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Abstract

Studying signal transduction in skin-resident T cells (sr-T cells) can be limited by the small size of
clinical biopsies. Here, we isolated sr-T cells from clinical samples and analyzed signaling protein
complexes by multiplex immunoprecipitation detected by flow cytometry (mIP-FCM). In samples
from two independent donors, antigenic stimulation induced signaling proteins to join shared
complexes that were observed in 7 pair-wise combinations among 5 proteins. This demonstrates
that sr-T cells isolated from small clinical samples provide sufficient material for mIP-FCM-based
analysis of signaling-induced protein complexes. We propose that this strategy may be useful for
gaining improved mechanistic insight of sr-T cell signal transduction associated with
dermatological disease.

Background

Skin-resident (sr) T cells are vital for immunological surveillance, but can be pathogenic in
dermatologic diseases such as alopecia areata, psoriasis, and allergic contact dermatitis, [1,
2]. Differential activity of signaling pathways may play a causal role in determining these
healthy vs disease outcomes. However, protein complexes important for signal transduction
in sr-T cells are difficult to study, largely due to limited cell numbers that can be obtained
from normal or diseased skin biopsies.

Clark et al. [3] described a method for isolating sr-T cells by culturing skin biopsies on a
porous substrate for three weeks. During this time, fibroblasts exit the skin, attach to the
substrate, release chemokines, and attract sr-T cells that migrate from the skin sample into
the media. This procedure for sr-T cell isolation has subsequently been referred to as the
“crawl-out” method [4]. While this represents a significant advance in the ability to isolate
intact cutaneous T lymphocytes, the number of T cells obtained can still be limiting (~1-5 x
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10° cells per 4-mm punch biopsy) for standard analyses of protein complexes, such as those
involving immunoprecipitation and/or Western blotting.

Multiplex immunoprecipitation detected by flow cytometry (mIP-FCM) is a novel
biochemical technique that measures the extent to which proteins bind each other and are
expressed in shared complexes [5]. Because low cell numbers have been shown to be
sufficient for IP-FCM analysis [6-8], we hypothesized that the multiplex approach could be
applied to examine signaling-induced protein complexes from sr-T cells that were isolated
from small clinical samples.

Question Addressed

Can the crawl-out method yield sufficient primary human sr-T cells for protein complex
analysis using mIP-FCM?

Experimental Design

Identification of antibodies, and description of the methods used for T cell harvesting and
stimulation are described in supplementary online materials.

Multiplex Immunoprecipitation Detected by Flow Cytometry (mIP-FCM)

The technical details and protocols of singleplex IP-FCM [6-8] and multiplex IP-FCM [5]
have been previously published. Briefly, after incubation on ice for 20 min, lysates were
centrifuged at 21,000 x G for 10 min in order to discard nuclei. Multiplex
immunoprecipitation was performed by adding to each post-nuclear lysate a mix of five
specific antibody-conjugated Luminex beads. Following overnight incubation at 4C, beads
were washed on a magnetic plate washer (Biorad) and incubated with PE-conjugated probe
antibodies, or with biotinylated probe antibodies followed by streptavidin-PE. After
washing, beads were resuspended in IP-FCM buffer (150 mM NaCl, 50 mM Tris-HCI, 1%
bovine serum albumin (Fraction-V, Sigma-Aldrich)) and analyzed on a Bioplex 200
multiplex bead reader.

Statistical Analysis

Results

Duplicate mIP-FCM samples were acquired for all data associated with each donor. The
median fluorescence intensity (MFI) of corresponding duplicate data was averaged, and
pair-wise protein complex data was expressed as the ratio of stimulated/unstimulated to
indicate fold-change. To statistically analyze data from both donors together, two-tailed
Student’s t-test was used to determine whether significant changes in protein complexes
occurred in stimulated vs unstimulated conditions. Results are reported at both p < 0.05
level, and the Bonferroni-adjusted level p < 0.005 (based on 10 pair-wise comparisons).

The crawl-out method of cutaneous T cell isolation yielded on average 1.7 + 0.2 x 10° cells
from the Cytomatrix supports (mean £ SEM). Cellular flow cytometry showed that greater
than 90% of isolated cells were CD3* (data not shown), with approximately 71% of T cells
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being CD4" and 22% CD8™ (illustrated for one donor, Fig 1A). Furthermore, approximately
90% of T cells were clearly CLATCCR4* (Fig 1B). These data are similar to previous
reports using the crawl-out method [3, 4], indicating that isolation of primary human sr-T
cells was achieved as expected.

Multiplex IP-FCM captures target proteins on Luminex microspheres, and then detects co-
associated proteins using fluorophore-conjugated probe antibodies (Fig 1C). This allows
flow cytometry-based semi-quantitative analysis of proteins bound to each other in shared
complexes. We performed mIP-FCM on lysates of freshly-harvested sr-T cells that were
subjected to either unstimulated negative-control conditions, or 5 minutes of anti-CD3 +
anti-CD28 antigenic stimulus. Analysis focused on 5 members of the proximal T cell
antigen receptor (TCR)/CD3 signaling pathway: TCR, Linker of activated T cells (LAT),
Zeta-associated protein 70 (ZAP70), Phospholipase C gamma (PLCg), and Phosphoinositide
3-kinase (PI3K). These proteins were chosen because they are known to inducibly associate
in shared complexes and mediate signal transduction upon antigenic stimulation (Fig 2A)
[9]. Thyl glycoprotein was also analyzed, its lack of association in these signaling
complexes serving as a specificity control for protein complex formation. The results from
two individual donors analyzed by mIP-FCM are summarized in Fig 2B, with data
expressed as fold-change in stimulated vs. unstimulated conditions. The donors and
experiments were each independent, with samples acquired and analyses performed on
different days. We observed that protein complexes from both donors displayed similar
induction in response to stimulation (Donor 1, Donor 2, Fig. 2B). For unified analysis of
data from both donors, their corresponding fold-changes were averaged, and raw values of
stimulated vs. unstimulated conditions were compared by Student’s t-test (Overall, Fig. 2B).
We observed 7 protein pairs whose quantities in shared complexes increased in response to
antigenic stimulation by = 1.4-fold on average (Overall, Fig. 2B). Defining significance as p
< 0.05, all seven increases in signaling complexes were significant (red + orange, Fig. 2B),
while using a more stringent Bonferroni-adjusted cut-off p < 0.005, five of the increases
remained significant (red, Fig. 2B). Overall, these results show that mIP-FCM can be
applied to measure changes in protein complexes using sr-T cells obtained via the crawl-out
method from small clinical skin samples.

Conclusions

In this study, we stimulated sr-T cells isolated from human skin and used mIP-FCM to
detect increases in signaling protein complexes. This type of analysis would not be feasible
using traditional methods such as IP-Western blotting, because of the small amount of
biological material available. Our data suggest that mIP-FCM could be a useful tool for
analyzing protein complexes from small clinical biopsies, enabling improved study of the
molecular machinery of T cell signaling in T cell-mediated dermatologic disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. The crawl-out method yields sr-T cells suitable for mlIP-FCM
A) Representative FACS analysis of CD4 and CD8 expression on skin-resident (sr) CD3+ T cells isolated via the crawl-out

method. B) FACS analysis of CLA and CCR4 surface expression on these CD3+ sr-T cells. C) Schematic diagram of multiplex
IP-FCM (mIP-FCM). Each of several different Luminex bead color-classes is coupled to a unique immunoprecipitating Ab.
Beads are incubated with lysates so that immunoprecipitated proteins and their co-associated binding partners are captured on
the beads. Probe Abs then detect co-associated proteins on the beads.
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Donor 1 Donor 2 Overall
TCRB:ZAP70 4.8 7.2 6.0
TCRB:PLCG 2.9 4.2 3.6
TCRB: PI3K 3.8 2.8 3.3
TCRB: LAT 3.l 3.4 8.3
PLCg: PI3K 3.2 2.1 2.7
LAT: PLCG 2.5 2.0 2.3
LAT: PI3K 1.6 1.2 1.4
ZAP70: PI3K 1.0 1.2 1.1
ZAP70:PLCG 1.2 1.9 1.1
LAT:ZAP70 1.0 1.0 1.0
TCRB: Thy1 1.0 1.0 1.0
LAT:Thyl 1.0 1.0 1.0
ZAP70:Thyl 1.0 1.0 1.0
PLCg:Thyl 1.0 1.0 1.0
PI3K:Thyl 1.0 1.0 1.0
P value: <0.05
< 0.005

Figure 2. Protein complex analysis from primary human sr-T cellsusing mlP-FCM

A) Target proteins are known to form shared complexes that mediate signal transduction upon T cell antigenic stimulation. B)
Skin-resident T cells from 2 separate individuals were isolated via the crawl-out method, and then either left unstimulated, or
stimulated with anti-CD3 + anti-CD28 for 5 minutes. Following lysis, mIP-FCM was was performed. Numbers represent the
fold-change of protein pairs observed in shared complexes in stimulated vs unstimulated conditions. For unified analysis of data
from both donors, their corresponding fold-changes were averaged, and raw values of stimulated vs. unstimulated conditions

were compared by Student’s t-test (Overall; orange, p < 0.05; red, p < 0.005).
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