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Equations 
Equation S1. Linear regression model. 
 

 
 

 

  



Equation S2. ANC -cutoff calculation. The -cutoff required to determine statistical 
significance per experiment ( ) was calculated to maintain an overall type I error of 0.05 
adjusted for multiple hypothesis testing with Bonferroni correction. The -cutoffs were 
calculated as follows: 
 

 

 

  



Equation S3. Adaptive ANC -cutoff calculation example for four experiments and 
70% consistency. 
 

 

  



 
Fig. S1. Screening strategy for multiplex panel antibodies, using SLP-76 as an example. (A) 
For each of 20 target proteins, we first screened three to five antibodies for their ability to 
specifically bind to the target in postnuclear lysates prepared from Jurkat cells. For SLP-76, four 
antibodies were screened as immunoprecipitation (IP) or detection (probe) reagents. Capture 
antibodies were exclusively monoclonal, whereas polyclonal antibodies were sometimes included 
as probes. The red dashed box indicates the capture-probe antibody combination that was selected 
for further use because of its high signal-to-noise ratio. (B) The selected antibody pair was then 
screened for specificity with a cell line known to lack the target protein. When possible, mutant 
Jurkat cell lines in which the target protein was specifically deleted were used, as shown here for 
the SLP-76 deficient mutant Jurkat cell line J14. If the MFI was reduced by >90% in the mutant 
cell line compared to that in the wild-type Jurkat cells, the antibody pair was considered validated. 
For a complete list of validated antibody pairs, see table S1. Primary data for the other target 
proteins are available upon request. 



 
Fig. S2. Instrument setup for optimal analysis of protein complexes. Preservation of protein 
complexes during processing for analysis requires that they be kept cold. Our solution to refrigerating 
samples on plates during data acquisition on the Bioplex 200 instrument is presented here. The lower 
plate carrier unit of the instrument was placed in a commercial sandwich-prep refrigerator (Norlake 
Inc.). The upper flow cytometer portion remained at room temperature, but resided on an insulated 
acrylic divider placed on top of the refrigerator, and the sip-needle of the flow cytometer accessed 
samples from the refrigerated plate carrier through a bored hole in the acrylic. (A) Top view of the 
instrument setup. Purple insulation is placed on top of the acrylic divider that covers the refrigerator, 
which serves to eliminate potential water condensation problems at the temperature differential 
interface. (B) Removing the insulation panels reveals the acrylic divider upon which the flow cytometer 
resides. Through the acrylic, the lower plate carrier portion of the Bioplex 200 can be seen. (C and D) 
Built into the acrylic divider is a flip-lid access point, which is lifted to insert a 96-well plate. (E and F) 
Close-up views of the sip needle that accesses samples through a bored hole in the acrylic. 
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Fig. S3. Development and evaluation of ANC analysis. (A) FPRs for various statistical tests were 
evaluated by comparing bootstrapping-inspired resamplings that did not impose any shift in the 
distribution from that of the original empirical data. (B) TPRs were evaluated similarly, but resamplings 
were performed with imposed distribution shifts of at least 10% to assess detection of a known shift in 
the data. (C) Given a 10% shift, FPR versus TPR was visualized for the different statistical tests, 
performed with many different type I and II error thresholds (type I error risk, FPR, x-axis; type II error 
risk, , where 1 -  = TPR, y-axis). Colors indicate the different statistical methods tested, whereas the 
dotted line represents the expectation for random guessing. (D) Boxplot of the FPR for each protein pair 
measured with each of the statistical tests using an -cutoff = 0.05. (E and F) Boxplot of the TPR for 
each protein pair measured with each of the statistical tests using an -cutoff = 0.05 for empirical shifts 
of 10% (E) or 20% (F). As the magnitude of the shift increased, all tests increased their respective TPR. 
The lower TPR for Tm suggests that the use of summary MFI values reduced the ability to detect shifts. 
(G) Power calculation for consistently significant hits across four experiments (using the -cutoff 
applied to the SEE stimulation experiment). For a consistent shift of 1.2-fold, we predict there is at least 
90% power in 90% of the PiSCES measurements. (H) Using experimental data from the SEE 
stimulation data set, the number of consistent hits observed in all experiments was plotted with an 
increasing number of inter-experimental replicates. Dots indicate each combination for the given 
number of experiments, and the line intersects through the mean number of consistent hits. Because the 
number of hits using ANC analysis plateaued after three or four inter-experimental replicates, we 
adopted the practice of performing three or more experiments. 
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Fig. S4. Application and evaluation of WCNA analysis for the SEE-stimulated and 
unstimulated Jurkat cell data. (A) The WGCNA program for R generated a topological overlap 
matrix (TOM) to visualize the weighted correlation network, which depicts the correlation (dark 
colors indicate high correlation) between each PiSCES (each represented as a row and column). 
The dendrogram represents the results of network clustering, in which the differently colored 
blocks represent groups of correlated PiSCES, named modules (from four independent 
experiments). (B) Each module was d the overall 
behavior of that module. The relationship between the eigenvector and treatment (T*, unstimulated 
versus SEE-stimulated) is shown as a hierarchical clustering dendrogram of the eigenvectors (top) 
or as a heat map representing eigenvector adjacency (bottom). 
treatment status are statistically significantly correlated (P < 0.00001). The turquoise module and 
treatment are outlined by a black box. (C) The box-and-whiskers plot shows that MFI was similar 
in selected modules (ANOVA: F2,133=0.64, P = 0.52), indicating that MFI did not define module 
membership. (D) Within modules, MFI did not correlate with module membership (Blue: r2 = 0.01, 
NS; Red: r2 = 0.12, NS; Turquoise: r2 = 0.02, NS). Each point represents one PiSCES, whereas 
colors indicate modules. (E and F) Fold-change in response to stimulation with SEE did not 
correlate with module membership, even in the turquoise module that was associated with 
stimulation (Blue: r2 = 0.01, NS; Turquoise: r2 = 0.01, NS). NS, not significant. Data are from four 
independent SEE treatment experiments. 



 



Fig. S5. Stimulation-induced PiSCES network is similar between control and alopecia 
areata patient groups. (A and B) Visualization of the stimulation-induced PiSCES 
signature consistent in ANC and WCNA (ANC  WCNA) for hits identified as statistically 
significant in either experimental group. Edge color and thickness correspond to mean log2 
fold-change (color legend at right) for stimulation-responsive PiSCES in control (A) or 
alopecia areata patients (B). (C) Venn diagram of hits that were statistically significantly 
different in controls, alopecia areata patients, or both (n = 7 alopecia areata patients; n = 5 
for control patients). 
  



Table S1. Validated antibody pairs used to identify each target in Jurkat cells. 
Negative control cells for specificity are listed in the right-most column. Where possible, 
target-negative Jurkat mutant cell lines were used. When these were not available, 
GeneAtlas RNA expression profiles were used to select a cell type that lacked the protein, 
and these were used as controls. For widely expressed targets, RNAi was used. 
 

 Target Capture anitbody Probe antibody Cell specificity control 

1a TCR IP-26 (eBioscience) JOVI-1 (in-house) 
JRT3 (Jurkat-negative 
mutant) 

1b CD3z H146 (in-house) 6B10 (eBioscience) X63 (myeloma) 

2 LAT 10-17 (eBioscience) 
661002 (R&D 
Systems) 

Anj (Jurkat-negative 
mutant) 

3 ZAP70 
D1C10E Cell 
Signaling) 1E7 (eBioscience) 

P116 (Jurkat-negative 
mutant) 

4 SLP76 H76 (Biolegend) 06-548 (Millipore) 
J-14 (Jurkat-negative 
mutant) 

5 PLC  
10/PLC (BD 
Biosciences) 

NBP1-61254 
(Novus) 

Jgamma-1 (Jurkat-negative 
mutant) 

6 PI3K p85 U5 (Thermo) AB6 (Millipore) X63 (myeloma) 

7 VAV 9C1 (Novus) 05-219 (Millipore) 
J-VAV (Jurkat-negative 
mutant) 

8 LCK 
73A5 (Cell 
Signaling) 3A5 (Santa Cruz) 

Jcam-1 (Jurkat-negative 
mutant) 

9 CD28 
CD28.2 
(eBioscience) 

AF-342-PB (R&D 
Systems) 

Mouse T cells, and Renca 
cells 

10 GRB2 3F2 (Millipore) 
SAB4501290 
(Sigma) Mouse T cells 

11 SOS1 SOS-01 (AbCam) 07-337 (Millipore) RNAi knockdown in Jurkat 
12 NCK Y531 (AbCam) 06-288 (Millipore) Mouse cerebellum 
13 FYN FYN59 (Biolegend) Fyn15 (Santa Cruz) Renca 

14 FYB 
460107 (R&D 
Systems) 6348 (AbD Serotec) 

Mouse T cells, and Renca 
cells 

15 ITK Y402 (AbCam) 
2F12 (BD 
Biosciences) Renca 

16 GRAP2  UW40 (Novus) 1G12 (AbNova) Renca 
17 Cbl-b 246C5A (AbCam) B-5 (Santa Cruz) NIH3T3 
18 BCL10 EPR3174 (AbCam) 4F8 (Thermo) NIH3T3 

19 PKC  
MAB4368 (R&D 
Systems) 

NBP1-00985 
(Novus) X63 (myeloma) 

20 Thy1 1A1 (R&D Systems) 
5E10-PE 
(Biolegend) 

Mouse T cells, and Renca 
cells 

 
  



Table S2. Phenotypic characteristics of alopecia areata patients and controls and their 
T cell populations. Isolated cells were analyzed by flow cytometry and gated on CD3. SP 
denotes single-positive populations for either CD4 or CD8. Patient ages are given in years. 
M, male; F, female. 
 

Subject 
T cells 
( 106) 

% CD4 
SP 

% CD8 
SP % CLA+CCR4+ Age Sex 

aa1 2 20.9 56.9 12.9 29 M 
aa2 3 65.4 28 74.2 50 F 
aa3 8.4 14.7 76.3 17.4 50 F 
aa4 3.87 88.9 8.7 44.5 81 F 
aa5 1.32 21.6 59.3 21.7 39 F 
aa6 1.58 85.1 7.7 71.5 41 F 
aa7 1.58 69.3 25 16.6 59 M 
cntl1 1.5 82.9 6.1 24.4 51 M 
cntl2 1.6 78 17.9 50.5 77 M 
cntl3 6.8 91.8 5.1 84.2 51 M 
cntl4 6.2 98.1 0.3 79.1 76 M 
cntl5 2.8 85.9 12.3 59 89 F 

 
 


