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‘Cancer, atherosclerosis, diabetes, neurological diseases and 
autoimmune diseases all have inflammation at their core. This places 
the study of inflammation at the heart of modern medicine.’ 
David Baltimore, Nobel laureate

Financial Times  







Frontier areas of immunology



Genetic  versus environmental
Precipitating factors in human diseases: 

Measured 204 different parameters, including cell population frequencies, cytokine responses, and serum proteins, 
and found that 77% of these are dominated and 58% almost completely determined by nonheritable influences.



Autoimmune / chronic inflammatory diseases 
• Affect over 300 million people worldwide and increasing 

 Rheumatoid arthritis (RA): 1/100, 20m people in US
 Psoriasis 1/50-1/1000; 5.5m in US 
 Multiple sclerosis (MS): 1/700, 
 Crohn’s disease and Ulcerative colitis: 1/500-1/2000
 Type 1 Diabetes: 1/100,000 – 1/2000

• Pharmacological dugs, including traditional chemotherapy, still major 
first line treatment, but biologics increasing use and market share 

% patients prescribed Biologics at time of diagnosis



Drug targets in IL-23-IL-17 pathway

Mills, Nat Rev Immunol. 2023; 23:38-54



Mills, Nat Rev Immunol. 2023; 23:38-54

Indication Evidence of role for IL-17 pathway MoAb to IL-17 pathway in clinal trials / human use

Psoriasis IL-17RA SNP association. 

Th17 and γδT17 in skin lesions

ustekinumab, secukinumab, ixekizumab, bimekizumab, 
brodalumab guselkumab, tildrakizumab, risankizumab approved

Psoriatic arthritis Th17, Tc17, γδT17 and ILC3 in skin 
lesions and synovial fluid

ustekinumab, secukinumab, ixekizumab, brodalumab, 
guselkumab, risankizumab, approved

Ankylosing 
spondylitis

IL-23R, STAT3 & CARD9 SNP 
association 

secukinumab, ixekizumab, brodalumab approved

Rheumatoid 
arthritis

IL-17 in synovial fluid. ustekinumab or guselkumab no efficacy

secukinumab low efficacy
Multiple sclerosis Th17 and γδT17 in brain lesions secukinumab some efficacy phase 2 

Inflammatory 
bowel disease

IL-23R SNPs association. 

Th17 enhanced in CD and UC

ustekinumab approved, 

secukinumab, brodalumab ↑ disease
Type 1 diabetes Th17 expanded in blood in T1D ustekinumab and ixekizumab phase 2/3 recruiting
Uveitis Elevated IL-17 and IL-23 in blood secukinumab phase did not meet primary endpoint.

Atopic dermatitis IL-17A ↑ in skin lesions, ↑Th17 in 
blood

secukinumab phase 2 completed

Neutrophilic 
asthma

IL-17A SNPs association, Th17 cells 
↑ in blood

secukinumab and broadalumab phase 2 trials terminated 

Graft versus host 
disease 

↑ Th17 in blood of GVHD patients Ustekinumab Phase 2 completed, some benefit

Hidradenitis 
suppurativa

Substantial skin infiltrating CD161+ 
Th17 cells 

bimekizumab,  secukinumab  phase 3 ongoing 

Alzheimer’s 
disease (AD)

↑ Th17 in blood in mild cognitive 
impairment

ustekinumab in pre-clinical Alzheimer’s diagnosis. 

Fatty liver disease IL-17 ↑ in obesity / liver disease. Secukinumab completed

IL-17/IL-23 therapies for autoimmune/inflammatory  diseases

Ustekinumab

Secukinumab, 
Ixekizumab

Bimekizumab

Brodalumab 

Guselkumab, 
Tildrakizumab,
Risankizumab 



IL-23/IL-17 pathway biologics – a ‘cure’ for psoriasis 

Langley, N Engl J Med. 2014; 371:326-38

Secukinumab (anti-IL-17A)

• 89% PASI 75 response rates at Year 5. 

• 44% of psoriasis patients completely clear skin (PASI 
100) at Year 1, maintained to Year 5 (41%).

• 21% of psoriasis patients - skin clearance for up to one 
year without treatment 

(Step in Trial; P2223 26th EADV Congress 2017)

 

Anti-IL-23 

Anti-IL-17R

Nakamura et al Drematol Ther. 2017, 7 (3) 281. 

Guselkumab (anti-IL-23)



Future immune-based drugs for inflammatory diseases
Key target to block inflammation 

 IL-23/IL-17 
 Inflammasome / IL-1β
 Endogenous anti-inflammatories
 Autoantigen-specific Treg cells
 Multiple undiscovered

Indications

Scavone et al, Front Pharmacol, 10:111

ALS



Female IL-11-deleted mice are protected from age-associated 
obesity, frailty, and metabolic decline. 

Therapeutic inhibition of IL-11 reduces age-associated 
metabolic dysfunction, pathogenic signalling and 
sarcopenia in male mice.

Inhibition of IL-11 extends life expectancy 
of male and female mice.

Anti-IL-11 currently in early-stage clinical trials for fibroinflammatory diseases



Chimeric antigen receptors (CAR) T cells 
A living drug – re-infused genetically 
engineered T cells from cancer patients

Certain cancer can now be cured in certain patients 
- exploiting fundamentals discoveries in Immunology

Immune checkpoint inhibitors
Removing the block on T cell 
activation and survival

Jim Allison       Tasuku Honjo
Nobel Prize in Medicine, 2018



CAR-T cells 
 approaches for modifying T cells  to recognize & attack cancer cells

T cells attacking a cancer cell
Nature, Feb 2022

Developed for use in treatment of acute lymphoblastic leukaemia (B cells lymphoma, CD19+)
Complete remission (CR) rates as high as 90% have been reported in children and adults with relapsed and refractory ALL 
treated with CAR-modified T cells

Safety issues: Cytokine release syndrome. Cytokine storm after T cells blast. 3 people died in trial by JUNO (reported 2015)
Switch to turn on/off CAR-T cells? 



 Removes CTLA4 blockade on T cell activation
 Advanced melanoma – 22% survival after 3 yrs
 Approved in 2011 for melanoma
 Efficacy in other indications
 A significant proportion of recipients develop 

immune-associated adverse reactions
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Immune checkpoint inhibitors: Anti-CTLA4 (ipilimumab + others



Immune checkpoint inhibitors: Anti-PD-1/anti-PD-L1 and combinations

Nivolumab/ Pembrolizumab + others
 Anti-PD-1 antibody
 Negative signal to T cell
 Blocking PD-1 enhances effector  T cells
 Increases CTL and reduces Tregs
 200 trials anti-PD-1 or anti-PDL-1 completed 

or underway in a variety of cancer indications

PD-1
PD-L1

PD-L2

Anti-PD-1
Anti-PD-L1

Tumour 
cell

++

Previously untreated Melanoma 
without BRAF mutation

Robert et al N Engl J Med 2015; 372:320-330 Months

Combination of CTLA4 + PD-1 inhibition in stage 4 melanoma



Multiple new targets in the immunology Synapse –
enhancing T cell responses to tumours

LAG3

Th1 cell
/CTL

Treg 
cell

IMP321                   Dimer of LAG3, APC activator          I/II        Breast, prostate
IMP701                   Monoclonal antibody to LAG3           I        Cancer  
M7824           Bi-functional anti-PDI + TGFβ trap    I/II        Prostate
Dacetuzumab/             Anti-CD40 agonist MoAb     I                       CLL, NHL, MM 
Lucatumumab
TLR agonists           TLR9, TLR7/8      III                    NSCLC, various     

Clinical trials

Block with
Checkpoint
Inhibitors

Enhance 
e.g. with
TLR agonists

CD40CD40L

T cell APC



Immune checkpoints prevent autoimmune diseases

Immune checkpoints
• Natural brakes on the immune system
• Prevent development of autoimmunity
• But also suppress immunity to tumors
• Immune checkpoint inhibitor (anti-PD-1/PDL-1 

&  anti-CTLA4 highly effective in treating cancer
• Responders develop autoimmune diseases 



PD-1 agonistic MoAbs in clinical development for autoimmune diseases

• Lilly running another Phase II in RA and options 
for other autoimmune disease

• BMS/Celgene CC-90006 (Moab) licensed from 
AnaptysBio was in phase I for psoriasis

• Expression of PD-1 increased in synovium of RA patients
• Strong expression on T cells correlates with disease activity

$1.85bn



Vaccines for Infectious Diseases 
• Infectious diseases: >15m global death annually (150,000 in US)
• Vaccination: one of the greatest achievements of modern medicine 
• Vaccination: one the most cost-effective ways of saving lives
• Many infectious disease without an effective vaccine
• The COVID-19 vaccineS changed the business case - vaccines are 

now big business

(WHO data)



COVID-19 vaccines developed in 1/10 time of a typical vaccine



Deaths averted by 
Covid-19 vaccines

Deaths w/o vaccination

Excess mortality

COVID-19 vaccines prevented an estimated 14.4 
million deaths from COVID‐19 (19m including 
excess deaths) in first year of use.

J Paediatr Child Health. 2022 Sep 20 : 10.1111/jpc.16213.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9537923/


USA April 21 – Jan 22

Cases

Deaths

COVID-19 vaccines prevent severe disease but does not 
prevent SARS-CoV-2 infection or sustain protective immunity

Qatar study NEJM Feb 2022
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Pertussis cases in US 1922-2022 (CDC)

Bordetella pertussis 

• Whooping cough (pertussis) - severe persistent 
respiratory infection especially in infants

• 24.1m cases, 160,700 infant deaths/yr 
• Re-emerging pathogen - despite introduction of 

a new acellular pertussis (aP) vaccine in 1990s
• aP vaccines do not prevent infection and 

immunity wanes rapidly post vaccination

Pertussis cases in UK 

Pertussis cases in USA 2019-2024 



Wilk et al, Emerging Microbes & Infections, 2019, 8, 169

Acellular pertussis (aP) vaccines (2000s-) 
       (3-5 antigens with alum)

 Safe, but do not prevent bacterial transmission
 Promote antibody and Th2 responses
 Does not induce respiratory TRM cells

Whole cell pertussis (wP) vaccines (1940-90s)
     (killed whole bacteria, including LPS + other PAMPs)

 Effective but had side effects
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Current acellular pertussis vaccines prevent disease and reduce lung 
infection but do not prevent nasal infection with B. pertussis

Bacterial load in nose IL-17+ CD4+ TRM in nasal tissue 



Aerosol-delivered antibiotic-inactivated B. pertussis vaccine (AIBP) induces potent 
respiratory IL-17+ TRM cells and protects against nasal infection with B. pertussis  

Jazayeri and Mills, unpublished 

Bacterial load in nose
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• Rapid vaccine development against “new” pathogens
• Tackling tough pathogens
MRSA, HIV, CMV, TB, universal flu mRNA vaccines

• mRNA vaccine against cancer
• Genome editing: long lasting mRNA to correct rare 

diseases
Cystic fibrosis, Muscular dystrophy, Huntington’s 

disease, Haemophilia, Cancers

Impact of mRNA technology on vaccine/treatments for other diseases 
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