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• Ageing and immunology

• Overview of B cell development and 

selection checkpoints

• Cell population changes – particularly 

IgM memory repertoire, subclasses of 

antibody

• Ig gene repertoire changes:

– CDR3 after exogenous challenge

– CDR3 and VDJ changes before exogenous 

antigen (tolerance selection?)



http://www.un.org/en/development/desa/population/publications/pdf/ageing/2012PopAgeingandDev_WallChart.pdf

343,000 centenarians

1.5% over 80

% of population over 60

UK 20-24%



3.2 million centenarians (estimate revised up from 2.2 million in 2002)

4% over 80

% of population over 60

UK >30%



Immune system and Mortality 
(UK Office National Statistics July 2013 release)

Age

<1 1-4
5-14

15-24 35-44
25-34

55-64
45-54 65-74 >84

75-84

Anti-pathogen 

immunity

Anti-tumour 

immunity

Inflammatory 

disease



Morbidity of infection changes with age

http://www.cdc.gov/nchs/data/databriefs/db62.htm

Sepsis



The older immune system fails on 

multiple levels

LOSS of protection 

against external 

pathogens and cancer

Inflammatory disease

and autoimmunity



Katja Hoschler Alexander Ademokun

Ageing and the immune system

ELISA

HI titre



B cell development road map



Positive selection events to increase 

useful cells



Negative selection to remove 

potentially harmful B cells

?



Poor negative selection = increased risk of autoimmune 

activation. Which B cells are more likely to be involved in 

autoimmune disease?

Poor positive selection = poor responses to vaccine and 

infectious challenge?

Different type of immune activation events = different 

repertoire of B cells?

Useful Ig genes in a response may be identifiable by their 

over expression in a population – antibody discovery for 

therapeutics

Why look at repertoire?



Changes in repertoire - cells

Class variation 

IgM/IgG/IgA/IgE

Activation type –

CD27+ or CD27-

PreB

cells
Immature Transitional

Naive Germinal

centre

Memory
Plasma

cell

Mature Peripheral cellsBone marrow

development

IgM



Changes in repertoire - genetic



Changes in cell populations with age
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IgM Memory cells

Yu-Chang Wu/Victoria Martin



IgM memory cells are heterogeneous:

e.g. they differ in 

their expression 

levels of IgM

Martin V, Wu YC, Kipling D, Dunn-Walters DK. Age-related aspects of human IgM+ B cell heterogeneity

Ann N Y Acad Sci. 2015 Jul 7. doi: 10.1111/nyas.12823. [Epub ahead of print]
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http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370


IgM hi IgM lo

CD35 Hi lo

CD44 Hi lo

CD74 Hi lo

CD24 + -

CD40 - +

CD23 - +

Beta7 -/lo +

CD21 Lower Higher

CD38 - +

CD95 Lo -

CXCR4 - -/+

TNFa Lo -

CD69 - Lo

CD27 Hi Lo
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Populations of IgM memory cells, distinguished by levels of IgM 

expression, change with age.

Martin V, Wu YC, Kipling D, Dunn-Walters DK. Age-related aspects of human 

IgM+ B cell heterogeneity Ann N Y Acad Sci. 2015 Jul 7. doi: 

10.1111/nyas.12823. [Epub ahead of print]

http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370
http://www.ncbi.nlm.nih.gov/pubmed/26152370


IgD.  Flexible Hinge region. Responds 

polyvalent antigens not monovalent

More important in T-independent responses to 

polyvalent polysaccharides?

IgM responds both types of antigens
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Significance of IgD IgM changes?



Age changes in class switched B cells

Martin V, Bryan Wu YC, Kipling D, Dunn-Walters D. Ageing of the B-cell repertoire. Philos Trans R Soc Lond B 

Biol Sci. 2015 Sep 5;370(1676). http://dx.doi.org/10.1098/rstb.2014.0237
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IgG1/IgG2 ratio altered

http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://dx.doi.org/10.1098/rstb.2014.0237
http://dx.doi.org/10.1098/rstb.2014.0237


FcgammaR interactions: 

Real-time surface plasmon resonance sensorgrams

BRUHNS et al BLOOD, 16 APRIL 2009  VOLUME 113, NUMBER 16

Also no complement fixation



Different populations have different 

repertoire characteristics: IGHV family use

Naive “IgM memory” – “innate B cell response”

IgG1 memory – classical TD memory response.



IGHV family: IgG1+3 repertoire starts to look 

like IgG2 repertoire in the aged.

Martin V, Bryan Wu YC, Kipling D, Dunn-Walters D. Ageing of the B-cell repertoire. Philos Trans R Soc Lond B 

Biol Sci. 2015 Sep 5;370(1676). http://dx.doi.org/10.1098/rstb.2014.0237

http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://dx.doi.org/10.1098/rstb.2014.0237
http://dx.doi.org/10.1098/rstb.2014.0237


Summary 1

Class AND subclass antibody important:

- for IgG the IgG1/2 ratio

- also consider IgM, IgD and IgA contributions

Different types of B cell activation favour 

different selection of repertoire 

- Generally the relative contribution of 

IGHV1/IGHV3 family is a good 

distinguishing feature



CDR3 binding site is largest 

contributor to antigen specificity (?)

Variable region with two 

binding sites which determine 

the ANTIGEN SPECIFICITY

CDR3 antibody 

binding site

Fw1 CDR1 Fw2 CDR2 Fw3 D J5’
-

-

3’

50 27 6x x

CDR3 region

IGHV IGHD IGHJ



CDR-H3 size selection upon challenge

(Spectratype PBMCs)

Fw1 CDR1 Fw2 CDR2 Fw3 D J5’
-

-

3’

50 27 6x x

CDR3 region

IGHV IGHD IGHJ



Smaller CDR-H3 size is a feature of 

all memory cells.

IgM memory

CD27-

memory

CD27+ 

memory

Naïve & 

Transitional

IgD
Naïve

/Ts IgM 

memory

Switched memory

CD27+ CD27-

Wu et al Front.Immunol. 2011



Short CDRH3 sequence

AREGWQWLAPLDC

Long CDRH3 sequence

ARDSSYYDFYSESGEGGWFDS

What is the effect of CDR-H3 size?

Franca Fraternali



IGHD/J gene selection of memory cells after 

antigen challenge

Ie the CHANGE between naïve and memory cells = selection event

Fw1 CDR1 Fw2 CDR2 Fw3 D J5’- -3’

50 27 6x x
IGHV IGHD IGHJ
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Martin V, Bryan Wu YC, Kipling D, Dunn-Walters D. Ageing of the B-cell repertoire. Philos Trans R Soc Lond B 

Biol Sci. 2015 Sep 5;370(1676). http://dx.doi.org/10.1098/rstb.2014.0237
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CDR3 selection of memory cells after antigen 

challenge

Ie the CHANGE between naïve and memory cells = positive selection event

Martin V, Bryan Wu YC, Kipling D, Dunn-Walters D. Ageing of the B-cell repertoire. Philos Trans R Soc Lond B 

Biol Sci. 2015 Sep 5;370(1676). http://dx.doi.org/10.1098/rstb.2014.0237

Young

http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://dx.doi.org/10.1098/rstb.2014.0237
http://dx.doi.org/10.1098/rstb.2014.0237


CDR3 selection of memory cells after antigen 

challenge decreases with age

Ie the CHANGE between naïve and memory cells = positive selection event

Martin V, Bryan Wu YC, Kipling D, Dunn-Walters D. Ageing of the B-cell repertoire. Philos Trans R Soc Lond B 

Biol Sci. 2015 Sep 5;370(1676). http://dx.doi.org/10.1098/rstb.2014.0237

Young Old

http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://www.ncbi.nlm.nih.gov/pubmed/26194751
http://dx.doi.org/10.1098/rstb.2014.0237
http://dx.doi.org/10.1098/rstb.2014.0237


Summary 2

CDRH3 region undergoes selection in 

favour of smaller loops. 

- This seems to be independent of the type 

of antigen challenge as is in all memory 

cells.

- Some of this size difference is related to 

selection of IGHD and IGHJ regions. 

- This selection is not as strong in older 

people.



CDR3 size selection even before exogenous 

challenge????

(Spectratype PBMCs)

Fw1 CDR1 Fw2 CDR2 Fw3 D J5’
-

-

3’

50 27 6x x

CDR3 region

IGHV IGHD IGHJ



Negative selection – central tolerance



CDR3 is longer in old cells – even in early 

development

preB immature transitional naive



Biophysical properties of CDR3 change during 

repertoire development

Anova stats



CDRH3 character distinguishes groups of cells


