Measurement of natural killer cells and T-cells in ERAP2-N and ERAP2-K

I.  Introduction
One of the major problems in the outcome of treating cancer is that certain cancer cells cannot be killed with treatments such as, irradiation, chemotherapy, and immunotherapy. To help with this problem we could start by introducing an agent that will be able to kill these cancer cells more efficiently. Potentially, one way to achieve this is to introduce a protein called ERAP2 to cancer cells. ERAP2 is an enzyme that stands for endoplasmic reticulum aminopeptidase 2 and is located on chromosome 5 (Andres et al, 2010). Enzymes are proteins that change other proteins without changing themselves. ERAP2 is responsible for trimming peptides in the endoplasmic reticulum to an appropriate size so it can bind to the MHC class I molecule (Saveanu et al, 2005). Lymphocyte activation will be discussed later and the MHC class I molecule is a crucial component for lymphocyte activation.
[image: ]The ERAP2 gene has two isoforms, ERAP2-K and ERAP2-N. The main difference between ERAP2-N and ERAP2-K is that ERAP2-N trims peptides165 times faster than ERAP2-K (Evnouchidou et al, 2012). K and N result from a point mutation in the ERAP2 gene when nucleotide G changes to nucleotide T in the location single nucleotide polymorphism (SNP) rs2549782 (Vanhille, 2013). When this point mutation occurs, it results in a single amino acid change where lysine (G) changes into argentine (T). Evnouchidou et al (2012) mention this point mutation can change the trimming capabilities of ERAP2 because ERAP2-N (arginine) trims peptides 165 times faster than ERAP2-K (lysine). 
 (
Figure 1: Shows melanoma cell line MRN-1 expresses low amounts of ERAP2 (Fruci et al 2006) 
)Most cells express ERAP2, so a melanoma cancer cell was chosen to test if ERAP2-N, which trims peptides faster than K, will induce a better immune response. Fruci et al (2006) mention that this particular melanoma cell MRN-1 expresses low amounts of ERAP2. The purpose of this experiment is to introduce more ERAP2 into the melanoma cancer cell MRN-1, either K or N, and see which isoform induces a better immune response by determining which isoform potentially activates more natural killer and T-cells. 
II. Experiment
As I mentioned before, melanoma cancer cell MRN-1 expresses low amounts of the ERAP2 gene. When ERAP2 is expressed it only expresses the K isoform because the N isoform cannot genetically be expressed. Inside the cell, the nucleotide T (arginine) always travels with the nucleotide G (lysine).  Every time the T nucleotide travels with the G nucleotide, it is able to go through transcription but is not able to go through translation because it results in early mRNA degradation, which prevents the T nucleotide (N isoform) to be expressed. Since the melanoma cancer cell MRN-1 expresses low levels of ERAP2, a plasmid that carries ERAP2-N will be introduced to MRN-1.
The goal of this experiment is to measure and compare the lymphocyte activation level when they are stimulated with the melanoma cell MRN-1, in the presence of ERAP2-N, ERAP2-K, or both. 
Part A. Introduction of ERAP2-N into MRN-1 
Following the protocol in Alistair et al (2001) MRN-1 cells will be plated in the appropriate media and will be left overnight in temperature of 37º C. ERAP2-N will be introduced to MRN-1exogenously by the method of transfection using a pTracer  plamid CMV2. Before the plasmid is transfected, Zugene or Lippofection will be injected into the cell to loosen up the cell wall. The ptracer plasmid contains the ERAP2-N gene, a mammalian promoter region and a red fluorescent protein (RFP). The mammalian promoter region has transcription factors that will help activate gene expression. When the cell is put under UV light, the cells will light up red and that will confirm that ERAP2-N is expressed in MRN-1. 
Part B. Lymphocyte activation assay and flow cytometry analysis
Before lymphocyte activation assay is performed, PMBC isolation method is used to extract lymphocytes by using gradient separation (isolate peripheral blood monocytes which include NK cells and T-cells 
[image: ] (
Fig 2: Lymphocyte activation assay procedure. The figure shows MRN-1 that will be transfected with  the pTracer plasmid CMV-2. Adapted from Eun Lee’s lab.
 
)In order for lymphocyte activation to occur, proteins need to transport to the surface of the cell by binding to the MHC class I molecule from the endoplasmic reticulum. Proteins start in the cytoplasm of the cell but are too big to bind to the MHC class I molecules. Next proteomes in the cytoplasm cut the proteins but the amino acids are still too long to bind the MHC class I molecule. A transporter protein called TAP helps transport the proteins from the cytoplasm to the ER. This is where the role of ERAP2 comes in. In the ER, ERAP2 trims the amino acids to 8-9 amino acids, which is an appropriate amount to bind to the MHC class I molecule so it can go to the surface of the cell. This is when lymphocyte activation can potentially occur. 
 (
Figure 3: Flow cytometry method 
(http://www.thyrocare.com/Fluorescence-flow-cytometry.html
)Lymphocyte activation assay will be used to measure and compare the natural killer cell/T-cell activation level against ERAP-N and ERAP2-K expressed in MRN-1. Flow cytometry analysis will quantify lymphocyte activation and count all the activated natural killer and T cells.

[image: http://www.thyrocare.com/images/About/Flowcytometry.png]Lymphocytes are white blood cells that are part of the immune system. Lymphocytes include natural killer cells, T-cells, and B-cells. Natural killer cells are immune cells that that can kill cancer cells and T-cells help the body fight cancer. When the body is trying to fight off an infection, lymphocyte activation occurs. 
For lymphocyte activation assay, only T-cells and natural killer cells will be measured. Natural killer cells/T-cells in ERAP2-N will be measured and compared with the natural killer cells/T-cells in ERAP2-K. 
III. Discussion
There can be three possible results of this experiment: exogenously introduced ERAP2-N induces more natural killer cells/T-cells compared to ERAP2-K, ERAP2-K induces less activated natural killer cells/T-cells compared to ERAP2-N, or ERAP2-N and ERAP2-K have the same amounts of activated natural killer cells/T-cells. The purpose of this experiment is to determine which isoform of ERAP2-K or N, induces a better immune response. This will be determined by quantifying the activated natural killer cells/T-cells in each isoform. More activated natural killer and T-cells mean that potentially more cancer cells are killed. The hypothesis for this experiment is that ERAP2-N can potentially induce a better immune response due to their ability to trim peptides 165 times faster than ERAP2-K.
Evnouchidou et al (2012) mentioned that ERAP2-N trims peptides at a faster rate, about 165 times more than ERAP2-K. This can alter with the activation of the natural killer cells and T-cells. If ERAP2-N trims peptides at a faster rate than ERAP2-K, it may have provide a better immune response than ERAP2-K because if peptides are being trimmed at a faster rate that may trigger more natural killer cells and T-cells.
One potential pitfall that could maybe skew the results is when the ERAP2-N is transfected into the melanoma cancer cell; it could transfect a higher amount. So when the cancer cell with the ERAP2-N is compared with the cancer cell with ERAP2-K, the results may not be accurate since we can’t determine how much ERAP2-N to transfect. Having a cell line with neither K nor N would have been more ideal because then the cell line would go through each step for each isoform and the results would be more accurate.
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111s assay was used to measure pepuae-tmmmiy ity or wsoratea mi-
crosomes as described previously (6). Microsomes were isolated from 10”
cells by sucros ation. adjusted to equal protein concen.
trations, snap-fro; it —80°C. The preparations were usable
up 10 60 days without loss in peptide-trimming activity. Microsomes (50
ul) were treated with 0.4 mg/ml proteinase K (pK) for 30 min at 4°C.
followed by washing and incubation with 2 mM PMSF for 30 min at 4°C
with 1% CHAPS (Sigma-Aldrich). Microsomes thus
incubated for 3 min with 'Iradiolabeled peptide RSLYN
TVATL (R-S9L) (132 nM:; sp. act,, 60 cpm/fmol) at 37°C. The re:
was terminated by the addition of an equal volume of phenol. Untreated
microsomes and pK-treated microsomes were included in the assay as con.
trols. Four microliters of the organic phase was subjected to TLC on sili
el 60 plates (Merck) using a mixture of N-butanolpyridine/acetic acid/
water (97:75:15:60) as described elsewhere (15). Spot radioactivities were
quantified using the ImageQuant 5.0 software (Molecular Dynamics).

HIA class 1 assay by flow cytometry

Cell surface expression of HLA class I molecules was determined by in
direct immunofluorescence staining. Cells (0.5 X 10°) were washed with
PBS and then stained with an excess of HLA class I-specific mAb W6/32
for 40 min on ice and then incubated with a FITC-conjugated goat ani.
mouse 1gG (BD Biosciences). FACS analysis was done on a FACSCalibur
flow eytometer (BD Biosciences).

Statistical analysis

All raw assay data were normalized as the fraction (percent) of the highest
values obtained for cach assay. Normalized values were analyzed for cor-
relation by the regression analysis using StatView software (SAS Instiute).

Results

To explore the role of ER aminopeptidases in HLA class 1 Ag
expression, a large panel of human cell lines that include EBV-B
cell lines established from healthy blood donors and tumor cell
lines derived from various organs and tissues. were assayed for
expression of ERAPI and ERAP2, HLA class 1:H chains, and
TAPI by Western blot analysis. Western blot patterns of EBV-B
cell Tines and control cell lines are shown in Fig. 14 and those of
melanoma cell lines and other lymphoid and nonlymphoid cell
lines in Fig. 1. B and C. The densitometry data are given along
‘with the normalized values. i.e.. the percentage of the highest value
obtained in each assay component, in Table I. These cell lines were

also assayed for surface HLA class T expression. ER peptide-trim-
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FIGURE 1. Immunoblot analysis of EBV-B and wmor cell lines. 4-C,
Equal amounts of non-ionic detergent cell lysates (100 pg/lane) from
EBV-B cell lines. control mutant cells, and tumor cell lines were resolved
on an 8% SDS-PAGE and probed by incubation with the indicated purified
rabbit antiserum specific for ERAPI (A-LAP), TAP1 and ERpS7, and
mAbs specific for ERAP2 (3FS) and HLA class 1 H chains (HC10 and
HCA-2). A cross-reaction of HCA-2 with HLA-G is noted. A representa:
s shown of four performed.
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