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m A Dbrief list of applications that use flow
cytometers includes:

Disease diagnosis
Chromosome karyotyping
Cell function analysis
Cancer therapy monitoring
Detecting fetal cells
Cell kinetics
ldentifying tumor cells
Cytogenetics
Fundamental cell biology
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Cell surface marker analysis
Intracellular cytokines analysis
Platelet analysis
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m Primary organs
bone marrow
thymus

m Secondary organs
and tissues
spleen
lymph nodes
Peyer's patches
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LYMPHOCYTE SURFACE ANTIGENS

m IMMUNOGLOBULINS: "Antibodies"
secreted by or found on B-Cells.

Has a huge range of specificities achieved by
DNA rearrangement.

Five general types (see below): IgG, IgA, IgE,
IgD, IgM
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LYMPHOCYTE SURFACE ANTIGENS

m T-CELL (TcR) RECEPTORS: They bind to
the Antigen-Presenting Cell.

VARIABLE REGIONS are on the T-Cell
Receptor. They allow us to develop variability
and diversity in the Immune response.
m "CD" ANTIGENS: Systematic
classification of surface-antigens with
diverse functions. Cell-surface markers.
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Cluster of Differentiation (CD)
Antigens

m L eukocytes express distinct assortments
of molecules on their cell surfaces

m many of which reflect either different
stages of their lineage-specific
differentiation

m different states of activation or inactivation
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Cell surface Immunophenotypes

m different leukocyte subpopulations,
including

the functionally distinct mature lymphocyte
subpopulations

B-cells

helper T-cells (TH)
cytotoxic T-cells (TC)
natural killer (NK) cells
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Antigen markers on mature
lymphocyte populations

fap ‘B lymphosyie ) T lymphocyte
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Conventions for Naming Leukocyte
Surface Molecules

m Named according to a particular function affected by an
anti-leukocyte mADb

the lymphocyte function-associated antigen 1, or LFA-1, was so
named because antibodies recognizing this structure interfere
with lymphocyte cell adhesion events and optimal lymphocyte
function.

m According to individual laboratory preferences.
B7 and B220, except that the leading "B" reminds us that these
antigens are typically expressed on B lymphocytes.

m Named systematically by assigning them a cluster of

differentiation (CD) antigen number

identical unique reactivity pattern with different leukocyte
populations.
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CD antigens have also been named by
one of the other conventions

m CD54 = LFA-1

IS widely expressed on a variety of
haematopoietic cells

m CD80 =B7 (or now B7-1)
m CD45 =B220

m CD4 = L3T4; W3/25

expressed almost exclusively on T helper (TH)
lymphocytes and cells of the
monocyte/macrophage lineage
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Table of CD Antigens by the NIH

rotein ~eviews _n The /' eb

Index of information available from PROW
Current guides: expandad-format Including Surmary Sentence and Abstract
Past yuides: older guides with excelleni information, some data may be dated
Current Entrez | Assigning

CD molecule [Allernate Names Guides [Past Guides| Gene Workshop
C0%a R4, HTA c0la 09
HERRE R1 COlh 210
COTe 241, R? Cole 17
CO1d R3 cod 912
CO1e Rz COla 913
a2 C02R; E-rasette rageptar; T11; LEA2 [ 514
C03delta CO3d g5
CD3epsilon CD3a 916
C03gamma 03y 417
[ [L3T4; WW325 [T 920
CDE Leu-1; Ly=1; T1, TpET cos 921
06 T12 COe 923
O gpd0 g2
CDBalpha LeuZ; LyiZ; T-call .co-receptor;, T8 025
[CDEhats LeuZ; COE; Lyta 026
Ccog DRAP-Z7, MEP-1, p24 cog 928
[N EL 3:4.24.17; neprilysin, CALLA, enkephalinase; gp100; NEF 4311
o113 Wlehal integrin chain, LFA-1alpha COlla aEE3
CO11hb Alphiahd integrin eham, Alphabtbeta?2; C3hiR, CR3; Mac=1, Mol CO11b B84
COT1c Wlaha integrin chain, Sxk2, CR4, leukocyte sudace antigen pl150 95 oo 3687

http://mpr.nci.nih.gov/prow/




Cluster of Differentiation Information

m PROW:

Protein Reviews On the Web is an online
resource that features PROW Guides

m IWHLDA:

International Workshops on Human
Leukocyte Differentiation Antigens

m 8th International Conference on Human
Leucocyte Differentiation Antigens

Adelaide, South Australia 12-16 December
2004



The GUIDE of PROW and IWHLDA

ZJPROW: CD4 - Micmsoft Internet Esxplorer ol =]
| BRD S®D B0 INSEW IAD HEO | &
(HBULE) | &) hetp i ncbi b i goviprow/gridel| 2465400952 i ~ ==

[384% [[]&pple @) CMU Webmeil @)index &) Fshoo &1BD &) CMUEHBEE &)GAI £|Googk &) Login' &) Molecular Probes &) EISlE

| Prow | comment rotein Reviews On The V/eb
PROW and WHLDA present the GUIDE on:

CD4

Author: Dominique Piatier-Tonneau
Reviewer: Quentin Sattentau
Linl to additional infg in FORLN
[ AmMcnoN [ SrucUReE | INTERACTIONS | EXPRESSION [ INSIGHTS | REAGENTS | REFERENCES | wwy |

i) AL TERNATE MAMES FOR CD4

= 2T
. WEIZE

pdr el MAJOR LINKS FOR CD4

= MCBILotuslink Recard: 920
= Mendelian nhentance in Man (OMI). 186940
« SwissProtannotated protein record: PO1730

FSET [ s
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CD antigen - Function

ZJ PROW: CD4 — Micmsoft Intermet Explorer ._| 0 =]
| BRE #%E HA0 IMESe IRD HEG | &
|QtF--[x] [E Q| ws Jonene Suw & |- _ B 3
AL [ tp st nchi b, nih goviprowfgride/] 246540099_ it =l EEE
|38 [ ] apple &) CMU Webmail &)index &) Tehoo ©1ED &) CMUESEE £]GAI8 &) Googk &) Logim =
| B
FUNCTION
naiil BIOCHEMICAL ACTIVITY OF CD4 - Io information J
sl CELLULAR FUNMCTION OF CD4
« Co-receptor In MHC class [l-restncted antigen-induced T cell activation (2.5)
« Regulation of T-B lymphocyte adhesion in the absence of antigen recognition (4)
o Thymic differentiation (3)
« FPrimary receptor for HIV retrowvirises (5)
M) DISEASE RELEVANCE OF CD4 AND FUNCTION OF CD4 IN INTACT ANIMAL
« Thymic differentiation
o IMimunie resgonse
=l

| e

o

=]




CD antigen - Structure

e MOLECULAR FAMILY FOR CD4

« Familiesinwhich CD4 15 a member
o Chd4—=immunoglebulin supermens familky

el MOLECULAR STRUCTURE OF CD4

« Extracellular region:4 immunoglebulin:ike domains of 370 aa

« Transmembrans region 25 aa

=« Cytoplasmictail 28 aa

« Disulfide bonds stabilize domains 1, 2 and 4

o Twio M-linked alycans: located on domains 3 and 4

o High resolution crystal structures are available for darmains 1and 209,11)

[EEESE] MOLECULAR MASS OF CD4
| CELL TYPE |MW UNREDUCED |MW REDUCED |Comment
T ymphocytes |55 kDa |55 kDa |

EEEEE] POST-TRANSCRIPTIONAL MODIFICATION OF CD4 - Mo alternate splicing

(o] POST-TRANSLATIONAL MODIFICATIOMN OF CD4 - Twio MN-linked ghycosylations

=)

|8 AR

ZJPROW: CD4 - Microsofl Internet Explorer 5 =] 3|
| #RE #HE o FHESEE IRO HEE | &

|Qt=- - x| [2] | o= Joommr @ & |- B~ 3

| #E @) & Tuttp Ayriv rusbi alm b gowdprowd guide/| 246540099 hitim =1 HEE

|38%5 [J]dpple &) CMU Webmeil &)index £ Vehwo £]BD 2] CMUEEEE £]GAIS £]Googk &) Login 2] MobeularProbes 2 EIRIE Lt
o] STRUCTURE =

;«;,ll"_




CD antigen — Molecular interaction

2} PROW: CD4 — Mictosoft Internet Explorer =] 5

| BRE EEE HE0 FEFe) IEO HE | &

Q% -0 - I [Z] |, e onews Huw €| - . &~ 5

| AL [ &) Rty fvivew 1iobi il il povprow/gwidel| 246540089 & htm =] TE

|38%5 [[)&pple £)CMU Wsbmsil 8] indee £ ¥ahoo! £1BD 2| CMUEISEE €| G418 £ Googk &) Lo ) Molcusr Probes ) ElRls 3
TOP| MOLECULAR INTERACTIONS B

[Einae] PROTEINS AND DNA ELEMENTS WHICH REGULATE TRANSCRIPTION OF CD4 Link to additional irfo
InEFORURM - Ma infarmation

[Ereaml SUBSTRATES FOR CD4. - Mo Infarmation

proratre il ENZYMES WHICH MODIFY CD4 - Mo information

i) LIGANDS FOR CD4 AND MOLECULES ASSOCIATED WITH CD4
| MOLECULE COMMENT J
_ P . {2) Extracelular igand for
MHZ class || malecules O
HIV envelape glycopratein (gp120) %Eﬂra@ellular ligand far
IL-18 (1) Extracellular ligand for

ch4

Human seminal plasma glycoprotsin gp 17/ Secretory actin-binding protein (SABP) > - : .
Prolactin-inducible protein (PIFY Gross cystic dissase fluid protelin-15 (GZDFP-158) / E@ézEl){trgceHulaf ligand'ter
BExtra-parotid glycoprotein (EP-GF} =

= [(2.3) Protein tyrasine kirnass,
pobiek intraceliular ligand for C04

& RN

‘R\-
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CD antigen — Expression

ZJPROW: CD4 — Microsoft Internet Explorer _Iﬂlﬂ
| BEE AED G0 FEEe TRO HHEG | &

|Q+=-& - X Z] | mE ToameE e & L- L B |3

| #EHED) [ &) http v i nlm nih goviprowdgnide/| 246540095 _g ki =l EE
[384% [ apple ) CMU Webmeil )index &) ¥shoo &|ED &) CMUEIESE &) 0GAIS ) Googls &) Logim' »
| =

[ EXPRESSION
el MAIN CELLULAR EXPRESSION OF CD4

e Thymocyte subsets _
« T Iymphocyte subset that recognizes antigens associated with sel-MHC class || molecules
« Feripheral blood monocytes, issue macrophages, granulocytes®

S
EE] AUTHOR'S ADDITIONAL INSIGHTS ON CD4

« CDd-mediated functions may reguire CD4 dimerization at CDR3 reglon of domain 1 (12)
and at damain 4 {10} _ _ _ _ _

« Flexibility around the transmembrans-0 linker region (8) and the hinga region betweean D2
ard D2 (7} may be impartant for HIY infection and physialogical function®

.. s

=) T e Z
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CD antigen — Reagent

A PROW: CD4 - Microsoft Internet Explorer = | 1
| RO #ED HA0 FHEEQ IRO HE® i
Q+F-Q-1x] 2] G| ue JroemE @ & (- o B - 7
| #RHD) @) ttp /vy b b i goviprowgridel| 246540099 _ ht ~Bs=
|38 [J]4pple &) CMU Webmeil &]index £)Vahoo ©]ED &)CMUESEE £]0AIS &) Googhe »
s SELECTION OF OTHER CD4-SPECIFIC REFERENCE MAB 2
NAME(Workshop IDs) SOURCE or REFERENCE 'COMMENT
MLTHA K Sagawa
LELI2E Bacton Dickinsan, LISA
El J Erochier - Immunotech, SA, France =4
RPA-T4 > Aversa - Pharmingen, LUSA
OKT4 P Rao- Ortho Diagnostic Systems, Inc, USA

i B
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Leukocyte subpopulation

m T lymphocyte
CD1~8, CD27, CD28, CD38, CD39, CDw60, CD45,

CD45RA, CD45RB, CD45R0O, CD98, CD99, CD99R,
CD100, CDw101

m B lymphocyte
Cd10, CD19~24, CD37, CD40, CD53, CD72~75,

CDw76, CD77, CD/78, CD79a, CD/79b, CD80~83,
CDwa84, CD85, CD86

m Dendritic cells

CD4, CDS§, CD11c, CD13, CD80, CD86, CD123,
CD205, CD209, B7-DC, TLR3



" S
Leukocyte subpopulation

m Monocyte/Macrophage

CD11b, CD13, CD14, CD80, CD86, CD115, Mac-3,
TLR2, TLR4

m Myeloid cells

CDw12, CD13~w1l7/, CD32~35, CD64, CDw65,
CDo66a~68, CD8/7~93

E NK
CD11b, CD56, CD57, CD59, CD94, NK1.1, PanNK

m Platelet

CD9, CD31, CD36, CD41a, CD41b, CD42a~42d,
CD61, CD63, CD107a, CD107b
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Leukocyte subpopulation

m Activated antigen
CD25, CD26, CD30, CD69~71, CD95~97

m Adhesion molecular

CD1lla~11c, CD15s, CD18, CD29,
CD43~44R, CD48, CD49a~49f, CD50,
CD51/61, CD54~55, CD59, CD62E, CD62L,
CD62P, CD102~104, CDw108

m Endothelial cells
CD105, CD106, CDw109
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Leukocyte subpopulation

m Epithelial cells
CD104, CD133

m Cytokine receptor

CD25, CD115, CDwl116, CD117, CDw119,
CD120a, CD120b, CDw121a, CDw121b,
CD122, CDw124, CD126, CDw12/, CDw128,

CDw130

m Toll-like receptors
TLR1~10
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Anti-CD marker w/w Fluorochrome

m Fluorochrome

Excitation: UV, Argon-ion laser, Diode
m 340 nm, 488 nm, 635 nm

Emission:
m FL1: 530/30 nm, FITC, GFP
= FL2: 585/42 nm, PE, PI
m FL3: 650 nm, 7-AAD, PerCP, PE-Cy5
m FL4: 661/16 nm, APC, APC-Cy7, TOTO-3



"

Table 6.5.1 Two-Color Monoclonal Antibody Panel Recommended by the U.S.
Centers for Disease Control

Green Red

Tube . _ . _ Purpose of admixture
fluorescence fluorescence

] CD45 CDl4 Gating on lympohocytes®

2 [sotype [sotype Determine background fluorescence

3 CD3? CD4 Count CD37/CD4* T cells

4 CD3?® CD3 Count CD3*/CDS8* T cells

5 CD3?® CDI19 Count total T (CD3)and B (CD19Y)
cells

6 CD3? CD16/56 Count total T (CD3) and NK
(CD16/56) cells

“Lymphocyte gatingon FS and SS should vield >98% CD45™ and <2% CD14" cells. This approach assumes
that the efficiency of the lysing system will remain constant for the rest of the tubes in the panel.

PThe repeated use of CD3 in four tubes serves as a control for tube-to-tube variabihity; the values of all four
tubes should be within 3% of each other.
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Table 6.5.2 Three-Color Monoclonal Antibody Panels Recommended by the CDC

Panel Antibodies Purpose of admixture
At CD3/CD4/CD45" Gate on CD45% and side scatter, count
CD3/CD4 cells
CD3/CD8/CD45P Gate on CD45* and side scatter, count
CD3/CDS cells
CD3/CD19/CD45b Gate on CD45* and side scatter, count
CD3 and CD19Y cells
B¢ CD3/CDI19/CD16-36 Count T, B, and NK cells
CD3/CD4/CDs8 Count total T (CD3), CD3/CD4, and
CD3/CDS cells

“Panel A is recommended for instruments incapable of vielding absolute cell numbers directly, and isotvpe
control 1s not needed. for CD45 1dentifies leukocyte subpopulations based on fluorescence intensity.

bThe repeated use of CD3 serves as a control for tube-to-tube variability; the values of all tubes should be
within 3% of each other.

“Panel B is recommended for svstems capable of counting absolute cell numbers directlv from the flow
cytometer.
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Table 6.5.3 Four-Color Monoclonal Antibody Panel Recommended by the CDC

Antibodies Purpose of admixture

Tube 1° CD3/CD4/CD&/CD45 Gate on CD45* and side scatter, count total,
CD3+/CD4*, and CD3*/CD&* T cells

Tube 2? CD3/CDI1Y/CD56/CD45  Gate on CD45* and side scatter, count total T,
B. and NK cells

"The repeated use of CD3 serves as a control for tube-to-tube variability; the values obtained from all tubes should

be within 3% of each other.
bCD36 can be replaced by CD16, or both antibodies might be used simultaneously in a single color.



Table 6.3.1

Markers, Compared with Cytokine Receptors

Typical Concentration of a Selection of Widely Used Immunological

Marker

Cell type?

Concentration
(molecules/cell)

Reference

Commonly used markers

CD2
CD3
CD4
CDs
CD5
CDI19
CD45
slg

T cells (blood)

T cells (blood)

T cell subset (blood)
T cell subset (blood)
T cells (blood)

B cells (blood)
Lymphocytes
Chronic lymphocytic
leukemia

Cvtokine receptors

CDI121a
CD25
CD25
CDl122
CDl124

CDI126

Lymphocytes

T cells (blood)

In vitro-activated T cells
T cells (blood)

Resting B lymphocytes
(mouse)

Activated B cells

40,000

57.000

47,000

145,000
50.000

27,000
217.000

6,500-22.500

<100
<500
=30,000
T00
400

300

Martin et al. (1983)
Bikoue et al. (1996)
Bikoue et al. (1996)
Bikoue et al. (1996)
Bikoue et al. (1996)
Bikoue et al. (1996)
Bikoue et al. (1996)
Dighiero et al. (1980))

Dower et al. (1985)

Le Mauftf et al. (1987)
Le Mauftf et al. (1987)
Ben Aribia et al. (1989)
Lowenthal et al. (198%8)

Kishimoto ( 1989)

“Human, unless indicated otherwise.
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Table 6.3.2 Fluorochrome Properties

Extinction

| | Absorption maximum  Emission maximum - Quantum

Fluorochrome o o coefficient :

wavelength (nm) wavelength (nm) el yield
(mol~‘cm™)

Fluorescein 495 520 8.2 x 104 (.3

R-Phycoerythrin 546 580 2% 106 0.8

R-PE/Cy5 tandem 546 667 2% 106 <().8

Cy3 332 3635 1.3 10° >().13

PerCP 478 677 3.2 10° NA“

"N A, not available.
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Handling, Storage, and Preparation
of Human Blood Cells

Table 5.1.1
Performed Assays

Recommended Anticoagulants and Storage Times for Commonly

Assay

Anticoagulant

Time limitation

Lymphocyte immunophe-
notyping

Myeloid immunopheno-
typing

Neutrophil function
Platelet activation
Platelet markers
Reticulocyte enumeration

DNA analysis

Sodium heparin or EDTA
EDTA

Sodium heparin or EDTA
EDTA
EDTA
EDTA
Sodium heparin or EDTA

Store =72 hr
Use immediately

Use immediately

Use immediately

Use immediately

Store <72 hr at 4°C

Use immediate for cell-cycle
analysis: store 72 hr for ploidy
analysis




Whole blood analysis

m RBC lysis (50 ul whole blood)

Hypotonic shock-1
= [9]: H,O—[1]: 10x DPBS
m [5]: 0.1x HBSS—[5]: 2x HBSS
10x ammonium chloride lysis solution
= 89.9 g NH,CI
= 10.0 g KHCO,
s 370.0 mg tetra-sodium EDTA
m Adjust to pH 7.3. Store at 2 to 8 deg. C in a tightly closed
bottle

1000~1500 events/second in Hi speed (60 pl/min)



Whole blood analysis
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» B
Purified mononuclear cells

m Ficoll-Paque™ PLUS
Dilute whole blood with HBSS (PBS, DPBS)
Ficoll-Paque [3] + dilute blood [4]
600~800 xg in RT (25~18°C) for 30 min w/o brake
m VACUTAINER CPT (Cell Preparation Tubes,
BD Cat. No. 362753, 362761)
m HISTOPAQUE (Sigma)
1077 for human

1083 for rat, mouse
1119 for separate MNC and neutrophils



VACUTAINER CPT, 1500~1800 xg

Layering of Formed Elements in the
BD Vacutainer™ CPT™ Tube

Before Centrifugation After Centrifugation

hole Blood

Plasma

Mononuclear Cells  |7s.::5..
and Platelets BRI
Dense Solution e

.::\é:
Polyester Gel \
DTESET' e \h\

Dense Solution

Granulocyte
Red Blood Cells

Figure 2
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Purifled mononuclear cells
lymphocytes
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Purifled mononuclear cells
monocvtes for CD14
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Purified mononuclear cells
lymphocytes/monocytes
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Spleen analysis
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Spleen analysis

m Hypotonic shock
Shaking time
For NK activity analysis

m Cell surface marker staining
1x107/ml — take 50 ul (5x10° cells)

w/o fix cells

Resuspend in HBSS containing NaN, and
2% FBS

800~1000 events/sec in Hi speed (60 ul/min)
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Spleen analysis-CD8/CD25
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Lymph node analysis
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Lymph node analysis-
CD4/CD25
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Lymph node analysis-CD3/4/8
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Lymph node analysis-
CD3/19/45
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Thymus analysis-CD4/25/69
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Thymus analysis-CD3/4/8
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Thymus analysis-CD3/19/45
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The Th1/Th2 paradigm

CTL activity

{
MHC T TCH\\;{*"
Peptide

CD4*NK1.1*

IFN-y

/ IL-2

o-o
1 CD40 N

U igMm
IFN-y J/«‘a IgG

) Y

|

Protection against
intracellular parasites

Organ-specific
autoimmune diseases
Crohn's disease
Allograft rejection

Unexplained recurrent
abortions

Helicobacter pylori-
induced peptic ulcer

'

Protection against
metazoan parasites

Successful pregnancy
Omenn’s syndrome
Some idiopathic hyper-
eosinophilic syndromes
Vernal conjunctivitis
Atopic disorders
Chronic GVHD
Systemic sclerosis

Progression to AIDS
in HIV infection

1

Sergio Romagnani.
|mmunology Today.
18: 263-266. 1997.
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Th2 cell in allergic disease

Plasmacytoid DC,
immature DC,
pulmonary DC

? Heat-killed )
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Regulatory CD4*
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or receptors, VCCI
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Cytotoxins, IL-5

Inflammation
smooth muscle cell contraction

DC-1 exposed to
inflammatory stimuli

4—— CpG DNA
44— Mycobacteria / Listeria

!

TH, response

msUL4Jb5Jb1®

\4
Eosinophil

IgE L
Anti-IgE
v

Mast cell

Histamine,
lipid mediators,
cytokines

v

Current Opinion in Immunology

Monocytes Immature DC1

iDC1 -

e U g
/7 GM-CSF cD40L "
+lL-4 N

CD4+CD3-CD11c- Immature DC2

plasmocytoid cells

IL-4,IL-5
IL-10

N Novak. et al.,
Allergy. 54:
792-803. 1999

Lewis, David B.
Curr. Opin. Immunol.
14. 644-651. 2002



Helper T cell differentiation

{a) MHC

Feptide I )

TCR

Th2 Thi

Cument Spinlan 17 mmunology

Jane L Grogan and Richard M Locksley. Curr. Opin. Immunol. 14: 366-372. 2002.
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Helper T cell polarization
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Jane L Grogan and Richard M Locksley. Curr. Opin. Immunol. 14: 366-372. 2002.
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JAK-STAT signaling in asthma

@ -
Astan
@
Asrire

Phosphorylated A

STAT6 Th2 cytokine

Th2 chemokine receptors

l

Th2 polarized response

IgE Mucus  Eosinophil
) —» GATA3 reduction production recruitment!
[FN-v AV— — f k activation

Thi
polarized
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IL-4
response
slement

Alessandra B. Pernis and Paul B. Rothman. J. Clin. Invest. 109:1279-1283 (2002).
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Th2 activate B cell

LI

a8
A"y

Yy &+ .

V % — IgE antibody Early response
A bronchospasm

~ edema
airflow obstruction

e 3. ‘ Physiological
) .? _ e effects
/ @\ release
; : histamine
Activated FeeRl Mast cell leukotrienes l
B cell cytokines

Late response
airway inflammation
airflow obstruction
airway hyperresponsiveness

Alessandra B. Pernis and Paul B. Rothman. J. Clin. Invest. 109:1279-1283 (2002).
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Analysis approach

m Environments
Ag stimulation — ELISA

m Signaling gene expression
Northern

Western
PCR, Real Time-PCR

m Intracellular cytokine detection
FACS
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Allergic disorder

m Asthma
m Dermatitis
m Autoimmune disease



Stimulation of Cells

m Activation

50 ng/ml of PMA (Phorbol-12-myristate-13-acetate), +
1 uM of ionomycin, or 250 ng/ml calcium ionophore
A23187

ConA (3-5 ug/mil)
6-48 hr
m Re-stimulation

anti-CD3 (10ug/ml immobilized)+anti-CD28 (2ug/ml
soluble) 5hr

m Inhibit intracellular cytokine transport

1-3 uM monensin, or 1-5 ug/ml brefeldin A
4-6 hr




Mouse Cytokine Intracellular Staining Quick Guide

Mouse
Cytokine

Cell
Source

Activation

Incubation
Time

RES NI Ee]]

Intracellular
Block

Antibody

IL-1a PEC 8'0'\(';% /%8?2“%’:)")(2'“4)/ LPS 2hr/22hr - Monensin ALF-161
IL-1b glggse E‘rilol\(l;g/(nl]g(()znzgér:;l)(Zh4)/LPS 2hr/22hr - Monensin B122

IL-2 ?p?gzﬁ E:z%rrlg/(;,lt;g(lsnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?znljgf:nli)ls‘sc()lllj)gjlg;nglhirmobiIized)+anti-CD28 Monensin JES6-5H4
IL-4 ?p?ssﬁ E:Z%Z,g/glt;g(lgnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?anjgfnlis‘s(()lllj)gjlg;n;”?mobiIized)+anti-CD28 Monensin BVD6-24G2
IL-6 ?p?gzﬁ E:z%rrlg/(;,lt;g(lsnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?znljgf:nli)ls‘sc()lllj)gjlg;nglhirmobiIized)+anti-CD28 Monensin MP5-20F3
IL-10 ?p?gzﬁ E:z%rrlg/(;,lt;g(lsnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?znljgf:nli)ls‘sc()lllj)gjlg;nglhirmobiIized)+anti-CD28 Monensin JES5-16E3
IL-12 gg(u:se ?;IZFhl\rl)g (100ng/ml) (2hr)/LPS (100ng/ml) Shr/22hr i Monensin c178
GM-CSE ?p?gzﬁ E:z%rrlg/(;,lt;g(lsnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?znljgf:nli)ls‘sc()lllj)gjlg;nglhirmobiIized)+anti-CD28 Monensin MP1-22E9
IFN-g ?p?gzﬁ E:z%rrlg/(;,lt;g(lsnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?znljgf:nli)ls‘sc()lllj)gjlg;nglhirmobiIized)+anti-CD28 Monensin XMG1.2
TNE-a ?p?ssﬁ E:Z%Z,g/glt;g(lgnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?anjgfnlis‘s(()lllj)gjlg;n;”?mobiIized)+anti-CD28 Monensin MPB-XT22
TNE-a ?p?gzﬁ E:z%rrlg/(;,lt;g(lsnél)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?znljgf:nli)ls‘sc()lllj)gjlg;nglhirmobiIized)+anti-CD28 Monensin TN3-19.12

Annotations: mouse PEC=mouse thioglycolate-elicited peritoneal macrophages; ConA=Concanavalin A; lono=lonomycin; LPS=Lipopolysaccharide; PMA=Phorbol Myristate
Acetate; 2d=2 day culture; 5hr=5 hour culture




Human Cytokine Intracellular Staining Quick Guide

Human . Incubation : : Intracellular :
Cytokine Cell Source Activation Time Restimulation Block Antibody
IL-1a PBMC LPS 100ng/ml 24hr - Monensin CRMS8
IL-1b PBMC LPS 100ng/ml 24hr - Monensin CRM56
IL-2 PBMC PMA (30-50ng/mi)fiono. | 5, . Monensin MQ1-17H12
(Lug/ml)
anti-CD3 (10ug/ml,
immobilized) + anti-
CD28 (2ug/ml, soluble) + PMA (5ng/ml)
IL-4 PBMC IL-2 (10ng/ml) + IL-4 2d/3d + lonomycin Monensin MP4-25D2
(20ng/ml) (2d); IL-2 (500ng/ml) (4hr)
(10ng/ml) + IL-4
(20ng/ml) (3d)
IL-6 PBMC LPS 100ng/ml 5hr - Monensin MQ2-13A5
IL-10 PBMC LPS 100ng/ml 24hr - Monensin JES3-9D7
hIFNg (100ng/ml)
IL-12 PBMC (2hr)/LPS (100ng/ml) 2hr/22hr - Monensin C8.6
(22hr)
IFN-g PBMC 2 [EOSUEmIEne | o i Monensin 4S.B3
(Lug/ml)
TNF-a PBMC PMA (30-50ng/mi)flono | 5, - Monensin MAb11

(Lug/ml)

Annotations: lono=lonomycin; PMA=Phorbol Myristate Acetate; LPS=Lipopolysaccharide; 2d=2 day culture; 5hr=5 hour
culture; LPS for activation of human PBMC obtained from Sigma (#L-8274)
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Flurochrome-conjugated staining surface
antigen for T helper cells
m 106 cells in 100 pl of staining buffer
m MAb CD3e-PerCP — T cell

m CD4-FITC — T helper cell
m 30 min, 4 "C in dark

m Staining buffer
DPBS without Mg2+ or Ca2+
1 % FBS
0.1 % NaN3
Adjust pH 7.4-7.6, filter, store at4 "C



» BN
Fix the cells

m 4 % (w/v) paraformaldehyde in DPBS with
0.54 % glucose
m20min.at4 C

m Cell can be kept overnight in fixation buffer
at 4 C in dark



» NN
Permeabilize cells

m \Wash cells 2 times in permeabilization buffer
and pellet

m permeabilization buffer:
DPBS
1% FBS
0.1 % (w/v) NaNs3
0.1 % (w/v) saponin
0.1 % glucose
0.01 M HEPES
0.035 % NaHCO3
Adjust buffer pH to 7.4-7.6 and filter



Stain intracellular cytokines

m Resuspend fixed cells in 100 ul of
permeabilization buffer

m MAD anti-IFN-y, anti-IL-4, anti-TNF-a
m Incubate at 4 C for 30 min. in dark
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Analysis

m Resuspense cells in staining buffer
m Set PMT voltage and compensation
m |[FN-y
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Analysis

m Resuspension cells in staining buffer
m Set PMT voltage and compensation
m L4
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Analysis

m Resuspension cells in staining buffer
m Set PMT voltage and compensation
B [NF-a
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" S
Analysis

m Resuspension cells in staining buffer
m Set PMT voltage and compensation
m |[L-4 and IFN-y double stain

16°

]
10° 10°

" IFN-y (FITC) 1 IFN-y (FITC)

Figure 1: Three color flow cytometric analysis of activated human peripheral blood mononuclear cells (PBMCs)
for CD4, IFN-y, and IL-4. Discrimination of Thl, Th2, and ThO populations.
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Platelet analysis




Platelet analysis-Scatter Gating
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Platelet analysis-Fluorescence Gating
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Platelet analysis
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‘ Fibrinogen

v receptors

o granule  GP [Ib-IIa

eetiNL_|| - ADP/ATP
complex | 'GP ITh-II
" complex
Thrombin "I‘xAz
GPIV
P-selectin
' SA hnd ‘[11‘(‘ PE4
GPIb-IX GPIb-IX "
complex complex

Resting Platelet Activated Platelet

Surface markers of platelet of platelet activation.

Modified from: Kestin et al. Circulation (1993) 88(4 Pt 1): 1502-1511.
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Table 6.10.3 Activation-Dependent Changes in Platelet Surface Labeling of
Monoclonal Antibodies and Annexin vV«

Actuvaton-dependent platelet surface change EI?::III:,% J[filzll:li:ﬂi
Changes in surface receptor expression

CD36 + ++

GPIb-1X ++ +

GPIIb-111a ++ +++
Conformational changes in GPIIb-Illa (integrin cppl3z)

Ligand-induced binding sites (LIBS} — +++

PAC] — +++

Receptor-induced binding sites on fibrinogen (RIBS) — 4+
Development of a procoagulant surface

Factor VIII binding — +++

Factor V/Va binding — +++

Factor X/Xa binding — +++

Phosphatidylserine expression (detected by annexin V) — +—+—+
Exposure of granule membrane proteins

CD40L (or CD154) — +

CD63 (lysosomes) — ++

LANMP-1 (lysosomes) — ++

LANMP-2 (lysosomes) — ++

Lectin-like oxidized LDL receptor-1 (LOX-1) — +

P-selectin (CD62P. c-granules) — +++
Plateler surface binding of secreted platelet proteins

Multimerin — +

Thrombospondin — +

2

“Annexin V is a 35 to 36 kDa protein that binds to phosphatidvlserine in the presence of Ca~*.
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PREPARATION OF PLATELET-ENRICHED PLASMA

For many platelet assays, the platelets do not need to be purified by density-gradient
separation. Platelet-enriched plasma, prepared by enrichment of platelets from peripheral
blood (Ault, 1988), is often an acceptable specimen.

Materials

Peripheral blood in EDTA or appropriate anticoagulant
Tyrode’s buffer (see recipe)
15-ml conical centrifuge tube

[. Centrifuge 7 ml blood (in collection tube) 10 min at 200 x g, 25°C.

2. With a sterile pipet, transfer the plasma layer to a 15-ml conical centrifuge tube.
Centrifuge 10 min at 1600 x g, 25°C.

3. Remove and discard supernatant. Resuspend pellet containing platelets in Tyrode’s
buffer or a buffer containing EDTA.
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Table 6.10.2 Anticoagulants Used in the Study of Platelets

Anticoagulant Mechanism of action

Acid citrate dextrose (ACD) Weak Ca?* chelator

Citrate theophylline adenosine Chelates Ca®* and increases intracellular cAMP. keeping
dipyridimole (CTAD) platelets “quiet”

Corn trypsin inhibitor Activated coagulation factor XII inhibitor

EDTA® Strong Ca?* chelator, dissociates GPIIb-1ITa complex

Heparin® Combines with anti-thrombin I to mhibit thrombin

activity
Hirudin Direct thrombin mhibitor

D-Phenylalanyl-L-prolyl-L-arginine Direct thrombin mhibitor
chloromethyl ketone (P-PACK)
Sodium citrate Weak Ca?* chelator

“These anticoagulants should be avoided for evaluation of platelet function studies by flow cytometry (see Strategic
Planning).
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Table 6.10.1 Applications of Flow Cytometry to the Study of Platelets”

Measurement of platelet activation”
Activation-dependent monoclonal antibodies/reagents
Modulation of constitutively expressed surface receptors
Procoagulant platelet-derived microparticles
Leukocyte-platelet aggregates
Platelet-platelet aggregates

Diagnosis of specific disorders
Bernard-Soulier syndrome
Glanzmann thrombasthenia
Storage pool disease
Heparin-induced thrombocytopenia
[mmune thrombocytopenias



Monitoring of antiplatelet agents
GPIIb-111a antagonists
Thienopyridines
Monitoring of thrombopoiests
Reticulated platelets
Blood bank applications
Quality control of platelet concentrates
dentification of leukocyte contamination in platelet concentrates
mmunophenotyping of platelet HPA-1a
Detection of maternal and fetal anti-HPA-1a antibodies

’latelet cross-matching



Platelet counting
Research applications
Platelet survival, tracking, and function in vivo
Platelet recruitment
Bacteria-platelet interactions
Calcium flux
Cytoskeletal rearrangement
Fluorescence resonance energy transfer
Signal transduction
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Regulation of Hematopoiesis by Cytokines -
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Apoptosis analysis
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zmpéy /%_‘: /_], 47”? %g_) 2

mmie k- VR
Deprivation of growth factors
y-irradiation
Oxygen free radical (OFR) production
Receptor-ligand interaction

Inhibition protein kinase
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Necrosis

Secondary
Necrosis
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Apaf-1/cyt. c/AlF release
Bcl family regulation

m TNFR/FAS superfamily

m P53/RDb cell cycle checkpoint pathway

m Toll-Like receptor pathway

m Nicotinic acetylcholine receptors pathway
m Cell-cell interaction

m Growth factor/cytokine pathway
m ...
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R k- 2R %,u 1By

m Caspase pathway (Mit., TNFR, P53...)
m PI3K-Akt pathway
m Activate cytokine/growth factor release
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A2 5 1457+ = -DNA fragmentation

m Endo G
m CAD/DFF
m Lamin B1/Lamin degradation
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BT S £y

m Produce OFR

m Alter the redox state of the cell
m Cause cycling of Ca?* ions

Release cyt ¢, Apfa-1, AlF
Regulate protooncogene Bcl-2 family

Release endonuclease
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m 5,5'6,6'-tetrachloro-1,1', 3,3'-tetraethylbenzimidazolylcarbocyanine
ljodide (JC-1; CBIC2(3))
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NIH 3T3 fibroblasts stained with JC-1
showing the progressive loss of red
J-aggregate fluorescence and
cytoplasmic diffusion of green
monomer fluorescence following
exposure to hydrogen peroxide.
Images show the same field of cells
viewed before H,O, treatment, and 5,

10 and 20 minutes after treatment.
(Images contributed by lldo Nicoletti, Perugia
University Medical School.)
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Bivariate JC-1 analysis of mitochondrial membrane potential in HL60 cells by
flow cytometry. The sensitivity of this technique is demonstrated by the
response to valinomycin-induced depolarization for two hours. Figure
courtesy of Dr Andrea Cossarizza, University of Modena and Reggio Emilia.



Relative Cell No.

JC-1 aggregates

control staurosporine

Events

FL1-Hefght (3} vs FL2-Height (4)

10¢

FL1 Height (3) vs FL2-Height (4)

10*

10
102

102
102

10*
10°

oe

s - Q
Y — T =3
o* 10! 10? 10* 10* b

o.

JC-1 monomers

0*

MitoTracker
red CMXRos

JC-1



" J
;\':‘*_H'Nﬂ it & 3R F -PS presentation

Extracellular Space

Apomate™

SEm e .

p- =Yy A prns : m..mu"*“-)"'fuﬁ.,,
S 05, /00 ONINADARIARIARS s e
5 % Meg}grbane '%UNUWUWWW WWRa Uﬂgﬁ%ﬁ%ﬂﬂ

...O_l LI L ._l‘._.ll_.. |||||

."l,

O . T Trﬂ . |
zﬁﬂff&ig:—.ﬂﬂﬂ IF SPACE, h

Figure from North American Scientific, Inc.
http://www.nasi.net/ProductCenter/mi/mi_howapoptosis.htmi
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Control VCR 300pg/ml (12 h)
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Annexin Annexin V

Biotechnol. Appl. Biochem. 2001, 33: 127-132
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Caspase pathway-reagents

Caspase 3 | Ac-DEVD-pNA | Ac-DEVD-AMC | FAM-DEVD-FMK | Ac-DEVD-AFC
(405) (E/M=360/460) | (E/M=490/520) | (E/M=400/505)

Caspase 6 Ac-VEID-pNA | Ac-VEID-AMC FAM-VEID-FMK | Ac-VEID-AFC

Caspase 1 Ac-YVAD-pNA | Ac-YVAD-AMC | FAM-YVAD-FMK | Ac-YVAD-AFC

Caspase 8 Ac-LETD-pNA | Ac-LETD-AMC FAM-LETD-FMK | Ac-LETD-AFC

Caspase 9 Ac-LEHD-pNA | Ac-LEHD-AMC | FAM-LEHD-FMK | Ac-LEHD-AFC
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TUNEL Assay
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DNA fragmentation

CCL-13 Hep3B HepG2 Huh?
D C F1 F2 D C F1 F2 D C F1 F2

rﬂ“f' -';







=
A single laser flow cytometer
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A dual laser flow cytometer
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A dual laser flow cytometer
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Fluorochromes

Excitation ————— B i ssion
360 408 488 595 633
Lasar Lines 1 4 ‘ * l’
=T ':_;Uﬂ O 700 ﬂﬂﬂ

- '_ o B
Marina Blue®* | "

Alexa Fluor® 350

Cascade Blue™ .

Cascade Yellow’

Fluorescein

Phycoerythrin

BD CyChrome™
(FE-CyS5)

PerCP™
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Fluorochromes

Laser ™ FACStar™ ™
Fluorochrome Excitation F:gggzﬂburm FACSCalibur™ FACStarPlus™ Eigg:ﬁgﬁg% SE
Wavelength (1 laser) (2 lasers) FACSVantage™ (2lasers)
(nm) (1 laser)
Fluorescein 488 YES YES YES YES |
Phycoerythrin (PE) |488 YES YES YES YES |
PE-Texas Red 488 YES YES YES YES |
BD Cy-Chrome
(PE-Cy5) 488 YES YES YES NCs
Propidium lodide |488 & 595 |YES YES YES YES |
Peridinin
Chlorophyl Protein |488 YES YES YES YES
(PerCP)
Texas Red 595 NO NO NO YES- |
Allophycocyanin
(APC) 595 & 633 |[NO YES NO YES*®
APC-Cy7 595 & 633 |[NO YES NO YES |
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Compensation
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isotype versus CD3 CD4 versus CD3
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Fluorescence Fluorescence
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Emission signal intensity
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PE-Fas

PE-Fas
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FACSAria
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