
• We first investigated primate cross-
reactivity of antibodies, because, vaccine & 
pathogenesis studies use non-human 
primates.
• With few exceptions, cytokines well above 
limit of detection across species.
• Exceptions observed in cyno’s (n=3).
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Introduction

Typically, antigen (Ag)-specific T-cell responses are 
recognized by production of only one cytokine (IFNγ).

However, many Ag-responsive cells do not make IFNγ.

• Therefore, most assays cannot capture all Ag-responsive cells 
or report the full breadth of a response.

• Even ICS assays for IFNγ, IL2, TNFα may mark only a subset 
of Ag-responsive cells.

This problem may be avoided by testing additional cytokines.

• However, often it’s not clear whichwhich cytokines should be 
measured.

Recently, a flow cytometry-based assay (BD Biosciences) has 
been developed for measurement of 20+ cytokines.

Here, we test the primate cross-reactivity of kit’s antibodies.

and determine the cytokines associated with a vaccine’s 
ability to protect animals from SIV challenge.

Application to
Vaccine Development

Recent studies of acute SIV infection

60-80% of memory CD4+ T-cells lost from peripheral blood and 
mucosa within two weeks.  Extent of loss predicts survival time.

Prophylactic vaccination*

Reduced memory CD4+ T-cell loss, lessened disease severity.

It remains unclear which immune responses mediate protection.

Cytokine responses to vaccination

Typically assessed by measuring IFNγ, IL2, and/or TNFα, but these 
may not be sensitive markers for vaccine-induced immunity.

Do other cytokines correlate better with protective immunity?
We used a multiplexed cytokine assay to address this.

*Vaccine regimen

DNA plasmids encoding SIVmac239 env, gag-pol, administered IM
thrice, followed by rAd boost.  Animals challenged with SIV.  
(Mattapallil, et al.  J. Exp Med. 2006; J. Med. Primatol. 2006)

Assay Background

Cytokine Bead Array, Flex Set (BD Biosciences)

Secretion Assay
Cytokines are measured in the supernatant of stimulated cell cultures

Kit Components
Fluorescent Beads + Cytokine Capture Antibodies
Cytokine Detection Antibodies

Six hours to perform

3-color fluorescence read on a flow cytometer

• Each bead population is coated with antibodies to one cytokine.

• Each bead population contains a particular ratio of fluorescent dyes, 
measured in G660 (green laser, 660nm) and R660 (red laser, 660 nm) 
channels of our cytometer.

• 25 vials of beads, one for each cytokine.

Principle of the Assay
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• Beads incubated with culture supernatant.

• PE-conjugated anti-cytokine antibodies are added.

• Like a sandwich ELISA.

• More cytokine = more PE signal.

• Compare relative fluorescence or quantify with standards.

Cytokines Measured
CYTOKINE SOURCE TARGET NOTABLE 

IL1  Monocytic, Dendritic  Fever, Inflammatory 
IL2 T T, B, NK T Cell Growth Factor 
IL4 T, Mast, Basophil T, B, Others TH2, IgG1, IgE 
IL5 T Eosinophils Primarily in Allergy 
IL6 Many: Macrophage, 

Endothelial 
Many  

IL7 Stromal, Epithelial T, B Homeostatic T Cell 
Signal 

IL8 Many Neutrophils Inflammatory, 
Migration of 
Neutrophils and T 

IL9 Activated T Unclear T Cell Growth Factor? 
But mature T cells 
don’t respond.  
Excess IL9 = Thymic 
lymphoma. 

IL10 T, NK, B Many Regulates Immune 
Responses in Multiple 
Ways 

IL12 APCs T, NK Inflammatory 
IFN  Activated T T, Macrophage  
TNF  Many Many Inflammatory 
MIP1  
MIP1  

Many Many Inflammatory, CC 
Chemokine, Binds 
CCR5 

IP10 Many T, NK CXC Chemokine, 
Binds CXCR3 

LTA T, B, NK  Req’d for Lymphoid 
Architecture 

MIG Many T Chemotactic for T 
ANGIOGENIN    

BASIC FGF    
GCSF Macrophages, Others Neutrophils Imp for Production of 

Neutrophils 
GMCSF Many: including T Neutrophils, 

Monocytic, Dendritic 
Increases Ag 
Presentation: # of 
APCs and Amt of 
MHCII 

RANTES Many Eosinophils, 
Basophils, T, 
Macrophage 

Chemotactic 
Chemokine 

EOTAXIN Many: not T Eosinophils, 
Basophils, TH2 T 

Chemotactic 
Chemokine, Asthma 
Allergy 

MCP1 Many Monocytic, T, NK, 
Eosinophils 

Chemotactic 
Chemokine 

FASL T, NK, Others Many: Esp. T cells Apoptosis 
 

MIP1β
IP10
IL12
IL10
IL9
FasL

Application
Cytokines in Acute SIV

• PBMC (cultured overnight without stimulation) 
release certain cytokines over acute infection.

• Cytokine kinetics mirror viral load, suggesting these 
cytokines are released as a consequence of in vivo
cell stimulation.

• Analysis of purified human T-cells (data not shown) 
demonstrates that many of these cytokines can be T-
cell derived.

• Thus, using a multiplexed screen for 25 cytokines, 
we found six that may be important in acute infection.

• Five of these cytokines are typically not measured 
by ICS.
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CytokineCytokine TissuTissuee(s)(s) May Reflect Immunity or Progression?May Reflect Immunity or Progression?

GCSF
GMCSF PBMC Immunity

IFNg PBMC Progression
PBMC Immunity
MESN Progression

IL2 MESN Immunity
IL4 MESN Immunity
IL5 PBMC Progression
IL6 PBMC Immunity
IL7 MESN Immunity

Jejunum Progression
PBMC Immunity

IL9 PBMC Progression
LTA PBMC Progression

MIP1a PBMC, MESN Immunity
MIP1b PBMC Immunity

RANTES MESN Immunity
TNFa PBMC Immunity

IL8

PBMC, MESN

IL10

Immunity

New Cytokines to Measure?

Antigen-Specific Cytokine Production
at Peak Viremia (Day 10 P.I.)

By Tissue

Next, we examined cytokine production upon stimulation with peptide pools 
from SIV gag and SIV pol proteins.

The cytokine signals contributed by unstimulated cells were subtracted; 
thus, data shows only the SIV gag- and pol-specific cytokine responses.
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SIV gag
Response
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Mesenteric
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PBMC from vaccinated animals make a number of cytokines (indicated by the 
symbol V) that are not made by PBMC from sham-injected animals.

These cytokines may reflect effective anti-SIV responses
induced in the vaccine-protected animals.

PBMC from sham-injected animals make a number of cytokines (indicated by 
the S) that are not made by the vaccinated animals.

These cytokines may correlate with the ineffective anti-SIV
responses occurring in natural SIV infection.

Cells from the mesenteric lymph nodes and jejunum of vaccinated animals
make cytokines not found in sham-injected animals.

These cytokines may reflect protective immunity.
Some of these cytokines were not observed in the peripheral blood.

SIV pol
Response

Sham

Vax
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Summary

• The cytokines associated with protective immune responses (or, 
conversely, disease progression) are not fully known.

Only a few cytokines (e.g., IFNg, IL2, TNFa, MIP1b) are usually studied.
Other cytokines may provide better correlates of immunity.

• Our multiplexed analysis of 20+ cytokines revealed a number of cytokines:
that may reflect disease progression (in unvaccinated animals)
or partial immunity (in vaccinated animals).

• Many ag-specific responses observed in the mesenteric lymph nodes,
highlighting the importance of LN studies.

• Cytokines revealed here are not typically measured by ICS or ELISA.
Future work will incorporate these into ICS panels, and study purified 
antigen-specific cells in a longitudinal setting.

GMCSF

IL8

IL6
MIP1a
IL1b
RNTES
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TNFa

* ! X 106 cells/mL


