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Abstract

Three million Americanssuffer from type-1 diabetes, which can be cured by idet
trangplantation; however, 88% of idet tranglantsfail after five years. Thepurpoe of my
study was to develop an assay to quantify cytokinelevels tha correlate with regjection of
tranglanted idets.

My first god wasto showtha an intracellular cytometric staining (ICS) assay
was aviable, efficient alternative to ELISPOT. Results showed that |CS was supeior to
ELISPOT for investigaing produdion of cytokinesin allo-stimulated human cells: tumor
necrods factor apha(TNF! ), interferon-gamma (IFN"), and interleukin two (IL-2). My
secondgod was to modify a BD Bioscience ICS assay to quantify cytokinesin allo-
stimulated human cells. | made three successful modificationsto the BD Bioscience
Assay: firgt, | extended incubaion time to develop an assay that could be peformed in
two separate four-hou workdays. Second, because anti-CD3 in the BD Bioscience Assay
did not show the expected increase in cytokine produdion, | used PMA/iononycin asthe
chemical stimulant and postive control. Third, | extended incubaion time, which showed
tha TNFo and IFNy peaked the same day, while IL-2 peaked later. The modified ICS

assay isafirst step toward improvingidet trangplants for type-1 diabetes.
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Introduction

Three million Americanssuffer from type-1 diabetes, an autoimmunedisease that
oocurs when a person@immunesystem killsits own islet cells (7). Islet cells are foundin
the panareas where they produce inaulin. Loss of idet cellsresultsin type-1 diabetes,
which can be cured or the symptoms can be greatly reduced by idet trangplantation;
however, 88% of idet tranglants fail after five years, likely dueto rejection (7). The
purpose of my study wasto develop aviable, efficient assay to quantify cytokinelevels
tha have been foundto correlate with rgjection of trangplanted idets.

Cytokines are proteinsthat are related to immunerespon (7). Cytokines tha have
been shown to be present during immunerespongss are tumor necross factor apha
(TNF!), interferon-gamma (IFN"), and interleukin two (IL-2). A study by Fuad (2006)
foundadirect correlation between the cytokine TNF! and idet trangplant rejection rates
(2). Work by Augugineet al. (2006)and Bellisolaet al. (2005)showed tha highlevels
of thecytokineFN" can predict rend tranglant rgjection (3, 4). While the cytokinelL-2
has not been previoudy correlated with idet trangplant regjection, IL-2 has been foundto
be present in elevated levels duringimmunerespongs (/). (A glossary of terms and
reagents can befoundin Appendix 1).

While previousstudies have used enzyme-linked immuno$ot assays (ELISPOT) to
detect cytokinelevels (2, 3, 4), | tested anew assay, intracellular cytometric staining
(ICS) tha has not been previoudly used to detect cytokines (7). ELISPOT and I CS assays

opeaate unde similar prindples. Both assays use anti-cytokine antibodies, which bindto
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cytokines to detect cytokines; however, each assay uses different methodsto detect
cytokines.

In ELISPOT, an anti-cytokine antibodyis used to capture cytokines, cells are washed
away, and then a second anti-cytokine antibodyis added to GandwichOthe cytokine The
GandwichOcan then be visudized usng a streptavidin-HRP precipitation reaction (5).

In ICS, an anti-cytokine antibodythat is conjugaed to a dye pendrates permeabilized
cells and attaches to intracellular cytokines. Theantibody-conjugéaed dyeis then detected
usng flow cytometry (6).

My hypothesis was tha the | CS assay would be superior to the ELISPOT assay,
because cells can be stained for multiple characteristics in ICS. Thiswould potentially
allow for more specific investigaionsof cytokine produdion, given tha theassay has the
potential to distinguish between different types of T-cells, which are involved in immune
respone.

Thefirst god of my study was to show tha ICS was a viable, more efficient
aternativeto ELISPOT by comparing efficiency and effectiveness of both assays. Once |
established tha | CS was the supeior assay, my goals were to develop thel CS assay for
use onallo-stimulated cells by:

* determining whether |CS was sengtive enoughto show for allo-stimulated
responses, and

* determining optimal incubéaion timesto achieve peak levels of cytokines.

Methods

Cell Thawing and Counting: Peripheaal-bloodleukogyte or splenogyte cells

(depending on availability) were removed from liquid nitrogen, thawved in a 37 {C water
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bath, pipetted into media[cRPMI1+2% AB serum], washed three times, and centrifuged at
1200rpmfor ten minutes. Then, 50 uL of re-sugpended cell-solution with 50 uL of
ethidium bromidewere vortexed, and 10 L of thevortexed solution were added to a
microscopedide Cells were counted unde a fluorescent microscope
ELISPOT

ELISPOT Assay: Capture antibody, diluted with PBS, was plated onto a 96-well
ELISPOT plate and incubaed overnight at 4 {C. The capture antibody was flicked out of
theplate, and the plate was washed three timesin phogphae-buffered saline solution
(PBS). Block buffer [5% BSA + PBS] was added at 150#L/well, and theplate was
incubaed for onehour. Theblock 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 afind dilution of 1:500 (mass:mass), and the cells were
incubaed 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 incubaed at 4 jC for 24 haurs. Thecells were washed three times
with PBS-Tween, 100-#L/well of streptavidin-HRP solution were added, andthe cells
were incubaed for 90 minutes at roomtemperature. Cells were was then washed three
more times, and visudization media[3-amino-9-ethylcarbazole (AEC) in 0.1 M acetate
buffer] was added at 200-#L /well. Once spots had developeal, the reaction was stopped
by washing for five minutes with nanopue dH,O.

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

software. Theplates were visudly andyzed for readable spots.
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ICS
Labeling for ICS: Peripheaal bloodleukogytes or splenogytes (depending on
availability) were thawved in two groups stimulators that had been irradiated to rende
them incapable of growth and respondes tha had not been irradiated so they would
respondto stimulation. Stimulator cells were centrifuged, and re-sugpended in 2 mL of
media. Responde cells were stained with carboxyfluorescein succinimidyl ester (CFSE)
at a 1:5000dilution. After 15 minutes of incubation at 37 {C, thereaction was quenched
with PBS at greater than five times the volume of the cell solution. The solutionwas
centrifuged at 1200rpm for five minutes, the media was poured off, and responde cells
were re-sugpended in 2 mL of media[cRPMI+2% human AB serum]. Both groupsof
cells were counted usng a fluorescent microscope
BD Bioscience Assay: A standad assay from BD Biosciences was followed (5). First,

200#L of responde cells were plated in a 96-well plate at 500000cells'well or at the
highest number of cells possible. Then, stimulator cells were added at 50 #L/well to wells
designaed as stimulator wells at ratiosof 3:1 (stimulator cells:iresponde cells). Chemical
stimulation (either anti-CD3 or PMA/iononycin) was added to wells designaed as
postive-control wells at 50-#L/well, and 50-#L/well media were added to remaining
negative-control wells. The cells were then incubaed 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 berunover the
course of two four-hou workdays ingead of uangthe BD Bioscience protocol tha
required 12 hous of continuousattention. To do this, the protocol for the BD Biostience

Assay was followed with the following modifications cells were incubaed for 24,72,
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and 96 hours, BFA was addel 18 hous prior to staining, and only PMA/iononycin was
used as a postive control.

Modified ICS Assay 2: A second modification was doneto determine optimum
stimulator to responde cell ratios The protocol for the BD Biosciences was followed
with thefollowing changes: thecell ratioswererun 1:1, 3:1, and 5:1 (stimulator
cellsresponde cells). Cellswere incubaed for 24, 48,and 72 hous. BFA was added 18
hours prior to staining, and only PMA/ionomnycin was used as a postive control.

ICS Assay Staining: CellsfromthelCS assays were washed three timesin CD3
modooa buffer [PBS, BSA, and sodium azidg]. After thelast wash, 20#L of surface-
antibodies CD4 PE and CD8 PerCP were added to each well. The cells were then
incubaed at 4 jC inthedark for 30 minutes. Washes with CD3 modaa were then
repeated, and, after thelast wash, 100#L of intracellular (1C) fixation buffer were added
to cellstha were to be pemeabilized, while 100#L of CD3 modwat were added to cells
tha were notpermeabilized. The cellswereincubaed at roomtemperature in thedark for
20 minutes. The cells were then washed three more times with PermWash (a solution that
permeabilized the cells) before allophymcyanin-conjugaed (APC) intracellular antibody
dyes were addal, and the cells were incubaed for 20 minutes at room temperature in the
dark. Thecells were washed three more times after incubaion, then 200#L of 1%
paraformaldehydesolution (PFA) were used to resugpend the cells. Thecellswere
tranderred to cluder tubes for andysis by flow cytometry.

ICS Analysis: |CS daawere andyzed usng flow cytometery with FlowJo
andysis software. Themargin of error for theflow cytometer was 2%, so percentages

tha fell b ow 2% were consdered to be o respone.OA standad isotype gate was set
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so tha the uppe-right quadrant contained <1% cytokine-postive cells. Figure 1 shows
gates drawn such that < 1% cytokine-postive cellsare in the uppe-right quadrant. The
lower-right quadrant shows cytokine-negétive cells. The standad gate was used to

andyze al flow cytometry data.

Figure 1: Standard isotype
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T-tests were performed for the BD Biostience Assay. Significance level was set
at p < 0.05. T-tests were not peformed for the modified assays because stimulationswere

not numerically ranked.

Results
Of thefive ELISPOT assays performed only two yielded readable results.
ELISPOT assays took up to five days, often had high levels of backgroundcolor, and

required three plates to test al three cytokines.
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In contrast, the BD Bioscience Assay and thetwo modified ICS assays were
readable every time, took only two daysto complete, and required only oneplate to test
al three cytokines. Figure 2 shows results from flow cytometry peformed on 15wells of
theBBD 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 negaive control and did not stimulate the cells, and with
treatments of anti-CD3, which served as oneof the postive controls, cytokine
percentages were low (< 12%). Percents of cells expressing cytokines with allo-
stimulation were highe (40% for TNF! , 15.9%for IFN", and 21%for Il-2), whereas the
percent of cells produang cytokinewith 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/iononycin stimulation, percent cytokine cells expressed varied (56.1% TNF! ,
26.3%IFN", and 3.8%1L-2). There was no significant difference between
PMA/iononycin-stimulated vs. allo-stimulated cells in the BD Bioscience Assay for any
of thecytokines (T tests: TNFa [p=0.11]; IFNy [p=0.15]; 1I-2 [p=0.39].)

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

Figure 3 shows tha for al types of stimulation, cytokinelevelsfor IFNy and
TNFo onday 1 uangtheModified ICS Assay 1 were between 50% and 60% whileIL-2
were < 20% Figure 4 showsthat onday 3 levelsof IFNy and TNFo had fallen to < 10%,
except with PMA/iononycin stimulation where they were between 15%and 35% and

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

cytokines were bd ow 15%
Figure 3: Modified ICS Assay Figure 4: Modified ICS Assay 1: Figure 5: Modified ICS Assay 1:
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Modified ICS Assay 2

Figure 6 shows cytokinelevelsonday 1 usngtheModified ICS Assay 2. IFNy
levels did not correlate with increased stimulation, but TNFa levelsincreased as
stimulation levelsincreased. IL-2 levels did not exceed 2% except with PMA/ionomycin
stimulation.

Figure 7 shows cytokinelevels onday 2 uangtheModified ICS Assay 2. TNFa
and IFNy levels decreased to bdow 20% IL-2 levels remained bdow 2%, except with

PMA/iononycin stimulation.
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Figure 8 shows cytokinelevelsonday 3 uangtheModified ICS Assay 2. TNFa
and IFNy levels decreased to bdow 2%, except with PMA/ionomycin stimulation. For
1:1 and 5:1 alo-stimulation (stimulator:responde ratios) and for stimulation with

PMA/iononycin, IL-2 levels were above2%.

Figure 6. Modified ICS Assay 2: Figure 7: Modified ICS Assay 2: Figure 8: Modified ICS Assay
cytokine production with cell cytokine production with cell 2: cytokine production with cell
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Discussion

Results showed tha |CS was supeior to ELISPOT for investigating cytokine
produdionin allo-stimulated cells. ELISPOT assaysfailed to yield readable resultsin
four outof six trials, whereas | CS assays gave readable results every time. Additiondly,
an ELISPOT assay took up to five days to complete, whereas an ICS assay took jugd 12
hoursto complete.

It was necessary to modify the BD Biostience Assay because the standad
protocol called for acontinuousl2-hourworkday. In addition, differencesin cytokine
levels between allo- and chemically-stimulated cellsin the BD Bioscience Assay were

notsignificant (p=0.11for TNFa, p=0.15for IFNy, and p=0.391L-2) (Figure 2).

10
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| made three successful modificationsto the BD Bioscience Assay: firgt, |
extended incubdion time with BFA to enable atwo-day assay, which could be performed
in two separate four-hourworkdays. Second, because anti-CD3 in the BD Bioscience
Assay did not show the expected increase in cytokine produdion, | used only
PMA/iononycin asthe chemical stimulant and postive control, which did work. Third,
after cells had been stimulated, | extended incubaion time in order to determine how well
cytokines were expressed after several days.

| madethree important observationsin the course of modifying the BD
Bioscience Assay. First, theingructionsfor the BD Biostience Assay indicated tha cells
would dieif left in contact with BFA for more than four hours, however | foundthat cells
did notdie even after 18 hous. Second,| foundthat cells survived up to 96 hous of
incubaion unde theconditionsof my Modified ICS Assay 2. This suggests tha my
Modified ICS Assay 2 can be used to detect cytokines tha are not expressed in thefirst
24 hours after stimulation. Third, | foundtha TNFo and IFNy were expressed within 24
hours of stimulation, expression droppel to bdow 2% by 72 hours, and IL-2 was not
expressed in sufficient amounts until more than 72 hours after stimulation. Thisindicates
tha, while TNFo and IFNy can beinvestigaed smultaneoudy, IL-2 cannotbe
investigaed ssimultaneoudy usng my assay (Figures 6-8).

Results showed tha a 5:1 stimulator to responde cell ratio resulted in the highest
cytokinelevels. However a 3:1 ratio resulted in cytokinelevels tha were consderably
highe than levelsin nonstimulated cells (Figure 6). Because my Modified ICS Assay 2
isdesigneal for use with paient and dona cells, bath of which are limited in quantity, the

3:1 ratio should beused in future assays.

11
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| encountered two problems in the course of my research. First, in theBD
Bioscience Assay, cells unexpectedly expressed more |L-2 after allo stimulation than
after chemical stimulation; whereas, allo stimulation should theoretically activate only
10% of cells while chemical stimulation should activate almogs 100%of cells (1).
Second,in Modified ICS Assay 1, cells unexpectedly expressed high (50%to 60%)
levels of cytokineregardless of treatment. Thereason for this may betha thecells came

from aperson who had a cold or some other immune reaction when bloodwas drawn.

Conclusion

Because IL-2 expression occured after TNFo and IFNy had dropped, my modified
|CS assay mug befurther modified to investigae correlation of IL-2 with islet rgjection.
This modification could be donewith a secondround of stimulationto ensure peak
produdion above2%for al three cytokines express on the same day.

A secondfuture step would beto use my modified I CS assay to test the Fuad
study® (2007)suggestion that increased levels of TNFo. may predict islet trangplant
rejection. My modified ICS assay could beused to test TNFa, IFNy$®nd3L-2 levelsin
idet tranglant paients to deermineif either of these cytokines show a correlationto islet
trangplant rgection rates. If so, my modified |CS assay may be an important step in

predicting idet tranglant rejection before trangplant occurs.
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Term Proper name Use
Allo-stimulated | human splenocytes refers to cells which have been stimulated by
cells contact with other cells from the same species, but a
different individual
Anti-CD3 antibody to CD3 (cluster of used for artificial stimulation of cells, though
differentiation 3) 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 cytokineswithin cells for staining
BSA bovine serum abumin element of ELISPOT block buffer
Capture purified monoclonal antibody coated on an ELISPOT plate, specific to a certain
antibody cytokine (TNFa, IFNy, or IL-2)
CD3 ModCoat PBS, BSA, and sodium azide wash buffer
CD4 PE R-phycoerythrin conjugated to antibody-conjugated dye used to label T-helper cells
CD4 (cluster of differentiation
four), a glycoprotein expressed
on the surface of T-helper cells
CD8 PerCP peridinin-chlorophyll-protein antibody-conjugated dye used to label cytotoxic T
complex conjugated to CD8 cells
(cluster of differentiation eight),
a glycoprotein expressed on the
surface of cytotoxic T-cells
CFSE carboxyfluorescein succinimidyl | fluorescent membrane marker, used to label cells
ester and track replication
Cluster tubes small plastic tubes used in ICSto transfer cellsfrom 96-well plate to
flow cytometer
cRPMI RPMI, L-glutamine, 2- mediafor cell culturing
mercaptoethanol, sodium
pyruvate solution,
penicillin/streptomycin solution
CRPMI + 2% cRPMI with 2% human AB mediafor cell culturing
AB serum
Detection biotin-conjugated antibody added after the cytokines are “captured” by capture
antibody antibody, finishes the “sandwich”
ELISPOT enzyme-linked immunospot traditional assay used to investigate cytokine
assay production in cells
IC aqueous buffered solution used to fix and permeabilize cells prior to
(intracellular) containing 4% intracellular staining of cytokines
fixation buffer paraformaldehyde
IFN" interferon gamma cytokine
IL-2 interleukin 2 cytokine
lonomycin ionomycin from streptomyces chemical stimulant, with PMA
conglobatus
| sotype 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 ELISPOT wash buffer, element of ELISPOT block
solution buffer
PBS-Tween PBS and Tween ELISPOT wash buffer
PBS-Tween- PBS, Tween, and BSA ELISPOT block buffer

14
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BSA
Permeabilized refersto cells that have been technique is used in ICS to allow anti-cytokine
cells/to permeabilized, i.e. holes have antibodies (and conjugated dyes) to enter the cells
permeabilize been put in the cell membranes and bind to cytokine
PermWash wash buffer containing saphonin | used in ICS to permeabilize cells
and sodium azide
PFA 1% paraf ormaldehyde solution used to fix cells prior to analysis flow cytometry
PHA phytohemagglutinin chemical stimulation
PMA phorbol 12-myristate 13-acetate | chemical stimulant with lonomycin
Responder cells | human splenocytes or peripheral | refersto cells which are not irradiated in an assay
blood mononucleocytes and therefore respond to stimulation
RPMI Roswell Park Memorial Institute | mediafor cell culturing

medium

Stimulator cells

human splenocytes or peripheral
blood mononucleocytes

refersto cellswhich are irradiated prior to being
used in an assay; they do not respond to stimulation
or produce cytokines

Streptavidin- horseradish peroxidase- conjugates with detection antibody

HRP conjugated streptavidin

TNF! tumor necrosis factor alpha cytokine

Tween 20 polyethylene glycol sorbitan element of ELISPOT wash buffer
monolaurate

visualization 3-amino-9-ethylcarbazole (AEC) | substrate added to ELISPOT, forms spots to

media in 0.1 M acetate buffer visualize the cytokine GandwichesO

Appendix 2. BD Bioscience Assay: IFNy levels with
PMA/ionomycin stimulation: 26.3% of cells positive

for CFSE and IFNy
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Appendix 3. BD Bioscience Assay: IFNy levels with
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Appendix 4. Modified ICS Assay 1: TNFa levels Appendix 5. Modified ICS Assay 1: TNFa levels with
with PMA/ionomycin stimulation (day 3): 34% of allo-stimulation (day 3): 3.94% of cells positive for
cells positive for CFSE and TNFa ‘ CFSE and TNFo
10° 10
] §0.043 » 3.94
3
10 10° -

s L2
£ 102+ 8 2
E ] ; 10
= -
10" 4 o
100 0
100 10 _00
1

Appendix 6. Modified ICS Assay 2: TNFa levels in Appendix 7. Modified ICS Assay 2: TNFa levels in
cells given 5:1 allo-stimulation: 35% of cells positive cells given 5:1 allo-stimulation: 0.73% of cells

for CFSE and TNFa (day 1) positive for CFSE and TNFa (day 3)
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