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All immunophenotyping relies on antibodies
HCDM and CD nomenclature “

HLDA Workshops I-X (1982-2014)
Human Cell Differentiation Molecules:

- Independent, academic organisation which runs HLDA yvorkshop CDs assigned
(Human Leucocyte DifferentiationAntigens) Workshops and names and characterizes CD . Paris 1982 cD1-COwl>
[I. Boston 1984 CD16-CDw26
molecules. , _ _ _ o I1l. Oxford 1987 CD27-CD45
- Nomenclature committee of the International Union of Immunological Societies (IUIS) V. Vienna 1989 CD46-CDW78
V. Boston 1993 CD79-CDw109
VI. Kobe 1996 CD110-CD166
VII. Harrogate 2000 CD167-CD247
VIII. Adelaide 2004 CD248-CD339
Kalina, Enge[l Lundsten: IX. Barcelona 2009 CD340-CD364
X. Wollongong 2014 CD365-CD371

Relevance of Antibody Validation for Flow Cytometry, Cytometry A, 2020

http://hcdm.org/

Engel et al:
CD Nomenclature 2015: Human Leukocyte Differentiation Antigen Workshops as a Driving Force in Immunology, J Immunol, 2015



Monoclonal antibodies and flow cytometry

The happy marriage of monoclonal antibody and multi-parameter flow cytometry



Outline

* Antibody failures -> Ab validation
* Mapping CDs expression — CD Maps

* Ab benchmarking



The problem

HLDA Workshops experience indicates that nearly 50% of the submitted

antibodies failed to function for the recommended application, or their staining -
patterns were inconsistent with the previous literature or presented unexpected
cross-reactivity, or even failed the most fundamental tests of activity or specificity e <L /
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It has been estimated that there are more than 300 antibody suppliers providing
>2.000.000 antibodies for the research and clinical markets
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Monoclonal antibodies that do not bind or stain properly pose a huge problem ..

Baker, Nature, 2015



What is the unit of "goodness” of Ab?

“Prague cubit” “Prague cubit”
est 1228 est 1228
“Viennese cubit”
est 1765

Hradcany Townhall
Loretanska street 173/1



What do we need to know about Ab

What is the evidence?

* Does it recognize its * s the evidence good
intended target? enough?
* how can we independently
validate it?

e Does it cross-react

with another ta rget? s this valid on all cells or just
some (transfectants?)

* How reproducible is the How good is good enough?

staining pattern? " sensitivity
* method used



Main reasons for antibody failure

Cross-reactivity
Reactivity with other proteins with which they share sequence identity.
Antibodies can also exhibit cross-reactivity to epitopes that are not predictable based on sequence analysis

Lack of binding to the endogenous or natural protein
Some mAbs specifically recognize recombinant proteins or transfected cells, over-expressing the target
antigen, do not recognize the antigen on cell lines or normal primary cells

Lack of specific recognition of the same target in different species
Species cross-reactivity must be validated experimentally

Batch-to-batch variability
Even the same monoclonal antibody (clone) from different suppliers may exhibit variability in performance

Wrong application
Most of the antibodies are not effective across all techniques

Improper dilution of the antibody

Using the recommended dilution of the antibody by the vendor is not a guaranty of specificity and
selectivity



What is antibody validation?

Proof that the Ab is specific, selective, and reproducible in the context

for which it is used.

Specificity

capability to bind
specifically to one
unique epitope
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Selectivity

ability of an Ab
to react only
with one antigen
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4+ Reproducibility

ability to duplicate results
over long periods of time
by different laboratories




Example cross-reactivity CD8g (LILR family)

CD8s/LILR is a family of 11 cell-surface molecules.
Some function as activators (A) and other as inhibitors (B) of leukocyte function.

They present a high sequence homology (52 to 97%).

CD85h CD85i CD85j CD85k

(LILRB1) (LILRB4)

CD85a (CD85b CD85c CD85d CD85e CD85f CD85g

{LICRB2) (LILRA3) (LILRAS) (LILRA4) (LILRA2) (LILRAT)

(LILRB3) (LILRA®G) (LILRB5)

M Imm
P. Engel
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Example cross reactivity CD85 (LILR family) mAbs

Reactivity of several commercial mAbs with COS cells transfected with cDNA transfected cells

Ab/Cells CoS COS- COS- COS- COS- | COS- COS-
hCD85a | hCD85b | hCD85c | hCD85d | hCD85f | hCD85h
CD85a (LILRB3) MKT5.1 ) ++ i § ++ _
©
e
CD85a (LILRB3) 222821 i -+ ++ i i ++ i
CD85b (LILRA62£2¥:\3\:’30 i ++ ++ _ § i _
o
CD85c¢ (LILRB5) Polyclonal - + - ++ - - -
CD85d (LILRB2) 42D1 i § _ § ++ § _
CD85d (LILRB2) 287219 i ++ +t i ++ i +
CD85d (LILRB2) 27D6 ) ) ) i i ) )
CD85e (LILRA3) Polyclonal _ ++ + _ ++ _ +
CD85f (LILRA5) 711828 i § _ _ : ++ _

P. Engel



Reactivity is affected by the fixation/permeabilization protocol

Perm IV Perm IV
(0.5x) (1.0x)

Live Perm | Perm Il Perm Ili

SSC-A
SSC-A
SSC-A
SSC-A
SSC-A
SSC-A

CD3e FITC CD3e FITC CD3e FITC CD3e FITC CD3e FITC CD3e FITC

CD4 V450 CD4 V450 CD4 V450 CD4 V450 CD4 V450 CD4 v450

SSC-A
SSC-A
SSC-A
SSC-A
SSC-A
SSC-A

SSC-A
SSC-A
SSC-A
SSC-A
SSC-A
SSC-A

Data from BD www.cytobank.org/facselect/



Some solutions to this problem

User should test/validate the monoclonal antibodies before using them in
the lab

Description of suppliers datasheets should present validation data of the
monoclonal antibodies (including images)

Journals should implement antibody validation requirements for their
published articles

Create antibody validation guidelines and structures of independent

validation
http://hcdm.org/



Monoclonal antibodies as reagents
—what do we need to know before purchase ?

Identity and published history — Ab clone name
Was it ,HLDA workshopped"?

Specificity (=target), immunogen, epitope, cross blocking

Native or denatured immunogen ?
Reactivity (anti-human), Selectivity (e.g. CD66, CD8g)

Cross reactive with other species, other proteins ?
Application (flow cytometry, IP, WB)

— Does the epitope withstand sample prep
[@EEE) CYTOMETRY conditions (denaturation)?

Relevance of Antibody Validation for Flow Cytometry

Tomas Kalina," © Kelly Lundsten,” Pablo Engel®



Antibody validation .... a good practice

Know positive cell
line Raji (blue) and
known negative

cell line K562
(green) Reference clone
Reagents:
Anti bOdy validation (:N)TIBODY INFORMATION
Antibody Name: HSF6)4.20 Cell line hSF6.4.20 292811
Specificity: GD352(SLAMF6) I
CD352 Gone ID: ¥14836 Raji ++++ ++++
Isotype:Mouse IgG, monoclonal c
S LAM F6 Reazfiviw: Humagn Daudi P P
Immunogen: 300.19-hSlamF6 transfected cells Tcell Jurkat 4 4
(full-length cDNA)
Epit gnized lular domain; Myeloid K562
different epitope from reference CD352 (292811)
Reference antibody: clone 292811 U937
Application: Flow Cy y, IP
Producer: Pablo Engel K562
Exgmssion. knovfm positive: Lymphocytes,
P (H) MW CTL-  CTL+ hsFs
P 9 (4.20)
Monocytes, K562, HL60, U937
170 e—
12— -
(B)

300.19-hSF6
+hSF6.4.20

Lymphocytes
Ty
+292811

Transfected cell
lines 10!

Human leukocytes

Kalina, Engel, Lundsten:
Relevance of Antibody Validation for Flow Cytometry, Cytometry A, 2020
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HCDM .. A resource of HLDA validated clones

Specificity — HLDA workshops — panel of Antibodies evaluated by panel of expert labs HCDM.o rg

Monday, 16 September 2019
OH c D ' I I N HLDA Workshops & CD Molecules

About HCDM Motezie Information Publications Links CDMaps HLDA10 Workshop HLDAS Workshop Contact

HLDA11 Workshop

Search: cd81 Search Reset RETURN
MOLECULE ANTIBODIES STRUCTURE LIGANDS EXPRESSION FUNCTION APPLICATION PDFS WEBRESOURCE
HCDM
Human C
names an CLONE_NAME ISO_TYPE SUBMITTER AVAILABLE_FROM

evy S AbD Serote

the Journal of
Immunology

Immunology Notes and Resources

CD Nomenclature 2015: Human Leukocyte Differentiation

Antigen Workshops as a Driving Force in Immunology

Pablo Engel,* Laurence Boumsell,” Robert Balderas,iE Armand Bensussan,’

Valter Gattei,* Vaclav Horejsx," Bo-Quan Jin,” n, Fabio Malavasi,** =
Frank Mortari,”" Remhard Schwartz- Alblez Hannes Stockmger
Menno C. van Zelm,¥¥ Heddy Zola,"" and Georgina Clark™



CD Maps - phase I:
HCDM project to map CDs’ expression

* CD Maps pilot project (CD1-CD100)

* mapping the expression of CD1—CD100 (n = 110) on 47 immune cell
subsets from blood, thymus, and tonsil



CD Maps I: Blood B- and T-cell tube

1 2 3 4 5 6 7 8
PE CD45 [CD3 |TCRgd |CD4 |CD8 |CD45RA | CD27
marker CD19 |IgM |IgD
CD100
0O
(example of one tube of four) a
- CD4
- CD3

47 cell
subsets

ence

PE Fluorescence




Fluorescence [Median ABC]

CD Maps — quantity of expression
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CD Maps - phase I:

HCDM project to map CDs’ expression

Panel
Al

* Dynamic resource on'the web
Population

www.hcdm.org /€DMaps application i
cD

https://public.tableau.com/app/profile/fanny2212 el

Kalina et al: CD Maps-Dynamic Profiling of CD1-CD100 Surface
Expression on Human Leukocyte and Lymphocyte Subsets.
Frontiers in Immunology, 2019

What is CD markers expression on a subset of cells?
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CD Maps - phase Il:
HCDM project to map CDs’ expression

* Methods and standardization improvements

KuZilkova D, Puiiet-Ortiz J, Aui PM, Fernandez J, FiSer K, Engel P, van Zelm MC, Kalina T. Standardization of Workflow
and Flow Cytometry Panels for Quantitative Expression Profiling of Surface Antigens on Blood Leukocyte Subsets:
An HCDM CDMaps Initiative. Front Immunol (2022) 13:1-15. doi:10.3389/fimmu.2022.827898

* CD Maps (CD1-CD371) — in progress
* CD Maps on HLDA 11 workshop — in progress

Fanny Hedin
fanny.hedin@Ilih.lu

* Dynamic resource on the web —in progress

* Business intelligence tools for data interaction
- Luxembourg Institute of Health

Antonio Cosma
antonio.cosma@lih.lu

Hedin F, et al. Data integration and visualization techniques for f

post-cytometric analysis of complex datasets. Cytom Part A (2021) https://public.tébleau.com/app/profile/fanny2212



CD Maps Il - titration
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CD Maps Il — expression levels per subset
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CD Maps — benchmarking CD3 clones

CD3 CD3 CD3 CD3

clone UCHT1 clone SK7 clone TB3 clone MEM-57

Fluorescence intensity

1/5 1/10 1/25 1/50 1/100 1/200 1/400 1/800 1/1600 1/5 1/10 1/25 1/50 1/100 1/200 1/400 1/800 1/1600 1/5 1/10 1/25 1/50 1/100 1/200 1/400 1/800 1/1600

1/5 1/10 1/25 1/50 1/100 1/200 1/400 1/800 1/1600

Titer Titer Titer Titer




CD Maps — benchmarking CD3 clones
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Summary

Ab validation is essential

HLDA validated clones at HCDM.org

Expression quantity (CD1-CD1oo at HCDM.org) / CDMaps application
Beyond CD100 - in progress

New CD markersin HLDA 11 —in progress

Robust CD Maps method building

Ab clone characterisation and benchmarking feasible

Future perspectives
Reagent benchmarking

Detailed expression & performance resource



Chas

Cytometry lab
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