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the immune system is well organized
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cells circulate and we can capture them
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technology allows for discovery and increases complexity
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spectral overlap, an issue that has been resolved
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CyTOF

Inductively coupled plasma mass spectrometry (ICP-MS) (late 90s)

-> elemental composition of materials

-> ultra-trace (10> g/ml) detection of elements in environmental and
clinical samples
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again, technology allows for discovery and increases complexity
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research is changing
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hypothesis and data-driven research can co-exist

...and interact synergistically!!

Hypotheses

(sjuawiiadxy)
sainpasold

Findings
(Conclusions)

Data
(Results)



human diversity : curse or blessing?
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systems biology : the knowing nothing (discovery) approach

1. Apoptosis is a Biomarker of Vaccine Responsiveness in Humans and Mice

2. Cytomegalovirus Potentiates Immune Responses in Young but not Older Adults

3. Testosterone mediates weaker vaccine responses in men



systems biology : the knowing nothing (discovery) approach

Q1: can we use blood to find mechanisms of response to immunizations?
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1: apo

aging affects response to vaccination
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demographics
chronic infection status
gene expression
cytokine levels
cell subset frequency

signaling responses
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1: apo

Al: yes, and apoptosis is involved
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1: apo

more features are discovered after removing age

AUC

0.60 0.65 0.70 0.75

0.55

log{Lambda)

+-0.700

-0.10

-0.03

I, o047

| |
0.00 0.05 010

Regression coefficient

|
015

CDE.MA
mod (54
miod_034
mod_043
CLE CD28-
miod_(%2

NK cells

mod 0749
sFasl
CDE.EM
IL-12P40
GBS TATT
mod_(85
C04.CM
pre-Gh |



1: apo

apoptosis-deficient mice have weaker responses to vaccination
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different immunological profiles in CMV infection and aging
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CMV improves vaccine response in young subjects

delta HAI titer
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2:cmv

infection with mCMV prior to influenza challenge
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Figure 3
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Figure 4
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3: gender (sex)

Q3: what mediates the improved response in women?

Sexual dimorphism in the human immune system

1. longer lifespan
2. stronger response to infection & vaccination
3. more resilient to cancer

4. more susceptible to autoimmune diseases



3: gender (sex)

sex differences in inflammatory markers
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3: gender (sex)

dimorphism in the antibody neutralizing activity

Beta Std. Error 7 value P-value
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T Gender -0.011 0.234 -0.047 0.962
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3: gender (sex)

is there a feature that can explain the differences?
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3: gender (sex)

search for confounding factors

forward stepwise regression
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3: gender (sex)

search for interactions with sex that explain vax response

1. Test for significant interactions (FDR < 0.1)
2. Fit model to estimate OR
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* Yokota Y, et al. (2012) Blood 120(17):3444-3454.
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Kanneganti TD & Dixit VD (2012) Nat Immunol 13(8):707-712.

Simon, N. and Tibshirani, R. (2012) A Permutation Approach to Testing Marginal Interactions in Many Dimensions



3: gender (sex)

lowest response to TIV in males with highest testosterone and expression of module 52
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conclusions

* Apoptosis is important for the ability to respond to TIV

— Making room for the generation of new memory cells?

e CMV potentiates the Ab response to TIV

— Effect is lost with time

* Testosterone seems to modify expression of genes that
participate in suppression of the Ab response to TIV
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