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m A brief 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
ntracellular cytokines analysis
Platelet analysis
nsulin resistance
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m Secondary organs |
and tissues (1
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spleen ()

lymph nodes
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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.

-Ive general types (see below): 1gG, IgA, IgE,
gD, IgM




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 Leukocytes 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 iImmunophenotypes

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
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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 unigue 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
haematopoletic cells

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

m CD4 =1L3T4; 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: expanded-format Including Sumrrary Sentence and Abstract
Past yuides: older quides with excellent infarmation, some data may be dated
Current Entrez | Assigning

CD molecule  Alternate Names Guides |Past Guides| Gene |Workshop
Z01a Fd, HTAI chla g09
o1k R Cholh 210
COTe 241, R7 Cole 911
CO1d Fa COTd 912
CO1e R2 cOle 913
oz CL2R; E-rosette raceptor; T11; LFAZ ch2 514
Z03delta CLiEd g15
CDZepsilon CD3e 916
COEgamma CO3y a1
0 |3T4; WW325 o4 520
R Lau-1; Ly=1, T1, TpET COs 921
[ T2 COR 923
07 0 g2
C:08alpha Leu2; Lyt?; T.call co-receptar; TR 835
CDabeta Leuz; COS; Lyt3 925
cD9 DRAR-ZF, MRP-1, p24 CBEY 928
(] EC 342411, neprilysin, CaLLA, enkephalinase; gp100; NEP 4311
[HEER ] Wlphal integnn chain, LFA-Talpha CO11a J6E3
011k Alphahd integrin chain, Alphahd-beta?, C3biIR, TR 'Mac=1, Mol CO11b 3604
COTc Wlnha infegrin chain, &xb2, CRY, leukocyte surface antigen p150 95 COTe 3687

http://mpr.nci.nih.gov/prow/
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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 3th International Conference on Human
Leucocyte Differentiation Antigens

Adelaide, South Australia 12-16 December
2004



The GUIDE of PROW and IWHLDA

Y FROW: CD4 — Micmosoit Internet t Excplorer =0 =]
| BEE #ED eAo #sEe TRO HEO | &

mm o oamaE e 0| - B - |3
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AL ) &) et sy snsbi nlm nih goviprow/gride/] 246540098 _g ki ~ B ==

|38 [[]apple &) CMU Webmeid @)index &)¥shoo £]ED &|CMUESEE £|0AIE &) Googk &]Legin &) MobewsrProbes &) HRlE
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| Pow | cOMMENT rotein Feviews On The V/eb
PROW and WHLDA present the GUIDE on:

CD4

Author: Dominigue Piatier-Tonneau

Reviewer: Quentin Sattentau
Link to additional info in FERLI
[ ANCTON | STRUCTURE | INTERACTIONS | EXPRESSION | INSIGHTS || REAGENTS | REFERENCES | W |

puriioes| AL TERMATE NAMES FOR CD4

- L3274
. W3IZ5

e MAJOR LINKS FOR CD4

o MNCBI Locuslink Récard: 520
= Mendelian Inhentance in Man (O8I 186340
« SwissFrotannotated protein recard: PO1730

&= [T
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CD antigen - Function

ZJ PROW: CD4 - Microsoft Internet Explorer = (=] IS
| BEE SHE HE0 FIeEEw IO H#ED | &

Qta-O - [x] [ Qi s Jonons e & |- - B~ 3

| AL D) [ &) Nt sty sasbi nlm nih gowiprow/griide/] 246540095 g ki | EyBE

|34 [[]Appls &) CMU Webmeil @) index £1¥ahoo £]BD &)CMUEISEE &)GAIS ©]Googk &) Lo o
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FUNCTION
ikl BIOCHEMICAL ACTIVITY OF CD4 - Ma information

gl CELLULAR FUNCTION OF CD4

e Co-receptor in MHC elass krestncted antigen-induced T esll activation (2.5)

« Regulation of T-B Iymphocyte adhesion in the absence of antigen recognition (4]
o [hymic differentiation (3)

« Primary receptor for HIV retroviruses {5)

[EEtaa] DISEASE RELEVANCE OF CD4 AND FUNCTION OF CD4 IN INTACT ANIMAL

« Thymic differentiation
e IMimiune response
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CD antigen - Structure

a PROW: CD4 - Microzoft Internet Explorer _IE' x['
| BEE SEE EH0 FeEEE ITEO SED | &

Q= -0 - [x] & A Pww Joomns o £ (2- 0 B~ 3

| AERED) [ ] tip e ebi alm nih goviprow/znide/| 246540095 _ hite = EB=E

|35 [J]Apple &) CMU Webnwil &)index £ ¥Fohoo! &]BD &) CMUEIESE £ GAIY £ Google &)Logm &) MoleulaPrabes &) FIElS. »

T STRUCTURE
[onnored MOLECULAR FAMILY FOR CD4

o Farmilies inwhich Ch4 15 a member
o CO4—=immunoglobulin supergens family

EEEEEIMOLECULAR STRUCTURE OF CD4

« BExtracellular region:4 immunoglobulindlike domains of 370 aa

o Transmembrane region 25 as

« Cytoplasmictail 38 aa

« Disulfide bonds stabilize domains 1, 2.and 4

o Two Melinked glyveans: located on demains 2 and 4

= High resclution crystal structures are available for domains 1and 2 (9,11)

EEESEI MOLECULAR MASS OF CD4
| CELL TYPE |MW UNREDUCED |MW REDUCED |Comment

T ymphocytes |55 kDa |55 kDa |

[E=El POST-TRANSCRIPTIONAL MODIFICATION OF CD4 - No alternate splicing

[EEEaE POST-TRANSLATIONAL MODIFICATION OF CD4 - Twa M-linked glycosylations
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CD antigen — Molecular interaction

2§ PROW: CD4 - Microsoft Internet Explorer — im0 x|

| BEEO #BE BR0 FSEEw TEO HE: | &

(Or= -0 - x| 2 qi] o canr Sor & |- L B~ B

| AL [ 2] hetpuiiin usbi alm nih goviprovgide!| 346540095 _2 Rty =l BB=

|38 [J]dppls £ CMU Webmed &) index &) ¥ahoo! £]ED S)CMUEEEE €]GAIR £]0oaghk &)Login &) MaokcularProbes ) EIRIS =
[Top| MOLECULAR INTERACTIONS B

[EEEGEl PROTEINS AND DNA ELEMENTS WHICH REGULATE TRANSCRIPTION OF CD4 Link to additional irifo
M EFORUN - Mo information

[EEEmE]l SUBSTRATES FOR CD4 - Mo Infarmatian

e ENZYMES WHICH MODIFY CD4 - Mo infarmation

LIGANDS FOR CD4 AND MOLECULES ASSCCIATED WITH CD4
| MOLECULE COMMENT J
: ] : {2 Extracelular ligand for
MHC glass || malecules Cha
HIv emvelope glycopratein (gp120) g?ctracelluler ligaind for
(1) Extracellular ligand for
IL-16 D4

Human serminal plasma glycopratsin gp 17/ Secratory actin-binding protein (SABR) o N ; i
Frolactin-inducible protein (PIF) Gross cystic disease fluid proteln-15 (GCODFRP-15) f EEézEthrﬂceuular igandter
Extra-parolid glycoprotein (EP-GF) -

o— '(_2';3} Praotein tyrasing kirass,
padiek intraceliular ligand for C04

] N
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CD antigen — Expression

A PROW: CD4 - Microsoft Internet Esplorer o]
| BRE HHEED HRO IHSEW IBO HEO | &y
Q= -O - [x] B 7| Ous Joomnr Qo & | (2- 2 B~ 3

| #RAED) [ &) httpvimine nichi b ndh gowdprov/gnide/| 246540098 it EN= =
|884E [ Apple &) CMU Webmeil &) inder &) Yehoo &]1BD &) CMUBEEEE €] GAIS £)Googhk &) Lagn: e
| rop] EXPRESSION =

EriieiEd MAIN CELLULAR EXPRESSION OF CD4

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

=
Errae] AUTHOR'S ADDITIONAL INSIGHTS ON €D4

« Chd-mediated functions may reguire CD4 dimerization at COR2 region of domain 1 (12)
and at dormain 4 {10} _ _ _ _

« Flexibility araund the transmermbrans-0d linker regian (8) and the hings regian between 02
ard D2 (7)) may be impartant for HYV infection and physialogleal function™
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CD antigen — Reagent

ZJPROW: CD4 - Micmosoft Internet Explorer

| BEE HED HA0 FHEBQ IO HED

J| ﬁﬂ:@ ‘El Tuttptwerse b nlm nih. govpros/gnidel1 246540055 _g Rt

‘ :
|
?E#E

Q=% © -ix] B G| Ve yommne @ @3- B~ °

|3Ei& [ apple ] CMU Webmeil &)inde &) ¥shoo ©]ED &]CMUESEE €G4S &) Googk »
{fia} SELECTION OF OTHER CD4-SPECIFIC REFERENCE MAB =

NAME({Workshop IDs) SOURCE or REFERENCE iCL’JMMENT
MLETH K Sagawa
LELIZ3 Becton Dickinson, LUSA
El4 J Brochier - Immurotech, SA, France = |
REA-T4 & Aversa - Pharmingen, LUSA
OKT4 F Rao- Ortho Diagnostic Systems, Inc., USA
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Leukocyte subpopulation

m T lymphocyte

CD1~8, CD27, CD28, CD38, CD39, CDw60, CDA45,
CD45RA, CD45RB, CD45R0, CD98, CD99, CD99R,
CD100, CDw101

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

CDw76, CD77, CD78, CD79a, CD79b, CD80~83,
CDwa84, CD85, CD86

m Dendritic cells

CD4, CD8, CD11c, CD13, CD80, CD86, CD123,
CD205, CD209, B7-DC, TLR3
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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,
CD66a~68, CD87~93

B 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

CD1l1lla~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, CDwlle, CD117, CDw119,
CD120a, CD120b, CDw121a, CDw121Db,
CD122, CDw124, CD126, CDw127, CDw128,

CDw130

m Toll-like receptors
TLR1~10
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Subsets of Lymphocytes

Class Functions Antigen receptor and Selected markers Percent of total lymphocytes
specificity (human)
aBT Lymph
lymphocytes Blood node Spleen
CD4* helper T B cell differentiation (humoral a 3 heterodimers CD3*, CD4*, CD8" 50-60* 50-60 50-60
lymphocytes immunity) Diverse specificities for
Macrophage activation (cell- peptide-class Il
mediated immunity) MHC complexes
CD8" cytotoxic  Killing of cell infected with microbes, a 3 heterodimers CD3*, CD4-, CD8* 20-25 15-20 10-15
T lymphocytes  Kkilling of tumor cells Diverse specificities for
peptide-class |
MHC complexes
Regulatory T Suppress function of other T cells a [ heterodimers CD3*, CD4*, CD25* (Most Rare 10 10
cells (regulation of immune responses, common, but other
maintenance of self-tolerance) phenotypes as well)
vo0T Helper and cytotoxic functions v 6 heterodimers CD3*, CD4, and CD8
lymphocytes (innate immunity) Limited specificities for variable
peptide and nonpeptide
antigens
B lymphocytes  Antibody production (humoral Surface antibody Fc receptors; class Il MHC;  10-15 20-25 40-45
immunity) Diverse specificities for all CD19; CD21
types of molecules
Natural killer Killing of virus-infected or damaged Various activating and CD16 (Fc receptor for IgG) 10 Rare 10
cells cells (innate immunity) inhibitory receptors
Limited specificities for MHC
or MHC-like molecules
NKT cells Suppress or activate innate and a [ heterodimers (Limited CD16 (Fc receptor for IgG); 10 Rare 10

adaptive immune responses

specificity for glycolipid-CD1

complexes)

CD3

*In most cases, the ratio of CD4*CD8  to CD8*CD4  cells is about 2:1.

Abbreviations: IgG, immunoglobulin G; MHC, major histocompatibility complex



T lymphocytes

Naive lymphocytes

Activated or effector
lymphocytes

Memory lymphocytes

Migration Preferentially to peripheral Preferentially to inflamed Preferentially to inflamed
lymphoid tissues tissues tissues, mucosal tissues
Frequency of cells Very low High Low
responsive to particular
antigen
Effector functions None Cytokine secretion; None
cytotoxic activity
Cell cycling No Yes +/-
Surface protein expression
High-affinity IL-2 receptor ~ Low High Low
Peripheral lymph node High Low Low or variable
homing receptor (L-
selectin, CD62L)
Adhesion molecules: Low High High
integrins, CD44
Chemokine receptor: High Low Variable
CCRY
Major CDA45 isoform CD45RA CD45R0O CD45RO0; variable

(humans only)

Morphology

Small; scant cytoplasm

Large; more cytoplasm

Small




B lymphocytes

Naive lymphocytes

Activated or effector
lymphocytes

Memory lymphocytes

Membrane immunoglobulin
(Ig) isotype
Affinity of Ig produced

Effector function

Morphology

Chemokine receptor:
CXCR5

Ccbh27

IgM and IgD

Relatively low

None

Small; scant cytoplasm

High

Low

Frequently 1gG, IgA, IgE

Increases during immune
response

Antibody secretion

Large; more cytoplasm;
some are plasma cells

Low

High

Frequently 1gG, IgA, IgE

Relatively high

None

Small

High




Migration of naive
and effector T
lymphocytes
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T Elsevier Abbas et al: Ceflular and Malecular Immunology Be - www. studentconsull.com




Anti-CD marker w/w Fluorochrome

m Fluorochrome

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

Emission:
= 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
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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

l CD43 CDIl4 Gating on lympohocytes®

2 [sotype [sotype Determine background fluorescence

3 CD3? CD4 Count CD3%/CD4™ T cells

4 CD3?% CDS Count CD3+/CD&* T cells

b CD3#® CDI1Y Count total T (CD3) and B (CD19)
cells

6 CD3# CDI16/56 Count total T (CD3) and NK
(CD16/56) cells

“Lymphocyte zatingon 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.

bThe repeated use of CD3 in four tubes serves as a control for tube-to-tube variability; 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/CDS/CD45" Gate on CD45* and side scatter, count
CD3/CDS cells
CD3/CD19/CD45°% Gate on CD45* and side scatter, count
CD3 and CD19 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 18 not needed, for CD45 identifies leukocyte subpopulations based on fluorescence intensity.

PThe 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 systems capable of counting absolute cell numbers directly 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/CD8/CD45 Gate on CD45™ and side scatter, count total,
CD3*/CD4*, and CD3*/CD8* T cells

Tube 2° CD3/CDI9/CD56/CD4S  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.
bCD56 can be replaced by CD16, or both antibodies might be used simultaneously 1n a single color.



Table 6.3.1 Typical Concentration of a Selection of Widely Used Immunological
Markers, Compared with Cytokine Receptors

Concentration .
Marker _ ] Reference
{molecules/cell)

Cell type“

Commonly used markers

CD2 T cells (blood) 40,000 Martin et al. (1983)
CD3 T cells (blood) ST.000 Bikoue et al. (1996)
CD4 T cell subset (blood) 47 .000 Bikoue et al. (1996)
CDS T cell subset (blood) 145,000 Bikoue et al. (1996)
CD5 T cells (blood) S0.000 Bikoue et al. (1996)
CD19 B cells (blood) 27000 Bikoue et al. (1996)
CD45 Lymphocytes 217.00X) Bikoue et al. (1996)
slg Chronic lymphocytic 6,500-22.500  Dighiero et al. (1980)

leukenma

Cvtokine receptors

CDIl2la Lymphocytes <1 (K} Dower et al. (1983)

CD25 T cells (blood) <5(K) Le Mauff et al. (1987)

CD25 In vitro-activated T cells =30,000 Le Mauff et al. (19587)

CD122 T cells (blood) T00 Ben Aribia et al. (19589)

CDl124 Resting B lymphocytes 400 Lowenthal et al. ( 19588)
{mouse)

CD126 Activated B cells 300 Kishimoto ( 1989)

YHuman. unless indicated otherwise.
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Table 6.3.2 Fluorochrome Properties

L . . . Extinction
| | Absorption maximum  Emission maximum - Quantum

Fluorochrome o o coefhicient .

wavelength (nm) wavelength (nm) (mol-lem™) yield
Fluorescein 495 520 8.2x 104 0.3
R-Phycoerythrin 346 380 2% 109 0.8
R-PE/Cy3 tandem 346 067 2% 109 <().8
Cy3 552 565 1.3 10° >().15
PerCP 478 677 32 10° NA®

N A, not available.



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
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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;,
= 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 ul/min)




Whole blood analysis
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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

s 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
and Platelets 5

Dense Solution
Polyester Gel

Dense Solution

Granulocyte
Red Blood Cells

Figure 2
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Purifled mononuclear cells
monocvtes for CD14
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Purifled 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
1x10//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)



Spleen analysis-CD4/CD25
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Spleen analysis-CD8/CD25
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Lymph node analysis
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Lymph node analysis-
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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-CD3/19/45
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Intracellular cytokines

analysis




The Th1/Th2 paradigm
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Sergio Romagnani.
|mmunology Today.
18: 263-266. 1997.



Th2 cell in allergic disease

Plasmacytoid DC,

allergen peptide

)

? IFN-a

Naive
CD4™ T Cell
l elFN-y
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T cell response TH, response
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mycobacteria » 44— CpG DNA -
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—

Current Opinion in Immunology
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N Novak. et al.,
Allergy. 54:
792-803. 1999

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



Th2 Th

Current Spinlan I0 mmunalogy

Jane L Grogan and Richard M Locksley. Curr. Opin. Immunol. 14: 366-372. 2002.



" S
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

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

IL-4

B cell V
A % — IgE antibody Early response

bronchospasm
‘ edema
airflow obstruction

, | Physiological
‘ ~Mediator SRS
/ ' release
. histamine
Activated FceRl Mast cell leukotrienes l
B cell cytokines

Late response

airway inflammation
airflow obstruction
alrway 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



" S
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/ml)
0-48 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

Restimulation

Intracellular
Block

Antibody

IL-1a r;gése ("i'o'\(';g ﬁg?;%g')(zm)/ L 2hr/22hr - Monensin ALF-161
IL-1b rFr:é)ése (rriIONOIr:]g/(nZ:g(();grl]rrr)]I)(Zh4)/LPS 2hr/22hr - Monensin B122

L2 rsnpcl)g:r? é%r;,;/ﬁll;g(ggl)) (2d)/1L-2 (20ng/ml)+IL-4 2d/3d ?;Ji‘c-fnlifssc()lll?gjlg;rglhirrnmobilized)+anti-CD28 Monensin JES6E-5H4
L4 rsnpcl)g:r? é%r;,;/ﬁll;g(ggl)) (2d)/1L-2 (20ng/ml)+IL-4 2d/3d ?;Ji‘c-fnlifssc()lll?gjlg;rglhirrnmobilized)+anti-CD28 Monensin BVD6-24G2
IL-6 ;npcl)g:re] E:z%rrl],;/glt;g(grgl)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?anj;jlnl?l?;(()lll?gjlg;rglhirrnmobilized)+anti-CD28 Monensin MP5-20E3
IL-10 ;npcl)g:re] E:z%rrl],;/glt;g(grgl)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?anj;jlnl?l?;(()lll?gjlg;rglhirrnmobilized)+anti-CD28 Monensin JES5-16E3
IL-12 gch)ése glehl;l)g (200ng/ml) (2hr)/LPS (100ng/ml) ohr/22hr _ Monensin c17.8
GM-CSE ;npcl)g:s E:Z%rrl],;/glt;g(/:grgl)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?;J;?rrﬁié}ft;ig;rgll‘]ilrnmObiliZEd)+anti-CD28 Monensin MP1-22E9
IFN-g ;npcl)g:s E:Z%rrl],;/glt;g(/:grgl)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?;J;?rrﬁié}ft;ig;rgll‘]ilrnmObiliZEd)+anti-CD28 Monensin XMG1.2
TNE-a ;npcl)g:s E:Z%rrl],;/glt;g(/:grgl)) (2d)/IL-2 (20ng/ml)+IL-4 2d/3d ?;J;?rrﬁié}ft;ig;rgll‘]ilrnmObiliZEd)+anti-CD28 Monensin MP6-XT22
TNE-a rsnpcl)g:s Etz%rr]],glgll;g(ggl)) (2d)/1L-2 (20ng/ml)+IL-4 2d/3d ?;J;%I?Ii((ﬂll?;g;rglhirrnmobilized)+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 Pl [EUetgiilene | o ; 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 PR EE0MIMETS | ; Monensin 4S.B3
(Lug/ml) - -
TNF-a PBMC PMA (30-50ng/mi)flono | g, . 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 10° cells in 100 pl of staining buffer
m MAb CD3e-PerCP — T cell

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

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



»
Fix the cells

m 4 % (w/v) paraformaldehyde in DPBS with
0.54 % glucose

E20min. at4 C

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



Permeabilize cells

m \Wash cells 2 times in permeabilization buffer
and pellet

m permeablilization buffer:
DPBS
1% FBS
0.1 % (w/v) NaN3
0.1 % (w/v) saponin
0.1 % glucose
0.01 M HEPES
0.035 % NaHCOs3
Adjust buffer pH to 7.4-7.6 and filter



Stain intracellular cytokines

m Resuspend fixed cells in 100 pul of
permeabilization buffer

m MADb 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

= =
[ ) [ )
w
= o
E E
5= E"
4 "
[T =
i
= =
[=] [=]
‘Ch_ ‘Ch_ e e
107 107 10* 108 10! 107 107

CD3 PerCP CD3 PerCP

10*



" S
Analysis

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

[} o}
= =
[} =
= =
=
r Wi
2 ot
o :{-‘_-
3 =
L
[ =
= =
a [=]
[ =
= =

107 107 104 100 107
D3 PerCP D3 PerCP

107

102

10*



" S
Analysis

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

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

10°
10°

10%
L.

IL-4 (PE)

-1 T
10’ 10% 108

IFN-y (FITC) 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 Th1, Th2, and ThO0 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
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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 V9

Acuvation-dependent platelet surface change [l?li:t:lll:f J[?izlli:li:k:d
Changes in surface receptor expression

CD36 + ++

GPIb-1X ++ +

GPIIb-111a ++ +++
Conformational changes in GPIb-IIla (integrin cypPz)

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

PAC 1 — +++

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

Factor VIII binding — +++

Factor V/Va binding — -

Factor X/Xa binding — +++

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

CD4OL (or CD154) — +

CD63 (lysosomes) — +—+

LAMP-1 (lysosomes) — +—+

LAMP-2 (lysosomes) — ++

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

P-selectin (CD62P, c-granules) — +++
Plareler surface binding of secreted plarelet proteins

Multimerin — +

Thrombospondin — +

2

PAnnexin V is a 35 to 36 kDa protein that binds to phosphatidyvlserine 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 m EDTA or appropriate anticoagulant
Tyrode’s buffer (see recipe)
I 5-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 ihibitor

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

Heparin® Combines with anti-thrombin Il to inhibit thrombin

activity
Hirudin Direct thrombin inhibitor

D-Phenylalanyl-L-prolyl-L-arginine Direct thrombin inhibitor
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).



" JE
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-Illa antagonists
Thienopyridines
Monitoring of thrombopoiesis
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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Insulin resistance

m Cell: FL83B (mouse hepatocyte, BCRC
60325)

m 2-NBDG (MW. 342.26, Invitrogen)

mEX: 487 nm, Em: 542 nm
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(Etxeberria et al., 2005)
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Counts (a.u.)

Control|

HG + 2-NBDG

HS + HG + 2-NBDG

f 62.66%
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(Presley et al., 2010)
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Regulation of Hematopoiesis by Cytokines -
Human
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Regulation of Hematopoiesis by Cytokines -
Mouse
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Apoptosis analysis
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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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m AR
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Apaf-1/cyt. c/AlF release
Bcl family regulation

m TNFR/FAS superfamily

m P53/Rb 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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m Caspase pathway (Mit., TNFR, P53...)
m PI3K-Akt pathway
m Activate cytokine/growth factor release
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A2 & 4 57 = -DNA fragmentation

m Endo G
m CAD/DFF
m Lamin B1/Lamin degradation
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m Produce OFR

m Alter the redox state of the cell

m Cause cycling of Ca?* ions

m Release cyt ¢, Apfa-1, AlF

m Regulate protooncogene Bcl-2 family
m Release endonuclease



e Apopitotic Death
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m 5,5,6,6'-tetrachloro-1,1', 3,3'-tetraethylbenzimidazolylcarbocyanine
lodide (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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Green fluorescence (FL1)
JC-1 monomers

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.
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Figure from North American Scientific, Inc.
http://www.nasi.net/ProductCenter/mi/mi_howapoptosis.html
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-PS presentation/Annexin V-FITC/PI

Control VCR 300pg/ml (12 h)
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-PS presentation/Merocyanine 540/7-AAD

24 hr
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Caspase pathway-reagents

Caspase Colorimetric Fluorimetric-1 Fluorimetric-2 Fluorimetric-3

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 1l |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
Sigma Sigma Gentaur Roche
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Tubulin/Pl stain
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TUNEL Assay
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Pl Stain for analysis pre-GO peak
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DNA fragmentation

CCL-13 Hep3B HepG2 Huh7
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A single laser flow cytometer
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A dual laser flow cytometer
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A dual laser flow cytometer

R g
530/30
| £33 ABE/10
FL2 sg5ra2 90/ 10 Beam Splitter
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Fluorochromes

Excitatlion — i s e
I60 408 488 595 633
Lasor Lines { \l * * l’
200 S0 i T sS00
T ¢ B

Marina Blue®

Alexa Fluor® 350

Cascade Blue™ -

Cascade Yellow’

Fluorescein

Phycoerythrin

BD CyChrome™
(PE-CyS5)

PerCP™
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Fluorochromes

Laser ™ FACStar™ ™
Fluorochrome ey citation |FASSCAN™ .|FACSCalibur™ |FACStarplus™ |FACSVantage MSE
Wavelength (1 laser) (2 lasers) FACSVantage™ (2lasers)
(nmj) (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 NO®
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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fluorescein  R-PE PE-Cy5

r -
- | i
ﬁ ,I | : | @
c | Iy c
9 N 1k :
0 I ?
E — ] | E
- * 2R 5
o ‘ ! ‘ T
- | I \ I

\ I \ I
\ I \ |
\ | \\
\ v . I ~
\\ \\ !j h LY
~ . AN L-
- < ~<¥--LZt=
0 B I J' 1]
450 500 550 600 650 700 750

Wavelength & (nm)



'__
Fluorescence
green orange




CD4 versus CD3

isotype versus CD3
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Fluorescence Fluorescence
green  orange green  orange

Emission signal intensity
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Side scatter

dual scatter
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FACS Calibur & #
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FACSCalibur
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FACSAria
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FACSAria
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http://web.thu.edu.tw/cchsienh/www/

cchsieh@thu.edu.tw
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