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A 74-gene signature of latent TB in memory CD4 T cells
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The monocyte gene signature correlates with a population of 
CD14+ cells contained within CD4+ memory T cells

CD14+

CD14

SS
C

Gated on 
CD4 memory T cells

0.0 0.2 0.4 0.6 0.8 1.0
-10

-5

0

5

10

15

CD14+ 
(% of sorted CD4memory)

P
C

1 
(2

2-
va

r 
ge

ne
s 

C
D

4m
em

or
y)

r = 0.42
p < 0.0001



CD3+CD14+ cells can be divided in two subpopulations
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Imaging flow cytometry analysis of CD3+CD14+ cells
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CD3+CD14mid cells are T cells associated 
with monocytes fragments

Confocal microscopy

CD14
CD3

Intact monocyte Fragments?
Imaging flow cytometry



Microscopic evaluation of single cell sorts confirm 
the existence of Tcell:Monocyte complexes
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Condition Pre staining treatment Post staining treatment

No treatment None None

EDTA 10mM None Final resuspension in staining buffer at 
10mM EDTA (instead of 2mM)

RBC Lysis
Incubate 10min at RT with 4mL 1X 
RBC lysis reagent, wash twice in 
staining buffer

None

Pipetting 
up/down None

Vigorous pipetting up and down for 
30sec after final resuspension in 
staining buffer

Sonication None Sonication for 2min 30sec at 42 kHz
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§ Upon T cell activation, LFA-1 and ICAM-1 polarize at the immune synapse

CD3+CD14+ T cell:monocyte complexes present 
‘immune synapses like’ structures

Ø Polarization of LFA-1 or ICAM-1 in intact Tcell:Monocyte complexes was observed in 29% (thirty out of 105) 
doublets analyzed

Yunmin Jung



All T cell subsets can be found in a complex with monocyte
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Freq T:M (% live)

Freq T (% live) Freq M (% live)*
T:M Ka =

T = CD3+CD14- T cells
M = CD3-CD14+ Monocytes
T:M = CD3+CD14+

Ka = constant of association
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The constant of association Ka as a readout for the 
likelihood of T cell:monocyte complexes formation



Ka of T cell:monocyte complexes varies 
with immune perturbations
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The T cell subset in preferential association with a monocyte 
varies with the nature of the immune perturbation 

§ The Ka  of each T cell 
subset with monocytes 
follows  expected CD4 
vs CD8 polarization of 
immune responses for 
each perturbation 
model

§ CD4-CD8- double 
negative T cells display 
the highest Ka with 
monocytes, regardless 
of the immune 
perturbation



Generalization to any T cell-APC?
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What are the implications of these doublets 
‘hiding’ within the singlet gate 
for single-cell technologies? 



Flow cytometry analysis of CD3+CD14+ cells
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CyTOF analysis of CD3+CD14+ cells
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Single-cell RNAseq analysis of CD3+CD14+ cells
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How can we discriminate 
cell:cell complexes from singlets?



Imaging flow cytometry parameters can discriminate 
CD3+CD14+ complexes from singlets
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Non-Imaging flow cytometry parameters can partially discriminate 
CD3+CD14+ complexes from singlets
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Single-cell RNA sequencing signature of cell:cell complexes
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The case of DE cells (Ahmed et al., Cell 2019)

§ In type 1 diabetes patients, novel cell population with 
both T cell and B cell lineage specificities: DE cells

§ DE cells encode for a potent T cell autoantigen that 
might be involved in diabetes pathogenesis 

DE cells

Type 1 diabetes
Healthy



Single-cell sort 
RNAseq

Imaging 
flow cytometry

DE cells are expressing both T cell and B cell lineage markers at 
protein and mRNA level



Our in-house analysis show DE cells in healthy PBMC 
have a flow cytometry signature of cell:cell complexes
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scRNAseq data of DE cells in Ahmed et al. 
has a signature of cell:cell complexes

GEO accession number: GSE129112
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“Gating strategy involved selecting focused cells on 
the basis of gradient RMS and an aspect ratio that 
was consistent with single events and devoid of 
debris or multi-cellular events (doublets).”

Ø Dual-expressing cells exist, but they might represent only a small proportion of sorted DE cells!

DE cells, Imaging flow 
cytometry (Ahmed et al.)

Gating strategy to identify DE cells in imaging flow cytometry

It seems the ‘strict’ gating was applied in 
the Ahmed study…



Our recommendations for cases of suspicious dual-expressing cell 
populations in flow cytometry

1. Check for signatures of doublets in flow cytometry and single-cell RNAseq data

2. Perform imaging flow cytometry with appropriate gating strategy

3. Direct microscopy analysis of sorted cells

• 100% CD14+ • 100% CD3+
• 51% CD14+
• 49% CD3+
• <1% CD3+CD14+
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Conclusions: one cell can hide another!

§ The majority of CD3+CD14+ cells detected in the live singlet gate of
human PBMC are not technical artefacts but circulating Tcell:monocyte
complexes that reflect in vivo immune cell:cell interactions.

§ The frequency of T cell:monocyte complexes correlates with clinical
parameters and its T cell phenotype varies with the nature of immune
perturbation

§ This phenomenon might be generalized to any T cell:APC interaction.
Burel et al, eLife 2019

§ Overall, these results reveal that a significant proportion of cell:cell doublets in flow cytometry are
biologically meaningful, and thus, the conventional wisdom in flow cytometry to avoid studying cell
doublets should be re-visited

§ Thorough analysis checking for doublets signatures need to be systematically reported in
single-cell techniques such as flow cytometry or single-cell RNA sequencing
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