRT expression 
within each sample, and compared to 
untreated controls to calculate the relative 
expression.

Based on this data, is TREX1 the 
sensor of immunostimulatory DNA?

“We found that Trex1-deficient cells had an 
intact ISD response to transfected DNA, thus 
ruling out the possibility that Trex1 is the ISD 
sensor itself.”



(A) Survival curves for Trex1-deficient mice of the 
indicated irf3 genotype. Trex1−/− irf3+/+ mice include 
mice generated both by intercrossing trex1+/−irf3+/− mice 
as well as by separately intercrossing trex1+/−irf3+/+ 

mice. The number of mice of each genotype is 
indicated in parentheses, and symbols represent 
individual mice.

Genetic Dissection of the Trex1 
Knockout Phenotype

How would you describe the 
phenotype of knocking out TREX1?

How would you describe its 
relationship to IRF3?

What novelty does this finding offer 
regarding the role of TREX1?

(B) Body weights of mice of the indicated genotype 
were measured at 4.5 weeks of age and compared to 
the average weight of sex-matched, WT littermates. For 
these measurements, trex1+/− mice were considered 
WT.



(B) IFNβ mRNA levels in hearts of mice of the 
indicated genotype were determined by 
quantitative RT-PCR, normalized to HPRT 
expression within each sample, and compared 
to WT littermates to calculate the relative 
IFNβ expression.

What information does this data 
give us?

Does this demonstrate a novel 
finding, or does it back up one of 
the previously made points?



KO of TREX1 leads to immune sensor 
activation
• “The data presented above suggest that accumulation of Trex1 DNA substrates 

activates the ISD pathway, raising questions about the nature and the source of 
this DNA.”

• What is the endogenous substrate which, upon TREX1 knockout, starts activating 
immune sensors ?! 



KO of TREX1 leads to immune sensor 
activation
• “The data presented above suggest that accumulation of Trex1 DNA substrates 

activates the ISD pathway, raising questions about the nature and the source of 
this DNA.”

• What is the endogenous substrate which, upon TREX1 knockout, starts activating 
immune sensors ?! 

DNA was purified from pooled hearts of three irf3−/− mice and 
three trex1−/− irf3−/− mice. This plot represents the relative 
percentage of each type of DNA fragment.

Based on this data, can we answer the question?



KO of TREX1 leads to immune sensor 
activation
• “The data presented above suggest that accumulation of Trex1 DNA substrates 

activates the ISD pathway, raising questions about the nature and the source of 
this DNA.”

• What is the endogenous substrate which, upon TREX1 knockout, starts activating 
immune sensors ?! 

DNA was purified from pooled hearts of three irf3−/− mice and 
three trex1−/− irf3−/− mice. This plot represents the relative 
percentage of each type of DNA fragment.

ssDNA fragments that mapped to endogenous retroelements were plotted to scale against a 
generic, consensus sequence of L1 (top) and LTR (bottom) elements. Sense fragments are 
above each element, and antisense matches are below. For the fragments that mapped to 
LTRs, only the 5′ mapping is shown to avoid redundancy.



An unexpected source of endogenous immunostimulatory nucleic acids: 
The reverse-transcribed cDNA of endogenous retroelements

TREX1



A final piece of data:
What does this piece of data prove?Reverse transcription reporter

• IAP = a type of endogenous retrovirus
• Each element carriers a neomycin-resistance 

gene in reverse orientation, and interrupted by 
an intron

• In this conformation, neo_r is non-functional
• Only if the element transcribes à splices out 

the intron à reverse transcribes à integrates: 
a functional neo_r copy appears



What does this piece of data prove?Reverse transcription reporter

• IAP = a type of endogenous retrovirus
• Each element carriers a neomycin-resistance 

gene in reverse orientation, and interrupted by 
an intron

• In this conformation, neo_r is non-functional
• Only if the element transcribes à splices out 

the intron à reverse transcribes à integrates: 
a functional neo_r copy appears



Endogenous immunostimulatory 
nucleic acids in autoimmune disease



Clinical trials 
ongoing

Clinical trials 
for other type 
I interferono-
pathies

Clinical trials 
ongoing

Endogenous immunostimulatory 
nucleic acids in autoimmune disease


