Review of WHO/IUIS Allergen Nomenclature Sub-Committee for IUIS Nomenclature group
To Catherine Scheepers and Menno van Zelm (IUIS Nomenclature Committee)
19 October 2021, from Rick Goodman, Chair of the WHO/IUIS Allergen Nomenclature Sub-Committee
This sub-committee has functions to providing systematic names for proteins that bind IgE antibodies in
allergic subjects and are assumed to cause allergic reactions in those people.
The guiding principles for nomenclature were established in the 1980’s. In the past 11 years our
guidelines have become a bit more stringent, and we continue to revise them. It is intended to provide
names before major publication, though often it is after some preliminary publications about the
protein. A recent publication explains the process of scientists submitting candidate new allergens is
explained in a paper in Allergy, 2019, DOI: 10.1111/all.13693 and is available as a PDF on our website.
Many of our older publications are also on the website under Publications.
Information about the committee including members and contacts are on the database,
www.allergen.org. The database was housed on the webserver of the European Academy of Allergy and
Clinical Immunology. The name (allergen.org) is “owned” by the committee. The structure of the
committee has three officers, Chairman (RE Goodman), Secretary (A Pomes) and Treasurer (G
Gadermaier). TAE Platts-Mills is the remaining original member on the committee (from ~ 1986). There
are 18 other active members from various countries, and 6 non-voting members at large.
We have some funding from the International Union of Immunological Society (IUIS) at $4,000 per year,
the European Academy of Allergy and Clinical Immunology (EAACI) had provided 10,000 € per year but
reduced that to 1,000 € in 2021 due to COVID-19 and the American Academy of Allergy, Asthma and
Immunology (was $10,000 per year, will be reduced). These contributions have only been available for a
few years. The Food Allergy Research and Resource Program (FARRP) at the University of Nebraska in
Lincoln (UNL) paid for and developed the WHO/IUIS Allergen Nomenclature database from other
research funds, and the AllergenOnline.org database website developer built the current system for the
WHO/IUIS database. Now, the money is used to help fund costs for maintaining the database and a
major cost will be developing a formal and efficient candidate review process of the Sub-Committee
including maintaining data. Some funds are used to hold our annual in-person meeting with EAACI’s
Congress that has only been virtual Zoom meetings for the last two years. funds for technical work on
the database by experts at the University of Nebraska and some funds for review and revision of the
database, website costs and some costs for a representative to meetings of a few of us at the AAAAI
meeting and the IUIS international meetings.
We present posters and talks at the Allergy and IUIS meetings. Unfortunately, none of the money can be
used to pay for the professional time needed to perform the functions of evaluating and keeping
records, entering data on the website or defending our decisions, although we have paid some for
reviewing and updating data in the database. Our efforts are voluntary and most fall on the Chair and a
bit less on the Secretary. (I spend two to 10 hours per week on the database, mostly on reviews).
The database currently has 1048 proteins identified with allergen names. That includes proteins from
pollen, fungal spores, fruits and vegetables, grain, nuts and seeds and animals from insects, crustaceans,
venomous insects and salivary proteins from mosquitoes and other sources.
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Submissions must include information of the source organism including the tissue or stage of
presence. While most are from mature adult forms, some can be from embryos.
Protein amino acid sequence and if available mRNA or DNA sequence. These are expected to be
deposited in the NCBI protein or nucleotide database or UniProt. Submitters should report how
that was determined and their actual sequence (not just a genomic sequence from someone
else).
Selection of serum donors, clinical history, how were they diagnosed, symptoms….often
submitters provide ambiguous data regarding some important aspects of the species identity,
the protein sequence or predicted protein sequence from DNA or RNA data, IgE binding
methods.
Proteins require characterization used for testing for IgE binding.
Methods used of IgE binding tests include western blot, ELISA, RAST, EAST and other solid
phased assays
It is usually helpful to use inhibition tests to verify that IgE binding is not simply to cross-reactive
carbohydrate determinants or due to low affinity matches.
Publication information for sequence identities or allergy reports should including PMID
number.

We have reviewed several older entries to try and verify the identification of allergens. As procedures
improve in genome, transcriptome and proteome identification there are opportunities to improve
identification. However, there are many isoforms of proteins representing different genetic mutations
from populations. And there are issues of abundance in the material (pollen, food, spore or hyphae) that
are not characterized and may have substantial impact on the relevance of allergy for a given protein.
We have contacts with some key journals and try to get them to demand a WHO/IUIS name before
publishing a paper on a given allergen.
Regards,

Rick Goodman, PhD, FAAAAI
Chairman of Allergen Nomenclature Sub-Committee
Research Professor, University of Nebraska
Rgoodman2@unl.edu

Report year 2020.
Sub‐Committee on CD Molecules
Chair: Pablo Engel (pengel@ub.edu)
University of Barcelona (Spain)
Website:www.HCDM.org
List of current committee members
Pablo Engel
(President HCDM and IUIS Nomenclature Chair)
Laurence Boumsell (France)
(Honorary President)
Robert Balderas (USA)
Armand Bensussan (France)
Georgina Clark (Australia)
Valter Gattei (Italy)
Tomas Kalina (Czech Republic)
Bo-Quan Jin (China)
Fabio Malavasi (Italy)
Frank Mortari (USA)
Hannes Stockinger (Austria)
Menno C. van Zelm (The Netherlands)
Menno C. van Zelm will become new chair in 2021.
Bo-Quan Jin (China) and Fabio Malavasi (Italy) will step down form the council.
HCDM will actively reach for new council members.
I. Objective
To establish the nomenclature and validation of monoclonal antibodies against
leukocyte cell-surface molecules and other cell-surface molecules of the
immune system
II. Recent Accomplishments
-The CD Maps project.
The second phase of the CD maps project has been started. This project aims
to define the expression of all CD molecules on mayor leukocyte and
lymphocytes subsets.
The results of the first phase of the study, which included CD molecules from 1
to 100, were published in Frontiers as part of IUIS Special Issue on
Nomenclature (van Zelm MC, Ziegler-Heitbrock L, Collins AM, Chan SK, Engel
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P. Editorial: Nomenclature - Avoiding Babylonian Speech Confusion in Present
Day Immunology. Front Immunol. 2020 Dec 14;11:621100. )
The paper Kalina T, et. al . CD Maps-Dynamic Profiling of CD1-CD100 Surface
Expression on Human Leukocyte and Lymphocyte Subsets. Front Immunol.
2019 Oct 23;10:2434 that show these results have had an enormous impact
since the paper has received more than 20.000 visits since its publication.
-The publication a chapter that summarizes information about all CD
molecules
CD Molecules. In Middleton’s Allergy. Principles and Practice. (9th ed) Bruks AW
et al. by Menno van Zelm and Pablo Engel.
Elservier: 978-0-323-75937-3 (2020) Appendix A. 1649-1675.
-HCDM web
The HCDM/HLDA web www.hcdm.org has received more than 9 million visits
since its establishment in 2016.
It contains a link to an interactive database generated with the results from the
CDMaps
project
that
is
open
to
the
public
(http://bioinformin.cesnet.cz/CDmaps/)
The contribution of the IUIS is acknowledged at the web page.
III. Education
The following talks have been presented in different international meetings.
Engel P Antibody validation for flow cytometry. Reproducible Science Week
(ABCAM) Cambridge (UK).1st June. 2020 (virtual meeting)
Engel P Reproducibility Crisis and Antibody Validation for Flow Cytometry
ISAC Webinar. 3rd March 2021 (virtual meeting)
Publication of a paper about relevance of antibody validation:
Kalina T, Lundsten K, Engel P. Relevance of Antibody Validation for Flow
Cytometry. Cytometry A. 2020 Feb;97(2):126-136.
III. Ongoing Projects
-HLDA11. In 2018, we will start the organization of HLDA11 Workshop focused
on Seven-span receptors and ion channels. During 2018 the panel of mAb to be
studied will be collected. The goal is to have a panel of antibodies of around
200 mAbs. We have already secured the commitment of the major antibody
producers both academic and companies to submit mAb to the HLDA11
workshop.
The aim of this workshop is to study, and give CD nomenclature to the newly
validated monoclonal antibodies. We foresee that we will able to define a
minimum of 30 new CDs.
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Unfortunately, this project has been considerably delayed due to the pandemic
crisis. However, we expect to finish during 2022.
-Publishing the results of the CDMaps project and database.
-Publishing a paper for the IUIS Frontiers special issue Contemporary
Challenges in Immunology Testing in Clinical and Research Laboratories
entitled: Standardization of polychromatic flow cytometry panels for CD Maps –
a multi-center evaluation of CD marker expression on blood leukocyte subsets
by Daniela Kuzílková, Joan Puñet-Ortiz, Pei M. Aui, Javier Fernández, Karel
Fišer, Pablo Engel, Menno C. van Zelm, Tomas Kalina .
IV. Future Directions
-Continue ascribing CD names to molecules recognized by well validated
monoclonal antibodies.
-Publish a database of actual expression profiles by FACS analysis of CD
molecules on all known leukocyte and lymphocyte subsets. Make this database
freely available to academic groups.
-Continue with the CDMaps project and complete the analysis of the expression
of CD101 to CD371.
-Publication of nomenclature papers about CD molecules
-Prepare guidelines for monoclonal antibody standardization and validation.
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ANNEX
Example information added to the HCDM web page:

• STRUCTURE

CD5 is a type 1 transmembrane glycoprotein of the scavenger receptor cysteine-rich
family. Its extracellular region contains 3 scavenger receptor cysteine-rich domains in
tandem.1 The cytoplasmic tail displays a pseudo-ITIM domain, proximal to the
membrane, and a pseudo-ITAM domain, distal to the membrane, involved in
signaling.2-3 CD5 is also present as a soluble form.4
1. Raman C. CD5, an important regulator of lymphocyte selection and immune
tolerance. Immunol Res. 2002;26:255-63.
2.

Vilà JM, Calvo J, Places L, Padilla O, Arman M, Gimferrer I, Aussel C, Vives
J, Lozano F. Role of two conserved cytoplasmic threonine residues (T410 and
T412) in CD5 signaling. J Immunol. 200;166:396-402.

3. Perez-Villar JJ, Whitney GS, Bowen MA, Hewgill DH, Aruffo AA, Kanner SB.
CD5 negatively regulates the T-cell antigen receptor signal transduction
pathway: involvement of SH2-containing phosphotyrosine phosphatase SHP-1.
Mol Cell Biol. 1999;19:2903-12.
4. Calvo J, Places L, Espinosa G, Padilla O, Vilà JM, Villamor N, Ingelmo M,
Gallart T, Vives J, Font J, Lozano F. Identification of a natural soluble form of
human CD5. Tissue Antigens. 1999;54:128-37.

LIGANDS

Extracellular
Presumably, CD721, IgVH2, CD53, gp40-804, zymosan5, β-D-glucans5 and gp150.6 It
also interacts with CD6 in cis.7
Intracellular associate molecules
Lck8, TCR/CD3 complex9-10, fyn9, PI3K11, c-cbl11-12, ras GAP12, SHP-113, CKII14,
AP215, CAMK II16 and BCR complex.17
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1. Van de Velde H, von Hoegen I, Luo W, Parnes JR, Thielemans K. The B-cell
surface protein CD72/Lyb-2 is the ligand for CD5. Nature. 1991;351:662-5.
2. Pospisil R, Silverman GJ, Marti GE, Aruffo A, Bowen MA, Mage RG. CD5 is
A potential selecting ligand for B-cell surface immunoglobulin: a possible role
in maintenance and selective expansion of normal and malignant B cells. Leuk
Lymphoma. 2000;36:353-65.
3. Brown MH, Lacey E. A ligand for CD5 is CD5. J Immunol. 2010;185:6068-74.
4. Bikah G, Lynd FM, Aruffo AA, Ledbetter JA, Bondada S. A role for CD5
incognate interactions between T cells and B cells, and identification of a novel
ligand for CD5. Int Immunol. 1998;10:1185-96.
5. Vera J, Fenutría R, Cañadas O, Figueras M, Mota R, Sarrias MR, Williams DL,
Casals C, Yelamos J, Lozano F. The CD5 ectodomain interacts with conserved
fungal cell wall components and protects from zymosan-induced septic shocklike syndrome. Proc Natl Acad Sci U S A. 2009;106:1506-11.
6. Calvo J, Places L, Padilla O, Vilà JM, Vives J, Bowen MA, Lozano F.
Interaction of recombinant and natural soluble CD5 forms with an alternative
cell surface ligand. Eur J Immunol. 1999;29:2119-29.
7. Gimferrer I, Farnós M, Calvo M, Mittelbrunn M, Enrich C, Sánchez-Madrid F,
Vives J, Lozano F. The accessory molecules CD5 and CD6 associate on the
membrane of lymphoid T cells. J Biol Chem. 2003;278:8564-71.
8. Raab M, Yamamoto M, Rudd CE. The T-cell antigen CD5 acts as a receptor and
substrate for the protein-tyrosine kinase p56lck. Mol Cell Biol. 1994;14:286270.
9. Burgess KE, Yamamoto M, Prasad KV, Rudd CE. CD5 acts as a tyrosine kinase
substrate within a receptor complex comprising T-cell receptor zeta chain/CD3
and protein-tyrosine kinases p56lck and p59fyn. Proc Natl Acad Sci U S A.
1992;89:9311-5.
10. Osman N, Ley SC, Crumpton MJ. Evidence for an association between the T
cell receptor/CD3 antigen complex and the CD5 antigen in human T
lymphocytes. Eur J Immunol. 1992;22:2995-3000.
11. Dennehy KM, Broszeit R, Garnett D, Durrheim GA, Spruyt LL, Beyers AD.
Thymocyte activation induces the association of phosphatidylinositol 3-kinase
and pp120 with CD5. Eur J Immunol. 1997;27:679-86.
12. Dennehy KM, Broszeit R, Ferris WF, Beyers AD. Thymocyte activation induces
the association of the proto-oncoprotein c-cbl and ras GTPase-activating protein
with CD5. Eur J Immunol. 1998;28:1617-25.
13. Perez-Villar JJ, Whitney GS, Bowen MA, Hewgill DH, Aruffo AA, Kanner SB.
CD5 negatively regulates the T-cell antigen receptor signal transduction
pathway: involvement of SH2-containing phosphotyrosine phosphatase SHP-1.
Mol Cell Biol. 1999;19:2903-12.
14. Calvo J, Vildà JM, Places L, Simarro M, Padilla O, Andreu D, Campbell KS,
Aussel C, Lozano F. Human CD5 signaling and constitutive phosphorylation of
C-terminal serine residues by casein kinase II. J Immunol. 1998;161:6022-9.
15. Lu X, Axtell RC, Collawn JF, Gibson A, Justement LB, Raman C. AP2 adaptor
complex-dependent internalization of CD5: differential regulation in T and B
cells. J Immunol. 2002;168:5612-20.
16. Bauch A, Campbell KS, Reth M. Interaction of the CD5 cytoplasmic domain
with the Ca2+/calmodulin-dependent kinase IIdelta. Eur J Immunol;28:2167-77.
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17. Lankester AC, van Schijndel GM, Cordell JL, van Noesel CJ, van Lier RA. CD5
is associated with the human B cell antigen receptor complex. Eur J Immunol.
1994;24:812-6.

EXPRESSION
CD5 is expressed on mature T lymphocytes.1 It is also present on thymocytes and its
levels are proportional to the stage of differentiation.2 B-1a cells and B regulatory cells
also display CD5.3-5 It can also be induced on B-2 cells of mice.5 Apart from that, CD5
expression has been reported in certain types of dendritic cells.6
1. Ledbetter JA, Rouse RV, Micklem HS, Herzenberg LA. T cell subsets defined
by expression of Lyt-1,2,3 and Thy-1 antigens. Two-parameter
immunofluorescence and cytotoxicity analysis with monoclonal antibodies
modifies current views. J Exp Med. 1980;152:280-95.
2. Azzam HS, Grinberg A, Lui K, Shen H, Shores EW, Love PE. CD5 expression
is developmentally regulated by T cell receptor (TCR) signals and TCR avidity.
J Exp Med. 1998;188:2301-11.
3. Youinou P, Jamin C, Lydyard PM. CD5 expression in human B-cell
populations.Immunol Today. 1999 ;20:312-6.
4. Matsushita T, Yanaba K, Bouaziz JD, Fujimoto M, Tedder TF. Regulatory B
cells inhibit EAE initiation in mice while other B cells promote disease
progression. J Clin Invest. 2008;118:3420-30.
5. Cong YZ, Rabin E, Wortis HH. Treatment of murine CD5- B cells with anti-Ig,
but not LPS, induces surface CD5: two B-cell activation pathways. Int Immunol.
1991;3:467-76.
6. Wood GS, Freudenthal PS. CD5 monoclonal antibodies react with human
peripheral blood dendritic cells. Am J Pathol. 1992;141:789-95.

FUNCTION
The receptor CD5 can act as an inhibitory or stimulatory molecule depending on the cell
type and stage of maturation.1 For instance, CD5 inhibits Ig-mediated signaling in B-1
cells.2 Similarly, CD5 participates in thymocytes development and selection through
negative regulation of the TCR-mediated signaling.3-4 However, in mature T cells, CD5
enhances T cell receptor signaling transduction.5 Furthermore, it participates in Th17
and Th2 differentiation and promotes survival of B cells and T cells.6-8
CD5 is also involved in the maintenance of the immunological tolerance. It regulates T
cell responsiveness and anergy.6 CD5 governs extrathymic Treg cells and nTreg
development.9-10 In addition, CD5 signaling inhibits autoimmune responses through
negative regulation of Ig receptor signaling in anergic B cells.11
6

Last, CD5 acts as a receptor for PAMPs.12
1. Lozano F, Simarro M, Calvo J, Vilà JM, Padilla O, Bowen MA, Campbell KS.
CD5 signal transduction: positive or negative modulation of antigen receptor
signaling. Crit Rev Immunol. 2000;20:347-58.
2. Bikah G, Carey J, Ciallella JR, Tarakhovsky A, Bondada S. CD5-mediated
negative regulation of antigen receptor-induced growth signals in B-1 B cells.
Science. 1996;274:1906-9.
3. Tarakhovsky A, Kanner SB, Hombach J, Ledbetter JA, Müller W, Killeen N,
Rajewsky K. A role for CD5 in TCR-mediated signal transduction and
thymocyte selection. Science. 1995;269:535-7.
4. Mier-Aguilar CA, Cashman KS, Raman C, Soldevila G. CD5-CK2 Signaling
Modulates Erk Activation and Thymocyte Survival. PLoS One.
2016;11:e0168155.
5. Imboden JB, June CH, McCutcheon MA, Ledbetter JA. Stimulation of CD5
enhances signal transduction by the T cell antigen receptor. J Clin Invest.
1990;85:130-4.
6. Sestero CM, McGuire DJ, De Sarno P, Brantley EC, Soldevila G, Axtell RC,
Raman C. CD5-dependent CK2 activation pathway regulates threshold for T cell
anergy. J Immunol. 2012;189:2918-30.
7. Axtell RC, Webb MS, Barnum SR, Raman C. Cutting edge: critical role for CD5
in experimental autoimmune encephalomyelitis: inhibition of engagement
reverses disease in mice. J Immunol. 2004;173:2928-32.
8. Gary-Gouy H, Harriague J, Bismuth G, Platzer C, Schmitt C, Dalloul AH.
Human CD5 promotes B-cell survival through stimulation of autocrine IL-10
production. Blood. 2002;100:4537-43.
9. Henderson JG, Opejin A, Jones A, Gross C, Hawiger D. CD5 instructs
extrathymic regulatory T cell development in response to self and tolerizing
antigens. Immunity. 2015;42:471-83.
10. Ordonez-Rueda D, Lozano F, Sarukhan A, Raman C, Garcia-Zepeda EA,
Soldevila G. Increased numbers of thymic and peripheral CD4(+)
CD25(+)Foxp3(+) cells in the absence of CD5 signaling. Eur J
Immunol. 2009;39:2233–2247.
11. Hippen KL, Tze LE, Behrens TW. CD5 maintains tolerance in anergic B cells. J
Exp Med. 2000;191:883-90.
12. Vera J, Fenutria R, Canadas O, Figueras M, Mota R, Sarrias MR, Williams DL,
Casals C, Yelamos J, Lozano F. The CD5 ectodomain interacts with conserved
fungal cell wall components and protects from zymosan-induced septic shocklike syndrome. Proc Natl Acad Sci U S A. 2009;106:1506–1511.
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APPLICATIONS
Cell marker
CD5 is a pan-T-cell marker but also a marker of B-1a B cells.1-2
CD5 immunophenotyping is used for the diagnosis of chronic lymphocytic leukemia,
mantle cell lymphoma, T-cell precursor acute lymphoblastic leukemia/lymphoma, Tcell chronic lymphoproliferative diseases and NK-cell chronic lymphoproliferative
diseases.3-5 In diffuse large B-cell lymphoma, CD5 expression is associated with a
poorer prognosis.6
1. Ledbetter JA, Rouse RV, Micklem HS, Herzenberg LA. T cell subsets defined
by expression of Lyt-1,2,3 and Thy-1 antigens. Two-parameter
immunofluorescence and cytotoxicity analysis with monoclonal antibodies
modifies current views. J Exp Med. 1980;152:280-95.
2. Youinou P, Jamin C, Lydyard PM. CD5 expression in human B-cell
populations. Immunol Today. 1999 ;20:312-6.
3. Dutch/Belgium HOVON CLL working group. Dutch guidelines for the
diagnosis and treatment of chronic lymphocytic leukaemia. Neth J Med.
2016;74:68-74.
4. Vose JM. Mantle cell lymphoma: 2015 update on diagnosis, risk-stratification,
and clinical management. Am J Hematol. 2015;90:739-45.
5. van Dongen JJ, Lhermitte L, Böttcher S, Almeida J, van der Velden VH, FloresMontero J, Rawstron A, Asnafi V, Lécrevisse Q, Lucio P, Mejstrikova E,
Szczepański T, Kalina T, de Tute R, Brüggemann M, Sedek L, Cullen M,
Langerak AW, Mendonça A, Macintyre E, Martin-Ayuso M, Hrusak O,
Vidriales MB, Orfao A; EuroFlow Consortium (EU-FP6, LSHB-CT-2006018708). EuroFlow antibody panels for standardized n-dimensional flow
cytometric immunophenotyping of normal, reactive and malignant leukocytes.
Leukemia. 2012;26:1908-75.
6. Thakral B, Medeiros LJ, Desai P, Lin P, Yin CC, Tang G, Khoury JD, Hu S, Xu
J, Loghavi S, Hu B, Oki Y, Li S. Prognostic impact of CD5 expression in diffuse
large B-cell lymphoma in patients treated with rituximab-EPOCH. Eur J
Haematol. 2017;98:415-421.

Therapeutic
In the context of cancer, phase 1 studies have been performed with T101 antibodies
against CD5 for treatment of chronic lymphocytic leukemia and cutaneous T-cell
lymphoma.1-2 Furthermore, injection of soluble CD5 delayed tumor progression in a
preclinical model of melanoma.3
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In rheumatoid arthritis, administration of anti-CD5 antibodies led to a response rate of
22-25% at 6 months in phase II studies.4 In a mice model of type I diabetes, anti-CD5
therapy protected against diabetes onset.5 Consistent with this, anti-CD5 therapy
displayed a dose-dependent effect in preserving β-cell function in a preliminary study of
type I diabetes.6 Targeting CD5 have also been studied in other autoimmune diseases
including multiple sclerosis, autoimmune nephropathy, systemic lupus erythematosus
and inflammatory bowel disease.7
In addition, the administration of T101 antibodies have been assessed in human pilot
studies of graft-versus-host disease.8-9
1. Dillman RO, Shawler DL, Dillman JB, Royston I. Therapy of chronic
lymphocytic leukemia and cutaneous T-cell lymphoma with T101 monoclonal
antibody. J Clin Oncol. 1984;2:881-91.
2. Foss FM, Raubitscheck A, Mulshine JL, Fleisher TA, Reynolds JC, Paik CH,
Neumann RD, Boland C, Perentesis P, Brown MR, Frincke JM, Lollo CP,
Larson SM, Carrasquillo JA. Phase I study of the pharmacokinetics of a
radioimmunoconjugate, 90Y-T101, in patients with CD5-expressing leukemia
and lymphoma. Clin Cancer Res. 1998;4:2691-700.
3. Fenutría R, Martinez VG, Simões I, Postigo J, Gil V, Martínez-Florensa M,
Sintes J, Naves R, Cashman KS, Alberola-Ila J, Ramos-Casals M, Soldevila G,
Raman C, Merino J, Merino R, Engel P, Lozano F. Transgenic expression of
soluble human CD5 enhances experimentally-induced autoimmune and antitumoral immune responses. PLoS One. 2014;9:e84895.
4. Strand V, Lipsky PE, Cannon GW, Calabrese LH, Wiesenhutter C, Cohen SB,
Olsen NJ, Lee ML, Lorenz TJ, Nelson B. Effects of administration of an antiCD5 plus immunoconjugate in rheumatoid arthritis. Results of two phase II
studies. The CD5 Plus Rheumatoid Arthritis Investigators Group. Arthritis
Rheum. 1993;36:620-30.
5. Vallera DA, Carroll SF, Brief S, Blazar BR. Anti-CD3 immunotoxin prevents
low-dose STZ/interferon-induced autoimmune diabetes in mouse. Diabetes.
1992;41:457-64.
6. Skyler JS, Lorenz TJ, Schwartz S, Eisenbarth GS, Einhorn D, Palmer JP, Marks
JB, Greenbaum C, Saria EA, Byers V. Effects of an anti-CD5 immunoconjugate
(CD5-plus) in recent onset type I diabetes mellitus: a preliminary investigation.
The CD5 Diabetes Project Team. J Diabetes Complications. 1993;7:224-32.
7. Consuegra-Fernández M, Aranda F, Simões I, Orta M, Sarukhan A, Lozano F.
CD5 as a Target for Immune-Based Therapies. Crit Rev Immunol. 2015;35:85115.
8. Siena S, Villa S, Bonadonna G, Bregni M, Gianni AM. Specific ex-vivo
depletion of human bone marrow T lymphocytes by an anti-pan-T cell (CD5)
ricin A-chain immunotoxin. Transplantation. 1987;43:421-6.
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9. Uckun FM, Azemove SM, Myers DE, Vallera DA. Anti-CD2 (T, p50) intact
ricin immunotoxins for GVHD-prophylaxis in allogeneic bone marrow
transplantation. Leuk Res. 1986;10:145-53.

WEBSOURCES
GENERAL_INFORMATION
NCBI_NAME
NCBI_OTHER_NAME
SWISS_NAMES
DESC

CD5
T1
CD5_HUMAN
CD5 molecule

LOCUS_INFO_LINKS
HGNC_LOCUS_TAG:
1685
ONLINE_MENDELIAN_INHERITANCE: 153340
NCBI_HOMOLOGENE:
7260
NCBI_MAP:
11q13
NCBI_ENTRE_GENE_ENTRY:
921
GENE_SIZE:
25394
EN_GE_EN:
MRNA_SEQ_LENGTH:
3151
PRCORENC:
67 to 1554
ENTREN:
ENST00000347785
PROTEIN_LENGTH_NCBI_REFSEQ:
495
NCBI_REF_SEF_ENTRY:
NP_055022.2 , 166197668
PROTEIN_LENGTH_SWISPROT:
471
ENSEMBLE_PROT_ENTRY:
ENSP00000342681
PR_MO_WEIGHT:
54578
SWPROT_PROTEIN_ENTRY:
CD5_HUMAN , P06127
PR_SW_PR:
8.69
IPI_NUMBER:
IPI00025383
NCBI_CONSV_DOMAINS:
166197668
ENSM_NUMBER:
P06127
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Report 2020-2021 - IUIS Nomenclature Committee (NOM)
Immunoglobulins (IG), T cell Receptors (TR) and Major Histocompatibility (MH)
Nomenclature Sub-Committee
Prof Marie-Paule Lefranc
marie-paule.lefranc@outlook.fr (Chair)
Prof Fumihiko Matsuda
fumi@genome.med.kyoto-u.ac.jp (Deputy Chair)
https://iuis.org/committees/nom/immunoglobulins-ig-t-cell-receptors-tr-and-majorhistocompatibility-mh-nomenclature-sub-committee/
1. Objectives
The IMGT Nomenclature Committee (IMGT-NC) was created in 1989 by Marie-Paule Lefranc
at the Tenth International Human Gene Mapping (HGM10) Workshop (June 10-17, 1989, New
Haven, Connecticut, USA) for the standardized classification and nomenclature of the
immunoglobulins (IG) and T cell receptors (TR) of human and other vertebrate species [1-5]
In 1992, IMGT-NC became the first WHO-IUIS Nomenclature Sub-Committee for
immunoglobulins and T cell receptors, founded by Donald Capra (USA), Hans Georg Zachau
(Germany), Max Cooper (USA), Tasuku Honjo (Japan), Leroy Hood (USA), Fumihiko
Matsuda (Japan), Gérard Lefranc (France) and Marie-Paule Lefranc, Chair (France) [6-7]. Since
2012, the IUIS Nomenclature Committee (NOM) Sub-Committee is designated as
'Immunoglobulins (IG), T cell Receptors (TR) and Major Histocompatibility (MH)
Nomenclature Sub-Committee' (IMGT-NC).
2. Mission
The mission of IUIS NOM IMGT-NC is to promote a unique nomenclature of the
immunoglobulins (IG), T cell receptors (TR) and major histocompatibility (MH) genes and
proteins of humans and other vertebrate species, based on the IMGT Scientific chart [1-7].
The genes and alleles validated by the Sub-Committee are managed by IMGT®, the
international ImMunoGeneTics information system® http://www.imgt.org, created in 1989 by
Marie-Paule Lefranc, and the global reference in immunogenetics and immunoinformatics.
3. Members
Founding and Life-time Members of the WHO-IUIS Nomenclature Committee (NOM)
Immunoglobulins (IG), T cell receptors (TR) and major histocompatibility (MH) Nomenclature
Sub-Committee
are
J.
(Joseph)
Donald
Capra
(USA)
(1937-2015)
(www.jimmunol.org/content/194/12/5575.full), Max Cooper (USA), Tasuku Honjo (Japan),
Leroy Hood (USA), Gérard Lefranc (France), Marie-Paule Lefranc IMGT-NC Founder and
Chair (France), Fumihiko Matsuda Deputy-chair (Japan) and Hans Georg Zachau (Germany)
(1930-2017).
IMGT Experts are scientists in the field of immunogenetics who in their published work have
promoted standardization of the IMGT IG, TR and/or MH genes and alleles and who contribute,
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on a case by case basis, as anonymous reviewers of submitted data for IMGT-NC validation of
IG, TR and/or MH loci of given species.
4. Annual reports
Summary reports, written by the IUIS NOM IMGT-NC Chair, have been sent on an annual
basis to the chair of the WHO-IUIS Nomenclature Committee since 1992 (Michel Kazatchkine
(Sept 1992-2004), Laurence Boumsell (Sept 2004-2010), Pablo Engel (Sept 2010-2016),
Menno van Zelm (Sept 2016-)), for presentation at the annual IUIS Council Meetings
(coincident every three years with the International Congress of Immunology (ICI). They are
publicly available on the IUIS web site. https://iuis.org/committees/nom/immunoglobulins-igt-cell-receptors-tr-and-major-histocompatibility-mh-nomenclature-sub-committee/
5. Highlight
The publication in Frontiers in Immunology, invited by the WHO IUIS Nomenclature
Committee (Proceedings of ICI Milan 2013)
Lefranc M-P. Immunoglobulin (IG) and T cell receptor genes (TR): IMGT® and the birth and
rise of immunoinformatics. Front Immunol. 2014 Feb 05;5:22.
https://www.frontiersin.org/articles/10.3389/fimmu.2014.00022/full
has reached a total of 21,755 views on October 24, 2021.
6. Focus 2020-2021: IUIS NOM IMGT-NC Reports
The focus 2020-2021 has been the IUIS NOM IMGT-NC Reports with the formalization of the
submission procedure, including documents required for the analysis of new IG and TR genes
and alleles by experts and validation by the IUIS NOM IMGT-NC and with the publication of
the IMGT-NC reports on the IUIS web site (https://iuis.org/committees/nom/immunoglobulinsig-t-cell-receptors-tr-and-major-histocompatibility-mh-nomenclature-sub-committee/).
6.1. IUIS NOM IMGT-NC Reports initiative
IMGT-NC Reports is an initiative of the IUIS Nomenclature Sub-Committee for
immunoglobulins (IG), T cell receptors (TR) and major histocompatibility (MH) (IUIS NOM
IMGT-NC), allowing scientists to submit IMGT names for new IG and TR variable (V),
diversity (D), joining (J) and constant (C) genes and alleles to the IUIS Sub-Committee for
approval.
The IMGT names are based on the IMGT Scientific chart rules generated from the IMGTONTOLOGY axioms and concepts, and in particular, the concepts of classification
(CLASSIFICATION axiom) [1-7].
6.2. Contacts for submissions
Prof Marie-Paule Lefranc
marie-paule.lefranc@outlook.fr (Chair)
and Prof Fumihiko Matsuda
fumi@genome.med.kyoto-u.ac.jp (Deputy Chair).
6.3. Prerequisite for submissions
An accession number in a generalist database is required for each submitted gene or allele
sequence.
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6.4. Submission of new genes and alleles (V, D, J, C)
Submission of new V genes and alleles

The submission of new V genes and alleles requires:
• a genomic germline sequence (germline gDNA)
• a complete sequence from the atg (INIT-CODON) of L-PART1 to the V-RS included:
L-V-GENE-UNIT
(http://www.imgt.org/IMGTScientificChart/SequenceDescription/displayimage.php?id=19)
• a mapped sequence (cloned from BAC, cosmid or phage or extracted from a referenced genome
assembly.
Sequences from NGS are accepted only for known alleles if they complete the germline genomic
sequence in 5' or in 3' (a few alleles may have incomplete sequences in 5' or 3' if they were retrieved
from the literature).
Submission of inferred V alleles from NGS:
1) If a new V allele is suspected by NGS, its sequence needs to be confirmed from a direct Sanger
sequencing from the germline gDNA from the individual, or to be mapped (cloned from BAC, cosmid
or phage or extracted from a referenced genome assembly) for a direct submission to IUIS NOM IMGTNC.
2) Alternatively, if a new V allele is suspected by NGS, its sequence can be submitted to IUIS NOM
IMGT-NC via the working group (WG) inferred allele review committee (IARC), within the adaptive
immune receptor repertoire (AIRR) community. The IARC WG analyses if the criteria for defining
inferred alleles from NGS are fulfilled and if data quality are met.
Both procedure includes a submission of inferred alleles to a generalist database, before submission to
IUIS NOM IMGT-NC.

Submission of new D genes and alleles

The submission of new D genes and alleles requires:
• a genomic germline sequence (germline gDNA)
• a complete sequence from the 5'D-RS to the 3'D-RS included:
D-GENE-UNIT
(http://www.imgt.org/IMGTScientificChart/SequenceDescription/displayimage.php?id=2)
• a mapped sequence (cloned from BAC, cosmid, phage or extracted from a referenced genome
assembly.

Submission of new J genes and alleles

The submission of new J genes and alleles requires:
• a genomic germline sequence (germline gDNA)
• a complete sequence from the J-RS to the DONOR-SPLICE included:
J-GENE-UNIT plus DONOR-SPLICE
(http://www.imgt.org/IMGTScientificChart/SequenceDescription/displayimage.php?id=9)
• a mapped sequence (cloned from BAC, cosmid, phage or extracted from a referenced genome
assembly.

Submission of new C genes and alleles

The submission of new C genes and alleles requires:
• a genomic sequence (gDNA)
• a complete sequence from the first codon of the first exon (EX1) to the STOP-CODON
included (this requirement has become effective from January 1, 2018):
C-GENE-UNIT
(http://www.imgt.org/IMGTScientificChart/SequenceDescription/displayimage.php?id=6)
• a mapped sequence (cloned from BAC, cosmid, phage or extracted from a referenced genome
assembly).

6.5. Analysis, validation and publication
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At the submission reception, the Chair and Deputy Chair designate experts for analysis of the
submitted data and the preparation of the IMGT-NC Reports.
The IUIS NOM IMGT-NC reports are published online on the IUIS NOM Sub-Committee for
the IG, TR and MH page (https://iuis.org/committees/nom/immunoglobulins-ig-t-cell-receptors-trand-major-histocompatibility-mh-nomenclature-sub-committee/) of the IUIS web site. They
officially validate the IMGT gene and allele names for use by the scientific community.
6.6. Biocuration
Following publication of an IMGT-NC report, the approved IMGT genes and alleles are
forwarded to the IMGT team biocurators for annotation of the genes and alleles in IMGT®, the
international ImMunoGeneTics information system® (http://www.imgt.org) [1]. Following
IMGT biocuration, annotated IG and TR genes and alleles are published in IMGT® Creations
and updates (http://www.imgt.org/IMGTinformation/creations/), with reference to the IUIS IMGTNC report.
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Activity of the Committee in 2020 – 2021
The Committee has contributed to a Research Topic on Nomenclature, which was spearheaded by
Menno van Zelm and Pablo Engel. Here, LZH has edited two papers and, together with Committee
member Marc Dalod and others, has contributed a paper on subsets of the CD1c+ dendritic cells
(Heger, Front Immunol, 2020 Sep 30; 11: 559166). Here, we are at a crucial point with respect to
nomenclature, because the long known CD14+CD5- subset of the CD1c+ cells, in a single cell
sequencing paper, has been called DC3. This is problematic because these cells are characterized by
low APC and high cytokine production capacity. In our Front Immunol paper we summarize the current
state and we argue that these cells rather might be a member of the monocyte family, than a DC. The
paper will be a document for discussion at the next nomenclature meeting.
Also, LZH together with Committee member Ken Shortman and others has written an opinion paper on
the nature of pDCs (to be submitted). These cells have been considered an out-sider in the DC family
already for long, because it lacks the crucial features of high APC and CCR7-driven migration to lymph
nodes. In the paper we point out that these cells, based on their unique feature of high level
production of the cytokine type I interferon, might quite well fit with the group of innate lymphocytes.
Once published we expect this paper to be a basis for discussions on a revision of the DC
nomenclature.

Preparation of a nomenclature up-date workshop
The organization of a workshop, planned for the 2019 IUIS conference in Beijing, has not materialized.
The main reason was that the available funding of 12.000 € is short of the required 36.000 €. The
format of the next meeting is still unclear and it may be run as a virtual event in 2022. Still, a face-toface meeting has advantages when it comes to discussion of controversial points. This may be
realistic as of 2023.
The later date may be preferred since the Single Cell Sequencing (SCS) approach has generated
many clusters, which now need to be consolidated and backed up by biological and medical meaning.
This includes definition of cell type versus cell state.
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For the next conference the aim is to arrive at an up-dated nomenclature that
a) Will include blood monocytes and dendritic cells and their precursor cells
b) Will work across different species and
c) Will be applicable to disease including inflammation and malignancy.
The workshop will cover sections on
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

monocyte precursors
blood monocyte subsets
DC precursors
blood DC subsets
CD1c+ CD14+ cells: DC or monocyte? Appropriateness of DC3
reclassify pDCs
omics to define subsets versus different versions of a subset
single-cell-sequencing: How many subsets are there?
man, mouse and other species
markers in health and disease

For this the nomenclature committee plans on a meeting of 35 leading experts. Participants consist of
the current member plus experts covering the new topics. These have been selected from the global
community based on their crucial contribution.
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Report on the Nomenclature of Monocytes and Dendritic Cells in Blood 2021
Use of the current IUIS nomenclature
The crucial paper for the new nomenclature is the publication in Blood journal in 2010 (ZieglerHeitbrock L, Ancuta P, Crowe S, Dalod M, Grau V, Hart DN, Leenen PJ, Liu YJ, MacPherson G,
Randolph GJ, Scherberich J, Schmitz J, Shortman K, Sozzani S, Strobl H, Zembala M, Austyn JM,
Lutz MB. Blood. 2010 Oct 21;116(16):e74-8)
As of September 19th 2019 this paper has been referenced more than 1600 times (see
www.researchgate.net/publication/45185387).
A search in the Google Scholar webpage in October 2021 gave 1170 papers, which use the term
“intermediate monocyte”. This demonstrates that the definition of these previously overlooked cells in
the nomenclature proposal has had direct impact on research and now is an established entity.
Also, the term “nonclassical monocyte” or “non-classical monocyte” appears 1500 times and “classical
monocyte” occurs more than 2500 times. This confirms that the monocyte nomenclature is being
widely used even without citing the original paper in Blood.
The nomenclature for DCs in the 2010 proposal names the subsets via defining markers as
plasmacytoid CD303+ DCs, myeloid CD1c+ DCs and myeloid CD141+ DCs. While this is being used
widely, the terms pDC, DC1 and DC2 are also frequently used. Here, the emerging complexity of
subsets of CD1c+ DCs will have to be addressed in a future up-date.
Updating the nomenclature: Monocytes
Impact of single cell sequencing
SCS has been applied to monocytes in many studies since 2017. These studies identified several (up
to 14) clusters each (e.g. Kobayashi, 2020, Jiang, JCI insight, 2020, Wen, Annals Transl Med, 2020,
Wilk, Nature Medicine, 2020, Schulte-Schreping, Cell, 2020). These studies typically find classical and
non-classical monocytes and various numbers of additional clusters. These clusters sometimes
appear to represent cell states, like a subset characterized by high cytokine production (Guo, Nature
Communications, 2020) or resting and activated versions of classical and non-classical monocytes
based on S100A9 expression (Wilk, Nature Medicine, 2020). Often, the different clusters are
presented in UMAP plots without any further characterization. Here, cell types and cell states will have
to be aligned across different studies and such cells need to be analysed for their functional responses
and cell fate.
Non-classical monocytes
6-sulfo LacNAc+ (slan+) cells
For more than a decade slan+ cells have been addressed as a distinct type of dendritic cells and they
were dubbed slanDCs (Schäkel, Immunity, 2006). The monocyte nature of slan+ blood cells has been
pointed out by the Ziegler-Heitbrock team already early on (Siedlar, Immunobiology, 2000). Still the
name slanDC was maintained well into 2015. Transcriptomic work by the Ziegler-Heitbrock team and
the van de Loosdrecht team has then unequivocally demonstrated assignment of slan+ cells to the
monocytes (Hofer et al, BLOOD, 2015, Leeuwen-Kerkhoff, J Leuk Biol 2017) and this was supported
by comparative functional studies (Calzetti, JACI, 2018). In the light of this evidence the team that had
proposed the slanDC nomenclature accepted that slan identifies a monocyte subset (Olaru, JCIinsight,
2018). Also, the same team consolidated this view in a review paper (Ahmad, Frontiers in
Immunology, 2019). A review by the Ziegler-Heitbrock team has given an overview on the slan+ cells
and has pointed out the open questions (Hofer et al, Frontiers in Immunology, 2019). This includes the
question whether slan can be used to define the non-classical monocytes. The importance of slan as a
marker has been highlighted in a clinical study on CMML (Tarfi, Haematologica, 2019, Haematologica,
2020), which demonstrated that a decrease of the slan+ non-classical monocytes below 1.7%
contributes to diagnosis of the disease also when there is concurrent inflammation.
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More recently a series of papers have supported the usefulness of the slan marker in clinical studies of
monocyte subsets in man: In COVID-19 a depletion of slan+ monocytes was demonstrated (Farias,
2021, Zingaropoli, 2021, Trombetta, Frontiers Immunology, 2021). Also, slan+ monocytes are
decreased in multiple myeloma, B cell lymphoma and after IFN-therapy of HCV infection (Lamarthee,
Oncoimmunology, 2018, Gallou, 2021, Vita, 2020).
The inclusion of slan as a marker for non-classical monocytes will be proposed at the next
Nomenclature Committee Meeting.
The term “patrolling” monocytes for the non-classical monocytes appears to be fading away. This may
be due to the demonstration (by the team that coined this term) that the patrolling (=crawling) behavior
is equally evident for the classical monocytes in man (Collison, Geissmann, J Immunol 2015). Also, in
the mouse it is the classical monocytes that patrol the liver vasculature (Dal-Secco, JEM, 2015).
Regarding non-classical monocytes Patel et al (J Exp Med, 2017) have shown using deuterium
labelling that the life span of these cells with about 7 days is much longer compared to classical
monocytes with about 1 day. Also they have confirmed expression of slan on the non-classicals. The
kinetic data in man are in contrast to the mouse where similar studies have shown a half-life of 2 days
for the non-classical monocytes (Yona, Immunity, 38, 79–91, 2013). While we propose a unified
nomenclature for man and mouse these data again remind us of the fundamental differences we
encounter between these two species for monocyte subsets.
Intermediate monocytes
For the intermediate monocytes a series of publications has appeared since its delineation in the
original nomenclature document (Ziegler-Heitbrock, Blood, 2010). This included transcriptome studies
which show unique signatures (Wong, Blood, 2011, Zawada, Blood, 2011). While it appears that these
cells are, in fact, in transition, their definition as a separate cell population also for clinical purposes is
warranted: Several clinical reports have shown the increase the CD14++CD16+ intermediate
monocytes in inflammatory conditions.
The dissection of intermediate and non-classical monocytes in flow cytometry is not straightforward.
An improvement may come with the use of an additional marker like slan or CCR2 as suggested by
Wong et al (Immunological Research, 2012). CCR2 has been tested in a series of studies on
cardiovascular disease (Shantsila, Thromb Haemost. 2013; 110: 340-8., J Thromb Haemost.
2011;9:1056-66). However, no relevant advantages of this approach have been demonstrated and
molecular studies that document a superior separation when using CCR2 are lacking.
On the other hand a clear separation of these cells from the non-classical monocytes was
demonstrated when using the marker slan (Hofer, Blood, 2015). This definition was supported by both
molecular data and clinical studies showing an increase of slan- CD14+ CD16+ monocytes in
sarcoidosis. These data await independent confirmation before a recommendation on the definition of
intermediate monocytes as slan- CD16+ monocytes can be made.
Single cell sequencing (SCS) of human cells by Villani et al (Science 2017) picked up two populations
within the intermediate gate. One population, termed Mon3, expressed CD16, CXCR1 and mincle
(CLEC4e) and this was confirmed to represent intermediate monocytes (Günther et al BioRxiv, Jun. 3,
2019; doi: http://dx.doi.org/10.1101/658179). The other population, termed Mon4, expressed CD2 and
perforin and was shown to be an artefact, since it was a contamination by NK cells (Günther, BioRxiv
2019).
SCS of intermediate mouse monocytes (Mildner et al, Immunity. 2017) has uncovered two cell
clusters, one that is in between classical and non-classical monocytes for all genes and one that has
unique features with high class II, CD74 and DC-SIGN. This would mean that within this gate we are
dealing with cells that are merely in transition and with cells that form a unique population.
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The data demonstrate the power of single cell sequencing and the open issues we still face with these
early studies. Ultimately this approach should be able to determine how many subsets of monocytes
there are. It is expected that we will have solid data and consensus on intermediate monocytes in the
next 1 or 2 years.
Tie2-expressing monocytes
Tie2-expressing monocytes have been defined earlier in man and mouse (Da Palma 2005) and here
Tie2 expression was found in CD16-positive monocytes (Venneri Blood, 2007) and more specifically in
the intermediates (Murdoch JIM 2007). In a recent study high TIE2-expressing monocytes were
reported for CLL patients, but it remained unclear whether this increase was due to an increase of
CD16+ monocytes in the samples (Wos, Cancers, 2021). Since expression of Tie2 is weak it is difficult
to define clearly positive and clearly negative cells and the question is whether TIE2-expressing
monocytes are a distinct cell population.
Classical monocytes
The definition of classical monocytes is straightforward in man and in the mouse. The human cells can
be defined based on the CD14++CD16- pattern and the mouse cells are Ly6C++CD43+ and this has
not changed since the 2010 proposal.
A group of cardiologists (European Society of Cardiology) has suggested a variation of the monocyte
nomenclature in calling the classical monocytes Mon1 (see Weber et al Thrombosis Hemostasis,
2016). Given that the 2010 nomenclature for monocytes is well established, this unfortunately only
adds confusion. The use of the ESC nomenclature has waned and papers by members of the author
team of that paper now publish using the 2010 IUIS nomenclature.
Single cell sequencing has shown these classical monocytes to be homogenous (Milder Immunity
2017, Villani, Science, 2017). Still there have been some attempts to define subsets within the
classical monocytes.
Using SCS Kobayashi (J Autoimmun 2020) described non-classicals and 6 additional clusters in the
context of systemic sclerosis. Jiang (JCI insight, 2020) observed, in addition to the non-classical
monocytes, four clusters related to classical monocytes, but this was only in ARDS without data on
apparently healthy controls. Wen (Wen, Annals Transl Med, 2020) reported a non-classical cluster and
5 clusters related to classical monocytes. Also, Wilk (Nature Medicine, 2020) identified 14 clusters and
pointed out that there are resting and activated cell states both for classical and non-classical
monocytes. Also, Guo (Nature Communications, 2020) analysed two cases of COVID-19 and found
the non-classical monocyte cluster plus 3 classical related clusters. One cluster, which was expanded
in severe COVID-19 was characterized by high transcript levels for cytokines and chemokines.
Furthermore, Lu (Research Square, 10.21203/rs.3.rs-416878/v1) found non-classicals and 5 additional
clusters, including “antigen presenting monos, with high HLA-DR transcript levels and “inflamed
monos” with high IL-1b and chemokine transcripts.
In the context of the Vogt-Koyanagi-Harada autoimmune disorder, Hu et al (PNAS 2020) have
described the non-classical monocytes and three clusters related to classical monocytes. Also
Schulte-Schreping in the context of COVID-19, found non-classsical, classical and three additional
clusters related to classical monocytes (Cell, 2020). While it is difficult to align these clusters across
the studies, it is possible that the S100A12 cluster of Hu and the HLA-DRlo S100Ahi cluster of
Schulte-Schreping overlap. The same is possible for the HLA monocyte cluster of Hu and the HLADRhi CD83hi cluster of Schulte-Schreping and the “antigen presenting monos” cluster of Lu et al.
These HLA-DRhi cells might well represent the intermediate monocytes, which are known to have
highest levels of this type of MHC genes. Also, activated monocytes of Wilk, the “inflamed mono”
cluster of Lu and the “pro-inflammatory monocyte” cluster of Hu are likely to match. The cells of this
latter cluster might represent transient cell states, activated via TLR-ligands.
These published clusters need to be aligned as exemplified above and importantly their biological
meaning and medical relevance is to be determined. For this the cells within the clusters need to be
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isolated based on discriminating markers in order to study various immune functions. Only with this
type of information a cluster can become a define cell type or cell state.
There is however diagnostic potential for gene expression analysis even at the early cluster analysis
even without further characterization of the cells, which the clusters represent. This is exemplified by
clusters within classical or non-classical monocyte, which show high level cytokine transcripts. This
information can be used to document the degree of inflammation and the cell groups involved, like T
cells or monocytes. Still, a complete characterization of a given cluster up to the level of a defined cell
type will increase the diagnostic potential substantially.
CD14+DRlow monocytes (“”myeloid-derived suppressor cells””)
Myeloid-derived suppressor cells (MDSC) are a mixture of cells mainly characterized by their ability to
suppress T cell response more so in cancer patients than in healthy controls. They were then
subdivided into monocyte-type and neutrophil-type MDSC. The monocyte type cells are defined as
CD14high DRlow/- cells (Bronte Nature Comm, 2016). These cells are found increased in cancer and
in sepsis and they may represent immature cells or deactivated cells (see Volk, Intensive Care Med,
1996)
Problems that the M-MDSCs face are that the cut-off value for DR is not clearly defined, that cells of
this phenotype can be suppressive or not, that studies on side by side comparison with other
monocyte subsets are scarce and that comparative transcriptomics are not available (but may be in
the pipeline). Also the few single cell sequencing studies no “MDSC” cell type has been detected
(Villani, Science. 2017;356(6335), Mildner, Immunity. 2017 May 16;46(5):849-862 ).
While the term “monocytic myeloid derived suppressor cells” gives 1.100 publications in pubmed in
October 2021 there is still serious doubt whether these cells represent a cell type or a cell state or only
an entity defined as the low end of a MHC class II cell surface expression distribution.
Taken together the current evidence does not support inclusion of MDSC into a blood monocyte
subset nomenclature at this point in time.
CD319+ monocytes, CD141+ monocytes
Cell surface expression of SLAMF7 = CD319 is prominent on CD14+ CD16- monocytes in
myelofibrosis, but there is hardly any signal in healthy controls (Maekawa Blood 2019). Also
expression of CD141 has been reported on classical monocytes in myelodysplasia (LeeuwenKerkhoff, Haematologica, 2019). These studies highlight a distinct area of monocyte and dendritic cell
biology in that it covers changes in abnormal hematopoiesis. As to whether these changes deserve
the status of unique subsets may largely depend on whether they can be detected in healthy
individuals or whether they represent the result of somatic mutations only. Of note, CD319 mRNA
apparently can be induced in GM-CSF, IL-4-treated monocytes following stimulation by
lipopolysaccharide (Guo, J Immunol, 2021).
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Updating the nomenclature: Dendritic Cells
General remarks
The 2010 nomenclature proposal suggested a subdivision into two myeloid DC-populations and one
pDC population with the markers CD141, CD1c and CD303. The myeloid nature of the former cell
types was based on the expression of CD33. On the other hand CD68 a macrophage associated
molecule, is clearly expressed by pDCs. So it is unclear whether the term myeloid is appropriate and
whether it should be replaced or can be substantiated with newer data.
Also the terms DC1 and DC2 have been widely used for CD141+ DCs and CD1c+DCs, respectively.
Some also use the terms cDC1 and cDC2 with “c” mean variously conventional or classical. The “c”
can be justified in juxtaposition to the “p” of pDCs. Given the possibility that pDCs may loose their DC
status, the “c” may not be necessary any more.
CD141+ DCs
Among dendritic cells the CD141+ myeloid blood DCs have been further characterized and the
expression of markers like XCR1, Clec9A and the transcription factor IRF8 have strengthened the
view that these DCs and the mouse CD8-positive DCs are homologous cells and share the property to
cross-present exogenous antigen to CD8 T cells (Contreras J Immunol. 2010;185:3313-25. Crozat K.
J Exp Med. 2010;207: 1283, Bachem A J Exp Med. 2010;207: 1273). Of note, in blood the respective
mouse DCs do not express the CD8 antigen on the cell surface. XCR1 has been recently identified as
a conserved universal marker for these DCs across tissues and species (Vu Manh, Frontiers
Immunology, 2015).
Bachem has generated an anti-mouse monoclonal against XCR1 in a knock-out mouse showing
expression on 80% mouse CD8+ DCs cells in the spleen (Bachem Frontiers Immunology 2012).
Recently, a mouse anti-human XCR1 monoclonal antibody has been patented (Anti-human XCR1
antibodies US 9371389 B2, 2016).
CD1c+ DCs
For the CD1c+ myeloid DC in human blood it had been noted earlier that there are CD14- and
CD14low cells (see the BLOOD-2010 Nomenclature proposal) and these have not been characterized
further. A recent study (Bakdash, de Vries Cancer Research, 2016) has described CD1c+ CD14+ cells
to be expanded in melanoma patients. The cells were shown to express high levels of PD-L1 and to
reduce T cell proliferation more efficiently compared to CD1c+CD14- and to M-MDSC. Transcriptome
analysis comparing the CD1c+CD14+cells to CD1c+CD14- cells and to classical monocytes found
them to be in between. Comparison to a comprehensive set of blood DCs and monocytes is required
in order to define the position of these cells and their assignment to monocytes or DCs.
More recently in a 2017 study the CD1c cells were subdivided into CD5low and CD5high (Yin et al J
Immunol. 198: 1553, 2017). The CD5high cells were more potent in antigen presentation and in that
are similar to the CD1c+ CD14- cells. Thus we may be dealing two populations of CD1c+ cells a)
CD14-CD5hi and b) CD14+ CD5lo. This still needs to be formally shown. The concept of two cell types
is supported by recent SCS data (Villani, Science. 2017; 356: 6335), who falsely claimed being the
first to describe this subdivision of CD1c cells. The study identified one cell type expressing CD14,
S100A9 and S100A8 and one cell type with higher Class II expression. With some more data
consolidating this subdivision the Nomenclature Committee may discuss to officially recognize two
subtypes of CD1c+ cells. The open question then remains whether the CD1c+CD14+ cells are
dendritic cells or monocytes. Comparative transcriptomics with a large set of prototypic monocytes and
dendritic cells may help in making that decision.
This will have to take into account the possibility of three subsets of CD1c+ DC2 cells, since Alcantara
et al (Immunity, 47(6), 1037-1050 e6 (2017)) have shown that there are CD172high CD163low and
CD172low CD163med and CD172high CD163high DCs. Also, we have confirmed three subsets, i.e. CD14+
CD5- cells, CD14- CD5+ cells and CD14-CD5- cells (see figure below, taken from Heger Front
Immunol, 2020).
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An important nomenclature issue is that the CD14+CD5-CD1c+ cells have been called DC3 in the
SCS paper by Villani, (Science, 2017). Work by three independent groups (Dutertre Immunity, 2019,
Bourdely, Immunity, 2020, Cytlak, Immunity, 2020) have described the unique features of these cells.
The latter study has shown that this subset, but not the CD14- CD1c+ cells, can be generated from
CD33+ GMP and that they segregate with monocytes. Taken together, these cells have low APC and
are potent cytokine producers, such that the likely represent a novel subset of monocytes.

CD303+ pDCs
Plasmacytoid DCs have been characterized in man by expression of CD303 and also by high level
CD123. Differential CD2 staining has been noted within the population of pDCs with the CD2 high cells
expressing lysozyme and higher levels of IL-12 (Matsui T, J Immunol. 2009). Also in the rat subsets of
pDC have been described and a closer look at heterogeneity of these cells in man is warranted. An
indication of such heterogeneity is given in Guilliams ( Immunity 45, 669–684, September 20, 2016)
where differential expression of CD2, CD5, CD14 and CD39 is shown for two subsest of pDCs in
human blood (see Fig 6 in Guilliams 2016).
pDCs are characterized by high IFNalpha production. Given that pDCs are not very good at antigen
presentation when compared to CD1c+ and CD141+ DCs it can be questioned whether it is justified to
call these cells DCs. The DC nature of these cells has been questioned in several recent papers.
Cabeza-Cabrerizo et al, for example, have decided to call these cells PCs (plasmacytoid cells) (see
Annual Review Immunol 2021).
The question has arisen whether these cells can be assigned to another lineage like for instance the
innate lymphocytes cells. LZH has written, together with Committee Member Ken Shortman and
others, an opinion paper on the nature of pDCs. This is meant to serve as a basis for discussion of a
revised nomenclature.
SCS
Villani et al (Science, 2017) have search human blood leukocytes for subsets of DCs and they
described the pDCs, the CLEC9A+ cells (CD141+, DC1), the two types of CD1c+ cells mentioned
under CD1C+DCs (termed DC2 and DC3 by Villani et al). Many of the mistakes and problems of the
Villani study have been experimentally refuted by other groups (Calzetti, JACI, 2018, Guenther,
BioRxiv, 2019). DC4 are CD16-postive and are non-classical monocytes contaminating the DCpreparation of cells. A novel population are cells called AS DC, which are positive for genes AXL and
SIGLEC6 are, in fact, DC precursors (see Günther, BioRxiv 2019). All of this needs confirmation by
independent studies but it is expected that over the next couple years, we will definitely know, how
many subsets of DCs there are in human and mouse blood.
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Nomenclature covering precursors of macrophages and dendritic cells
Monocyte Precursors
After the common monocyte progenitors (cMoPs) had been described as CD117+CD115+CD135low
in the mouse (Hettinger, Nature Immunology, 2013) more recently a CLEC12AhiCD64hi cMoP has
been described in man (Kawamura, Immunity 2017). In addition, a cell termed pre-monocyte has been
described in the mouse,(Chong, J Exp Med, 2017), a cell characterized by high CXCR4 expression.
Similar CXCR4 hi cells were detected in human samples. Hence, a model emerges with GMPs giving
rise to cMoPs that give rise to pre-Monos, which in turn develop into classical monocytes
(GMPcMoPspre-monocytes classical monocytes). When these precursors and their properties
have been confirmed by independent studies then their inclusion in a nomenclature proposal can be
discussed by the committee. This will have to consider new data, which indicate that monocytes can
derive from MDPs and from GMPs (Yanez Immunity, 2017)
DC Precursors
In the mouse, a macrophage dendritic cell precursor (MDP) has been postulated. However, the
existence of these cells has been disputed (Sathe, Immunity, 41: 104, 2014). More data with clonal
analysis and fate mapping are required until a solid consensus can be reached in this field of
precursors. This topic also includes the precursors for CD1c+ and CD141+ DCs that have been
covered above.
A novel blood subset belonging to the human DC family has been described (Breton, J Exp Med, 212:
401-13, 2015). What they have described is a DC precursor for both the CD141+ DCs and the CD1c+
DCs. This may be an important new finding and a confirmation of these data by other teams is
awaited.
In a study by the Reis e Sousa team it was shown that the CD141+ Clec9A+ DCs can be generated
from the common myeloid progenitor (CMP) and with high efficiency from multipotent lymphoid early
progenitors (MLPs) (Helft, Cell Reports, 20, 529–537, 2017). Cell generated from the two progenitors
show an identical transcriptome (convergent differentiation).The study by Breton et al has described
cell termed hpre-CDC-like which is found in human blood and bone marrow, has the phenotype LinCD34- CD117+ CD135+ CD116+ CD115- . In clonal analysis 90% of these cells can give rise to
CD1c+ (DC2) and CD141+ (DC1) myeloid DCs but only 10% lead to production of monocytes (Breton,
J Exp Med, 212: 401-13, 2015). These studies also reported on CDPs (common dendritic cell
precursors, which has similar features as the GMPs =granulocyte monocyte progenitor,) to give rise to
pDCs and pre-CDCs which can generate DC1 and DC2. In addition, single cell sequencing analysis
(See et al., Science 2017) has proposed a separate pre-DC for DC1 and DC2 each. Here pre-DC1
(CD123loCADM1+CD1c-) and pre-DC2 (CD123loCADM1-CD1c+) that are committed to generate
DC1 and DC2, respectively.
Other species: monocytes and DCs in blood of non-human primates
As mentioned in the original nomenclature document many of the anti-human reagents can be used
directly for non-human primates and they give similar patterns for blood leukocytes in old world
monkeys. The CD16-positve monocyte subset was originally reported for Macaca fascicularis by Munn
et al (Blood 1990) and Otani et al (AIDS Res Human Retro viruses 1998) expanded on this in the
context of retrovirus infection.
For Macaca mulatta the Williams team also reported on monocyte subsets and they identified and
characterized the intermediate monocytes (Kim, JLB, 2011). Monocyte subsets could be properly
identified based on CD14 and CD16 in rhesus macaques, cynomolgus macaques and pigtail
macaques (Sugimoto, J Immunol, 2015). The same study using BrdU injection demonstrated
consecutive appearance of label in classical, intermediates and non-classical monocytes, similar to the
developmental sequence after bone marrow transplant (Dayyani, JLB, 2002), and after deuterium
glucose injection in man (Patel, JEM, 2017). Also injection of the R848 TLR7/8 ligand into rhesus
monkeys a strong increase of intermediate monocytes could be demonstrated (Kwissa, Blood, 2012).
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The humanized anti-slan antibody REA1050 was recently shown to stain a population of CD16+
monocytes in marmosets (Hofer, Frontiers in Immunology, 2019) such that these animals can be used
as model for the study of slan+ monocytes. Importantly, Sibley et al have shown that there are strong
differences in subset composition when looking at Rhesus versus Cynomolgus, with the latter having a
much higher proportion of CD16+ monocytes. (Scientific Reports, 2021). Cynomolgus monkeys show
a strong increase of intermediate monocytes post vaccina-virus injection (Rosenbaum, Front Immunol,
2021). In a SARS-CoV-2 infection model both Cynomolgus and Rhesus show an increase of CD16+
monocytes (Salguero, Nature Communications, 2021).
In a SCS study on Lewis et al, 2021 have described in rhesus macaques non-classical and
intermediate monocytes and seven clusters within classical monocytes, including a S100A8hi subset
(Front Immunol, 2021)
For DCs, it was noted that anti-human CD141 antibodies do not identify a CD141-high population in
rhesus monkeys but stains at a low level all myeloid DCs and monocyte subsets (Autissier, J Imm
Methods, 2010). Still the three DC subsets can be identified using antibodies against CD1c and
CD123+for pDCs (Sugimoto, J Immunol 2015) and against CADM1 for the CD141+ homologue in
rhesus macaques (Dutertre, J Immunol,2014).
Also for new world marmosets cross-reactivity for CD14, CD1c and DR has been demonstrated
These findings support a suggestion to recommend the human nomenclature also in non-human
primates, albeit different reagents may be needed at times.

Other species: monocytes and DCs in blood in the mouse
There are no new data on characterization of mouse monocyte subsets but rather on the biology of
these cells. The subsets are still being defined via Ly6C and CD43 expression and CD115 or F4/80
are used to identify all monocytes. Based on an intermediate level of Ly6C intermediate mouse
monocytes are being confirmed in several publications (e.g. Lessard Cell Reports, 2017, Makinde,
JIM, 2017, Wolf, JEM, 2017).
Non-classical monocytes had been called “patrolling” and it was proposed that their main function is to
monitor and clean up the endothelium (Auffray, Science, 2007) rather than going into tissue as is the
standard fate of monocytes. However, already in the Auffray publication it was shown that these very
cells rapidly go into tissue after injury, but disregarding this many follow up papers maintained that it is
the classical monocytes that exclusively go into tissue. Recently several reports have shown that nonclassical monocytes go into inflamed joint, normal mesenteric tissue and inflamed skin (Misharin, Cell
Reports, 2014, Saja Cell Reports, 2015, Olingy, Scientific Reports, 2017).
While in man almost all monocytes are HLA-DR+, a large proportion of mouse monocytes does not
express Class II cell surface antigen and this applies to both classical and non-classical monocytes
(Jakubzick, Immunity, 2013). Whether the differential Class II expression helps in defining additional
subset of monocytes remains to be analyzed.
Single cell sequencing has identified two types of mouse intermediate monocytes, one with
intermediate expression of all DEGs and one with unique features like high class II, CD74 and DCSIGN (Mildner, Immunity 2017 May 16;46(5):849-862).
Ym1+ monocytes
Expression of the chitinase 3 like protein 3 (also known as Ym1) has been reported for about 5% of
mouse blood classical monocytes in homoeostasis and 50% at 48 hs after LPS injection in mice
(Ikeda, Science Immunology 3, eaat0207 2018). Since Ym1+ and – monocytes show only a few
differential markers, the question arises whether the Ym1+ cells represent a novel cell type or a novel
cell state under the influence of transiently expressed cytokines.
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The intracellular protein is not readily accessible for flow cytometry and a human homologue is still to
be defined.
Mouse blood DCs
For the PDCA-1-(CD317, BST2) positive pDCs two subsets (CD8+ CD8-) have been described
(Sharma Infection Immunity, 2016). Also, it has reported that there are PDCA-1hi pDCs compared to
PDCA-1lo CD11chi DCs in blood (Kim, Scientific Reports, 2016). Björk described CD9+Siglec-Hlo
pDCs as the main IFNalpha producers (Björk, JIM, 2011). So subsets of pDCs in the mouse (and also
in man) will have to be addressed.
For the human CD1c myeloid DCs the homologous blood DCs in the mouse appear to be the
CD11c+CD11b+CD45RA- cells, which are the CD8- DCs in the spleen. Splenic CD8- DCs can be
subdivided into Clec12Ahigh DCIR2 (Clec4a4) low and the Clec12Alow DCIR2(Clec4a4)high (Kasahara,
JLB, 91:437, 2012). Also, in mouse blood the CD11c+CD11b+CD45RA- DCs can be subdivided into
CD172a+ (Sirpalpha+, 70%) and CD172a- (Sirpalpha-, 30%) DCs (Proietto PNAS 2008). Hence it
appears that for mouse blood DCs a further subdivision emerges but better and selective markers are
needed to support this.
Two papers (Meredith, JEM, 2012 and Satpathy, JEM, 2012) have described the Zbtb46 molecule as
marker expressed by mouse CD4+ and CD8+ DCs but not by plasmacytoid DCs in blood and spleen.
Interestingly this marker was also found with the same pattern in human blood DCs.
Here discussions are underway as to whether a consensus on the mouse blood DCs and their
preferred markers can be reached. However, the Zbtb46 protein is a transcription factor and therefore
not readily accessible by flow cytometry.
With a focus on DCs in tissue there is discussion on the use of surface markers other than CD8, like
XCR1 and CLEC9A for the definition of what might be termed DC1 (vu Manh, Frontiers in
Immunology, 2015).
Guilliams (Immunity, 2016) has compared man and mouse for DC subsets. Looking at mouse spleen
cells CD11c+CD26+XCR1high CD72alow cells (DC1) and CD11c+CD26+ XCR1low CD72ahigh cells
(DC2) could be identified.
The former can, in addition, be defined as CADM1hi and the latter as CADM1low and the two subsets
are characterized by mutually exclusive intracellular staining for IRF8 and IRF4 for what is termed DC1
and DC2 (Guilliams, Immunity 45, 669–684, 2017). Mouse pDCs are defined as D11blo120G8hi
CD172aint B220int Ly6CintCD11cint in that study. In an IRF4 IRF8 staining the pDCs from mouse
spleen overlap with DC1 cells.
These data still need to be confirmed for mouse blood samples.

Other species: monocytes and DCs in rat and pig and cow and horse
Rat:
For the rat monocyte subsets have been defined based on high or low expression CD43 expression in
cells defined as monocytes via CD172a or CD68. Ahuja (Cell Immunol, 1995) demonstrated high CD4
on the CD43++ cells. Infusion of IFNgamma into rats was shown to lead to a strong increase of
CD43+ CD4 low monocytes (Scriba, JLB, 1997). The CD43++ monocytes were then demonstrated to
below for CCR2 and high for CX3CR1 (Yrlid, J Immunol, 2006). Also the CD43++ cells were low to
negative for CD62L.
More recently the classical-non-classical nomenclature was applied to the rat by several groups. Work
involving the Marijke Fass laboratory reported on CD172a+ CD43+ classical and CD172a+ CD43++
non-classical monocytes and showed an increase of non-classical monocytes during pregnancy in
the rat. (Melgert PLOSone, 2012, Groen, PLOSone, 2013, Spaans, Am J Reprod Immunol 2014).
Grad et al (Drug Deliv. and Transl. Res. 2017) described CD68+CD43low classical and
CD68+CD43high non-classical monocytes, with classicals being CD4 low and non-classicals CD4high
confirming earlier work by Ahuja (Cell Immunol, 1995). Also Barnett (PLOSone 2016) has recently
characterized CD43 high and low rat blood monocytes with the phenotypes CD43hi His48lo and
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CD43lo His48hi. The two cell types were differential for CD4 and CD161. It appears that CD4 may
assist in differentiation classical and non-classical monocytes in the rat. This is supported by a recent
study that showed high expression of CD4 by the rat non-classical monocytes (Irvine, JLB, 2019).
Taken together, while some homologies to man and mouse are evident the amount of knowledge on
rat monocytes is still limited. Notably there are no comprehensive analysis of functional and molecular
data without and with stimulation and the intermediate monocytes have not been delineated.
Dendritic cells
Hubert (J Immunol, 2006) has described CD103+ DCs in the spleen with a CD4+ and CD4- subset.
They noted a differential expression of TLRs and selective production of IFNalpha by pDCs. CD4+ and
CD4- subsets were confirmed in spleen (Stojić-Vukanić Biogerontology, 2013)
More recently a monoclonal antibody against rat pDCs (85C7) Anjubault (PLOSone, 2012) described a
CD4low and a CD4 high subset. Such pDCs expressed E2-2 mRNA but CD103 DCs did not. Most of
this is spleen data but it is shown that CD4lo pDCs can be found in rat blood.
Pig: The original nomenclature proposal has not covered the pig. Here early work had shown that
antihuman CD14 antibodies can stain pig monocytes (Ziegler-Heitbrock Scand J Immunol 1994;
40:509-14) and there were monocytes with high and low CD14.
A clear demonstration of monocyte subsets was provided by the Dominguez lab, which described
CD14+CD163+ MHC Class II+ and CD14++CD163- MHC class II- subsets (Sanchez, 162:5230,
1999). Also, Ondrackova et al (Vet. Res. (2010) 41:64) have found two subsets based on CD14 and
CD163 and Fairbairn et al (JLB 89:855, 2011) have confirmed subdivision of porcine monocytes based
on CD14 and CD163 with a CD14+CD163+ and a CD14++CD163- subset.
In functional analysis Sanchez et al (1999) reported for the CD163+ subset a higher antigen
presenting activity, a higher production of TNF and a lack of IL-10 production. More recently the same
team has demonstrated that the CD163+CD14+SLA-II+ monocyte subset lacks CCR2 and shows a
preferential expression of CX3CR1 (Moreno, Veterinary Research, 2010), which further strengthens
the homology to the non-classical monocytes in man.
Of note, the CD14+CD163+ MHC ClassII+ monocytes in the pig show the reverse expression pattern
for CD163, since the non-classical monocytes in man are essentially CD163 negative. Also in the pig
CD16 is expressed by both subsets albeit higher in the CD163+ cells. Still, all the other features
studied show a similar pattern for the non-classical CD14+CD16++ monocytes in man and the
CD14+CD163+ MHC ClassII+ monocytes in the pig. There is also evidence for the existence of
intermediate cells.
New data have been provided by the Dominguez team on staining with a new TLR4 antibody and here
stronger signal was seen on the non-classical monocytes with intermediate levels on the intermediate
monocytes (Alvarez, Vet Immunol, Immunupathol, 2013). Recently the monocyte subset definition was
confirmed for porcine bone marrow (Fernandez, Dev Comp Immunol, 2017).
The impact of M-CSF on the development of non-classical monocytes has been reported for the pig
(Sauter, Am J Physiol Gastrointest Liver Physiol.2016). Further characterization
A proposal for the use of the classical-intermediate-non-classical nomenclature for pig monocytes will
be put on the agenda for the next meeting of the nomenclature committee.
Regarding blood dendritic in the pig CD172low CD4+ DCs and CD172low CD4- interferon type I
producing plasmacytoid DCs have been described (Summerfield, Immunology 2003, Balmelli, EJI
2005). Also, using a labelled XCR1 ligand (=XCL1) the respective DCs were detected in pig blood
and skin (Deloizy, Dev Comp Immunol, 2016).
For horse monocytes a CD16 antibody has been described and was shown to identify CD16-positive
blood monocytes (Noronha, Veterinary Immunol Immunopathol 146: 135, 2012).
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Other species: monocytes and DCs in the cow
Hussen (Plosone 2015) and Corripio-Miyar (Vetenary Res, 2015) using CD14 and CD16 antibodies
have defined the three monocyte subsets in Holstein cattle with high variation between individuals.
The cell surface phenotype was similar to man and intermediate monocytes showed highest class II
expression and non-classical monocytes lowest CD163. Also the non-classical monocytes showed
highest levels of TNF and IL12 and lowest for IL-10 also matching the patterns in man. However, IL-1
was found lowest in non-classical monocytes by Hussen (2015). In addition DC-Sign may be
informative in dissection of monocyte subsets in this species (Elnaggar, Vet Imm Immunopathol 2016).
A proposal for the use of the classical-intermediate-non-classical nomenclature for bovine monocytes
will be put on the agenda for the next meeting of the nomenclature committee.
Looking at dendritic cells in cattle blood a homologue of the human CD141+DCs has been described
as CD26+CADM1+CD205+MHCII+CD11b- cells, which express mRNA for XCR1 and for CLE9A and
these cells migrate in response to XCL1 (Li et al PLOSone 0170575, 2017). CD209 cells have been
described as DCs in the cow but with expression of CD14 it is also possible that these DC-SIGN+ cells
are monocytes (Park PLOSone, 0165247, 2016). pDCs with the markers CD4 MHC II CD45RB
CD172a CD32 were reported to produce high levels of IFN type I (Reid, J Virol, 85: 4297, 2011). It
remains to be shown whether these cells can be further narrowed down with additional markers.
Taken together there are indications for a similar subdivision of blood DCs in the cow, but a clearer
definition of subsets is required.
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