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INTRACELLULAR FLOW CYTOMETRY 
Validation and Optimization 
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Part 1: 

Introduction to Cell Signaling Technology 

What is intracellular Flow Cytometry 

Antibody validation for Flow Cytometry 

Fluorescent-conjugated antibodies 

Part 2: 

Protocol optimization for the detection of intracellular 
targets 

Uses of intracellular Flow Cytometry 

FAQ 
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Cell Signaling Technology (CST) 
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“To deliver the world’s highest quality research products that accelerate 
biological understanding and enable personalized medicine” 

Dedicated to making high 
quality products 

Rigorous validation of products 
in several applications 

Technical support provided by  
CST scientists 



CST develops rabbit monoclonal antibodies 

§  Signal transduction targets are highly conserved in 
mice, rats and humans 

§  Rabbits elicit a stronger immune response  

§  Simpler structure: 

‒  No IgG subclasses 

‒  Fewer amino acids at the N-terminus and D-E loop 

‒  Extra light-chain disulfide bond gives greater stability 

§  Higher binding affinity: Increased sensitivity 

§  Robust reproduction 

© 2014 Cell Signaling Technology, Inc. 
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Flow cytometry 



CST product expertise 
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Flow cytometry 
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How does intracellular flow cytometry work? 
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Flow Cytometry 

CD4+ cells 

Perez & Nolan, 2002. Nat. Biotech. 

 Distinguish Th4 cell status 

Memory and naïve Th4 cells display 
different protein activation status 
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Analysis of cellular signaling by western blot and flow cytometry 
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Flow Cytometry 
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§ Ability to analyze rare cell subsets  

Analysis of Syk activation in B cells using PBMCs 

Phospho-Syk (Tyr525/526) 
(C87C1) Rabbit mAb #2710 
(1:1000) 
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Analysis of cellular signaling by western blot and flow cytometry 
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Flow Cytometry 
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Antibodies for Intracellular Flow Cytometry 
The importance of validation 
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Antibody validation at CST 

CST scientists follow a stringent validation 
protocol : 
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§  Negative vs. positive control samples: 
‒ Expressing vs. non-expressing cell line 
‒ Modulated vs. un-modulated 
‒ Test antibody vs. isotype 

§  Signal to noise ratios 

§  Titration curve of S/N values to determine optimal 
working concentration 

§  Testing in multiple applications 

Flow Cytometry 
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Validation of flow cytometry antibodies: Performance 
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Flow Cytometry 

BrdU (Bu20a) Mouse mAb #5292 
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§  Serial titration to determine optimal working dilution of each antibody 
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Validation of flow cytometry antibodies: Specificity 
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Flow Cytometry 

n  Rabbit (DA1E) mAb IgG XP® Isotype Control #3900  
n  CREB (D76D11) Rabbit mAb Antibody #4820  

Ev
en

ts

CREB

§  Comparison with isotype control antibodies to distinguish 
specific from non-specific binding 
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Validation of flow cytometry antibodies: Specificity 
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Flow Cytometry 

Zap-70 (136F12) Rabbit mAb (Alexa Fluor® 647 Conjugate) #2707 

Ev
en

ts
 

   
   

   
   

  

Zap-70 (Alexa Fluor® 647 Conjugate) 

Jurkat

Ramos

100 101 102 103

CD3-PE

100

101

102

103

Za
p7

0 
(A

le
xa

 F
lu

or
®
 6

47
)

Ramos

Jurkat

n  Ramos 
cells (Zap -) 

n  Jurkat cells 
(Zap +) 

Zap70 (AlexaFluor® 647) 

§  Positive and negative cell line analysis to verify antibody specificity 
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Validation of flow cytometry antibodies: Specificity 
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Flow Cytometry 

Phospho-Stat3 (Tyr705) XP® Rabbit mAb (Alexa Fluor® 647 
Conjugate) #4324 

Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) 
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§  Activation-state specificity testing using pathway-specific inhibitors or activators 
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Validation in flow cytometry: Activation state-specific antibodies  
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Flow Cytometry 

Untreated 

EGF Receptor (D38B1) XP® Rabbit mAb (Alexa Fluor® 488 Conjugate) 
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§  Phospho-specificity verified by simultaneous analysis of total and phosphorylated 
protein expression 
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Flow cytometry 

A549 + EGF 

Validation in flow cytometry: activation state-specific antibodies 
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GREEN = antibody  BLUE = DRAQ5® #4084 (nuclei) 

Phospho-EGF Receptor 
(Tyr1068) (D7A5) XP® 
Rabbit mAb #3777 

EGF Receptor (D38B1) XP® 
Rabbit mAb #4267 

A549 Untreated 

HeLa + EGF 

A549 + EGF 

HeLa Untreated 



The importance of validating in multiple applications 
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Flow Cytometry 

Phospho-Stat5 (Tyr694) (D47E7) XP® Rabbit mAb #4322 and competitor antibody 



Antibody development and flow cytometry testing 
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Flow Cytometry 

Target 
selection 

Antigen design 
and 

immunization 

Purification Final antibody HTS primary 
screen 

XMT® clonal 
expansion 

Monoclonal 
scale up 

Flow cytometry testing performed at each stage 

Application Priority Identified 
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Flow cytometry screening during early antibody development 

Flow cytometry 
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Clone 8E5 

Western blot with 
flow cytometry 
positive clones  

Western blot with 
ELISA positive 

clones  



High throughput screen by flow cytometry 

Flow Cytometry 
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The image cannot be displayed. Your computer may not have enough memory to open the 
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Antibody validation at CST 

CST scientists follow a 
stringent validation protocol 

to provide you with: 

21 

§  Antibodies with guaranteed 
specificity 

§  Antibodies guaranteed to work in 
your application 

§  An optimized protocol for each 
antibody 

 

Flow Cytometry 

© 2014 Cell Signaling Technology, Inc. 



Is my antibody validated for flow cytometry? 

22 

Flow Cytometry 

© 2014 Cell Signaling Technology, Inc. 



Antibodies for Flow Cytometry 
Fluorescently-labeled antibodies 

23 
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Conjugated antibodies at CST 

Conjugated antibodies are required for 
multiplexing with flow cytometry 

24 

§  CST™ antibodies plus: 
‒ AlexaFluor® 488, 555, 594, 647 
‒ Pacific Blue 
‒ R-Phycoerythrin (PE) 

§  Only antibodies validated for flow 
cytometry are conjugated 

§  Optimized in-house conjugation  

§  Tested and validated for fluorescent 
imaging and/or flow cytometry 

 

Conjugated Antibodies 

© 2014 Cell Signaling Technology, Inc. 



Benefits of intracellular flow cytometry with AlexaFluor® 

25 

§  Full spectrum coverage 

§  Brighter fluorescence output than 
similar fluorochromes 

§  Highly photostable 

§  Smaller: easier cell penetration 

§  Alexa 555 and 594 not regularly 
used for flow cytometry (561nm 
laser required) 

§  Custom conjugations on request 
on flow validated antibodies 

 

Conjugated Antibodies 

Fl
uo

re
sc

en
ce

 

DAPI/
Hoescht 488 555 594 647 

© 2014 Cell Signaling Technology, Inc. 



Protocol optimization 
Detecting intracellular targets 

26 
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Preparing your samples for intracellular flow cytometry 

27 

Critical points for good flow cytometry 

§  Starting samples: cultured cells, adherent cells, 
blood, tissue-derived cells 

§  Cell manipulation 

§  Antibody specificity 

§  Cell fixation and permeabilization 

Protocol 

© 2014 Cell Signaling Technology, Inc. 

Currently, flow cytometry can be performed on samples labeled with up to 17
fluorescence markers simultaneously1. Therefore a single experiment can yield
a large set of data for analysis using various two-parameter histograms.

Intracellular antigens
Staining intracellular antigens like cytokines can be difficult because
antibody-based probes cannot pass sufficiently through the plasma
membrane into the interior of the cell. To improve the situation, cells should
first be fixed in suspension and then permeabilized before adding the
fluorochrome. This allows probes to access intracellular structures while
leaving the morphological scatter characteristics of the cells intact. Many
commercial kits are available today that provide the reagents to carry out
these crucial steps e.g. LeucopermTM (see Figure 15).

C H A P T E R  3 21

1Perfetto, S. et al (2004)   Seventeen colour flow cytometry: unravelling the immune system.
Nature Reviews Immunology 4:648–655

FIGURE 15 LeucopermTM used in conjunction with an antibody that recognizes MOMA-2, an
intracellular antigen in mouse macrophages and monocytes. After fixation and
permeabilization (b), notice how distinctive the positive dataset becomes.

(a) BEFORE

(b) AFTER

Flow Cytometry ipl.qxd  11/12/06  11:15  Page 21

Currently, flow cytometry can be performed on samples labeled with up to 17
fluorescence markers simultaneously1. Therefore a single experiment can yield
a large set of data for analysis using various two-parameter histograms.

Intracellular antigens
Staining intracellular antigens like cytokines can be difficult because
antibody-based probes cannot pass sufficiently through the plasma
membrane into the interior of the cell. To improve the situation, cells should
first be fixed in suspension and then permeabilized before adding the
fluorochrome. This allows probes to access intracellular structures while
leaving the morphological scatter characteristics of the cells intact. Many
commercial kits are available today that provide the reagents to carry out
these crucial steps e.g. LeucopermTM (see Figure 15).

C H A P T E R  3 21

1Perfetto, S. et al (2004)   Seventeen colour flow cytometry: unravelling the immune system.
Nature Reviews Immunology 4:648–655

FIGURE 15 LeucopermTM used in conjunction with an antibody that recognizes MOMA-2, an
intracellular antigen in mouse macrophages and monocytes. After fixation and
permeabilization (b), notice how distinctive the positive dataset becomes.

(a) BEFORE

(b) AFTER

Flow Cytometry ipl.qxd  11/12/06  11:15  Page 21

No Fix & Perm protocol 

Fix & Perm 

Negative 
staining 

Positive 
staining 

Negative 
staining Positive 

staining 



The importance of fixation and permeabilization  

28 

Protocol 

Krutzik and Nolan (2004) Cytometry 55A:61-70 

Forward/side scatter analysis Analysis of phospho-Stat1 

© 2014 Cell Signaling Technology, Inc. 



The effect of fixation and permeabilization 

29 

Protocol 

4% Formaldehyde 
90% Methanol 

4% Formaldehyde 
0.3% Triton X-100 

Commercial Fix&Perm Kit 
(aldehyde/saponin) 

p-Erk 

p-p38 

Mean Fluorescence intensity 

© 2014 Cell Signaling Technology, Inc. 



Intracellular flow cytometry standard protocol 

30 

Protocol 

What is your 
starting material? 

http://www.cellsignal.com/support/protocols 

4% Formaldehyde 
10 min, R.T. 

1ml 100% methanol 
drop-wise and cold 

(90% F.C.) 

PBS/ 5% NGS  
+ 

105-106 cells/sample 
+ 

Recommended antibody 
dilution 

In flow buffer 

Cell 
treatment 

Single cell 
suspension 

Cell viability 

Fixation Permeabilization Staining Analyze 

Many cell surface markers are sensitive to fix & perm and will not 
be recognized by the relevant antibodies after such procedures! 

© 2014 Cell Signaling Technology, Inc. 



Alternate fix & perm protocol 

31 

Protocol 

4% Formaldehyde + 0.1% Triton X-100 + 50% Methanol 

A majority of surface markers are affected by methanol treatment: A different 
protocol is needed for the joint analysis of intracellular and surface markers 

© 2014 Cell Signaling Technology, Inc. 



Flow cytometry alternate protocol 

32 

Protocol 

Collect blood in 
heparin or EDTA 

coated tubes 

Add fixative; 15m, RT Add 1ml 0.1% 
Triton-X 100, 30m 

Wash 2x (there 
may still be a 

pellet of RBCs) 

Aspirate supernatant. Add ice-
cold 50% methanol drop-wise, 

while gently vortexing; 10m 

Add 1ml buffer and wash 
by centrifugation; remove 

supernatant 
Add antibody diluted as 
recommended. Incubate 
30m on ice, in the dark 

© 2014 Cell Signaling Technology, Inc. 

Aliquot 100ul of blood into a FACS 
tube; add treatment if necessary  



Comparing both fix and perm protocols 

4% formaldehyde RT 10m 

90% ice cold MeOH -20ºC 10m 

4% formaldehyde RT 10m 

0.1% Triton X-100 RT 30m 

50% ice cold MeOH at -20ºC10m 

33 

Protocol 

CD19 (FITC) CD19 (FITC) 

© 2014 Cell Signaling Technology, Inc. 
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Phospho-p44/42 MAPK 
(Erk1/2) (Thr202/Tyr204) 
(D13.14.4E) XP® Rabbit 
mAb (Alexa Fluor® 488 
Conjugate) #4344 

Phospho-S6 Ribosomal 
Protein (Ser240/244) 
(D68F8) XP® Rabbit mAb 
(Alexa Fluor® 488 
Conjugate) #5018 

Alternate protocol preserves phospho-epitopes and dynamic 
range 

Flow cytometry 

Mean Fluorescence intensity 

34 
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Ansgar Phillipsen, University of Basel 

Fixation/Permeabilization protocol for transcription factors 

§  Some transcription factors are less 
accessible to antibodies 

§  Cross-linking of amine groups by 4% 
formaldehyde may be making the epitope 
inaccessible. 

§  Modification of fix/perm protocol may be 
necessary: 

§  Fixation: 2% formaldehyde final 
concentration, 15 min. at room temp. 

§  Permeabilization: 0.1% Triton X-100, 30min 
at room temp 

Flow cytometry 

35 
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FoxP3+ T Regulatory cells (T-Regs) 

§  CD4+T Reg characterized by expression of forkhead transcription factor FoxP3 

Flow cytometry 

36 

© 2014 Cell Signaling Technology, Inc. 

Mouse cells #12653 Human cells #12632 



Uses of Intracellular Flow Cytometry 
From the membrane to the nucleus 

37 
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Uses of intracellular flow cytometry 

38 

§ Active kinase states in cell subsets 

§  Identification of unique signaling 
profiles 

§ Analysis of cell cycle, apoptosis and 
autophagy 

§ Pluripotency and stem cells 

§ Metabolic responses 

Flow Cytometry 

© 2014 Cell Signaling Technology, Inc. 



Intracellular flow cytometry and signaling 

39 

Flow Cytometry 

A combination of flow 
cytometry and activation-state 

specific antibodies enables 
the multi parametric analysis 

of intracellular complex 
biological processes in 
heterogeneous samples 

© 2014 Cell Signaling Technology, Inc. 



Intracellular flow cytometry and cell signaling 

40 

Flow Cytometry 

Basal and activation induced signaling samples from lymphoma patients and healthy donors, BMC Cancer, 2012 

§  Differences in signaling properties between B and T cell subsets from SLL/CLL and MZL patient samples 

§  Opportunity to personalize inhibitor treatment in B cell Lymphoma cells 

© 2014 Cell Signaling Technology, Inc. 



Intracellular flow cytometry in immunology 

41 

Flow Cytometry 

13Unparalleled Product Quality, Validation, and Technical Support   www.cellsignal.com12 Application and Reactivity Keys, pg 3.               Monoclonal Antibody. Please see page 2 for details.

 The ability of mIGF-I to induce phosphorylation of Akt 
was assessed. After serum starvation, NIH/3T3 cells 
were treated with increasing concentrations of mIGF-I 
for 10 min. Cells were lysed, and phospho-Akt was 
quantified using PathScan® Phospho-Akt (Thr308) 
Sandwich ELISA Kit #7252. OD450 is shown.
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 The purity of recombinant mIGF-I  
was determined by SDS-PAGE of 6 µg  
reduced (+) and non-reduced (-) 
recombinant mIGF-I and staining 
overnight with Coomassie Blue.

 Western blot analysis of extracts from NIH/3T3 cells, 
untreated or treated with increasing concentrations 
of mIGF-I for 10 min, using Phospho-Akt (Ser473) 
(D9E) XP® Rabbit mAb #4060 (upper) and Akt1 
(C73H10) Rabbit mAb #2938 (lower).

 The proliferation of TF-1 cells treated with increasing 
concentrations of hIL-6 was assessed. After 48 
hr treatment with hIL-6, cells were incubated with 
a tetrazolium salt and the OD450 - OD650 was 
determined.
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 The purity of recombinant hIL-6 
was determined by SDS-PAGE of  
6 µg reduced (+) and non-reduced 
(-) recombinant hIL-6 and staining 
overnight with Coomassie Blue.

 Western blot analysis of extracts from  
TF-1 cells, untreated or treated with hIL-6 
for 10 min, using Phospho-Stat1 (Tyr701) 
Antibody #9171 (upper) and Stat1 Antibody 
#9172 (lower).

Bioactive Cytokines and Growth Factors

New #8445 Human C-C Motif Chemokine 3 (hCCL3/MIP-1-α)

#3583 Human CD40 Ligand (hCD40L)

#5717 Human Cystatin C (hCystatin C)

#8916 Human Epidermal Growth Factor (hEGF)

New #5331 Mouse Epidermal Growth Factor (mEGF)

#5493 Human Epigen

New #6980 Human Erythropoietin (hEPO)

#5494 Human Epiregulin

#5452 Human His6Fas Ligand/TNFSF6 (hHis6FasL)

New #8910 Human Basic Fibroblast Growth Factor (hFGF basic/FGF2)

#5234 Human FGF acidic (hFGF acidic)

#5414 Mouse Basic Fibroblast Growth Factor (mFGF basic/FGF2)

#8924 Human Fms-related Tyrosine Kinase 3 Ligand (hFLT3L)

#8930 Human Granulocyte Colony Stimulating Factor (hG-CSF)

#8922 Human Granulocyte Macrophage Colony Stimulating Factor 
(hGM-CSF)

#5191 Mouse Granulocyte Macrophage Colony Stimulating Factor 
(mGM-CSF)

#8927 Human Interferon-α1 (hIFN-α1)

#8901 Human Interferon-γ (hIFN-γ)

New #5222 Mouse Interferon-γ (mIFN-γ)

#8917 Human Insulin-like Growth Factor I (hIGF-I)

New #9897 Mouse Insulin-like Growth Factor I (mIGF-I)

New #5238 Human Insulin-like Growth Factor II (hIGF-II)

#5236 Human Interleukin-1α (hIL-1α)

#5273 Mouse Interleukin-1α (mIL-1α)

#8900 Human Interleukin-1β (hIL-1β)

#5204 Mouse Interleukin-1β (mIL-1β)

#8907 Human Interleukin-2 (hIL-2)

#5454 Human Interleukin-2 (hIL-2) (mammalian derived)

#5201 Mouse Interleukin-2 (mIL-2)

#8918 Human Interleukin-3 (hIL-3)

#8923 Mouse Interleukin-3 (mIL-3)

#8919 Human Interleukin-4 (hIL-4)

#5208 Mouse Interleukin-4 (mIL-4)

#8904 Human Interleukin-6 (hIL-6)

New #5216 Mouse Interleukin-6 (mIL-6)

New #8170 Human Interleukin-7 (hIL-7)

#5217 Mouse Interleukin-7 (mIL-7)

New #8921 Human Interleukin-8 (hIL-8)

#8903 Human Interleukin-10 (hIL-10)

#5358 Human Interleukin-10 (hIL-10) (mammalian derived)

New #5261 Mouse Interleukin-10 (mIL-10)

#8905 Human Interleukin-13 (hIL-13)

#5242 Mouse Interleukin-13 (mIL-13)

#8928 Human Interleukin-17A (hIL-17A)

#5227 Mouse Interleukin-17A (mIL-17A)

New #9584 Mouse Interleukin-17B (mIL-17B)

#8906 Human Interleukin-17F (hIL-17F)

#8920 Human Interleukin-21 (hIL-21)

#8931 Human Interleukin-22 (hIL-22)

#5224 Mouse Interleukin-22 (mIL-22)

New #5725 Mouse His6Interleukin-27 (mHis6IL-27)

#5164 Human Interleukin-28A (hIL-28A/IFN-λ2)

New #8796 Human Interleukin-28B (hIL-28B/IFN-λ3)

#5183 Human Interleukin-29 (hIL-29)

New #5719 Human Leptin/OB (hLeptin)

#8929 Human Macrophage Colony Stimulating Factor (hM-CSF)

New #5228 Mouse Macrophage Colony Stimulating Factor (mM-CSF)

#5221 Human β-Nerve Growth Factor (hβ-NGF)

#5218 Human Neuregulin-1 (hNRG-1)

New #5237 Human Neurotrophin-3 (hNT-3)

New #5592 Human Neurotrophin-4 (hNT-4)

New #5367 Human Oncostatin M (hOSM)

#5371 Mouse Oncostatin M (mOSM)

#8912 Human Platelet-Derived Growth Factor BB (hPDGF-BB)

#8913 Human Platelet-Derived Growth Factor AA (hPDGF-AA)

#8925 Human Stem Cell Factor (hSCF)

New #5223 Mouse Stem Cell Factor (mSCF)

New #5712 Human Stromal Cell-derived Factor 1β/CXCL12 (hSDF1β)

#5495 Human Transforming Growth Factor α (hTGF-α)

#5154 Human Latent Transforming Growth Factor β1 (hLatent TGF-β1)

#8915 Human Transforming Growth Factor β1 (hTGF-β1)

#5231 Mouse Transforming Growth Factor β1 (mTGF-β1)

#8406 Human Transforming Growth Factor β2 (hTGF-β2)

#8425 Human Transforming Growth Factor β3 (hTGF-β3)

#8902 Human Tumor Necrosis Factor-α (hTNF-α)

#4698 Mouse His6Tumor Necrosis Factor-α (mHis6TNF-α)

#5178 Mouse Tumor Necrosis Factor-α (mTNF-α)

New #8230 Human Lymphotoxin-α/TNF-β/TNFSF1 (hLT-α)

New #8460 Human His641BB Ligand/TNFSF9 (hHis64-1BBL)

New #5413 Human His6BAFF/TNFSF13B (hHis6 BAFF)

New #5233 Human BAFF/TNFSF13B (hBAFF)

New #8012 Human His6Thymic Stromal Lymphopoietin (hHis6TSLP)

#5314 Mouse Vascular Endothelial Growth Factor-120 (mVEGF120)

#8908 Human Vascular Endothelial Growth Factor-121 (hVEGF121)

#5211 Mouse Vascular Endothelial Growth Factor-164 (mVEGF164)

New #5874 Rat Vascular Endothelial Growth Factor-164 (rVEGF164)

#8065 Human Vascular Endothelial Growth Factor-165 (hVEGF165)

The world’s highest quality research antibody provider has extended 
its expertise to Cytokine and Growth Factor production.

Quality
::  Most are greater than 98% pure as demonstrated 

by SDS-PAGE.
::  Endotoxin levels are tested by the LAL assay  

and are less than 0.01 ng/µg cytokine.
::  Reduced and non-reduced protein is run  

on SDS-PAGE.
::  ED50 or maximum 50% response is determined  

by a standard cell based assay for every lot.
::  Several lots are tested side-by-side to ensure 

consistent bioactivity.
::  Bioactivity and purity data is shown on each 

product webpage and datasheet.

Consistency
::   Strict specifications are set and enforced.
::  Each lot is compared to previous lots for  

consistency in purity and bioactivity.
::  Lyophilized lots are quality assured for  

sterility and bioactivity.

Dependability
::  Products are produced in-house and  

ready to ship.
::  Products are available in multi-milligram sizes.
::  Most customers receive overnight delivery.
::  CST sales and technical support ensure the  

highest quality customer service support.

IL-6 (pink) is a potent inducer of the acute phase response and is produced by T cells, 
macrophages, fibroblasts, endothelial and other cells. IL-6 induces proliferation and 
di!erentiation, and in concert with TGF-β is important for developing Th17 responses. 
IL-6 binds to IL-6Rα (light blue) inducing gp130 (yellow) homodimerization. gp130 
homodimerization triggers the Jak/STAT cascade and the SHP2/Erk MAP Kinase 
cascade. IL-6, through increasing expression of proangiogenic VEGF, may contribute 
to metastatic breast cancer.

Mouse Insulin-like Growth Factor I (mIGF-I) #9897

Bioactivity Downstream SignalingPurity

Human Interleukin-6 (hIL-6) #8904

Bioactivity Downstream SignalingPurity

Analysis of changes in the level of 
cytokines secreted by immune 

cells provides information about 
inflammatory responses 
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Immunology: Analysis of inflammatory responses 
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Flow Cytometry 

IFN-γ (D3H2) XP® Rabbit mAb #8455 
Anti-rabbit IgG (H+L), F(ab')2 Fragment (Alexa Fluor® 647 Conjugate) #4414 
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Stem cell analysis by intracellular flow cytometry 
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Flow Cytometry 

The transcription factors Oct-4, 
Sox2 and Nanog are commonly 

used as markers for human 
embryonic stem cells 

nucleus 

β-catenin Smad2/3 Smad1/5/8Akt
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Activin/Nodal
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IGF
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Nanog
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gene
expression

hESC Markers:
  Oct-4
  Nanog
  Sox2
  SSEA 3/4
  TRA-1-60
  TRA-1-81

Oct-4, 
Sox2,
FoxD3, 
FGF4
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NTERA Differentiation Assay 

NTERA 2 cells: 

§  Pluripotent human embryonal carcinoma cell; can give rise to teratocarcinomas 

§  Developmental and biochemical properties similar to early embryonic stem cells 

§  Differentiates in response to retinoic acid (RA); is a model for neuronal cell differentiation 
(Lee et al., The Journal of Neuroscience, February 1986, 6(2): 514-521) 

Flow cytometry 

RA 14 days 

Marletaz et al.,,International Journal of Biological Sciences, Int J Biol Sci 2006; 2(2):38-47 
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Analysis of pluripotency by flow cytometry 
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Flow Cytometry 

Oct-4A (C30A3)  
Rabbit mAb (Alexa Fluor® 488 

Conjugate)#5177 

Sox2 (D6D9)  
XP® Rabbit mAb (Alexa Fluor® 647 

conjugate)#5067 

Nanog (D73G4)  
XP® Rabbit mAb (Alexa Fluor® 647 

Conjugate)#5448 
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Sox2 (Alexa Fluor® 647 Conjugate)
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Nanog (Alexa Fluor® 647 Conjugate)

n  Hela cells 

n  NTERA-2 
cells 
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NTERA Differentiation Assay 

Flow cytometry 
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5 day retinoic acid differentiation 
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§ Oct4 and Sox2 levels decrease significantly after 5 Day RA induction 



Analysis of apoptosis by flow cytometry 
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Flow Cytometry 

Apoptosis is a complex process 
that needs a multiparametric 

approached to be fully defined 
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Analysis of apoptosis by flow cytometry 

48 

Flow Cytometry 

TU
N

EL
 

Untreated Etoposide-treated 

Cleaved Caspase-3 (Asp175) Antibody (Alexa Fluor® 488 Conjugate) #9669 
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§ Caspase 3 activation represents one of the earliest and easily measurable 
markers of apoptosis 



Analysis of cell cycle phase-specific proteins 

49 

Flow Cytometry 

© 2014 Cell Signaling Technology, Inc. 

Cell-cycle analysis employs flow 
cytometry to distinguish cells in 
different phases of the cell cycle 



Using phospho-Histone H3 to study cell cycle 
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Flow Cytometry 

P-Histone H3 (Ser10) (D2C8) XP® Rabbit mAb (Alexa Fluor® 647 Conjugate) #3458 
Propidium Iodide (PI)/RNase Staining Solution #4087 

P-Aurora A (Thr288)/Aurora B (Thr232)/Aurora C (Thr198) (D13A11) XP® Rabbit mAb (Alexa Fluor® 488 Conjugate) #8525 
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§  Phosphorylation of Histone H3 is tightly correlated with chromosome condensation during 
both mitosis and meiosis 



Epigenetics flow cytometry 

Study of heritable changes in gene expression 
that occur independent of changes in the 

primary DNA sequence 

51 

§  Epigenetic modification include: methylation of 
DNA, modification of histones, modification of 
transcription factors 

§  Epigenetic aberrations well established in many 
diseases 

§  Epigenetic changes are reversible  

§  Current methods to study epigenetic changes  

‒  Western blot 

‒  Chromatin Immunoprecipitation (ChIP) 

Flow Cytometry 

Deficient Histone Acetylation in Acute Leukemia... 
Acta Haematologica, 2010, 123 
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Flow cytometry used to study epigenetic status 
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§  Expression levels of histone marks 
(methylation, acetylation) 
‒  Watson et al, Cytometry 2013 - Provides fix 

and perm optimizations! 

Flow Cytometry 
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§  Transcription factor-based cell sorting 
followed by DNA/RNA analysis 
‒  Pan et al., PLOSOne, 2011 



New Techniques! 
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ACD: CTCScope  

© 2013 Cell Signaling Technology, Inc. 
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§  Detection of circulating tumor cells 



Fluidigm: C1 

© 2013 Cell Signaling Technology, Inc. 
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§  Enabling Single-Cell Gene Expression Analysis in Rare Events 
Combining FACS and the C1Fluidigm System 



FAQs 
Your questions answered 

56 
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Sample preparation for intracellular flow cytometry 
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Troubleshooting 

§  All samples for flow cytometry must be in liquid suspension 

§  Tissues must be disaggregated into single cell suspension 

•  Mechanical disaggregation : Syringe plunger, cell strainer, scalpel blade 

•  Density separation: fycol gradient 

•  Chemical disaggregation: trypsin 

© 2014 Cell Signaling Technology, Inc. 



Can I do intracellular-flow in adherent cells?  
Will detachment methods alter significantly signaling events? 
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§  Intracellular flow can be successfully performed in 
adherent cells 

§  An internal control is necessary 

§  Detach cells prior to fix and perm 

§  PBS/EDTA preferred to trypsin or mechanical 
detachment methods 
•  Accutase - more specific for extracellular matrix 

molecules 
•  Commercial, enzyme-free cell dissociation buffers 

§  Remove dead cells prior to fix and perm and 
staining 

Your questions 

Human embryonic stem cell line BG01W 
stained with Oct 3/4 
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What fluorochromes do I use for intracellular targets? 
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§  Fluorochromes compatible with your cytometer 
(FACSCalibur A: blue, green, red and violet laser) 

§  Minimum Spectral Overlap – Avoid high 
compensation values 

§  Use the brightest fluorochrome for the lowest 
expressed protein – Stain index 

§  More stable and resistant to fixation fluorochrome 
for surface markers 

Your questions 

Maecker & Trotter, 2008 

Fluorochrome Stain Index 

PE-Cy5 353 

PE 302 

APC 278 

Alexa Fluor® 647 214 

PE-Cy7 139 

PerCP-Cy5.5 107 

Pacific Blue™ 80 

Alexa Fluor® 488 73 

Alexa Fluor® 700 61 

FITC 56 

APC-Cy7 37 

PerCP 37 
AmCyan 25 
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What can I use as a viability marker? 
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§  DRAQ7™ #7406: far-red fluorescent DNA dye 

§  Only stains membrane-comprised, dead or 
permeabilized cells 

§  Can be used in combination with GFP,  
AlexaFluor® 488 and PE (excitation: blue-to-red, 
emission: >675nm) 

§  Highly photo-stable 

§  Unique for real-time viability:  
‒  Smith et al., Cytometry A. 2013, 83 
‒  Akagi et al., Cytometry A. 2013, 83 

§  Unlike DAPI or PI does not need compensation 

Your questions 

Live Jurkat cells treated with Staurosporine 
#9953. Gated population represents 
DRAQ7™-positive apoptotic cells. 
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What can I use as a viability marker? 
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Your questions 

Live Jurkat cells treated with 
Staurosporine #9953. Gated population 
represents DRAQ7™-positive apoptotic 

cells. 

© 2014 Cell Signaling Technology, Inc. 

Viability 
marker 

Channel 
occupation 

Emission 
max 

DRAQ7™ Allows all 4 major 
colors 694 

7-AAD 
Occludes 

AlexaFluor 647 
(partially) 

647 

PI Occludes PE, 
APC 617 

TOTO-3 Accludes APC 642 

DAPI Occludes GFP 458 



How do I analyze cell cycle data? 
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§  Use of cyclins: cyclin A is expressed in late S and G2 phase and degraded during 
mitosis. Cyclin B1 is expressed during G1 phase 

§  Phospho-Histone H3: phosphorylation correlated to both mitosis and meiosis 

§  Bora: peak expression in G2 phase 

§  All antibodies can be plotted against each other or against DNA dyes (PI/DAPI) 

§  Jacobberger et al., 2011. Flow cytometry protocols, Methods in Molecular Biology, Gong 
et al., 2008 Cell proliferation 

Your questions 
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Technical support 
Our help to you 
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Technical support 

The same scientists who develop and validate all 
CST™ antibodies are available as technical 

resources to help you at any stage in your research 

64 

Application support provided by the Flow 
Cytometry group 

§  Protocol-fixation/perm/staining 

§  Antibody concentrations 

§  Has antibody been tested/validated for flow 
cytometry? 

§  Recommendations for the best antibody for 
your experiment when multiple options are 
available 

Flow Cytometry 

Contact us at: 
eusupport@cellsignal.eu 
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Optimized protocols available 

The most common troubleshooting cases 
can be solved using CST optimized protocols 

65 

§  We test our products to obtain the best 
possible results 

§  We strongly recommend using our 
optimized application-specific 
protocols for each product 

§  These guarantee accurate and 
reproducible results 

Flow cytometry 
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Take-home message 

When in doubt, ask us! 

 eusupport@cellsignal.com 

66 

§ Antibody-antigen interactions are 
complex - No protocol fits all  

§ Your assay is only as good as your 
reagents 

§ Don’t assume any commercial antibody 
will work with your assay: Carefully 
review validation procedures 

§ CST validates each antibody and 
optimizes protocols for flow cytometry 

 

Flow cytometry 

Cell 
health 

Platform 
Performance 

Reagents 
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About Us 

Founded by research scientists in 1999, Cell Signaling Technology (CST) is a private, family-owned company with over 400 
employees worldwide. Active in the field of applied systems biology research, particularly as it relates to cancer, CST understands the 
importance of using antibodies with high levels of specificity and lot-to-lot consistency. It’s why we produce all of our antibodies in house, 
and perform painstaking validations for multiple applications. And the same CST scientists who produce our antibodies also provide 
technical support for customers, helping them design experiments, troubleshoot, and achieve reliable results. We do this because that’s 
what we’d want if we were in the lab. Because, actually, we are.  
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About us 
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Thanks for listening! 


