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Single Cell Analysis: Role within LiPhos

Ĉ Single cell analysis (SCA) provides a complementary method of 
study to the SLLP and MLLP based methods for the end users within 
the LiPhos consortium

Ĉ Two models for prognostics of cardiovascular events  investigated:

ė Endothelial dysfunction

ÅHUVECs

Å EA.hy926 cells

Å Endothelial progenitor cells

ė apolipoprotein E-null (apoE-KO) differentiated macrophage model

ÅLipid and leukocyte accumulation at artery walls causing thickening

ÅMacrophages play key role in atherosclerosis development

Å Large risk factor for CVD and high mortality factor 

Ĉ Centrifugal microfluidic chip for high efficiency cell capture and 
isolation

Ĉ Integrated photonic system for photonic fingerprint (PIN) readout

2



LiPhos: SPIE Microtechnologies, 

Barcelona, Spain, May 4th –6th 2015

LiPhos Single Cell Analysis Viewgraph
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LiPhos Single Cell Analysis Microfluidic 
Principles

Ĉ Operational Principle: cell sedimentation due  to the absence of flow 
and centrifugal force into an array of V -cup capture elements

Ĉ Capture takes place when liquid bulk is at rest

Ĉ High V-cup array occupancy observed (> 95%)

Ĉ System allows for time course studies of cells at single cell resolution

Ĉ Sequential addition and removal of reagents if required
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LiPhos Single Cell Analysis Test System
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Ĉ Centrifugal microfluidics
ė Sequential addition and 

removal of reagents if 
required

Ĉ Cell manipulation (via 
optical tweezers)
ė Cell sub-population isolation

Ĉ Bright field imaging (BFI)
ė Cell morphology

Ĉ Broad band light 
interrogation (BBLI)
ė Absorbance bands

ė Scattering bands

Ĉ Fluorescence detection module

ė Label ïfree detection

ė Auto-fluorescence (AF) 
bands
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LiPhos Single Cell Analysis PIN Definition
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Optical Parameter Single Cell Property

Light backscattered (polarized) Size, shape and RI of nucleus.
Size, shape, RI and number of
mitochondria.

Light scattered at low angle
(< 5º ) (non-polarized)

Size, morphology, refractive
index, viability.

Light scattering at large angle
(> 130º ) (non-polarized)

Membrane roughness, refractive
index.

Absorbancebands Specific indicators.

Auto-fluorescencebands Specific proteins.
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Single Cell Analysis: Endothelial Dysfunction

Ĉ Endothelial dysfunction as a prognostics of cardiovascular events

ė Induced endothelial dysfunction

ÅHUVECs

Å EA.hy926 cells

ïInflammation induced via TNF-Ŭand LPS exposure at various 
concentrations and resulting PIN signals obtained via label free 
detection

ė Endothelial progenitor cells (EPCs)

ÅLevels of circulating EPCs can predict occurrences of CVD

Å Amount and function of EPCs is impaired in CVD cases

ÅDetect presence of EPCs in patient samples

ïIdentify via Ac-LDL uptake

ïClassify health state of EPCs using label free PIN detection
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Endothelial Dysfunction: HUVEC TNF-Ŭ
Exposure
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HUVEC

TNF-Ŭ@ 20 ng 
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Endothelial Dysfunction: HUVEC TNF-Ŭ
Exposure Summary

Ĉ Cell morphology changes

ė Increase with increased state of inflammation

ė Increased number of mitochondria

Ĉ Broadband light interrogation (Ȉ= 380 nm ï800 nm)

ė Scattering and absorbance bands

ė Decreases with increased levels of inflammation

Ĉ Auto-fluorescence Bands

ė Increases with increased levels of protein induced inflammation

ė Peak signal levels in 530-nm band

Ĉ Each cell condition gives a unique profile dependent on cell 
health state / degree of inflammation

Ĉ Limit of detection: Detection between healthy and 2.5 
ng/ml TNF -Ŭ
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Endothelial Dysfunction: Endothelial 
Progenitor Cell Detection 
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10 µm
Ȉex = 536 ± 40 nm
Ȉem = 565 ± 24 nm 

Ȉex = 403 ±
32 nm
Ȉem = 465 ±
20 nm 

Ȉex = 492 ± 15 
nm
Ȉem = 530 ± 20 
nm 

ėLabel free detection of endothelial progenitor cells

ėAc-LDL 

uptake on 

EPCs 

ėLabel: Dil

(554 / 571 

nm)
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Single Cell Analysis: apolipoprotein E-null 
(apoE-KO) differentiated macrophage model

Ĉ Macrophages play key role in atherosclerosis 
development

ė Examine non-activated macrophages (M0) and their 
differentiation into M1 and M2 phenotypic sun -types

ė M1 macrophage activity is pro-atherogenic

ė M2 macrophage activity is anti-inflammatory

Ĉ Bone marrow-derived macrophages from apolipoprotein 
E knockout (apoE-KO) mice, a common model for 
human atherosclerosis. 

ė Examine M0 and differentiate to:

ÅM1 (M0 exposed to LPS @ 10ng/ml & IFN-Ȃ @20ng /ml for 
24 hours)

ÅM2 (M0 exposed to IL-4 @ 20ng/ml for 24 hours)
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Single Cell Analysis: apolipoprotein E-null 
(apoE-KO) differentiated macrophage model
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