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Liquid biopsy has emerged as a promising non-invasive alternative to
tissue biopsy, offering the ability to detect genomic alterations in
circulating tumor DNA (ctDNA) and other circulating biomarkers, as
well as the potential to detect disease before radiographic
recurrence. However, to truly unlock the clinical potential of liquid
biopsy, the development of advanced technologies is crucial. We here
at NVIGEN are developing a magnetic nanoparticle capture-enabled
next-generation sequencing (NGS) system combined with multiomic
ctDNA/circulating tumor cells (CTC)/Protein analysis to meet the
growing need for more sensitive, accurate, and comprehensive
methods to enhance the clinical utility of these tests.

Magnetic nanoparticles were chemically engineered to capture
various types of biomarkers such as ctDNA, CTC, and protein from a
single tube of blood. Following extraction, ctDNA and CTC DNA were
processed using the NVIGEN precision medicine biomarker profiling
system and data analysis pipeline. Multiple protein biomarkers were
captured and detected with NVIGEN’s on-bead-ELISA assays.

Results and Conclusion

Detected Gene Variants from cfDNA and CTC DNA of 
Breast Cancer and Normal Patients

NVIGEN’s 180 gene biomarker profiling assay on average detected 35 variants including 11
deleterious (31%) and 1 pathogenic/likely pathogenic (P/LP, 2.8%) variants from patient ctDNA,
while 123 variants including 31 deleterious (25%) and 1 P/LP (0.8%) variants were detected from
patient CTC. CTC samples provided 251% more variants, and 182% more deleterious ones when
compared to ctDNA, elaborating on the rich information provided by CTC data. Furthermore,
CTC data provided more consistent trends than ctDNA data when comparing variant counts of
patients vs. healthy controls, supporting the importance of CTC NGS data in patient testing. In
addition, 50% of variants detected are with VAF< 0.5% in ctDNA samples, and 60% of variants
are detected with VAF< 0.5% in CTC samples, demonstrating the importance of highly sensitive
NGS systems to accurately report variant information. NVIGEN’s on-bead-ELISA assays provided
2-10 times better detection signal compared to conventional on-plate ELISA. Results from 6
protein biomarkers alone can be used to differentiate healthy from breast cancer patients. After
combining the protein with the NGS data with LDA analyses, we were able to use the LDA score
to predict patients with cancer or not with high accuracy.

Our results demonstrated that the highly sensitive NGS and multiomic assays offered by NVIGEN
are crucial for understanding important biological marker information and their clinical
implications. With our magnetic nanoparticle capture enabled workflow, our precision medicine
system profiles ctDNA/CTC/protein biomarkers. The workflow is highly compatible with
automation and can be streamlined for broad clinical uses.
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Example Genes Covered in the NVIGEN X® Precision 
Medicine Biomarker Profiling Gene Panel

AKT1 ALK AR BRAF BRCA1 BRCA2 CD274 EGFR

ERBB2 ESR1 FGFR1 FGFR2 FGFR3 KRAS MET MLH1

MSH2 MSH6 NRAS NTRK1 NTRK2 NTRK3 PALB2 PDGFRA

PIK3CA PMS2 PTEN RB1 RET ROS1 STK11 TP53

ATM BARD1 BRIP1 CDH1 CHEK2 CTNNB1 EPCAM EZH2

ERBB3 FOXA1 GATA3 IDH1 MAP3K1 MYC MUTYH NF1

RAD51C RAD51D KIT CDK12 NOTCH1 RPTOR CCND1 MDM2

IGF1R       CDK4 CDK6 PPP2R2A TSC1 JAK2 SMO Other total 
180

Mean Protein Biomarker Levels as Measured in 
Plasma between Normal vs. Cancer Patients

Figure 3. The NVIGEN X -180-gene panel includes FDA approved and emerging
therapeutic targets: genes to monitor treatment responses and genes to investigate
integrative biomarker information such as cancer, neurodegenerative, cardiovascular, and
metabolic indications. A subset focus panel of 32 genes (yellow color) were also studied
and demonstrated that our assay has the robustness to allow customization of the gene
panel without affecting of the fundamental NGS assay features such as uniformity, data
efficiency, detection sensitivity and specificity.

Depth of Coverage at Different VAF for ctDNA and CTC 
DNA from Normal vs. Breast Cancer Patients

Multiomic Data Analyses of Protein, cfDNA and 
CTC Genomic DNA 

NVIGEN Magnetic Nanoparticle Capture Enabled 
Efficient and Robust NGS Assay

Figure 2. NVIGEN magnetic nanoparticles have been developed to provide optimal
NGS results for DNA capture and cleanup, and cfDNA and various genomic DNA
extraction (Cat# K61001, K61002, k61003). High-yield and high-quality DNA molecules
obtainable through the complete and complex assay workflow are of significant
importance to assay performance.

Comparison in Number of Variants Detected  
from cfDNA and CTC Genomic DNA

Convenient On-Bead ELISA Assay for 
Protein Detection 

Figure 9. NVIGEN’s nanoparticle-based ELISA assays enable rapid, highly sensitive and multiplex 
detection of protein biomarkers, with shorter incubation time and smoother workflow.

On-Bead ELISA Assay Improves Protein Detection 
Signal and Allows Serial Multiplexing with Limited 

Testing Samples

Figure 11. Performance comparison between conventional on-plate ELISAs versus ELISAs
performed using NVIGEN’s paramagnetic nanoparticle platform (On-bead ELISAs). Six breast
cancer related protein markers were used in this study, including TNF 𝛼, CEA, VEGF, Her2, PD-L1
and EGFR. On-Bead ELISAs demonstrate superior linearity, signal, and sensitivity. Low-end
detection threshold is approximately 100 pg/mL of the analyte with 200 uL of human plasma
sample.

Figure 1. Illustration of the NVIGEN X® - Precision Medicine Biomarker Profiling Test
with NGS and multiomics assay workflow. From a single vial of whole blood sample,
NVIGEN X applies several streams of sample analysis. From the plasma fraction,
ctDNA, protein markers and exosomes can be isolated and analyzed. From the cell
fraction, CTC and other white blood cells can be separated and cell genomic and
protein analyses can be obtained. The plasma, CTC and white blood cell data are
integrated to provide highly sensitive and accurate diagnosis and treatment model
for the patients.

ctDNA and CTC NGS Data of Patients and Healthy 
Donor: Distribution of Normalized Depth of Coverage 

Figure 4. The normalized depth of coverage with high confident reads from NGS data of
cfDNA and CTC DNA of 18 patients and 13 healthy donors were shown using the
distribution plot. Left, all the variants from both cell free and CTC DNA were plotted.
Right, only the deleterious and pathogenetic variants were shown. The data have
demonstrated that both cell free and CTC DNA have similar coverage depth.
Furthermore, both cell free and CTC DNA between patients and healthy donors are also
similar in depth of coverage.

Number of Variants for Each Individual
All Variants

Deleterious and Pathogenic

Figure 5. These plots show the number of genetic variants from both cell free and CTC
DNA in each individual normal (n=13) and breast cancer (n=18) patients. Overall, we were
able to detect larger number of variants in patients from both cell free and CTC DNA.
Since many genetic variants are not causing cancer, we looked at deleterious and
pathogenic variants specifically. The breast patients haven show dramatically more
variants than normal patients.

Figure 10. Basic On-Bead ELISA Assay Workflow: Step1. Antigen capture: Mix sample with 
antibody-conjugated beads. Step 2. Wash: Place plate on an NVIGEN magnetic plate (cat#A20008) 
and wash plasma and other proteins from the plate.  Step 3. Incubate with enzyme-bound 
detection antibody: Mix detection antibody in assay diluent and incubate with the beads. Step 4. 
Wash: Wash excess enzyme from the plate.  Step 5. Add Detection Solution: Add detection 
solution, pipet up and down to mix, incubate for 15 minutes for the reaction to proceed. Step 6. 
Transfer detection solution to new plate, read on plate reader:

Figure 6. The distribution plot showing the depth of coverage at different VAF ranges from both normal
(n=13) and breast cancer (n=18) patients. Both cell free and CTC DNA were sequenced and analyzed
different VAF ranges. All variants, deleterious and pathogenic variants were analyzed separately. Only
breast cancer patients deleterious and pathogenic variants depth of coverage were able to be obtained at
very low VAF ranges (< 0.1% and 0.1 – 0.25%). At such low VAF ranges, normal patients don’t have variants
detected. DNA from CTC also show more depth of coverage at low VAF ranges. The depth of coverages
have slight variation at different VAF ranges. We believe this is due to the nature of experiment. Our
sequencing contains mixed sample types (cell free, CTC and PBMC genomic DNA). Therefore, it is hard to
obtain even coverage for all the sample types.

Figure 7. Detected individual genes variants from both cell free DNA and CTC genomic DNA of breast
cancer and normal patients were plotted. The top panel has all the gene variants from two DNA types. The
bottom panels shows the deleterious and pathogenic variants separately. Overall speaking, more gene
variants were detected in breast cancer patients among most of the genes, while deleterious and
pathogenic genes have dramatically more gene variants in breast cancer patients than in normal persons.
Specifically, variants in pathogenic genes are rarely detected in normal person’s cell free and CTC DNAs. We
also observed that CTC DNA analyses have shown more gene variants than cell free DNA in almost all the
variants detected, demonstrating the importance to incorporate CTC in breast cancer patient clinical
studies.

Sample DNA Variant#
Healthy(n = 13) CTC 1470
Healthy(n = 13) cfDNA 463
Patient(n = 18) CTC 2181
Patient(n = 18) cfDNA 617

All Variants
Sample DNA Variant#

Healthy(n = 13) CTC 289
Healthy(n = 13) cfDNA 113
Patient(n = 18) CTC 570
Patient(n = 18) cfDNA 201

Deleterious Variants
Sample DNA Variant#

Healthy(n = 13) CTC 2
Healthy(n = 13) cfDNA 2
Patient(n = 18) CTC 16
Patient(n = 18) cfDNA 10

Pathogenic Variants

Protein Del Path All

STAN0005 4.37 0.00 30.38 0.00

STAN0006 15.40 0.00 30.38 0.00

STAN0007 71.12 0.00 30.38 0.00

STAN0008 22.60 0.00 0.73 0.00

STAN0009 13.58 0.00 30.38 0.00

STAN0010 14.53 0.00 30.38 0.00

STAN0014 58.11 0.00 0.73 0.00

STAN0015 11.96 0.00 30.38 0.00

STAN0016 61.48 0.00 30.38 0.00

STAN0017 21.33 0.00 0.73 0.00

STAN0018 45.88 0.00 30.38 0.00

STAN0022 6.64 0.00 30.38 0.00

STAN0023 0.65 0.00 30.38 0.00

Protein Del Path Prot + Both
DAV00001 83.70 100.00 30.38 100.00
DAV00007 81.62 100.00 99.25 100.00
DAV00028 77.06 100.00 30.38 100.00
DNF00012 92.34 100.00 99.25 100.00
DNF00013 95.47 100.00 99.74 100.00
DNF00034 74.01 100.00 99.69 100.00
DNF00042 97.01 100.00 99.25 100.00
MAY00012 87.00 100.00 99.25 100.00
STF00002 88.62 100.00 30.38 100.00
STF00003 84.68 100.00 30.38 100.00
STF00005 72.23 100.00 99.25 100.00
STF00006 75.38 100.00 30.38 100.00
STF00007 61.06 100.00 99.25 100.00
STF00008 76.51 100.00 97.26 100.00
STF00009 56.54 100.00 30.38 100.00
STF00012 95.78 100.00 99.25 100.00
STF00021 40.25 100.00 99.25 100.00

Figure 8. These tables show the number of all variants detected in cfDNA and CTC
genomic DNA from normal (n=13) and breast cancer (n=18) patients. Breast cancer
patients have more variants detected overall. While looking at only deleterious and
pathogenic variants, > 100%more variants were detected in cancer patients than in
normal persons. In particular, pathogenic variants only shows 2 (in CTC and cfDNA) for a
total of 13 patients, average of 0.15 per person.

Figure 12. NVIGEN’s on-bead ELISA assays were used to measure six breast cancer related
protein marker level in plasma from normal (n=13) and breast cancer (n=18) patients. Breast
cancer patients have elevated level of TNF 𝛼, CEA, VEGF and Her2, and EGFR level is light higher
in normal patient plasma than in patients. These results are consistent with the literatures.

Figure 13. Multiomic data derived from protein, cfDNA, and CTC genomic DNA biomarkers were
isolated from normal and cancer patient plasma and assayed. These data were then used as
training data for Linear Discriminant Analysis to produce a prediction algorithm. This prediction
algorithm was then applied to the multiomic data for each individual patient listed here to yield
an LDA score. LDA scores equaling or exceeding the defined threshold of 50/100 are tagged as
cancer patients, while those below the 50/100 threshold are tagged as normal controls. Scores
highlighted in red are false positives/false negatives based on currently available data, while
scores highlighted in yellow are correctly identified, but are within 20 points of the threshold.
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