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Abstract 
 

Three million Americans suffer from type-1 diabetes, which can be cured by islet 

transplantation; however, 88% of islet transplants fail after five years. The purpose of my 

study was to develop an assay to quantify cytokine levels that correlate with rejection of 

transplanted islets.  

My first goal was to show that an intracellular cytometric staining (ICS) assay 

was a viable, efficient alternative to ELISPOT. Results showed that ICS was superior to 

ELISPOT for investigating production of cytokines in allo-stimulated human cells: tumor 

necrosis factor alpha (TNF! ), interferon-gamma (IFN"), and interleukin two (IL-2). My 

second goal was to modify a BD Bioscience ICS assay to quantify cytokines in allo-

stimulated human cells. I made three successful modifications to the BD Bioscience 

Assay: first, I extended incubation time to develop an assay that could be performed in 

two separate four-hour workdays. Second, because anti-CD3 in the BD Bioscience Assay 

did not show the expected increase in cytokine production, I used PMA/ionomycin as the 

chemical stimulant and positive control. Third, I extended incubation time, which showed 

that TNFα and IFNγ peaked the same day, while IL-2 peaked later. The modified ICS 

assay is a first step toward improving islet transplants for type-1 diabetes. 
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Introduction 
 

Three million Americans suffer from type-1 diabetes, an autoimmune disease that 

occurs when a personÕs immune system kills its own islet cells (1). Islet cells are found in 

the pancreas where they produce insulin. Loss of islet cells results in type-1 diabetes, 

which can be cured or the symptoms can be greatly reduced by islet transplantation; 

however, 88% of islet transplants fail after five years, likely due to rejection (1). The 

purpose of my study was to develop a viable, efficient assay to quantify cytokine levels 

that have been found to correlate with rejection of transplanted islets.  

Cytokines are proteins that are related to immune response (1). Cytokines that have 

been shown to be present during immune responses are tumor necrosis factor alpha 

(TNF! ), interferon-gamma (IFN"), and interleukin two (IL-2). A study by Fuad (2006) 

found a direct correlation between the cytokine TNF!  and islet transplant rejection rates 

(2). Work by Augustine et al. (2006) and Bellisola et al. (2005) showed that high levels 

of the cytokine IFN" can predict renal transplant rejection (3, 4). While the cytokine IL-2 

has not been previously correlated with islet transplant rejection, IL-2 has been found to 

be present in elevated levels during immune responses (1). (A glossary of terms and 

reagents can be found in Appendix 1). 

While previous studies have used enzyme-linked immunospot assays (ELISPOT) to 

detect cytokine levels (2, 3, 4), I tested a new assay, intracellular cytometric staining 

(ICS) that has not been previously used to detect cytokines (1). ELISPOT and ICS assays 

operate under similar principles. Both assays use anti-cytokine antibodies, which bind to 



Taft-Ferguson, Madelaine  

 3 

cytokines to detect cytokines; however, each assay uses different methods to detect 

cytokines. 

In ELISPOT, an anti-cytokine antibody is used to capture cytokines, cells are washed 

away, and then a second anti-cytokine antibody is added to ÒsandwichÓ the cytokine. The 

ÒsandwichÓ can then be visualized using a streptavidin-HRP precipitation reaction (5).  

In ICS, an anti-cytokine antibody that is conjugated to a dye penetrates permeabilized 

cells and attaches to intracellular cytokines. The antibody-conjugated dye is then detected 

using flow cytometry (6).  

My hypothesis was that the ICS assay would be superior to the ELISPOT assay, 

because cells can be stained for multiple characteristics in ICS. This would potentially 

allow for more specific investigations of cytokine production, given that the assay has the 

potential to distinguish between different types of T-cells, which are involved in immune 

response.  

The first goal of my study was to show that ICS was a viable, more efficient 

alternative to ELISPOT by comparing efficiency and effectiveness of both assays. Once I 

established that ICS was the superior assay, my goals were to develop the ICS assay for 

use on allo-stimulated cells by:  

• determining whether ICS was sensitive enough to show for allo-stimulated 

responses; and 

• determining optimal incubation times to achieve peak levels of cytokines. 

Methods 
 

Cell Thawing and Counting: Peripheral-blood leukocyte or splenocyte cells 

(depending on availability) were removed from liquid nitrogen, thawed in a 37 ¡C water 
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bath, pipetted into media [cRPMI+2% AB serum], washed three times, and centrifuged at 

1200 rpm for ten minutes. Then, 50 µL of re-suspended cell-solution with 50 µL of 

ethidium bromide were vortexed, and 10 µL of the vortexed solution were added to a 

microscope slide. Cells were counted under a fluorescent microscope. 

ELISPOT  

ELISPOT Assay: Capture antibody, diluted with PBS, was plated onto a 96-well 

ELISPOT plate and incubated overnight at 4 ¡C. The capture antibody was flicked out of 

the plate, and the plate was washed three times in phosphate-buffered saline solution 

(PBS). Block buffer [5% BSA + PBS] was added at 150 #L/well, and the plate was 

incubated for one hour. The block buffer was then washed in three PBS washes. Cells 

were thawed and plated at 100-#L/well with 50,000 cells/well. Phytohemagglutinin 

(PHA) was then added for a final dilution of 1:500 (mass:mass), and the cells were 

incubated for 24 hours. Cells were washed three times with PBS, and then washed four 

times with PBS-Tween. Detection antibody, diluted in PBS-Tween-BSA, was added at 

100-#L/well, and then incubated at 4 ¡C for 24 hours. The cells were washed three times 

with PBS-Tween, 100-#L/well of streptavidin-HRP solution were added, and the cells 

were incubated for 90 minutes at room temperature. Cells were was then washed three 

more times, and visualization media [3-amino-9-ethylcarbazole (AEC) in 0.1 M acetate 

buffer] was added at 200-#L/well. Once spots had developed, the reaction was stopped 

by washing for five minutes with nanopure dH2O.  

ELISPOT Analysis: ELISPOT plates were scanned and read with plate-reading 

software. The plates were visually analyzed for readable spots. 
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ICS 

Labeling for ICS: Peripheral blood leukocytes or splenocytes (depending on 

availability) were thawed in two groups: stimulators that had been irradiated to render 

them incapable of growth and responders that had not been irradiated so they would 

respond to stimulation. Stimulator cells were centrifuged, and re-suspended in 2 mL of 

media. Responder cells were stained with carboxyfluorescein succinimidyl ester (CFSE) 

at a 1:5000 dilution. After 15 minutes of incubation at 37 ¡C, the reaction was quenched 

with PBS at greater than five times the volume of the cell solution. The solution was 

centrifuged at 1200 rpm for five minutes, the media was poured off, and responder cells 

were re-suspended in 2 mL of media [cRPMI+2% human AB serum]. Both groups of 

cells were counted using a fluorescent microscope. 

BD Bioscience Assay: A standard assay from BD Biosciences was followed (5). First, 

200 #L of responder cells were plated in a 96-well plate at 500,000 cells/well or at the 

highest number of cells possible. Then, stimulator cells were added at 50 #L/well to wells 

designated as stimulator wells at ratios of 3:1 (stimulator cells:responder cells). Chemical 

stimulation (either anti-CD3 or PMA/ionomycin) was added to wells designated as 

positive-control wells at 50-#L/well, and 50-#L/well media were added to remaining 

negative-control wells. The cells were then incubated for 24 hours. Brefeldin A (BFA) 

was added at 50-#L/well four hours prior to staining. 

Modified ICS Assay 1: The BD Bioscience assay was modified to be run over the 

course of two four-hour workdays instead of using the BD Bioscience protocol that 

required 12 hours of continuous attention. To do this, the protocol for the BD Bioscience 

Assay was followed with the following modifications: cells were incubated for 24, 72, 
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and 96 hours, BFA was added 18 hours prior to staining, and only PMA/ionomycin was 

used as a positive control. 

Modified ICS Assay 2: A second modification was done to determine optimum 

stimulator to responder cell ratios. The protocol for the BD Biosciences was followed 

with the following changes: the cell ratios were run 1:1, 3:1, and 5:1 (stimulator 

cells:responder cells). Cells were incubated for 24, 48, and 72 hours. BFA was added 18 

hours prior to staining, and only PMA/ionomycin was used as a positive control. 

ICS Assay Staining: Cells from the ICS assays were washed three times in CD3 

modcoat buffer [PBS, BSA, and sodium azide]. After the last wash, 20 #L of surface-

antibodies CD4 PE and CD8 PerCP were added to each well. The cells were then 

incubated at 4 ¡C in the dark for 30 minutes. Washes with CD3 modcoat were then 

repeated, and, after the last wash, 100 #L of intracellular (IC) fixation buffer were added 

to cells that were to be permeabilized, while 100 #L of CD3 modcoat were added to cells 

that were not permeabilized. The cells were incubated at room temperature in the dark for 

20 minutes. The cells were then washed three more times with PermWash (a solution that 

permeabilized the cells) before allophycocyanin-conjugated (APC) intracellular antibody 

dyes were added, and the cells were incubated for 20 minutes at room temperature in the 

dark. The cells were washed three more times after incubation, then 200 #L of 1% 

paraformaldehyde solution (PFA) were used to resuspend the cells. The cells were 

transferred to cluster tubes for analysis by flow cytometry. 

ICS Analysis: ICS data were analyzed using flow cytometery with FlowJo 

analysis software. The margin of error for the flow cytometer was 2%, so percentages 

that fell below 2% were considered to be Ôno response.Õ A standard isotype gate was set 
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so that the upper-right quadrant contained <1% cytokine-positive cells. Figure 1 shows 

gates drawn such that < 1% cytokine-positive cells are in the upper-right quadrant. The 

lower-right quadrant shows cytokine-negative cells. The standard gate was used to 

analyze all flow cytometry data.  

Figure 1: Standard isotype  
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T-tests were performed for the BD Bioscience Assay. Significance level was set 

at p < 0.05. T-tests were not performed for the modified assays because stimulations were 

not numerically ranked. 

Results 

 Of the five ELISPOT assays performed only two yielded readable results. 

ELISPOT assays took up to five days, often had high levels of background color, and 

required three plates to test all three cytokines.  

IF
N
γ 

CFSE 

Standard gates are set 
such that <1% of cells 
are in the upper-right 
quadrant. This shows 
that 0.77% of all cells 
were cytokine-positive. 
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In contrast, the BD Bioscience Assay and the two modified ICS assays were 

readable every time, took only two days to complete, and required only one plate to test 

all three cytokines. Figure 2 shows results from flow cytometry performed on 15 wells of 

the BD Bioscience Assay. (Two of the 15 flow cytometry results for the BD Bioscience 

Assay are represented in Appendixes 2-3.) With treatments of permeabilization buffer 

(perm), which served as the negative control and did not stimulate the cells, and with 

treatments of anti-CD3, which served as one of the positive controls, cytokine 

percentages were low (< 12%). Percents of cells expressing cytokines with allo-

stimulation were higher (40% for TNF! , 15.9% for IFN", and 21% for Il-2), whereas the 

percent of cells producing cytokine with allo-stimulation and anti-CD3 was lower than 

with only allo-stimulation (18.7% for TNF! , 22.1% for IFN", and 9.2% for IL-2). With 

PMA/ionomycin stimulation, percent cytokine cells expressed varied (56.1% TNF! , 

26.3% IFN", and 3.8% IL-2). There was no significant difference between 

PMA/ionomycin-stimulated vs. allo-stimulated cells in the BD Bioscience Assay for any 

of the cytokines (T tests: TNFα [p=0.11]; IFNγ [p=0.15]; Il-2 [p=0.39].) 

Figure 2. BD Bioscience Assay: cytokine production with cell treatments (T-test for TNFα w/ 
stims vs. PMA/ionomycin: p=0.11; on IFNγ  p=0.15; on Il-2 p=0.39) 
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Modified ICS Assay 1 

Figure 3 shows that for all types of stimulation, cytokine levels for IFNγ  and 

TNFα on day 1 using the Modified ICS Assay 1 were between 50% and 60%, while IL-2 

were < 20%. Figure 4 shows that on day 3 levels of IFNγ  and TNFα had fallen to < 10%, 

except with PMA/ionomycin stimulation where they were between 15% and 35%, and 

percent of IL-2 produced had fallen to < 5%. Figure 5 shows that by day 4 levels of all 

cytokines were below 15%.  

Figure 3: Modified ICS Assay 
1: cytokine production with cell 

treatments (day 1) 

 

Figure 4: Modified ICS Assay 1: 
cytokine production with different 

cell treatments (day 3) 

 

Figure 5: Modified ICS Assay 1: 
cytokine production with 

different cell treatments (day 4) 
 

 

 
 
 
 

 
 
 

 

 

Modified ICS Assay 2 

Figure 6 shows cytokine levels on day 1 using the Modified ICS Assay 2. IFNγ 

levels did not correlate with increased stimulation, but TNFα levels increased as 

stimulation levels increased. IL-2 levels did not exceed 2% except with PMA/ionomycin 

stimulation.  

Figure 7 shows cytokine levels on day 2 using the Modified ICS Assay 2. TNFα 

and IFNγ levels decreased to below 20%. IL-2 levels remained below 2%, except with 

PMA/ionomycin stimulation.  
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Figure 8 shows cytokine levels on day 3 using the Modified ICS Assay 2. TNFα 

and IFNγ levels decreased to below 2%, except with PMA/ionomycin stimulation. For 

1:1 and 5:1 allo-stimulation (stimulator:responder ratios) and for stimulation with 

PMA/ionomycin, IL-2 levels were above 2%.  

Figure 6. Modified ICS Assay 2: 
cytokine production with cell 
treatments (day 1) 

 

Figure 7: Modified ICS Assay 2: 
cytokine production with cell 
treatments (day 2) 

 

Figure 8: Modified ICS Assay 
2: cytokine production with cell 

treatments (day 3) 

 
 

 
 
 
 
 
 
 

 

Discussion 
 

Results showed that ICS was superior to ELISPOT for investigating cytokine 

production in allo-stimulated cells. ELISPOT assays failed to yield readable results in 

four out of six trials, whereas ICS assays gave readable results every time. Additionally, 

an ELISPOT assay took up to five days to complete, whereas an ICS assay took just 12 

hours to complete. 

It was necessary to modify the BD Bioscience Assay because the standard 

protocol called for a continuous 12-hour workday. In addition, differences in cytokine 

levels between allo- and chemically-stimulated cells in the BD Bioscience Assay were 

not significant (p=0.11 for TNFα, p=0.15 for IFNγ, and p=0.39 IL-2) (Figure 2).  
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I made three successful modifications to the BD Bioscience Assay: first, I 

extended incubation time with BFA to enable a two-day assay, which could be performed 

in two separate four-hour workdays. Second, because anti-CD3 in the BD Bioscience 

Assay did not show the expected increase in cytokine production, I used only 

PMA/ionomycin as the chemical stimulant and positive control, which did work. Third, 

after cells had been stimulated, I extended incubation time in order to determine how well 

cytokines were expressed after several days.  

I made three important observations in the course of modifying the BD 

Bioscience Assay. First, the instructions for the BD Bioscience Assay indicated that cells 

would die if left in contact with BFA for more than four hours; however I found that cells 

did not die even after 18 hours. Second, I found that cells survived up to 96 hours of 

incubation under the conditions of my Modified ICS Assay 2. This suggests that my 

Modified ICS Assay 2 can be used to detect cytokines that are not expressed in the first 

24 hours after stimulation. Third, I found that TNFα and IFNγ were expressed within 24 

hours of stimulation, expression dropped to below 2% by 72 hours, and IL-2 was not 

expressed in sufficient amounts until more than 72 hours after stimulation. This indicates 

that, while TNFα and IFNγ can be investigated simultaneously, IL-2 cannot be 

investigated simultaneously using my assay (Figures 6-8). 

Results showed that a 5:1 stimulator to responder cell ratio resulted in the highest 

cytokine levels. However a 3:1 ratio resulted in cytokine levels that were considerably 

higher than levels in non-stimulated cells (Figure 6). Because my Modified ICS Assay 2 

is designed for use with patient and donor cells, both of which are limited in quantity, the 

3:1 ratio should be used in future assays. 
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I encountered two problems in the course of my research. First, in the BD 

Bioscience Assay, cells unexpectedly expressed more IL-2 after allo stimulation than 

after chemical stimulation; whereas, allo stimulation should theoretically activate only 

10% of cells while chemical stimulation should activate almost 100% of cells (1). 

Second, in Modified ICS Assay 1, cells unexpectedly expressed high (50% to 60%) 

levels of cytokine regardless of treatment. The reason for this may be that the cells came 

from a person who had a cold or some other immune reaction when blood was drawn. 

Conclusion 

 
Because IL-2 expression occured after TNFα and IFNγ had dropped, my modified 

ICS assay must be further modified to investigate correlation of IL-2 with islet rejection. 

This modification could be done with a second round of stimulation to ensure peak 

production above 2% for all three cytokines express on the same day. 

A second future step would be to use my modified ICS assay to test the Fuad 

studyÕs (2007) suggestion that increased levels of TNFα may predict islet transplant 

rejection. My modified ICS assay could be used to test TNFα, IFNγ$ and$ IL-2 levels in 

islet transplant patients to determine if either of these cytokines show a correlation to islet 

transplant rejection rates. If so, my modified ICS assay may be an important step in 

predicting islet transplant rejection before transplant occurs. 
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Appendix 1: Terms and reagents used 
Term Proper name  Use 
Allo-stimulated 
cells 

human splenocytes refers to cells which have been stimulated by 
contact with other cells from the same species, but a 
different individual 

Anti-CD3 antibody to CD3 (cluster of 
differentiation 3) 

used for artif icial stimulation of cells, though 
usually with anti-CD28 

APC allophycocyanin type of antibody-conjugated dye, used in my 
research on anti-cytokine antibodies 

BFA brefeldin A inhibitor of intracellular protein transport used to 
trap cytokines within cells for staining 

BSA bovine serum albumin element of ELISPOT block buffer 
Capture 
antibody 

purified monoclonal antibody coated on an ELISPOT plate, specific to a certain 
cytokine (TNFα, IFNγ, or IL-2) 

CD3 ModCoat  PBS, BSA, and sodium azide wash buffer 
CD4 PE R-phycoerythrin conjugated to 

CD4 (cluster of differentiation 
four), a glycoprotein expressed 
on the surface of T-helper cells 

antibody-conjugated dye used to label T-helper cells 

CD8 PerCP peridinin-chlorophyll-protein 
complex conjugated to CD8 
(cluster of differentiation eight), 
a glycoprotein expressed on the 
surface of cytotoxic T-cells 

antibody-conjugated dye used to label cytotoxic T 
cells 

CFSE carboxyfluorescein succinimidyl 
ester 

fluorescent membrane marker, used to label cells 
and track replication 

Cluster tubes small plastic tubes used in ICS to transfer cells from 96-well plate to 
flow cytometer 

cRPMI 
 

RPMI, L-glutamine, 2-
mercaptoethanol, sodium 
pyruvate solution, 
penicill in/streptomycin solution 

media for cell culturing 

cRPMI + 2% 
AB 

cRPMI with 2% human AB 
serum 

media for cell culturing 

Detection 
antibody 

biotin-conjugated antibody added after the cytokines are “captured” by capture 
antibody, finishes the “sandwich” 

ELISPOT enzyme-linked immunospot 
assay 

traditional assay used to investigate cytokine 
production in cells 

IC 
(intracellular) 
fixation buffer 

aqueous buffered solution 
containing 4% 
paraformaldehyde  

used to fix and permeabilize cells prior to 
intracellular staining of cytokines 

IFN" interferon gamma cytokine 
IL-2 interleukin 2 cytokine 
Ionomycin ionomycin from streptomyces 

conglobatus 
chemical stimulant, with PMA 

Isotype IgG1 and IgG2 refer to antibody-conjugated dyes that are designed 
to detect non-human cytokines; therefore, an isotype 
does not bond to human cells and is used to draw 
gates.  

PBS phosphate-buffered saline 
solution 

ELISPOT wash buffer, element of ELISPOT block 
buffer 

PBS-Tween PBS and Tween ELISPOT wash buffer 
PBS-Tween- PBS, Tween, and BSA ELISPOT block buffer 
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BSA 
Permeabilized 
cells/to 
permeabilize 

refers to cells that have been 
permeabilized, i.e. holes have 
been put in the cell membranes 

technique is used in ICS to allow anti-cytokine 
antibodies (and conjugated dyes) to enter the cells 
and bind to cytokine 

PermWash wash buffer containing saphonin 
and sodium azide 

used in ICS to permeabilize cells 

PFA 1% paraformaldehyde solution used to fix cells prior to analysis flow cytometry 
PHA phytohemagglutinin chemical stimulation 
PMA phorbol 12-myristate 13-acetate chemical stimulant with Ionomycin 
Responder cells human splenocytes or peripheral 

blood mononucleocytes 
refers to cells which are not irradiated in an assay 
and therefore respond to stimulation 

RPMI Roswell Park Memorial Institute 
medium 

media for cell culturing 

Stimulator cells human splenocytes or peripheral 
blood mononucleocytes 

refers to cells which are irradiated prior to being 
used in an assay; they do not respond to stimulation 
or produce cytokines 

Streptavidin-
HRP 

horseradish peroxidase-
conjugated streptavidin 

conjugates with detection antibody 

TNF!  tumor necrosis factor alpha cytokine 
Tween 20 polyethylene glycol sorbitan 

monolaurate 
element of ELISPOT wash buffer 

visualization 
media 

3-amino-9-ethylcarbazole (AEC) 
in 0.1 M acetate buffer 

substrate added to ELISPOT, forms spots to 
visualize the cytokine ÒsandwichesÓ  

 

 

 

Appendix 2. BD Bioscience Assay: IFNγ levels with 
PMA/ionomycin stimulation: 26.3% of cells positive 
for CFSE and IFNγ  

 

Appendix 3. BD Bioscience Assay: IFNγ levels with 
allo-stimulation: 15.9 % of cells positive for CFSE 
and IFNγ  
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Appendix 4. Modified ICS Assay 1: TNFα levels 
with PMA/ionomycin stimulation (day 3): 34% of 
cells positive for CFSE and TNFα 

 

 
Appendix 5. Modified ICS Assay 1: TNFα levels with 
allo-stimulation (day 3): 3.94% of cells positive for 
CFSE and TNFα  

 

 
 
 
Appendix 6. Modified ICS Assay 2: TNFα levels in 
cells given 5:1 allo-stimulation: 35% of cells positive 
for CFSE and TNFα  (day 1) 

 

 
 
 
Appendix 7. Modified ICS Assay 2: TNFα levels in 
cells given 5:1 allo-stimulation: 0.73% of cells 
positive for CFSE and TNFα  (day 3) 

 
 

 


