Milestones in Humoral Immunity:

The history of the humoral immune system is remarkable, beginning with

antibody discovery through to theories of tolerance and the surprising impact of
autoantibodies on disease. Learn how immunoglobulins have driven biological
discovery, diagnostics, and a new generation of targeted therapeutics.
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1890: Sera transferred from immunized
animals protects against tetanus & diphtheria
- Birth of serology & humoral immunity

1890

1896: Widal develops agglutination test to
diagnose typhoid fever. First time immune
response used as a diagnostic

1900

1904: First description of autoimmunity

1918

1928

1933: Histocompatibility factor proposed

1939: IgG discovered
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1941: Immunohistochemistry invented
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1944: IgM discovered
1944: Transplant rejection is
immune mediated in humans

1946: Antibody test for syphilis
identifies lupus patients
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1953: Immunological tolerance is acquired

1955: Tumor associated antibodies
described in human cancer patients
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1956: Hashimoto's disease
identified as autoimmune

1958: Scientific support for clonal
selection theory

1961: Thymus produces T-cells

1963: Characterization of stem cells
from bone marrow

1965: Autoantibodies described in cancer
patients

1965: IgG common and variable regions
sequenced

1965: Flow cytometry for cell sorting
invented

1967: Confirmation of clonal deletion theory

1969: Natural antibodies common in sera

1972: Concept of individual
immunosignature born

1975: Hybridomas developed to
produce monoclonal antibodies

1977: Ig class switching discovered
1980

1982: Islet autoantigen is first
autoantigen identified

1982: CD nomenclature created
1982: Clonal anergy theory introduced

1986: Muromonab-CD3 first FDA
approved monoclonal antibody therapy
for supporting tissue transplantation
1986: Finish health study indicates RF
factor present years before symptoms

1989: Autoantibodies appear in sets

Epitope

1994: Autoantibody-antigen binding
conformation dependent

1994: Autoantibody screen developed
for cancer targets p53 antigens

1997: Rituximab becomes first
monoclonal antibody treatment for cancer
1997: Autoimmune regulator gene AIRE
discovered

2002: First autoantigen protein microarrays
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2005: Immune related adverse events
identified following immune checkpoint
inhibitor treatment
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2009: Follicular helper T-cells drive
autoimmunity

2011: Immune checkpoint inhibitor
Ipilimumab approved to treat metastatic

@\% melanoma
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2015: Food allergy tolerance acquired
in infants

2018: Autoantibodies involved in
immune related adverse events
2018: Machine learning applied to
translational medicine

2021: |dentification of autoantigens in
anti-CCP-positive and —negative
rheumatoid arthritis

2021: Prognostic autoantibody
biomarker panel for NSCLC

2021: Immray becomes first blood test
of autoantibodies to detect pancreatic
cancer (non-FDA approved)

2023: Autoimmunity in Alzheimer’s
disease pathogenesis

2023: New autoantibody diagnostic in
FDA review for Alzheimer's

1901: Complement fixation becomes new

diagnostic

1901: First use of the term ‘autoantibody’
1901: Blood types discovered
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1925: Natural antibodies discovered

1937: Tissue rejection is an immunological
process in mice
1937: Serum from patients with rheumatoid

arthritis acts like agglutinizing antibody

1937: Antibodies Identified as proteins

1940: Rheumatoid factor discovered

1942: Freund’s adjuvant discovered
1942: Natural antibodies react to
healthy tissue

1945: Central tolerance theory introduced
1945: Anti-tissue antibodies found in both
diseased and healthy

1948: Plasma cells produce antibodies
1948: Lupus erythrocyte cell discovered
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1954: Human leukocyte antigens (HLA)
and major histocompatibility complex
(MHC) described

1956: Autoantibodies discovered in thyroid
of immunized rabbits

1956: LATS becomes first identified
autoantibody @

1957: Rheumatoid arthritis identified as
autoimmune

1957: Clonal selection theory described
1957: LE factor is composed of

autoantibodies

1959: New Zealand black mouse becomes
first model for autoimmune diseases
1959: Clonal deletion theory proposed

1962: Antibody structure determined
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1964: Autoantibodies predate
autoimmune disease

1964: First International Conference on
Autoimmunity

1964: Dozens of autoantibodies identified
and characterized, many non-pathological

1966: Autoantibodies in lupus patients
pre-date symptoms

1968: B cells form in mammalian bone
marrow

1968: B and T cells work together.
Peripheral mechanisms of tolerance described
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1971: MHC contains the main genes that

determine the risk of all autoimmune
diseases

1971: ELISA developed
1971: Antibodies are polyspecific

1974: Type | diabetes identified as
autoimmune

1974: Birth of recombinant DNA
technology

1976: Somatic hypermutation demonstrated

1980: Cytokine discoveries explode .
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1985: Viruses can induce autoimmune
disease

1987: CTLA-4 discovered

1991: PD-1 discovered
1991: Somatic mutations occur in germinal
centers

1995: Protein Microarrays becom

available

1998: Citrulline is prognostic for
autoantibody pathology

2003: Autoantibodies predate lupus
symptoms by years
2003: Human genome project completed

2007: Anti-NMDA receptor
autoantibody identifies first
autoimmune disease of the
CNS.

2008: Array designed for cancer
autoantibody detection

2010: Provenge becomes first autologous
immunotherapy (Prostate Cancer)

2014: Folded proteins used in microarrays
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2017: Kymriah — first CAR-T therapy

2020: COVID-19 autoantibody cross
reactivity

2021: 2000% increase in liquid biopsy
publications since 2008 (2,121 total).

2022: Multiple autoantibody testing for
predicting progression to inflammatory
arthritis

2026: $97.5 Billion global biomarkers
market size projected by 2026.

Harnessing The Humoral Immune Response

Over 120 years of research into the complexity and utility of the immune
system set the stage for immunoprofiling. A powerful approach to
biomarker discovery, endotyping and response prediction. To learn
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