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Introduction
Recent improvements in microfluidics and biochemistry have enabled single-cell molecular analysis, providing new 
insight into the heterogeneity of cell populations. The C1

™ Single-Cell Auto Prep System is an automated platform that 
streamlines the isolation and processing of  96 individual, live cells for RNA and DNA analysis.  Single-cell protein 
profiling is a direct complement to genomic analysis as it provides additional insights into key molecular mechanisms 
and system biology.  To enable this, we adapted a highly multiplexed protein detection method (Proseek Multiplex 
Oncology I 96x96, Olink Bioscience) based on the Proximity Extension Assay technology (PEA) for use on the C1

™ 

Single-Cell Auto Prep System.
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Conclusion
• We have developed methodology for automated protein detection from single cells on the C1

™ Single-
Cell Auto Prep System, with the ability to simultaneously process up to 96 single cells.

• The method is sensitive enough to detect expression levels from single cells and is a promising 
technique to use in combination with DNA and RNA profiling from single cells for further system 
biology studies. It is also consistent with other studies that target gene expression (References).

• The PEA probe panel from the Proseek Multiplex Oncology I 96x96 kit, which targets 92 potential 
cancer-related targets, has been successfully used in profiling single cells derived from both cancer 
and normal tissue, grouping 98% of all cells analyzed (n=401).

References
1. Fang et al. “The role of a new CD44st in increasing the invasion capability of the human breast cancer cell line MCF-7”. BMC Cancer 11:290 (2011).
2. Van Lint et al. “Chemokine and cytokine processing by matrix metalloproteinases and its effect on leukocyte migration and inflammation”. J Leuk Bio 82:6 (2007); 1375-1381.
3. Yao et al. “Important Functional Roles of Basigin in Thymocyte Development and T cell Activation”. Int J Biol Sci 10(1):43-52 (2014).
4. O’Donovan et al. “Caspase 3 in Breast Cancer”. Clin Cancer Res 9;738 (2003).
5. Doerfler et al. “Caspase Enzyme Activity Is Not Essential for Apoptosis During Thymocyte Development”. J Immunol 164:8 (2000) 4071-4079.
6. Munz et al. “The carcinoma-associated antigen EpCAM upregulates c-myc and induces cell proliferation”. Oncogene 23 (34): 5748–58 (2004).
7. Versteeg et al. “Tissue Factor and Cancer Metastasis: The Role of Intracellular and Extracellular Signaling Pathways”. Mol Med 10(1-6): 6–11 (2004 Jan-Jun).
8. Murao et al. “Myeloperoxidase: a myeloid cell nuclear antigen with DNA-binding properties”. PNAS 85(4): 1232–1236 (1998).
9. Hantschel et al. “The chemokine interleukin-8 and the surface activation protein CD69 are markers for Bcr-Abl activity in chronic myeloid leukemia”. Mol Oncol 2(3):272-81 

(2008 Oct).
10. Lkhider et al. “Cathepsin D released by lactating rat mammary epithelial cells is involved in prolactin cleavage under physiological conditions”. J Cell Science 117 (Pt 21): 5155–

5164.
11. Burn et al. “Monocyte chemoattractant protein-1 gene is expressed in activated neutrophils and retinoic acid-induced human myeloid cell lines”. Blood 84:8 2776-2783 (1994).
12. Fisher et al. “Osteoprotegerin over-expression by breast cancer cells enhances orthotopic and osseous tumor growth, and contrasts with that delivered therapeutically”. Cancer 

Research 66, 3620-3628.

Figure 3
A total of 401 single cells were analyzed (represented in columns in the panel above) in eight 
independent C1

™ PEA experiments for each of the four human cell lines MDA-MB-231 (n=54), CRL-
7163 (n=83), HL60 (n=117), and K562 (n=147) (ATCC). Protein targets are represented in horizontal 
lines in the panel above. Across the two experiments run for each cell line, 41, 31, 24, and 56 
protein targets were detected as expressed in at least one single cell, respectively. Protein targets 
are considered expressed if ∆CT = Sample CT - (Avg. Background CT - 2*St. Dev. Background) < -
0.4. The figure shows targets detected as expressed in a minimum of 10% of all single cells within 
each cell line analyzed. Of the 20 targets shown in the figure above, seven stand out as having 
somewhat specific expression levels in the following cell lines: Tissue Factor and IL-1ra in MDA-MB-
231; Myeloperoxidase in HL60; CD69 and Cathepsin D in K562; MCP-1 and Osteoprotegerin in 
CRL-7163. Expression in specific cell lines and corresponding specific function was validated by 
literature analysis (References).

Characteristic Protein Expression Signatures Identified

Figure 5
Results from PEA on plate-sorted cells were compared 
to results obtained from two independent C1

™ PEA 
experiments on single HL60 cells. In general, results 
obtained from plate PEA on sorted cells confirmed 
results obtained by C1

™ PEA, with the exception of 
Tissue Factor. However, plate PEA signal for this 
specific target does not increase as expected when 10 
and 50 cells are tested, suggesting that the high 
background signal of plate PEA could be affecting 
expression level results for this method. 

Protein Detection in Single Cells is Consistent Across Chip 
and Plate Experiments

We have used the C1
™ Single-Cell Auto Prep System in combination with the Proximity Extension 

Assay technology (PEA, Figure 1A) to develop a workflow for the automated analysis of the protein 
expression of single cells (Figure 1B-D). The method developed is based on the use of a PEA probe 
panel targeting 92 different proteins and of those 66 correspond to intracellular proteins that can be 
detected in single cells (Figure 1E).
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Figure 1
A: Schematic representation of the PEA method. Detection of the amplified reporter oligonucleotide is 
done by qPCR on the BioMark™ System. Cycle threshold of the amplified reporter oligo reflects target 
protein abundance during the incubation step. B: The workflow developed for automated protein 
detection in single cell uses the C1

™ Single-Cell Auto Prep System that is composed of a controller 
instrument and integrated fluidic circuits (IFC). C: The C1

™ IFC architecture is shown in details, 
containing 96 individual capture sites and dedicated nano-chambers for downstream reactions. D: 
Representation of the system of independent chambers and valves connected to the 4.5 nL single-cell 
capture site in the C1

™ IFC. Each one of the 96 capture sites has its own dedicated system of 
chambers and valves, allowing all PEA steps to take place in a single run for 96 single cells in parallel. 
C: List of protein targets for the PEA probe panel contained in the Proseek Multiplex Oncology I 96x96 kit 
used. Of the 92 protein targets, 25 (around 30%) are strictly secreted and not expected to generate 
signal when performing single cell analysis. D: Single-cell-to-result turnaround time.
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Cell lines used:
1. MDA-MB-231: epithelial cells originated from metastatic sites of individuals with breast adenocarcinoma
2. HL60: promyeloblasts from peripheral blood of individuals with acute promyelocytic leukemia
3. K562: lymphoblasts from the bone marrow of individuals with chronic myelogenous leukemia
4. CRL-7163: fibroblasts from the thymus
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Most Targets Detected in Single Cells are Consistently 
Detected Across Experiments

Figure 4 
The graphs above show targets detected in specific cell lines tested across two independent C1

™

PEA experiments. Since some level of variability of protein expression is expected at single-cell level, 
a more stringent criteria was used to select top targets expressed in the cell lines to evaluate 
experimental reproducibility: targets expressed in at least 10% of all single cells within at least one 
experiment with ∆CT = Sample CT - (Avg. Background CT - 2*St. Dev. Background) < - 0.4 are shown. 
On average, 90% of the targets shown for each cell line were consistently expressed across the two 
experimental replicates at similar percentages of the cell population analyzed.

Flow Cytometry and Immunofluorescence Results are 
Consistent with C1

™ PEA Results

Figure 6
A: C1

™ PEA results for two specific targets were validated on HL60 and K562 cells using orthogonal 
methods: EpCAM (low and high expression, respectively) and EMMPRIN (high expression in both cell 
types) antibodies conjugated with fluorescent dyes were used to evaluate expression levels of populations 
of cells with flow cytometry (Flow) and for on-chip immunofluorescence (IF) on single cells prior to C1

™

PEA. Flow and IF results were highly concordant with PEA results and some of the expression rate 
differences observed can be explained by different antibodies used across the methods and different 
population of cells tested (flow vs. PEA and IF). B: The diagram shows a heat map of the protein 
expression results for C1

™ PEA and IF for EpCAM (red indicates high expression). As expected, K562 cells 
have high EpCAM expression confirmed by PEA and IF and HL60 cells have high MPO expression levels 
confirmed by PEA. Two cells out of 38 analyzed with IF and PEA had results different than expected, 
presenting both EpCAM expression (IF and PEA) and MPO (PEA). For one of those cells it has been 
confirmed that two instead of one cell had been captured in the C1

™ IFC chamber (panel C).
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