Identification of Cell-surface Proteins from Highly Purified Subpopulations of T-cells Produced by Fluorescence-activated Cell-sorting
from Human Blood

Colette Rudd?, Jita De?, Thomas A. Shaler!, David Houck?, Diether Recktenwald?, Sally Swedberg? San Jose, CA; 2BD Biosciences, San Jose, CA

Objective

The goal of this work is to identify new cell surface markers from
highly purified, sorted subpopulations of cells. Phenotypically
distinct populations of cells can be produced by fluorescence-
activated cell sorting (FACS) and the global protein differences
between the populations can be investigated by the techniques of
proteomics, including nanoflow LC/MS". In our initial studies, we
have examined the combined use of FACS to produce highly
purified populations of CD4+ and CD8+ T-cells with long-gradient
nanoflow LC/MS" to analyze the peptides released from those cell
surface proteins that are susceptible to cleavage by trypsin

Introduction

A goal of proteomics is the ability to detect all proteins in a
particular biological subsystem, such as a cell type or cellular
subfraction. Fluorescence-activated cell sorting (FACS) is a
powerful tool for isolation and characterization of purified cell
populations. FACS uses cell surface markers, DNA content,
biochemisry, or morphology (light scatter) to sort a specific cell
subpopulation from a cell suspension

Methods coupling liquid chromatography (LC) with tandem mass
spectrometry (MS/MS) have been shown to enable the rapid
identification of many proteins without a requirement for prior
purification. Using this technology multiple peptide fragments
are separated, analyzed and linked to their parent proteins using
genomic databases. An advantage of the LC/MS/MS analysis is
that even low abundance proteins can often be detected.

The objective of this study was to combine the power of the
LCIMSIMS with FACS to enable the identification of unique cell
surface proteins on specific subsets of human T-cells

achieve this objective it was first necessary to prepare sufficient
quantities of purified CD8+ and CD4+ cells for analysis and to
develop and evaluate a method to selectively release peptides
and proteins from the cell surface

Analysis of cellular proteomes using these methods typically
requires at least several million cells per sample. An advantage
of the FACS technology for this study was that millions of cells
can be purified in a short time, and the procedure has litie or no
effect on cell viabilty, which is important in minimizing the
number of intracellular proteins in the preparations.

Materials and Methods

Labeling and Sorting of T-Cells. Whole blood (60ml) drawn from
healthy donors was treated with a combination of fluorescein-labeled
anti-CD4 and phycoerythrin-labeled anti-CD8 antibodies (BD
Biosciences, San Jose, CA). The blood samples containing the
labeled T-cells were then centrifuged over Ficoll-Paque PLUS
(Pharmacia, Upsala, Sweden) in order to separate the lymphocytes
from red blood cells and granulocytes. The harvested cells were
washed twice with phosphate buffered saline, pH 7 (PBS) containing
0.5% Pluronic F-68 (Sigma, St Louis, MO). The CD4- and CD8-
subsets of lymphocytes were sorted by single drop deposition using a
BD FACSVantage SE (Figure 2). We used multiparameter analysis,
including the forward and side scatter properties of cells and surface
fluorescence, to gate the CD4 and CD8 T-cell subpopulations for
sorting. Sort purity was confirmed by analyzing portions containing
10% of the sorted cells on a BD FACSort,

Selective Digestion of Lymphocyte Cell Surface Proteins
Isolated cells (1-50 x 10%) were washed with Hank's balanced salt
solution (HBSS) to remove extracellular protein. Cells were treated
with reducing agent tris(2-carboxyethyl)phosphine (TCEP), 10 mM in
HBSS, for 20 minutes. After removing the TCEP, the cells were
resuspended in 20 jig/mL trypsin (sequencing grade moified) in PBS
and incubated at room temperature for 15-30 min. The cells were
centrifuged, saving the supernatant for further digestion (overnight at
37°C). Validation studies were performed to evaluate the efficiency
of trypsin cleavage for a variety of cell surface markers using
fiuorescent antibodies to CD proteins (Figure 4). Membrane
permeability and cell viability post-treatment. were evaluated by
trypan blue dye exclusion and by lack of propidium iodide uptake.

Analysis of peptide mixtures and data analysis. Peptide mixtures
were analyzed by LC/MS/MS on a Surveyor HPLC (ThermoFinnigan,
San Jose, CA) equipped for nanoflow operation, coupled to an LCQ-
Deca ion-rap mass spectrometer (ThermoFinnigan). Prior to
analysis, the digested samples were reduced by treatment with 10
mM TCEP for 5 min at 90°C, loaded into 96-well microtiter plates and
maintained at 4°C in the autosampler. Sample vmumes

100 microliters were pr 0a
polystyreneldiinylbenzene trap and then eluted fom e trap onto a
reversed-phase packed-tip column containing C18-BioBasic (75 um
i.d. x 10 cm) at a flow rate of 100 nL/min. The gradient conditions
were 0% - 40% B (B = 0.1% formic acid in acetonitrile, A = 0.1%
formic acid in water) over 6 hours. Data were collected using
dynamic exclusion, with three MS/MS scans for every full MS scan
(Figure 5). Database searching was performed using TurboSequest
against a human protein database, allowing for up to two missed
cleavages per peptide. TurboSequest results were summarized
using a newly devised scoring algorithm that uses correlation values
produced by Sequest to assign statistical significance to the matches
obtained.
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Results

“The results of riplicate LC/MS analyses of both CDA+ (12-15 x 106 cells) and CDB+
(5 10 cells) sorted-cell-sample digests revealed that the samples were highly
complex and consisted of large numbers of peptides. Examples depicting the base-

rinciples of fluorescence-activated cell-sorting

be identified in the samples. A total of 387 proteins were
identified in the CDB+ cells and out of these, 44 were known to be membrane-
bound and 14 had CD designations.
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[The CDa+ cells yielded a total of 347 protein-identifying MS/MS spectra, 36 of
ane proteins and 8 had CD designations. The presence of

in the CD4+ samples. The epitope on CD4 was shown to be efficiently removed by

Trypsin (Figure 4), so itis possible that the antibody used to label the protein for
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Conclusions

T-cells pr human
blaod.

+Atotalof 44 membrane proteins could be identied from CDB celks, and 36
membrane proteins were idenified from CD4+ cells

by the use of mul-dimensional LC/MS techniques and by the use of other




