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Celsus tetrad of inflammation 
(literally meaning “to set on fire”)
- a.k.a., the 5 cardinal signs of inflammation

https://www.healthcoach7.com/2015/02/26/dna-carrying-inflammation/ https://quizlet.com/326138519/immuno-l26-anti-inflammatory-
immunosuppressive-immunomodulatory-drug-strategies-edited-flash-cards/

http://dermaamin.com/site/images/clinical-pic/c/chilblain_lupus/

What is Inflammation?
In today’s language:
Immune-mediated response 
to damaged or infected tissue 



Inflammation – bad!



1. Inflammation has enabled human evolution

But… Inflammation is also good (essential, actually)

from nomadic hunting and gathering to a sedentary farming-
based lifestyle, may have modified the way humans interact
with pathogens. Finally, I will highlight the ways in which the inte-
gration of population genetics and systems immunology can
help us to tackle questions of major fundamental and public
health importance, such as the delineation of the evolutionary
determinants of human immune responsiveness, and the various
sources of immune response variation between both individuals
and populations.

Population Genetics of Human Immunity—From
Essentiality to Redundancy
Adissection of themolecular signatures left by natural selection in
genomic regions involved in immune responses, or the absence
of such signatures (i.e., neutrality), can be used to assess the bio-

logical relevance of the corresponding genes in natura, deter-
mining whether they are essential, redundant, or adaptable
(Figure 1). Two main forms of selection occur, according to
whether the alleles concerned are deleterious or advantageous.
Purifying selection, or negative selection, involves the removal
of deleterious alleles from the population. Its pace depends on
how deleterious the alleles are (i.e., the selective coefficient s)
and on effective population size (i.e., Ne). This selection regime
is the most widespread throughout the genome. Conversely,
adaptation can occur through positive selection, which increases
the frequency of an advantageous allele according to various
evolutionary models such as the classic sweep (strong selection
on a newmutation), standing variation (selection on a pre-existing
mutation), or polygenic adaptation (selection acting simulta-
neously on multiple loci) (Figure 2A), or through other forms,

Figure 1. Understanding Immune Relevance through Population Genetics
(A) Essentiality. Mutations in genes that fulfil essential, non-redundant functions, such as TLR3 that senses nucleic acids particularly from virus, are removed from
the population through purifying selection at a pace that mainly depends of their levels of deleteriousness.
(B) Redundancy. Mutations in genes that fulfill a function that is redundant from an immunological standpoint, such as TLR5 that senses flagellated bacteria, will
evolve neutrally, and their frequency in the human population will be mainly driven by genetic drift.
(C) Adaptability. A beneficial mutation in an adaptable gene, such as TLR1 that sense microbial products at the cell surface, can improve host survival, thereby
increasing in population frequency to eventually reach fixation, when it follows a classic sweep model.
Studies of DNA from ancient or modern human samples increase our understanding of how these mutations, whether adaptive or not, have behaved in terms of
population frequency trajectories in time.
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2. Inflammation is the basis of vaccines

Quintana-Murci, Cell 2019
Shuultz, Sackton, eLife 2019
Callaway, Nature 2020



Inflammation is also the basis for cancer immunotherapy

https://www.northshore.org/kellogg-cancer-center/our-services/immunotherapy/
https://www.the-scientist.com/news-opinion/james-allison-and-tasuku-honjo-win-
nobel-prize-64879
Amin, JNCCN, 2020

Tasuku Honjo James Allison

https://www.northshore.org/kellogg-cancer-center/our-services/immunotherapy/
https://www.the-scientist.com/news-opinion/james-allison-and-tasuku-honjo-win-nobel-prize-64879


Current approaches to treating inflammation have consequences

Inflammatory Bowel Disease

Rheumatoid Arthritis

Type 1 (Juvenile) Diabetes

Psoriasis

- Infections
- Cancers



How can inflammation be good and bad?

https://www.youtube.com/watch?v=TCXpJFUzeQo

https://www.youtube.com/watch?v=TCXpJFUzeQo


1. Inflammatory responses can be misdirected (Autoimmunity)

https://www.news-medical.net/health/Anti-Myelin-Antibodies-in-Multiple-Sclerosis.aspx
https://medlineplus.gov/ency/article/000305.htm

Multiple Sclerosis

Type 1 (Juvenile) Diabetes

https://www.news-medical.net/health/Anti-Myelin-Antibodies-in-Multiple-Sclerosis.aspx
https://medlineplus.gov/ency/article/000305.htm


2. Not all inflammatory responses are the same

https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-019-2994-z/figures/1

Type 1 responses Type 2 responses Type 3 responses

Intracellular pathogens (e.g., 
viruses, intracellular bacteria)

Multicellular parasites (e.g., 
parasitic worms)

Extracellular bacteria, fungi

Macrophage, NK, CTL Basophil, Eosinophil Neutrophil, Epithelial repair



T cell activation determines the outcome of inflammation

https://www.smithsonianmag.com/smithsonian-institution/what-astronomers-are-still-discovering-about-big-bang-theory-180949794/



Deciphering T cell dysfunction in chronic inflammation

Inflammatory Bowel Diseases (IBDs)



T cells in the small intestine ‘adapt’ to bile acids

Crohn’s 
disease (CD)

Ulcerative 
colitis (UC)

Clarke, Pharmacol Rev 2019
Cao, Immunity 2017
Chen, Nature - in press
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The Xenobiotic Transporter Mdr1 Enforces T Cell
Homeostasis in the Presence of Intestinal Bile Acids
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d CD4+ effector T cells upregulate Mdr1 expression in the ileum

d Mdr1 protects effector T cells in the ileum from bile-acid-

driven oxidative stress

d Bile acid sequestration restores Mdr1-deficient T cell

homeostasis in the ileum

d A subset of ileal Crohn’s disease patients display MDR1 loss

of function
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In Brief
The role of host-derived intestinal

metabolites in mucosal immune

regulation is poorly understood. Here,

Cao et al. show that effector CD4+ T cells

upregulate expression of the xenobiotic

transporter, Mdr1, in the ileum to

safeguard immune homeostasis,

revealing an important immunologic

consequence of ileal bile acid

reabsorption.

Cao et al., 2017, Immunity 47, 1182–1196
December 19, 2017 ª 2017 Elsevier Inc.
https://doi.org/10.1016/j.immuni.2017.11.012

MDR1

MDR1

MDR1

‘Bile acid
Response’ pathway? 



A precision medicine approach to treating Crohn’s disease 

Cao, Immunity 2017
Chen, Nature - in press

Mechanism of Action: Systemic Local
Immune suppression: Yes No

Cost per dose: $1,500 $3.33

Current SoC BAS

Target: Consequence Cause
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The Sundrud Lab: 
Probing the biology 
of T cells to treat 
the untreatable 
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