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SPOILER ALERT



1. Blood
collection

2. Look at 
cells in blood

CD8+ T cells
Increased in Trisomy 21

These red dots are cells 
that can be like 
superman cells fighting 
solid cancers.

3. Analyze

Cancer



The underlying science…



The >400,000 Americans with Trisomy 21 may hold solutions
to major medical conditions

Heart Disease

Cancer

Stroke

Coronary Artery Disease
Atherosclerosis
Hypertension
Angiopathies
(e.g. diabetic retinopathies)

Alzheimer’s

Diabetes

Leukemias
Autism
Epilepsy
Congenital Heart
Defects
Autoimmune Disorders
(e.g. T1D, Celiac 
Disease, Thyroid 
Dysfunction, Vitiligo)
and more…

Individuals with trisomy of chr. 21 (T21) 
have alterations in disease incidence

Slide from Joaquin Espinosa



Aberrant interferon (IFN) signaling is 
conserved across individuals with T21

•Increased IFN signaling has been 
noted in T21 for over 40 years
(Tan 1974, Maroun 1979, Weil 1980, 
Zihni 1974, Maroun 1996, Hallam 1998, 
Maroun 2000, Ling 2014, Lee 2016) 

•IFNs identified as core signaling 
pathways activated among
individuals with T21
-Genome-wide mRNA expression
-shRNA loss-of-function screening

•As with clinical manifestations of T21, 
increased ISG expression varied 
(de Sola S 2015)

(Sullivan KD 2016)



IFN signaling can instruct the immune 
system to drive or restrict disease
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• Contradictory literature 
(reviewed in Ram G & Chinen J 2011)

– Reduced frequencies of T cells and B cells (Martinez E 2016)
– Alterations in B cell phenotype and antibody production (Carsetti R 2015)
– Functional impairment of T cells 
– Functional impairment in NK cells (Nurmi T 1982)
– Functional impairment of granulocytes 
– Immunodeficiency (Burgio GR or Ugazio AG 1970-1990s, Lima FA 2011)
– Thymus and immune cells similar to “older” people 

(Schlesinger M 1976, Cossarizza A 1990s)

• Small N’s, limited evaluations, and times have changed

Previous studies of the immune system 
in adults with T21 are contradictory



A large cohort study with multi-omics datasets, deep 
clinical data and a matching multi-dimensional biobank
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The Human Trisome Project (HTP) 



Overall Hypothesis
Individuals with T21 have a generalized immune 
dysregulation reflective of increased IFN 
signaling that can be correlated with variable 
manifestations of T21.

Elena	Hsieh Kim	Jordan Jen	McWilliams



Methods: Single cell analysis 
by mass cytometry (CyTOF)

– Limited overlap between channels compared to flow cytometry
– Up to ~40 antibodies per staining panel

Slide adapted from Chris Porter



HTP samples processed for 
mass cytometry (CyTOF)

1) 2)

+ T21-

WB

A

Immediate lysis & fixation
& stimulated 

for functional analyses

(2) Samples were processed 
& stored at -80°C

0.5 mL



Technical variation minimized within and 
between batches to focus on biology

3) Samples barcoded with Pd isotopes

4) Samples combined

6) 

WB

Sample #: 1 2 3 4 Pd102 Pd105 Pd108

Pd104 Pd106 Pd110

5) Combined samples stained together

6) Samples run together on mass cytometer with normalization beads

7) Analyze

Pd108

Pd110
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Subsets of WBCsDifferentiate into
subsets of WBCs

Staining panel focuses on “cellular and humoral immunity”
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We measured >200 
immune cell subtypes 
in 32 HTP participants



viSNE maps appear highly similar between 
individuals with Trisomy 21 and controls (D21)

viSNE enables visualization of global structure within high-dimensional single-cell data.
(Amir et al. 2014)
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Topographic analysis highlights global immune 
dysregulation among individuals with Trisomy 21
Kernal Density Estimate (KDE) of viSNE plots quantitatively compares cell density.C
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Every detected branch of the immune system is 
altered among individuals with Trisomy 21 

T21

D21

CD8+ T cells – one example

Naïve GzmB+PD1+
Naïve GzmB-PD1-

GzmB-PD1-
GzmB+PD1+

Naïve GzmB+PD1-

Student’s unpaired t test, Benjamini-Hochberg adjusted p < 0.05



Solid tumor protection by CD8+ T cell 
cytotoxicity is mediated by IFN alpha

reviewed in Zitvogel L 2015 & Ikeda H 2002

Type 1 interferon licenses naïve CD8 T cells to mediate anti-viral cytotoxicity.
Urban SL et al. 2016



Distinct immune cell subsets have higher surface protein 
expression of IFNAR1 among individuals with T21
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Espinosa Lab Username on Hi3ucdenver.cytobank.org



Among individuals with Trisomy 21, all measured branches of the immune 
system have increased signaling in response to IFN alpha stimulation
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Blood
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Kidney Epithelial
Progenitor Cells

Differentiated
Cell Types



Conclusions
• Healthy adults with Trisomy 21 have global immune dysregulation in 

steady state.

• Every detected branch of the immune system has multiple statistically 
significant differences between individuals with Trisomy 21 and disomic 
controls.
• For example, individuals with Trisomy 21 have an increased 

frequency of CD8+ T cells that highly express the anti-cancer 
protein Granzyme B.

• Among individuals with Trisomy 21, distinct immune cell subtypes have 
higher surface protein expression of an interferon receptor, IFNAR1, 
that is located on chromosome 21.

• All measured branches of the immune system had heightened signaling 
after IFN alpha stimulation among individuals with Trisomy 21.



Future directions
To scale up CyTOF measurements to hundreds of HTP 
participants with the ultimate goal of identifying immune 
signatures associated with specific phenotypes.

Key co-morbidities that we are pursuing:
1.Various autoimmune conditions (celiac, Hashimoto’s, 
alopecia, vitiligo, type I diabetes)
2.Regression, Depression, Autism, early onset Alzheimer’s 
disease, Infantile Spasms, Epilepsy

As of today, we have 68 T21 and 75 D21 CyTOF-ready 
biological replicates ready for analysis.



JS divergence: 
Quantifies similarity 
between 2 viSNE maps

Score of 0 
= completely similar

Score of 1 
= completely different

(Amir et al. 2014)
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Analysis pipelines are built to identify 
immune signatures associated with T21
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Technical variation minimized between 
batches for high-throughput analyses
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JS divergence: 
Quantifies similarity between 
two viSNE maps

Score of 0 = completely similar
Score of 1 = completely different

(Amir et al. 2014)



Technical variation minimized between 
batches for high-throughput analyses
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SVA ComBat: 
Reduces batch effects in 
high-throughput experiments

(Leek et al. 2012)


