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Summary of the key developmental stages and markers of B cells
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selection selection selection
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conventional B cells
PreProB —> Pro-B —>  PreB —> Immature B —) Transitional

Immunoglobulin IgM- IgM- IgM- IgM* , IgD- IgM"isn | IgD v IgM*, IgD"*" IgM# | IgD =
Mouse positive CD43, CD93, CXCR4, CD19,CD43, CD24 CD19, CD25"", CD24, CD19, CD24, CD93 CD19, CD24, CD93, CD1d, CD9, CD21"", CD1d"s", CD5,CD19,
markers B220, FIt3, IL7TR B220, IL7TR B220, BP1, Siglec-G, IL7TR  B220 CD21%, CD23* B220 CD22"s" CD35Ma", CD24,TIM
B220
Mouse negative CD19, ckit'™ , CD24v BP1, FIt3, ckit ™ CD43"" | ckit CD43,CD23 CD93, CD23 CD62L, CD93 v&
markers
Human positive CD34,CD10,CD38 CD10,CD19, CD34, CD10,CD19, CD20, CD10,CD19, CD20 CD19, CD20, CD5, CD21, CD1c,CD19, CD20, CD1d"s", CD5, CD19,
markers CD38,CD24, IL7/3R CD24, CD38, IL7/4/3R CD21, CD40, CD24"e" CD24"", CD38 fieh CD21"", CD27 CD21, CD24""
CD38"" IL4R

Human negative ckit o ckit o CD34, ckit ckit, CD27, ILTR CD27, CD10" CD27
markers
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B il ERBERMNEEAR » LK IEIE B-cell FBFHINEEHEZE RFRAVKEAERE - B0 : 238
M4RE{EAE (multiple sclerosis) - FIBI4IRE (systemic lupus erythematosus) - 5£—EIHERIR
(Type | Diabetes) « 8@ /Z14RIET % (rheumatoid arthritis) « B cell }HEJEZ - B M EFI AR
ZHIRY AR ER

Bz m RAAREARR SR - ERNFRZERIRE - B HIlRE—RIINEFEE

BHEASIAINEE ~ MIARIESS « BiRTF

Shuttling bone Antigen 1 - Somatic hypermutation
marrow/ dependent Proliferation. Bone marrow generated Expression of
2° lymphoid activation 2 - Class switch survival signal Cyclin E1
organs

) ' . Germinal Plasma cell Plasma cell

»  Follicular B — Activated B ‘r} e B —[) Plasmablast —) long Iived f—} <fort Ived L—) Memory B
IgM™ , IgD * IgM* , IgD* IgQM/G/A/E* , IgD " IgMIGIA/E* g g IgM/GIAE® | IgD
CD19, CD22, CD23, CD27,69, CD80,B220,  CD19,CD37, CD20, CD19,CD138, CXCR4,  CD138, CXCR4™" CD138, CD93, CXCR4"s" B220, CD38"", CD62L™
CD38,B220 Fit3, MHC lI"s GL7, Siglec2 MHC Il CD80*, CD95"
CD1d"™ , CD21/35"" CD138, CXCR4 CD93, CD38 " B220 ™, Fit3 CD19, CD38"" CD19, CD38°"
CD93 B220" , MHCII B220°* , MHCI|

CD19,CD20, CD21

CD22,CD23, CD24 CD25, CD30, CD69 CD23, CD27, CD38"", CD269, MHCII CD138, CD269 CD138, CD269 CD27+, CXCR4,5,7
CD80, CD86, CD135 CD269, BCMA
CD10, CD27, CD24ew CD20, CD138 CD19%", CD20 CD19"" , CD20, CD23™ , CD38
CD38"" , CD24"" MHCI | MHCI [
BLIMP1 BLIMP1 Pax5
IRF4 XBP1 IRF4 OBF1
BCL6 XBP1 SPI-B
Bone marrow 2° lymphoid Cells circulating in both

CD27,CD19, CD20

CD10,CD19, CD20,

location

CD19, CD38"", CD27"", CXCR4,CD27, CD38"",

organ location

E CD127 expression on Pro-B/Pre-B, Immature Transitional, Early Mature, and Late Mature B cells

marrow and lymphoid locations
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Analysis of B-cell developmental stages in mouse bone marrow

C57BL/6 mouse bone marrow cells were stained with the following fluorescent antibodies: IgM FITC, CD43 APC, BP-1
PE, CD127 PE-Cy"7, CD45R/B220 APC-Cy7, CD24 BD Horizon™ Brilliant Violet™ 421 (BV421), and IgD BD Horizon™
Brilliant Violet™ 510 (BV510), and analyzed using a BD FACSCanto” Il flow cytometer.



Immunophenotyping
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Backbone Markers
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Six-color analysis of human peripheral blood cells
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Human peripheral blood mononuclear cells (PBMCs) were stained with the following fluorescent antibodies : CD19 PerCP-Cy"5.5, CD20
APC-H7, IgD FITC, CD27 PE-Cy"7, CD38 APC, and CD24 PE, and analyzed using a BD FACSVerse" flow cytometer.

Deeper Phenotyping
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Ten-color analysis of human peripheral blood cells

-891
-807

-2,303

T T
0 10° 10 108

CD38 APC

-338

| [ |
0 10° 100 108
CD20 Alexa Fluor® 700

-1,223

Non-B lymphocytes (CD19-CD3*)
Naive B cells (CD19 CD27-IgD*)

Transitional B cells (CD19* CD24** CD38*")

Non-class-switched memory B cells
(CD19*CD27*IgD*)

Class-switched memory B cells
(CD19* CD27* IgD-IgM-CD20* CD38*)

Plasmablasts and plasma cells
(CD19*CD27*IgD-IgM-CD20-CD38*)

Human PBMCs were stained with the following fluorescent antibodies: CD19 BD Horizon™ Brilliant Violet™ 711, CD20 Alexa Fluor® 700, IgD PE-
Cy7, CD27 BV421, CD38 APC, CD24 BD Horizon™ PE-CF594, CD3 BD Horizon™ V500, CD138 PE, IgM BD Horizon™ Brilliant Violet™ 605 (BV605),

and IgG FITC, and analyzed using a BD LSRFortessa™ flow cytometer.
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Intracellular Cytokine
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Cytokine-producing B cells

Cell type Cytokines Secreted

B effector 1 (Be-1)

IFN-7, IL-12, TNF

B effector 2 (Be-2)

IL-2, IL-4, IL-6, TNF

Regulatory B

IL-10, TGF-B81

BD" Cytometric Bead Array (CBA)
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Quantitation of immunoglobulins in human serum samples

ng/mL

T
100 1000 ce

Donor 1 16.9
Donor 2 10.9
Donor 3 8.9
Donor 4 14.6
Donor 5 11.6
Expected Range 7-14

1.3 1.6
24 0.9
0.7 1.5
2.8 1.5
0.3 1.1
0.5-3.3 0.8-3.9

Serum from five donors was tested using BD™ CBA Human Immunoglobulin Flex Sets to analyze total IgG, IgM, and IgA. Data was acquired
on a BD FACSArray” flow cytometer and analyzed using FCAP Array software. Dot plots for a negative control (detector alone) and one of the
samples are shown. The results calculated (in g/L) on the basis of standard curves are shown, as well as the expected range.




Intracellular Signaling
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Phospho-mTOR staining of human cells

Human peripheral B lymphocytes were stimulated with CpG ODN2395, then fixed with BD Cytofix " fixation butter,
permeabilized using BD Phosflow™ perm buffer Ill, and stained with anti-mTOR (pS2448) PE or a matching isotype control,
and anti-CD20 Alexa Fluor® 647. Cells were analyzed using a BD FACSCanto ™ Il system.

Detection of Phosphoproteins
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Blimp-1 staining in activated mouse splenocytes

B6 mouse splenocytes activated with LPS for 3 days were analyzed using the BD Pharmingen transcription factor buffer
set, anti-CD45R/B220 PE, and either anti-Blimp-1 Alexa Fluor® 647 or a matching isotype control. Flow cytometry was
performed using a BD FACSCanto Il system.

Detection of Cytokines
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XBP-1s expression in CpG-stimulated human PBMCs

CpG-stimulated human PBMCs were incubated with BD Horizon™ fixable viability stain 450, fixed and permeabilized using
the BD Pharmingen transcription factor buffer set, and stained with anti-CD20 PerCP-Cy"5.5, and either anti-XBP-1s PE
or a matching isotype control. Flow cytometry was performed using a BD FACSCanto Il system.
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Use BrdU, Annexin V, and other methods

to examine proliferation and apoptosis

<4————— Use flow cytometry to sort cells or
examine expression of cell
surface markers

Use optimized buffers and
antibodies to look at transcription
factor expression by flow cytometry

Examine cytokines expressed from
a particular cell type with intracellular
flow cytometry

Measure phosphorylation status of key
proteins with BD Phosflow antibodies

®e
N

. . Measure the levels of several

Measurslonsisecrele (e ay cytokines simultaneously with BD CBA

with ELISA or ELISPOT

Comparison of technologies for T cell research

TooliTechnology Flow Cytometry/Surface Flow Cytometry/Intracellular BD Cytometric Bead Array (CBA) ELISPOT ELISA In Vivo Capture Assay
Molecules detected Surface Intracellular and surface Secreted or intracellular Secreted (in situ) Secreted Secreted (in vivo)
Multiparameter Yes Yes Yes No No No
il'r:’?: acﬁtﬂlr/::ell subset Yes Yes No Frequ;r;;li’tre"s; 'r_:é:nsuhsel No No
Antigen specifi ¢ Yes Yes Yes Yes Yes Yes
Post-assay viability Yes No Yes, for secreted molecules No Yes Yes
Quantitation of protein Possible* Possible* Yes No Yes Yes
Instrumentation Flow cytometer Flow cytometer Flow cytometer ELISPOT reader Spectrophotometer Spectrophotometer:

*With a standard such as BD Quantibrite™ beads
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Immunophenotyping

T AMRRREThEE R D = K8

Ei%4 T #HAE (Cytotoxic T cell / Tc)

T #HRE R LUE @D ZEFLE (perforin) ~ $8XIAE (granzymes) ~ EEHDAME X (granulysin) SR FEIERIZL B
TN -

sHENEY T #AAE (Helper T cell / Th)

Th AN AT HLLAR RS R AR MR EE L AN - fi20 : B 41 - ERAAAR (macrophage) ~ [EEL 14
Bk (eosinophil) ~ EH4ER (neutrophil) S35 IERRES o

SAERE T #MAE (Regulatory T cell / Treg)

Treg AMME AT EE B FAE(EFA T 4152 (effector T cell) 2 AP R S HI RN G E M T ANPRAITHEE
It » Treg #iREHRREREFPRETHDEZNAE - CD4” Treg D EVMITE * —/% Natural Treg * fE7E
nTreg * &3 IE CD25 M FoxP3; B —7%& %4 Induce Treg * f&F& iTreg * CD25 [ FoxP3 21T & b B A KR -

Major Known T-Cell Markers

Type of Cell Cytotoxic Th1 Th2 Th9® Th17 Tthe Treg
Activate microbicidal function of . " . T cell proliferation and Regulate development of antigen
Main Function Kill virus-infected cells  infected macrophages, and help B cells EpBeba msz:zf:::ﬁhudy S enhanced IgGand IgE  Enhance neutrophil response specific B cell development and Immune regulation
to produce antibody P production by B cells antibody production
Viruses and some o : :

Pathogens Targeted e e Intracellular pathogens Parasites Parasites Fungi and extracellular bacteria

. L " . Organ-specifi . Autoimmune disease,
Harmful Function Transplant rejection Autoimmune disease Allergy, asthma Allergy o disease @
Extracellular Markers CD8 CD4 CXCR3 CD4 CCR4, Crth2 (human) CD4 CD4, CCR6 CD4, CXCR5 CD4,CD25
Differentiation Cytokines IFN-y, IL-2, IL-12, IL-18, IL-27 IL-4, IL-2, IL-33 IL-4, TGF$ TGF, IL-6, IL-1, IL-21, IL-23 1L-12, IL-6 TGF-B, IL-12

. IL-A7A, ILAT7F, IL-21, 1L-22,
Effector Cytokines IFN-y, TNF, LTa IFN-y, LT-a, TNF IL-4, IL-5, IL-6, IL-13 IL-9, IL-10 IL-26, TNF,CCL20 IL-21 TGF$, IL-10
Transcription Factors T-bet, Stat1, Stat6 GATA3, Stat5, Stat6 GATA3, Smads, Stat6 RORyt, RORu, Stat3 Bcl-6, MAF FoxP3, Smad3, Stat5

Markers can be altered as a result of cellular environment, differentiation state, and other factors. Key cytokines appear in bold. BD Biosciences
offers reagents for molecules that are red.

EEREf
VELCH Fluorochrome Purpose
Viability dye V500 Viability
CD3 PerCP-Cy5.5 T cell marker
CD4 BUV395 T cell subsetting
CD8 FITC T cell subsetting
CD127 Alexa Fluor® 647 Regulatory T Cell Marker
HLA-DR ARCHT Adtivation Phenotyping of Cells with Unique Surface Profiles
CD45RO PECy7 Memory The 13-color panel below examines memory and
(D197 (CCRT) Bva21 NalveMemory activation status of multiple T-cell subsets
CD38 BV605 Activation
CD27 BV786 Memory
CD25 PE-CF594 Regulatory T Cell Marker/Activation
CD196 (CCR6) PE Th17 Cell Marker
CXCR3 Alexa Fluor® 700 Th1 Cell Marker
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Intracellular Cytokine

FENARNMAREEREMS  TRAKREIMRARNITRRY LN 41 BD CBA S » ZHME
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CBA £ ICS RT&HifiliaI LL#

CAPABILITY CBA ICS

Allows detection of multiple cytokines in same experiment v v
Can obtain phenotype of specific cells expressing cytokine of interest v
Can measure quantity of cytokine secreted v
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Combining CBA and Intracellular Flow Cytometry to Examine Th17-cell Differentiation

With both CBA and intracellular cytokine staining (ICS) available, scientists at BD performed an

experiment to examine T-cell differentiation, which can be induced by activation and treatment with

cytokines. To study Th1/ Th2/Th17 cell differentiation, CD4+-panned human T cells isolated from normal

donors were co-stimulated with CD3/CD28 and:

¢ IL-2, IL-12, and a neutralizing mAb to IL-4 (Th1 polarization)

¢ IL-2, IL-4, and a neutralizing mAb to IFN- v (Th2 polarization)

*IL-2, IL-6, IL-1 B, TGF- B, IL-23, and a neutralizing mAb to IL-4 and IFN- 7 (also tested with and
without IL-2, IL-6, and TGF- B) (Th17 polarization)

Time Course Study of Th17 Cell Population

10 Days 14 Days

IL-17A PE

»
»

—
CD4 PerCP-Cy™5.5

—>
IFN- yFITC

—
IL-4 APC

10

Representative data from Th17 polarized cell ICS experiments comparing levels of IL-17A with CD4,
IFN-7, and IL-4.
Cells were treated under the Th17 polarizing conditions described for the indicated time points. They were treated with BD GolgiStop

(monensin) inhibitor, fixed and permeabilized with BD Cytofix/Cytoperm buffer, and then stained with antibodies against the indicated

cytokines. At 6 days there were signifi cant numbers of cells expressing IL-17A, with numbers of cells increasing at day 10 and then leveling
off.

IFN- y IL-4 IL-17
25000 16000 3500
o 14000 3000
20000
— 12000 2500
2150 21" 7 2 200
B B 8000 | 2
10000 6000 1500
4000 1000
5000 il
2000 500 1
0 A 04 04
Day 6 Day 10 Day 14 Day 6 Day 10 Day 14 Day 6 Day 10 Day 14
Data comparing cytokine levels as a result of different polarization conditions. ETh ETh2 EThi7

Supernatants from cells were polarized toward a Th1, Th2, or Th17 phenotype and cytokine levels were measured by CBA. As anticipated,
each polarized condition resulted in the production of the signature cytokine associated with each Th cell type.
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Intracellular Signaling
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Th9, Th17, Tfh X Tregs °

v L1
IL-6
v IL21
Signaling pathway for Th17 cell differentiation . 'TLést_B
IL-6 stimulation leads to the phosphorylation at STAT3. TR
STAT3 in concert with ROR 7 T induced IL-17, the
signature cytokine of Th17 cells. g
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Fold Change
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T-cell activation profiles monitored with the BD Phosflow T Cell Activation Kit

The BD Phosflow™ Human T Cell Activation Kit is a comprehensive research system that uses flow cytometry to reliably determine the level
of key phosphorylated signaling proteins involved in T-cell activation. The histogram overlays to the right show CD4" and CD8" T-cell signaling
responses to treatment, monitored using the BD Phosflow Human T Cell Activation Kit. Response modifiers are described in the chart above.
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