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Cytotoxic Cells 

•  There are two main groups of cells that display cell-contact-

dependent cytotoxicity:  

•  Innate Immune System 
•  NK Cells 

•  Kill target cells after activation of activating and inhibitory receptors 

•  Adaptive Immune system 
•  CD8+ CTL 

•  ?CD4+ T-cells 



Cytotoxic Cells 

•  Despite differences in receptor recognition, the cytotoxic 

pathways used by both cells are similar: 
  Lytic organelles containing perforin and granzyme 

  TNF family death receptor e.g. Fas, TRAIL where binding promotes target cell 

apoptosis. 

Cytotoxic granules at the immune synapse 



NK Cells 

NK Cells display cytotoxic killing when activating signals outweigh 

the inhibitory signals 



NK Cells 

•  Rapidly activated by monocytes and dendritic cells expressing 

IL-15 

•  Kills target cells through polarised release of cytotoxic granules 

containing: 

  Perforin 

  Granzyme 

•  NK cells are able to kill infected and malignant cells 

•  Recognises absence of MHC-I expression “missing-self” via KIR 

family of receptors 

•  Prototypical NK-cell activating receptor is KLRK1/ NKG2D 

  Recognises various proteins on the surface of target cells 

produced in response to stress. 

•  Also undertake ADCC via expression of Fc receptor 



Measuring NK Cell cytotoxicity: 51Cr release assay (CRA) 

•  Historically 51Cr release assay used (1968): 

•  Target cells (erythroblastic leukemia cells) are loaded with 51Cr and 

incubated with PBMC 

•  Release of 51Cr into cell supernatant used as a marker of cytotoxicity 

•  Advantages: Easy to perform, reproducible 

•  Disadvantages: reliance on effector: target cell ratio 

•  Low results may be result of low NK number or dysfunction 



Alternatives to the CRA 

Zaritskaya et al Expert Rev Vaccines 2010 



Measuring NK Cell cytotoxicity: LAMP1/CD107a assay 

•  Measures release of cytotoxic granules. 

•  The membrane of cytotoxic granules contains specific proteins e.g. 

LAMP1 transiently expressed on the surface of NK Cells which can be 

detected by flow cytometry 

•  Can use a wide range of stimuli e.g. malignant cells that do not express 

MHC1, or that are opsonised 

•  Measurement of degranulation correlated with NK cytotoxicity assays 

•  Advantages:  

  More precise than CRA in terms of measuring NK cells 

  Can be combined with expression of cytokine/chemokine production 

markers 

  Able to obtain additional information regarding NK cell activation, 

maturation 



Measuring NK Cell cytotoxicity: LAMP1/CD107a assay 

Bonanno et al BMC Immunology 2009 

•  Degranulation assay with cytokine-differentiated NK Cells 



Measuring NK Cell cytotoxicity: multi-parameter flow 
cytometry 

Viel et al Oncolmmunology 2013 



Measuring NK Cell cytotoxicity: Future Directions 

•  NK Cell repertoire 

  NK Cell repertoire can also be estimated using antibodies against KIR and 

NKG2D receptor families 

  A recent study using a panel of 5 antibodies demonstrated 27 different NK Cell 

populations based on differential expression of the 5 receptors analysed 

•  Measurement of intracellular mediators 

  E.g. Perforin, Granzyme 

  Transcription factors e.g. T-bet and EOMES can be measured by molecular 

biology methods  

•  Gene expression 

  Emerging studies have used microarray profiling of NK Cell function in both 

healthy volunteers and patients with malignancy 

  Can also be used in diseases and healthy tissue from the same patient 

  This area remains in currently in the research domain 



Measuring T-cell cytoxicity 

•  CTL require three signals to activate: TCR engagement with MHCI+ 

non-self peptide, co-stimulation and cytokines 

•  Unlike nAb titres for B-cell responses, there is a lack of consensus 

on a standardised T-cell assay format able to be used as a correlate 

of vaccine efficacy 

•  This is a particular problem for the field of vaccine development, 

particularly modern vaccines aimed at  promoting T-cell responses 

against e.g. malaria, TB, HIV, malignancy, autoimmunity 

  Two pathways of CTL 

mediated cell death 



Assays for measuring T-cell responses to vaccines 

Saade et al Expert Rev Vaccines 2012 

  These tests do not measure the same 
processes 

  Measurement of several parameters 
may be more advantageous 



Measuring T-cell cytoxicity 

•  In animal models lymphocytes isolates from the spleen, BM and 

lymph nodes however in humans we are largely limited to 

PBMC responses which may be a flawed model. 

•  PBMC isolation and processing may impact on T-cell function 



CTL assays: CRA 

•  CTL historically measured by evaluating lysis of 51Cr labeled 

target cells loaded with MHCI restricted antigen. 

•  Labeled cells then incubated with CTL at defined target: 

effector cell ratios where the effector cells have been 

expanded with IL-2. 

•  Disadvantages: low sensitivity, radioisotypes, high inter-

experiment variability, high background levels, difficult in 

obtaining autologous tumour targets, semi-quantitative 



CTL assays: LDH measurement 

•  Other assays aim to measure markers of apoptosis or 

necrosis of target cells 

•  LDH can be measured colourmetrically as it is present in the 

cytoplasm of all eukaryotic cells and released into the 

supernatant following cell damage. 
•  LDH levels correlated with CRA but are less sensitive 

•  Alternatively target cells can be labeled with compounds 

which after lysis can be quantified by fluorescence 

measurement e.g. europium 

•  Advantage: higher sensitivity that CRA, cells can be stored 

frozen for later measurement 



CTL assays: luciferase reporter genes 

•  Target cells can be transfected with a reporter gene system e.g. 

luciferase. Following incubation with CTL the level of luciferase 

reporter in the remaining viable cells can be measured, this 

inversely related with target cells death. 



CTL assays: ELISPOT 

•  ELISPOT can be used to detect granzyme B or perforin release from 

activated CTL and show a good correlation to CRA 

•  Advantages: Can monitor CTL frequency and function 

•  IFN-γ ELISPOT is one of the most popular methods, but this is only a 

surrogate marker of cytotoxicity 

•  Spot-forming units “SPU” are semi-quantitated on specialised plate 

readers 



CTL assays: Flow cytometry 

•  The disadvantage of many CTL assays is the inability to further 

characterised the cytotoxic cells, which is an advantage of multi-

parameter flow cytometry 

•  CTL can be identified by detected of: 

  CD107a 

•  Apoptotic target cells can be identified by: 

  Cleaved/activated caspase 

  Annexin V 

  Uptake of fluorescent DNA probes (7-AAD or propidium iodide 

•  A sensitive CTL assay combines the use of a tracker dye to label target 

cells with an antibody to activated caspase-3 

•  This assay has shown good correlation to CRA 



CTL assays based on flow cytometry 

•  Advantage: multi-parameter measurement and high-speed analysis 

•  Can detect: 

•  Effector cell: 

  FasL 

  Granzyme/Perforin 

•  Apoptotic cells 

  Fas 

  Caspase activation (secondary to both Fas/FasL and perforin/

granzyme pathway) 

  Annexin V (binds PS normally on inner leaflet of cell membrane) 

  PI uptake 

  7-AAD uptake 



CTL assays based on flow cytometry 

•  Stepwise maturation of lytic granules along CTL differentiation 

Sanchez-Ruiz Y et al PLOS One 2011 



CTL assays based on flow cytometry 

•  CD4+ CTL clones express granzyme B, TRAIL, TNF-α and low levels of 

CD107a, but not perforin 

Inderberg-Suso et al Oncoimmunol 2012 



CTL assays based on flow cytometry 

•  Identification of circulating antigen-specific CD4 T lymphocytes with a 

CCR5,cytotoxic phenotype in an HIV-1 long-term non-progressor 

Zaunders et al Blood 2004 



CTL assays based on flow cytometry 

1.  Target cell labeling with 
fluorescent dye 

2.  Detection of activated caspase or 
granzyme B in target cell 

3.  Detection of apoptosis by 
Annexin V 

4.  Uptake of intercalating DNA dye 
into dying cell 

5.  Effector cell degranulation 107a 

6.  Effector cytokine measurement 
(indirect) 

7.  Effector MHC tetramer (examines 
frequency and phenotype of cells 
not cytotoxicity) 

8.  Phenotyping activation markers 

9.  Uptake of target membrane or 
antigen by effector cells 

10.  Detection of effector-target 
conjugate formation 

Zaritskaya et al Expert Rev Vaccines 2010 



Conclusions 

•  Despite the importance of cell mediated immunity for clinical 

outcomes, immune responses measured by current methods do 

not often correlate clinically 

•  Flow cytometry has advantages over other methods including 

avoidance of radioactive compounds, detection at single cell 

level, evaluation of both effector and target cell 

•  There is good correlation between flow cytometric assays and 

ELISPOT 


