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WELCOME TO THE ANTIGEN-SPECIFIC REVOLUTION.

Evidence is growing that for everything from Alzheimer’s to cancer, antigen-specific antibodies
play a major role in human disease. Discover what these antibodies target with ANTYGEN™
products and services by CDI Labs.
Antigens are the specific molecular targets seen our adaptive immune systems. Whereas
our genome is set from birth, the immune system is an ever-changing adaptive intelligence informed by infections, foods, injuries, microbes, and our environment – made up of hundreds of
billions of independent immune cells competing to seek, destroy, and remember antigen targets
across our lifetime.

Foods directly provide
antigens and sculpt what
grows in the microbiome.

The microbiome sculpts
immunity via TLRs and
cross-reactive antigens.

Infections and vaccines
provide TLRs and prime
cross-reactive immunity.
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We built ANTYGEN’s proteome libraries because we believe there are undiscovered antigens
involved in many of humanity’s greatest ailments. Once discovered, these targets can be used
as novel biomarkers to diagnose disease and determine treatments. Some may even lead to
new therapeutics and vaccines.

cdi.bio		

844-539-6296 (Toll Free)		

antygen.com

2

THE FUTURE OF HEALTH ISN’T
WRITTEN IN THE STARS —
IT’S IN OUR ANTIBODIES.

Each person’s immune system makes about as many unique antibodies as there are stars in
the Milky Way. Depending on isotype, they are cytotoxic, tolerogenic, or help educate T cells.
We’ve built the tools so that you can finally measure them. These technologies are:
1. HuProt™ - The human proteome microarray
2. PhIP-Seq: HuScan™ - Human phage display immunoprecipitation antigen sequencing
3. PhIP-Seq: VirScan™ - Virome phage display immunoprecipitation antigen sequencing
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HuProt™: Human Proteome Microarray
There have been other protein microarrays, but none were made from a protein library as
comprehensive or thoroughly validated as HuProt. HuProt arrays allow for pan-isotype autoantibody biomarker profiling versus properly folded, three-dimensional human proteins.

Next-generation technology – more
content, cleaner data. We start with
sequence-confirmed plasmids, then
individually express and GST-purify proteins
from S. cerevisiae. Piezoelectric printing is
used to spot these in duplicate alongside
controls in batches of up to 1000 arrays;
quality confirmed with anti-GST QA/QC.
Successful folding demonstrated by kinase
autophosphorylation assay. Service available.
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HuProt™: Content Library
The new HuProt v4.0 consists of >21,000 unique human proteins, isoform variants, and protein
fragments - covering 16,794 unique genes. This includes 15,889 of the 19,613 canonical human
proteins described in the Human Protein Atlas, with broad coverage across protein subclasses:
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HuProt™: Production and QA / QC
Each HuProt array begins as CDI’s ORF collection, which we mobilize into a yeast
galactose-inducible GST fusion vector (pEGH-A) using Gateway-mediated site-specific
recombination. Each of our >21,000 clones is individually verified to have correct inserts by
both BsrGI digestion and plasmid DNA sequencing. Clones with confirmed size, sequence,
and high copy number are preserved in our library, which is routinely transformed into
yeast for large-scale protein expression and N-terminal GST tag purification.

Spot Morphology:
CDI’s piezoelectric “inkjet” process
allows the rapid production of
high quality microarray slides time
after time, with improved accuracy
and reproducibility and excellent
spot morphology with even pixel
distribution.

Arrayjet Non-Contact
Piezoelectric Printer

Contact Array Printer

CDI uses its Arrayjet Ultra Marathon II (see photos, page 4) non-contact piezoelectric
(inkjet) printer to manufacture microarrays with significant performance advantages over
contact print methods used in older-generation protein microarrays:
•
•
•
•
•

precise spot morphology (see figure, above)
Up to 1000 array print batch sizes for large cohort analysis
rapid production of custom control configured arrays
reduced inter- and intra-array variability
greater data reproducibility (see below)

Intra-batch Reproducibility Analysis of GST Signals

R-squared values between 2 arrays within the same batch.

Inter-batch Reproducibility Analysis of GST Signals

R-squared values of 2 batches printed within ~1 year interval.

After purification, the GST-tagged proteins are piezoelectrically printed on glass slides in
duplicate, along with control proteins (GST, BSA, Histones, IgG, etc.). Slides are barcoded for
tracking and archiving. Each microarray batch is routinely evaluated by anti-GST staining
to demonstrate quality of expression and printing. Slides can be PATH™ nitrocellulose or
SuperEpoxy2™.
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HuProt™ — Antibody Profiling Service
Human proteome autoantibody profiling service via protein
microarray and slide scanning
CDI’s HuProt arrays provide data on 3D non-continous epitopes you simply can’t get in a
peptide-based analysis system. The process lends itself well to multi-isotype profiling and
other secondary binders like oligonucleotides.
Patient Body Fluid

5 µl/test

(serum, plasma etc.)

HuProt proteome array service benefits:
•

Proteins, not peptides: well-folded with
confomationally intact epitopes

•

Largest collection in the world; recently
re-sequenced

•

Detect primary (IgM) and secondary
(IgG) responses (and other Igs)

•

Rapid and reproducible assay: results
and analysis in days, not weeks

•

Low volume of precious samples: as
little as 3 µl serum or plasma per assay

•

Rapid turnaround and comprehensive
reporting with quantitative raw data,
quantile normalized outputs.

•

Blinded to CDI or with overall casecontrol statistics provided.

•

Access to CDI expert bioinformatics
specialists

Samples of patients with
the disease of interest as
well as normal samples are
tested on HuProt™. Typically,
50-100 samples for each
category are used.

Patient autoantibodies
bind to proteins

Microarray washed and
incubated with
isotype-specific
fluorescent secondary
antibodies
(anti-IgG, IgM, IgA, etc)

Array scanning, metadata
alignment, and
bioinformatic analysis.

HuProt™: Recent Immune Profiling Literature Citations
Fan W et al. (2019) Sa1679–
Multiple rather than specific
Antibodies were identified
in Irritable Bowel Syndrome
using Huprot™ Microarray Approach. Gastroenterology 156
(6), Supplement 1, p. S-364

interferon regulatory factor
8 mutation: A complex immunodeficiency syndrome
with dendritic cell deficiency,
monocytopenia, and immune
dysregulation. J Allergy Clin Immunol 141:2234-2248.

Lastwika KJ et al. (2019) Tumor-derived autoantibodies identify malignant pulmonary nodules. Am J Respir Crit
Care Med 199:1257-1266.

Bremer HD et al. (2018) ILF2 and
ILF3 are autoantigens in canine
systemic autoimmune disease. Sci Rep 8:4852.

Ye S et al. (2019) Plasma proteomic and autoantibody profiles reveal the proteomic characteristics involved in longevity
families in Bama, China. Clin
Proteomics 16:22.
Gowen MF et al. (2018) Baseline
antibody profiles predict toxicity in melanoma patients treated with immune checkpoint
inhibitors. J Transl Med 16:82.
Bigley V et al. (2018) Biallelic
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Chung JM et al. (2018) Identification of the Thioredoxin-Like
2 Autoantibody as a Specific
Biomarker for Triple-Negative
Breast Cancer. J Breast Cancer
21:87-90.
Pan J et al. (2017) Identification
of Serological Biomarkers for
Early Diagnosis of Lung Cancer
Using a Protein Array-Based
Approach. Mol Cell Proteomics 16:2069-2078.

Gupta S et al. (2017) Evaluation
of autoantibody signatures in
meningioma patients using
human proteome arrays. Oncotarget 8: 58443-58456.
Chung et al. (2017) Phenotyping
and auto-antibody production by liver-infiltrating B cells
in primary sclerosing cholangitis and primary biliary cholangitis J. Autoimmun 77:45-54.
Wang J et al. (2017) PTMA, a
new identified autoantigen for
oral submucous fibrosis, regulates oral submucous fibroblast
proliferation and extracellular
matrix. Oncotarget 8:74806–
74819.
Gupta S et al. (2017) Serum Profiling for Identification of Autoantibody Signatures in Diseases Using Protein Microarrays.
Methods Mol Biol 1619:303-315.

Ogishi et al. (2016) Delineation of autoantibody repertoire through differential
proteogenomics in hepatitis
C virus-induced cryoglobulinemia. Sci Rep 6:29532.
Yang L et al. (2016) Identification of serum biomarkers for
gastric cancer diagnosis using
a human proteome microarray. Mol Cell Proteomics 15:614623.
Fiorentino DF et al. (2016) PUF60:
a prominent new target of the
autoimmune response in dermatomyositis and Sjögren’s
syndrome. Ann Rheum Dis
75:1145–1151.
Hu CJ et al. (2016) Identification
of Novel Biomarkers for Behcet
Disease Diagnosis Using HuProt
Array Approach. Mol Cell Proteomics 16:147-156.
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Shi L et al. (2016) Application of
high-throughput protein array
in clinical screening for tumor
markers. Int J Clin Exp Med
9:8529-8535.
Syed P et al. (2015) Autoantibody profiling of glioma serum
samples to identify biomarkers
using human proteome arrays. Sci Rep 15:13895.
Hu C et al. (2015) Autoantibody
profiling on human proteome
microarray for biomarker discovery in cerebrospinal fluid
and sera of neuropsychiatric
lupus. PLoS One 10(5):e0126643.
Hu CJ et al. (2012) Identification
of new autoantigens for primary biliary cirrhosis using human
proteome microarrays. Mol Cell
Proteomics 11:669-80.
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PhIP-Seq: HuScan™ — Antibody Profiling Service
Human proteome epitope-level autoantibody profiling service via
T7 phage display and immunonprecipitation sequencing
Sometimes there are advantages to performing antibody surveys with peptides instead
of full-length proteins. CDI’s new PhIP-Seq: HuScan™ technology synchronizes well with
HuProt microarrays by adding broader coverage and epitope-level analysis - making it
a strong companion assay to HuProt and an excellent standalone alternative when 3D
structure and isotype-specific data are not essential.
Our new HuScan™ service, developed by CDI’s Scientific Advisory Board Members Steve
Elledge and Ben Larman, allows us to analyze patient samples (serum, plasma, CSF, etc.)
for the presence of autoantibodies against the full UniProt human proteome.
Full Human Proteome
(build 35.1)

Serum Screening

Sequencing and Analysis
...ATCG...

Uniprot library of human proteins
(24,239 individual ORFs)
Incubate the library with a serum
sample containing antibodies
(NOTE: can be any sample
containing antibodies)

Samples
Peptides

Divide into 259,345 90mer peptide
tiles with 45 residue overlap

Immunoprecipitate the antibodies
using protein A/G coated
magnetic beads, and remove
unbound phage by washing

PCR 1

Data analysis 1

Probablility

Programmable DNA microarray
used to encode peptides as
synthetic oligonucleotides

Massively parallel sequencing of phage
DNA to quantify enrichment of each library
member due to antibody binding

Data analysis 2

PCR 2

T7 phage library construction

Amplify the library of peptide
encoding DNA sequences by PCR
directly from the immunoprecipitate; add sample-specific
barcodes with a second round of
hemi-nested PCR

Individual or population
autoantibody profile

HuScan: Immune Profiling Literature Citations

Mohan D et al. (2018) PhIP-Seq characterization of serum antibodies using oligonucleotide-encoded peptidomes. Nat Protoc 3:1958-1978.

Larman et al.. (2013) PhIP-Seq characterization of autoantibodies from patients with multiple sclerosis, type 1 diabetes and rheumatoid arthritis. J Autoimmun 43:1-9.

Larman et al. (2011) Autoantigen discovery with a synthetic human peptidome. Nat Biotechnol 29:535–541.
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PhIP-Seq: VirScan™ — Antibody Profiling Service
Human virome epitope-level antiviral antibody profiling service via
T7 phage display and immunonprecipitation sequencing
The collection of viruses found to infect humans (“the human virome”) can have profound
effects on health. In addition to directly causing acute or chronic illness, viral infection can
alter host immunity in more subtle ways, leaving an indelible footprint on the immune system.
Our new PhIP-seq: VirScan™ service, developed by CDI’s Scientific Advisory Board Members
Steve Elledge and Ben Larman, provides an unparalleled way to assay a patient’s viral
history by comprehensively analyzing antiviral antibodies to a phage library displaying
peptides from 206 species and over 1000 strains of viruses (all viruses annotated to have
human tropism in the UniProt database).
VirScan™ Human
Virome Library

Serum Screening

Sequencing and Analysis
...ATCG...

UniProt library of all viruses
annotated to have human tropism
(206 species; 1000 strains)

Incubate the library with a serum
sample containing antibodies
(NOTE: can be any sample
containing antibodies)

Massively parallel sequencing of phage
DNA to quantify enrichment of each library
member due to antibody binding

Peptides

Samples

Immunoprecipitate the antibodies
using protein A/G coated
magnetic beads, and remove
unbound phage by washing
Programmable DNA microarray
used to encode peptides as
synthetic oligonucleotides

PCR 1

Data analysis 1

Probablility

Divide into 56mer peptide tiles
with 28 residue overlaps

Data analysis 2

PCR 2

T7 phage library construction

Amplify the library of peptide
encoding DNA sequences by PCR
directly from the immunoprecipitate; add sample-specific
barcodes with a second round of
hemi-nested PCR

Individual or population viral infection
and antiviral response profile

VirScan: Immune Profiling Literature Citations

Xu GJ et al. (2015) Viral immunology. Comprehensive serological profiling of human populations using a synthetic human virome. Science 348:(6239):aaa0698.
Isnard P et al. (2019) Temporal virus serological profiling of kidney graft recipients using VirScan. Proc Natl Acad Sci USA 116:10899-10904.
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Selected Supplemental Reference Material
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CDI Laboratories, Inc.
Puerto Rico:

Baltimore:

12 W Mendez Vigo Avenue
Mayaguez, PR 00680
USA
939-280-5293
844-539-6296 (Toll Free)

855 N. Wolfe St., Suite 603
Baltimore, MD 21205
USA
443-388-8029

Technical and Sales Support:
844-539-6296 (Toll Free US/Canada)
sales@cdi.bio (Sales inquiries)
support@cdi.bio (Product, Services and Technical Support inquiries)
Product Co-Development and Licensing
spaschke@cdi.bio

CDI Distribution Network
Global Distributors: EMEA, Americas & APAC
Arrayjet Ltd.
Stobo House,
Midlothian Innovation Centre Pentlandfield,
Roslin CB22 3AT, UK
arrayjet.com

Europe
Cambridge Protein Arrays Ltd.,
Building 405, Babraham Research Campus,
Cambridge, CB22 3AT, UK
cambridgeproteinarrays.com
China
Beijing Protein Innovation Co., Ltd.
B-8, Airport Industrial Zone
Beijing, 101318 China
Tel: 86-10-80493132, 86-800-810-0873
Fax: 86-10-80485460
proteomics.org.cn
lab-mall.com

South Korea
Daemyung Science Co.,Ltd
DM Bldg 4F 128-9 Garack-Dong
Songpa-Ku, Seoul, Korea
dm4you.com
Bosung Scientific Co„Ltd,
408 (Guro-dong, Kolon Digitaltower),
30 Digital-ro 32-gil, Guro-gu
Seoul, 152-777, Korea
bosungsci.com
Gene On Biotech
514-ho IBPIA,
14-3 Yeouido-dong,
Yeongdeungpo-gu, Seoul, Korea
geneon.kr

South Korea and Japan
Filgen, Inc.
1-1409, Jonoyama, Midori-ku,
Nagoya, Aichi-pref. 459-8011 Japan
filgen.jp

Wayen Biotechnologies Inc.
Suite 805, #781 Cailun Rd.
ZJ InnoPark, Pudong
Shanghai, 201203, China
wayenbio.com

Gene On Inc.
Na-101 Sunwoo,
592-148, Bangwha-2nd,
Gangseo-gu. Seoul, Korea
geneon.kr

BC Biological Co., Ltd.
Unit 1303, Area C2
Innovation Building, No.182, Science Avenue,
Science City, Guangzhou, China 510663
bc-bio.com/cn

Daemyung Science Co.,Ltd
DM Bldg 4F 128-9 Garack-Dong
Songpa-Ku, Seoul, Korea
dm4you.com
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