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Abstract 

 

Cytomegalovirus (CMV) is a fairly ubiquitous virus that is capable of remaining 
unseen by the body’s immune system until the immune system is compromised.  The lack 
of immune response to CMV-infected cells is due to the virus’ ability to interfere with 
MHC class I and II.  Cytotoxic T Lymphocytes (CTLs) kill cells presenting cognate 
peptide presented on MHC class I using perforin or granzyme. Though it is understood 
that these work as a part of the body’s acquired immune system and respond to specific 
peptides presented on major histocompatibility complexes, little is understood about the 
exact mechanisms by which CTLs are able to kill virus-infected cells. In fact most studies 
done on CTL killing have been done on peptide loaded, non –virus-infected cells.  In 
order to explore the mechanisms of CTL killing of infected cells in vitro, we attempted to 
recreate and expand upon the results of previous lab research involving virus-infected 
mouse fibroblasts with a wild type (WT) and mutant strain of cytomegalovirus. In the 
mutant strain of CMV (TKO), we knocked out the three immune evasion genes that 
interfere with MHC class I presentation specifically. Chromium release assays were 
performed using T-cells harvested from murine OT1 cells lines. Using the original 
protocol, initial results indicated similar levels of killing among WT, TKO, and 
uninfected cells. When the protocol was altered and T-cells were grown in different 
cytokine conditions it was shown that cytokine IL12 had a particularly strong effect on 
CTL killing efficacy. Additional chromium release assays will determine whether killing 
of all cells in increased when CTLs are grown in IL12. Understanding the ideal 
environment for CTLs to kill target cells may provide a deeper understanding of what is 
important for an effective immune response.  

 

 

 



Introduction 

 

Cytotoxic T lymphocytes (CTLs) have been shown to be an effective and efficient 

way for the immune system to defend against viruses.  As part of acquired immunity, 

these cells respond to specific antigens presented on major histocompatibility complex I 

(MHC I), and “have been shown to commit their targets to death within minutes upon the 

recognition of as few as 3 cognate-peptide-MHC I complexes” (Farrington 2010).  

However, most research concerning the effective killing by CTLs has been done on 

uninfected peptide pulsed targets. This project explores CTL killing ability of target cells 

that are infected with Cytomegalovirus as a stepping stone to better understanding the 

mechanisms by which CTLs kill.  

Basic Information on Cytomegalovirus 

Cytomegalovirus (CMV), a betaherpesvirus, is one of the most widespread 

viruses in the world. Often referred to as the “largest of the DNA viruses” that afflict 

humans it is also one of the most ubiquitous, and it is estimated that, in the United States, 

between 40% and 80% of adults over the age 40 have been infected by the virus (Hall 

1997; Marr 1998). These numbers increase in developing countries where up to 100% of 

people are infected as children (Willey 2008). Once infected with CMV a person will 

harbor this “silent” disease (no visible signs or symptoms) for life until their immune 

system is compromised by some other mechanism (Marr 1998).  CMV is “a significant 

cause of transfusion-acquired infections” and is frequently the cause of mortality among 

immunocompromised (such as AIDS patients) and organ transplant recipients (Willey 
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2008).  CMV is capable of infecting any cell of the body causing cell swelling, 

intranuclear and cytoplasmic inclusions, and also interfering with MHC presentation and 

cytokine production. It is the most frequent congenital infection, occurring at rates higher 

than both fetal alcohol syndrome and Herpes (Schleiss 2010). Fetuses that do contract 

CMV develop severe central nervous system damage that can lead to hearing loss, mental 

retardation, and cerebral palsy (Gabreilli 2009).  Accompanying a CMV infection is a 

severe inflammatory response that leads to tissue damage in many organs. Necrosis in 

other organs (such as the pancreas and liver) is also frequently seen though it is less of a 

concern than necrosis of the nervous system because these other organs are capable of 

regeneration by parenchyma cells (Gabreilli 2009). Less severe symptoms can resemble 

those of mononucleosis (Willey 2008).  Treatment of CMV is limited and only used for 

high risk patients (Willey 2008).  

Avoiding Immune Responses 

Perhaps of greater importance to our study than CMV’s ubiquity and effects is the 

virus’ several immune evasion genes, which allow it to avoid destruction by the host’s 

immune system by interfering with both classes of major histocompatibility complex 

(MHC) (Hedge 2003).   MHC I and II are protein complexes, composed of two 

polypeptide chains, present on most human cell surfaces and are pivotal in displaying 

foreign peptides (antigens) so that other immune cells can recognize the “foreigner” and 

stimulate an immune response (Campbell and Reece 2005).  MHC class I and II differ in 

both the cells that bear them and the immune cells that respond to them.  However, both 

fold into similar shapes where a deep groove allows for short peptide binding and 

presentation. Where MHC II is only present on specific immune cells called antigen 
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presenting cells (APC), MHC I is present on all nucleated cells in the body; both serve to: 

1) display pathogens on the cell surface, thus marking cells as “foreign”; and 2) mark 

cells as “self” when not complexed with antigen (Campbell and Reece 2005). While 

helper T lymphocytes interact with MHC II, Cytotoxic T lymphocytes (CTL) interact 

with MHC I in order to propagate immune responses. CTL’s “play a major role in the 

immune response against most viruses, since infected cells can be lysed upon 

engagement of T-cell receptors with major histocompatibility complex class I molecules 

presenting virus-derived peptides” (Ahn 1996).  

MHC I generally serve as an extracellular display of what is going on within the 

cell.  When a virus infects a cell and starts creating viral proteins, the cell chops up these 

proteins into shorter peptides and then loads these peptides onto MHC I.  Once loaded, 

MHC I are then sent to the cell surface to be recognized by immune cells. Though 

peptide is generally loaded onto MHC in the cytosol, a phenomenon known as cross 

presentation involves peptide being loaded onto MHC I already on a cell’s surface (Heath 

2001). Dendritic cells, a particular type of antigen presenting cell, are especially good at 

cross presentation (Heath 2001). Thus it is possible for MHC I to present both 

endogenous and exogenous peptide.  

MHC I not only show immune cells if there is an invader, but also serve as an 

identifier of self.  So, if CMV utilized these immune evasion strategies alone and got rid 

of all MHC on a cell’s surface, the body could still recognize the cell as infected or 

foreign due to the lack of MHC on the cell’s surface. However, this does not happen as 

CMV’s genome also contains one immediate early gene US37 which encodes a protein 
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that is similar enough in structure to MHC that the body recognizes it as MHC and thus 

does not kill CMV infected cells (Wirwicz 2008).  

Instigating an Immune Response 

Though MHC I is vital in instigating an immune response by cytotoxic T 

lymphocytes, it is not the only step in the activation pathway. In order for T-cells to 

respond to pathogens, activation involving two signals must occur. CTLs, though 

originating in the bone marrow, migrate to the thymus for differentiation and destruction 

of self-reactive T cells (Willey 2008).  Differentiation in the thymus involves creating 

specificity for various foreign antigens.  This specificity arises through the terminal 

variable section of T- cell receptors (TCRs) which are located on the plasma membrane 

of T cells and are complementary to various fragments of antigen (Willey 2008). After 

their complete development in the thymus, CTLs are then referred to as “naïve” or CD8+, 

as they have not yet encountered their specific MHC-antigen combination in circulation 

and thus have not yet been activated.  When a naïve T cell meets an antigen presenting 

cell with the right antigen, an immunological synapse (also known as a supramolecular 

activation cluster or SMAC) is formed consisting of TCRs, MHC-peptide complexes 

(pMHC), and adhesion molecules (Grakoui 1999).  The first signal of activation occurs 

with the interaction of TCRs and pMHC. Helper T cells and CTLs often have co-

receptors, CD4 and CD8 respectively, to aid in recognition of the first signal (Willey 

2008).  The second signal occurs when the CD28 receptor of the T cell binds to the 

protein B7 on the presenting cell (Willey 2008). The fully activated T cell can then 

differentiate and proliferate into mature T cells, which can then rapidly respond to all 

cells infected and displaying that specific pathogen on MHC I.  
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How CTLs kill 

Once activated, CTLs can mediate apoptosis of target cells.  CTLs accomplish 

this through two different pathways: perforin/granzyme-mediated, and the Fas/FasL-

mediated signal transduction pathway. Perforin proteins are used to poke pores in the 

membranes of the target cells, which allow granzyme(Gzm) A and B to enter (Fan et. al 

2003). GzmB pathways induce apoptosis by directly cleaving caspase substrates via 

caspase-dependent or caspase-independent pathways (Fan et. al 2003). GzmA, the more 

abundant Gzm in CTL and NK cells, damages the cell by making many single stranded 

nicks via a caspase-independent pathway (Fan et. al 2003). The immunological synapse is 

an important player in maintaining the connection between a CTL and its target cell while 

perforin and granzyme are being released.  

Cytokines 

It is also important to note the role that cytokines, signaling proteins secreted by 

immune cells, can play in the immune response. These cell signaling agents include the 

interleukins (IL), interferons (INF), and other molecules such as tumor necrosis factor 

(TNF) and most relay messages to the nucleus of the target cell without the use of a 

second messenger, thus making the signal transduction more direct (Willey 2008; Pollard 

2008). These molecules serve a variety of functions, mostly involving the upregulation or 

downregulation of specific gene transcription.  For the purposes of my experiment the 

cytokines, IL-2, IL-12, and INF-γ will be discussed in greater detail in this paper.   

IL-2, also known as T-cell growth factor, is secreted by helper T cells and has 

many functions, among which are the promotion of T-cell proliferation and 
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differentiation. IL-12 was until recently the only known heterodimeric cytokine produced 

by the human body (Trinchier 2003). When this cytokine binds to its receptor, 

phosphorylation, dimerization and then translocation of STAT transcription factors to the 

nucleus occurs (Trinchier, 2003). This cytokine is known to have many effects on various 

immune cells, including being a potent growth factor for cytotoxic T lymphocytes and 

enhancing cytotoxic responses by these cells (Bhardwaj et al. 1996).  Additionally, IL-12 

also increases the activation of CTLs by dendritic cells and it has been shown that cells 

infected with the influenza virus can not produce IL-12 in significant amounts (Bhardwaj 

et al. 1996).  

 INF-γ is a cytokine that is critical for cell-to-cell communication.  When a cell 

becomes infected with a virus it releases INF-γ which is then recognized by receptors of 

neighboring cells (Hedge, 2003). A signaling cascade follows and transcription of 

proteins that fight viral infections then occurs (like MHC).  INF-γ is important to 

consider when working with CMV because CMV inhibits its production, effectively 

destroying communication between infected cells and non-infected cells.  

CMVs Specific Immune Evasion Genes.  

CMV’s immediate early gene US3, along with genes US2 and US11, prevent the 

recognition of infection by Cytotoxic T cells by blocking MHC function using three 

independent mechanisms:  1) it inhibits the promoters for the MHC gene; 2) it degrades 

certain components of the MHC by the Endoplasmic Reticulum Associated Degradation 

pathway; and 3) it alters the intracellular distribution of MHC, thereby limiting the 

trafficking of MHC to the cell surface (Cemerski, 2002; Hedge, 2003). MHC class I 
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molecules therefore either lack a critical component (such as the heavy chain) which 

renders them unable to function, or they are sequestered in the Endoplasmic Reticulum 

and are therefore unable to present antigen on the cell’s surface (Ahn, 1996).  By doing 

this, the virus effectively obliterates the body’s ability to activate a specific immune 

response.  

Triple knockout murine cytomegalovirus (TKO) is the mouse version of CMV 

with the genes US2, US3, and US11 knocked out. By manipulating murine 

cytomegalovirus (MCMV) so that the genes primarily responsible for MHC I interference 

(US2, US3, and US11) were no longer present, an immune response by CTLs is possible.  

This TKO version is significant in our study of how CTLs kill virus-infected cells as we 

should be able to infect fibroblast cells with the mutant virus and compare the ability of 

CTL’s to kill uninfected cells and those infected with a virus that interferes with MHC 

presentation.  

Previous Research  

Prior to my arrival at Dr. Ann Hill’s Lab a chromium release assay was conducted 

which revealed the ability of CTL’s to kill the TKO infected cells but not the unaltered 

MCMV infected cells. However, these results were unable to be replicated in subsequent 

experiments in which CTL’s were unable to kill either TKO infected cells or MCMV 

infected cells.  

Thus, the purpose of my experiment was twofold. First, we wished to repeat 

previous lab results and explore whether there was a difference in killing virally infected 

cells vs. uninfected cells.  Our second aim was to design a protocol in which we would 
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see results where TKO infected cells were killed at higher levels than endogenously 

loaded uninfected cells and at similar levels to exogenously loaded uninfected cells.  We 

did this by using T-cells that were specific for either MCMV, which would be 

endogenously loaded peptide, or SIINFEKL peptide, which would be exogenously 

loaded. We also manipulated the T-cell growing conditions by adding different cytokines 

and then exposing the T-cells to cognate peptide.  We hoped to find growing conditions 

for CTLs in which killing of infected and peptide presenting cells was at a maximum, and 

in which killing of uninfected and non-peptide presenting cells was at a minimum.  We 

chose to grow CTLs in either no cytokines, IL-2, IL-12, T-stim (a known T-cell culture 

supplement), or a combination of IL-2 and IL-12, or IL-12 and T-stim.  Once the most 

effective growing conditions were found, we planned on manipulating different aspects 

of the immunological synapse in order to explore the effects of each component on the 

ability of CTL’s to respond effectively to a pathogen.  
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Methods 

T-cells and Feeders for SIINFKL peptide 

Growing T- Cell Lines (OT1 mice) 

 Spleens were harvested from OT1 mice and immediately put in 10mls of DMEM 

medium in 15ml conical tubes (two spleens per tube).  In the tissue culture (TC) hood, 

spleens and media were poured over a strainer and spleens were mashed into a 50ml 

conical tube. Conical tubes were then spun in the centrifuge for 8 minutes at 1250 rpm.  

Supernatant was poured off and the pellet was resuspended at a ratio of 7.5 ml/spleen 

processed (half the total end volume) in RPMI+L-Glutamine (supplied by GIBCO) 

supplemented with 10% fetal bovine serum, 5x10^-5M of 2-mercaptoethanol (2ME), and 

2% penicillin, streptomycin, and glutamine (p/s/g supplied by GIBCO), this 

combination is from here on referred to as RPMI complete media.   An additional 7.5ml 

of RPMI complete media with spleens from the Black 6 mouse line (B6) was added per 

every spleen processed. Cells were then distributed in 10ml groups into separate flasks.  

These were then incubated for 2 days and 5mls of medium was carefully removed from 

each flask and replaced with 5mls of RPMI complete + 200µl IL-2.  Medium was 

changed every other day by this same process of removing and replacing 5mls of 

medium.  Cells were not kept in RPMI complete+ IL-2 for longer than 10 days.  Two 

days prior to the assay cells were taken out of IL-2 by removing 5mls of medium and 

replacing it with RPMI complete without IL-2.  Cells were also grown in 6 well plates 

with 5ml in each well, and 2.5ml of RPMI complete medium with IL-2 was removed and 

replaced according to the same guidelines as the flasks. When harvesting the medium 

from each flask was pipetted up and down and was put into a conical tube. The flasks 

were then washed with 2mls of 1x Phosphate Buffered Saline (PBS) and this was also put 
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into the conical tube. Cells were then spun in the centrifuge for 8 minutes at 1250 rpm 

and resuspended in 10mls RPMI complete and counted.   

Growing B6 Feeders 

C57BL/6 mice, also known as B6 mice, were bred and spleens were harvested 

and immediately put into 10mls of DMEM medium in 15ml conical tubes (two spleens 

per tube).  In the TC hood, spleens and media were poured over a strainer and spleens 

were mashed into a 50ml conical tube. Conical tubes were then spun in the centrifuge for 

8 minutes at 1250 rpm.  Supernatant was poured off and the remaining pellet was 

resuspended at a ratio of 7.5 ml/spleen processed (half the total end volume) in RPMI+L-

Glutamine complete supplemented with 10% fetal bovine serum and 2% p/s/g.    We then 

added SIINFEKL peptide at a ratio of 0.1µl per every 10mls total end volume (10^-8M 

concentration). Cells were irradiated with 2000 rads (using Cesium) and then added to 

OT1 T-cell lines.  

T-cells and Feeders for MCMV 

Growing T-cell Lines (MCMV specific) 

 Mice were infected with MCMV, 5x10^6 pfu, between the ages of 6-10 weeks. 

Spleens were harvested 7 weeks post infection into conical tubes containing DMEM. In 

the TC hood, spleens and media were poured over a strainer and spleens were mashed 

into a 50ml conical tube. Conical tubes were then spun in the centrifuge for 8 minutes at 

1250 rpm.  The supernatant was poured off and the pellet resuspended at a ratio of 15 

ml/spleen processed (half the total end volume) in RPMI+L-Glutamine complete 

supplemented with 10% fetal bovine serum and 2% p/s/g and distributed in 5 ml aliquots.  

Flt3L cells, a ligand known to stimulate Dendritic cell expansion, were then added at a 
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ratio of 1ml Flt3: 2ml MCMV.   T-cells were then grown in either 6 well plates 

containing 5ml of medium each, or flasks containing 10ml of medium each. The 6 well 

plates and flasks were incubated for 2 days after which half of the medium was carefully 

removed from each flask or well and replaced with RPMI complete + 200µl IL-2.  

Medium was changed every other day by this same process of removing and replacing 

half of the medium.  Cells were not kept in RPMI complete+ IL-2 for longer than 10 

days.  Two days prior to the assay cells were taken out of IL-2 by removing half of the 

medium and replacing it with RPMI complete without IL-2.   

Growing Feeders for T-cell Line (Flt3L stimulator) 

 B6 mice were injected with 5x10^5 Flt3L cells subcutaneously in the flank.  After 

7-10 days a tumor appeared reaching 1-2cm in diameter.  Mice without evidence of a 

tumor were not used for the rest of this experiment.  Spleens were then harvested from 

tumor showing mice into DMEM (5ml per spleen). In the TC hood, spleens and media 

were poured over a strainer and spleens were mashed into a 50ml conical tube. The 

spleens and medium mixture was then spun in a centrifuge for 8 minutes at 1250 rpm.  

Supernatant was poured off and the remaining pellet was resuspended at a ratio of 

30ml/spleen processed in RPMI complete supplemented with 10% fetal bovine serum 

and 2% p/s/g.   We then added 6µl of peptide m141 (MCMV specific) and the cells were 

incubated for one hour at 37 degrees Celsius.  Cells were irradiated with 2000 rads (using 

cesium) and directly added to the MCMV specific T cell line.  

Growing T-cells in Different Cytokines 

 Once T-cells and feeder cells had been mixed and put into separate flasks or 6 

well plates, different cytokines were added.  Our conditions for the 6 well plates were: 
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 RPMI only  

 RPMI complete with IL2 

 RPMI and 100µl IL-12 

 RPMI with 20% T-stim 

 RPMI complete with IL2 and 100µl IL-12 

 RPMI with 20% T-stim and 100µl IL-12 

The cells were incubated for 2 days and t the process of removing and replacing half the 

media began, making sure to replace the correct experimental medium.  

Chromium Release Assay 

On day -2, K41 fibroblasts were plated in 10% FBS DMEM.  They were treated 

with INF-γ at a concentration of 50 units/mL.  

 On day -1, K41 cells were trypsinized, counted and resuspended at a 

concentration of 2x10^5 cells/ml.  Approximately 10^4 cells/per well were added to the 

bottom of each well in a 96 well plate. Cells were incubated for two hours in order for the 

cells to adhere to the bottom of the wells.  The medium was removed from the 96 well 

plate by one quick flick of the hand holding the plate, and cells were infected with 100µl 

MCMV, TKO, or left uninfected at a MOI of 20 diluted in DMEM.  We then added 

100µl of a radioactive Chromium and PAA mixture (250µlCr+200µ PAA+10ml DMEM) 

to each well. Cells were incubated overnight in the radioactive incubator at 37 degrees 

Celsius.  

 On day-0 (Assay Day), the plate was centrifuge for 3 minutes in a warm 

centrifuge at 1200-1500rpm. The supernatant was aspirated and cells were washed 

(centrifuge, aspirated, medium added) two times with 200µl RPMI (warmed to 37 
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degrees Celsius in a hot water bath).  After the third spin medium was again aspirated off 

and replaced with 100µl warm RPMI or with RPMI plus SIINFEKL peptide diluted at 

10^-8M concentration. Cells were incubated for two hours and T-cells were counted and 

resuspended at a 30:1 effector to target ratio. The 96 well plate was taken out of the 

incubator centrifuged for 3 minutes at 1200-1500 rpm and the supernatant was aspirated.  

All wells then received 100µl warm RPMI.  T-cells were added to all but the first three 

rows (100µl per well) and 100µl of medium was added to rows two and three. Cells were 

incubated for 5 hours and at the fifth hour 100µl of a 2% solution of a detergent NP40 is 

added to the top row in order to measure maximum lysis.  Cells were placed back in the 

incubator at 37 degrees Celsius for one hour and then taken out of the incubator, 

centrifuged, and 30µl from each well is plated on a LUMA plate. The LUMA plate was 

dried overnight and then absorbance was measured at 580nm using a Top Count.  

Intracellular Cytokine Staining 

 On day-2, T cells were removed from medium containing IL-2 and put into RPMI 

complete. K41 fibroblasts were plated in 10% FBS DMEM.  They were treated with INF-

γ at a concentration of 50 units/mL. Typically, there was 10ml of K41 fibroblasts and 

FBS DMEM per plate so, 500 units of INF-γ would be used.  

 On Day-1, we plated K41s at a concentration of 10^5cells/well onto a 96 well 

plate. We then loaded the virus (100µl/well) into appropriate wells, adding media only to 

wells with no virus. SIINFEKL peptide was then added into appropriate wells (if doing 

SIINFEKL specific T cells).  
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 Day-0 (Assay Day), T-cells were harvested from flasks and spun at 1200rpm for 3 

minutes at room temperature. Cells were resuspended in 10mls of RPMI complete, 

counted, and resuspended at 1x10^7/ml in DMEM.  We then added Golgi plug, Brefeldin 

A (BFA) at a ration of 1µl per ml medium.  To each well containing K41s, 100µl of 

BFA, T-cell, and medium mixture was added. In addition we made 4 extra wells for 

controls with only T-cells and 100µl media.  Cells were then incubated at 37 degrees 

Celsius for 5 hours. After incubation, cells were centrifuged again at 1200rpm for 3 

minutes at room temperature.  We then changed the centrifuge temperature to 4 degrees 

Celsius because future steps involving the centrifuge were done cold. Cells were washed 

with 200µl cold FACS Buffer and then centrifuged at 1200rpm for 3 minutes at 4 degrees 

Celsius.  

 We then added 50µl of the surface antibody, anti-CD8 PerCP diluted in FACS at 

a ratio of 1:100 in FACS buffer, to each well plus one single color control well.  The cells 

were incubated at 4 degrees for 30 minutes in the dark.  150µl of FACS Buffer is added 

to the cells which are then centrifuged at 1200rpm for 3 minutes at 4 degrees Celsius. We 

then washed cells one time in 200µl FACS Buffer and centrifuged at 1200rpm for 3 

minutes at 4 degrees Celsius.  Cells were fixed and permeabilized by resuspending cells 

in 50µl BD Perm/Wash™ and incubating for 20 minutes at 4 degrees Celsius in the dark.  

Perm Wash was added (150µl/well) to the cells, which are centrifuged at 1300rpm for 4 

minutes at 4 degrees Celsius.  Cells were resuspended in 100µl Perm Wash and pelleted 

again under the same conditions.  

 INF-γ -PE was diluted (5µl into 1ml Perm Wash) and 50µl of the diluted stain 

was added to each well using separate tips and pipeting up and down.   Cells were 
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incubated for 30 minutes at 4 degrees in the dark.  Perm Wash was added (150µl/well) to 

cells and they were centrifuged at 1300rpm for 4 minutes at 4 degrees Celsius. Cells were 

washed 2x in 100µl Perm Wash.  Lastly cells were resuspended in 200µl of FACS Buffer 

and kept in the dark at 4 degrees until they were transferred into FACS tubes and run on a 

fluorescently-activated cell staining machine (FACS machine).  
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RESULTS 

 Figure 1 shows the results of a preliminary chromium release assay with K41 

fibroblasts infected with either Wild Type (WT) or Triple Knockout (TKO) Murine 

Cytomegalovirus (MCMV), or left uninfected (UI).  For this assay, cytotoxic T 

Lymphocytes (CTLs) were specific for SIINFEKL peptide and K41 fibroblasts were 

peptide pulsed, or exogenously loaded, with SIINFEKL at 10^-8M concentration. 

Uninfected cells were killed at a much higher rate (-82%) than either WT (-11%) or TKO 

(-18%). There was a statistically significant difference between uninfected cells as 

compared to and WT and TKO (p>.01) infected cells.  There was also a significant 

difference between WT and TKO (p>.01) infected cells.  
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**

Figure 1:  K41 fibroblasts were loaded with SIINFEKL peptide and radioactive 
chromium and then exposed to CTLs. This graph depicts the average killing of K41 
fibroblasts infected with either Wild type MCMV (WT), Triple Knockout MCMV 
(TKO), or left uninfected (UI).   

*= p>.001 Statistically significant at the 99% confidence interval calculated using a two 
tailed z-test against WT and TKO 
**= p>.001 Statistically significant at the 99% confidence interval calculated using a two 
tailed z-test against TKO 

Figure 2 also shows the results of a chromium release assay with K41 fibroblasts 

infected with either WT or TKO Murine Cytomegalovirus, or left uninfected.  However, 

for this assay CTLs were specific for MCMV peptide and the K41s were not loaded with 

SIINFEKL.  In this assay TKO infected cells were killed at a higher rate than both UI and 
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WT infected cells.  WT infected and UI cells do not appear to have any statistical 

difference in killing levels (p>.01).   

 

*

Figure 2: Average percent lysis of either triple knockout (TKO) infected cells, Wild 
Type infected cells (WT), or uninfected (UI) cells by Cytotoxic T Lymphocytes specific 
for MCMV.    

*= p>.001 Statistically significant at the 99% confidence interval calculated using a two 
tailed z-test against WT and UI. 

 

In Figure 3, uninfected peptide pulsed cells were killed on average more 

frequently (all conditions were above 70%) than TKO infected cells with or without 

peptide. TKO infected cells without peptide were consistently killed at a rate less than 

20%.  TKO infected cells with peptide were killed at very high rates (>80%) when CTLs 

were grown in either IL-12 alone, or IL-12 in conjunction with IL-2. Uninfected, non-

peptide pulsed cells consistently (in all but the T-stim growing condition) had killing 

  19



rates over 80% and were always killed more frequently than their TKO infected peptide 

pulsed counterpart.  

 

Figure 3: Average percent lysis of either triple knockout (TKO) infected cells or 
uninfected (UI) cells by Cytotoxic T Lymphocytes specific for SIINFEKL peptide grown 
in different cytokine environments. 

 

Figure 4 describes the results of a chromium release assay in which the CTL 

mediated killing of uninfected and TKO infected cells peptide pulsed with SIINFEKL. 

CTLs exposed to IL-12 when activating and expanding showed on average a greater 

ability to kill TKO infected fibroblasts loaded with peptide than their counter parts grown 

without IL-12.  Peptide pulsed uninfected cells were killed at higher levels (>50%) when 

CTLs were grown in either no cytokines, IL-2 alone, or IL-12 alone. Uninfected cells 

without peptide were only killed at a high rate (>50%) when CTLs were grown in IL-12 

alone.  There was no cytokine condition were CTLs where able to kill TKO infected cells 

at high rates if peptide was not loaded.   
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Figure 4: Average percent lysis of either triple knockout (TKO) infected cells or 
uninfected (UI) cells by Cytotoxic T Lymphocytes specific for SIINFEKL peptide grown 
in different cytokine environments. 
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Discussion 

  

            Previous research of CTL killing has shown these cells to be effective at killing 

peptide pulsed uninfected cells. Research has also shown that cells infected with the TKO 

version of MCMV are killed at a slightly higher rate than those infected with the WT 

version of MCMV. This research suggests, by using data from several different 

chromium release assays, that CTLs have a harder time killing virus-infected cells, and 

that certain cytokines may influence the effectiveness of CTL killing.  This is significant 

because it indicates that simply the presence of a virus within a cell, even if it is not 

active, may require different assistance or strategies of CTL’s for them to kill the infected 

cells.  

            Figures 1 and 2 show the results of chromium release assays using T-cells specific 

for SINNFEKL or MCMV peptide respectively. Figure 1 shows that when peptide is 

exogenously loaded (peptide pulsed) onto uninfected K41 cells that CTLs can kill on 

average 81.72% of the loaded K41s.  However, when K41s are infected with either TKO 

or WT MCMV the rates of killing are much lower (18.36% and 11.28%). Running a two-

tailed z-test shows a statistically significant difference in killing at the 99% confidence 

interval between UI and both WT and TKO infected cells.  The z-test also showed a 

significant difference at the 99% confidence interval in killing between WT infected and 

TKO infected cells. This means that though TKO infected cells were killed more than 

WT infected cells, they were also killed less than uninfected cells. If CTLs were able to 

kill virus-infected and uninfected cells the same way then we would see no significant 

difference in the amount of killing of TKO infected and uninfected cells.  Since this is not 
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the case, these data suggest that CTLs may require different factors to kill virus-infected 

cells.  

            Looking at another chromium release assay (Figure 2) in which cells had 

endogenously loaded peptide onto their MHC’s yields more expected results than the 

previous experiment.  Figure 2 shows a statistically significant difference at the 99% 

confidence interval in killing of TKO infected cells vs. WT infected or uninfected cells.  

However, though CTLs were able to kill TKO infected cells more than the other two 

conditions, TKO infected cells were not killed as frequently (only 11.74%) as expected 

based on how much the CTL’s were able to kill uninfected cells in the previous assay. 

Thus, this assays also suggests a difference in killing virus-infected cells vs. uninfected 

cells.  

   Based on the first two figures it appears that the protocol for the chromium 

release assay must be altered so that more killing of TKO infected cells loaded with 

peptide can be seen. Subsequent assays attempted to find a CTL growing environment 

that increased the amount of killing of TKO infected cells loaded with SIINFEKL.  From 

these assays there appears to be a general trend in which T-cell conditions involving IL-

12 elucidated a greater killing response.  

           However, though the two different assays involving growing CTLs in cytokines 

appeared to show a greater killing ability when IL-12 was included, it is also important to 

look at the complications in interpreting these data.  

Figure 3, shows nearly a 60% increase in the CTL-mediated killing of peptide 

loaded, TKO infected fibroblasts when CTL’s were grown in IL-12 vs. no cytokines. 
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However this figure also shows over 80% killing of uninfected cells without peptide in 5 

of the 6 conditions.  Thus the interpretation of this experiment is complicated as there 

should be little to no killing of uninfected cells not loaded with peptide.  An error in 

sampling could have occurred only for the uninfected cells without peptide, or for every 

experimental condition.  As such, the actual interpretation of these data changes based on 

where the sampling error occurred. Due to the setup of the assay it would be difficult for 

a human error to only affect one experimental condition.  This being said, the error bars 

for the uninfected cells without peptide treatment are significantly larger than the other 

conditions, suggesting an error localized to that treatment. These data could also be due 

to the nature of the CTLs; perhaps these CTLs exhibited more non-specific killing and 

thus more killing of non-peptide pulsed cells.  If the CTLs were in fact killing non-

specifically, Figure 3 shows that even with the most active CTLs, without IL-12 CTLs 

have difficulty killing virus-infected cells.  

The results of a repeat experiment are shown in Figure 4.  From this figure we can 

see a rise in the killing of uninfected cells loaded with peptide in the first three 

experimental conditions and a decreased level of killing in the last three. TKO infected 

cells loaded with peptide were killed at a rate of >50% in all conditions except for the T-

stim and IL-12 combination. Uninfected cells without peptide were killed less than any 

other cell type except TKO infected without peptide and were only killed at a rate of 

>50% when CTLs were grown in IL-12 alone. Though growing CTLs in IL-12 did not 

significantly increase the amount of killing of TKO infected cells compared to growing 

them in IL-2, CTLs grown in IL-12 were more likely to kill uninfected, non-peptide 

pulsed cells non-specifically.   

  24



   Flow cytometry was used in order to ensure that we were in fact growing CTLs 

before performing the various chromium release assays.  Once CTL presence was 

confirmed, to check the health and performability of our CTL cells we ran an 

Intracellular Cytokine Stain (ICS).  Thus all assays should represent the ability of 

functioning CTLs to kill cells in various conditions and therefore potential errors in the 

chromium release assay would not result from a lack of CTLs.  

            It is also important to note the possibility of human error when performing a 

chromium release assay.  Large percentages, especially those over 100, are more than 

likely due to an error in sampling than an actual killing percentage above 100. It is 

possible that not all the chromium was washed off of all the conditions or that when 

collecting a sample to be counted the pipette tip touched un-lysed cells and subsequently 

lysed them, thus giving numbers higher than expected.  

 Further testing involving the same and different cytokines is necessary in order to 

verify whether any cytokine aids in CTL killing ability. Also, it may be useful to alter the 

concentration of cytokines in which CTLs are grown as this may have an affect on CTL 

killing and potentially even non-specific killing. Though the chromium release assay 

theoretically provides an accurate measure of fibroblast lysing by CTLs, it also has a 

huge potential for human error.  Redesigning the protocol so less human error is possible 

would be valuable for obtaining more accurate results.   

 Continuation and expansion of the above research may provide valuable insight 

into the mechanisms of CTL killing.  Discovering what cytokines are needed to 

effectively kill target cells leads to the question of why these cytokines are needed and 
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also leads to the possibility of manipulating other variables involved with CTL killing.  

Learning all factors necessary for optimal CTL killing will provide a greater 

understanding of immunology and could have huge consequences in future medicinal 

approaches to treating viral pathogens.  

  26



 

* 

**

Figure 1:  K41 fibroblasts were loaded with SIINFEKL peptide and radioactive 
chromium and then exposed to CTLs. This graph depicts the average killing of K41 
fibroblasts infected with either Wild type MCMV (WT), Triple Knockout MCMV 
(TKO), or left uninfected (UI).   

*= p>.001 Statistically significant at the 99% confidence interval calculated using a two 
tailed z-test against WT and TKO 
**= p>.001 Statistically significant at the 99% confidence interval calculated using a two 
tailed z-test against TKO 
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Figure 2: Average percent lysis of either triple knockout (TKO) infected cells, Wild 
Type infected cells (WT), or uninfected (UI) cells by Cytotoxic T Lymphocytes specific 
for MCMV.    

*= p>.001 Statistically significant at the 99% confidence interval calculated using a two 
tailed z-test against WT and UI. 
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Figure 3: Average percent lysis of either triple knockout (TKO) infected cells or 
uninfected (UI) cells by Cytotoxic T Lymphocytes specific for SIINFEKL peptide grown 
in different cytokine environments. 
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Figure 4: Average percent lysis of either triple knockout (TKO) infected cells or 
uninfected (UI) cells by Cytotoxic T Lymphocytes specific for SIINFEKL peptide grown 
in different cytokine environments. 
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