
Figure S1: Gating strategy for flow experiments. A) All ex vivo experiments were gated on the basis of Live/Dead negative, singlets, 
lymphocytes (based on low forward and side scatter), and CD3+CD4+ cells. Activated CD4 T cells were defined as CD62L-CD44+ cells, and 
naïve cells were defined as CD62L+CD44-. The example shown here was a lung sample from one of the mixed chimeras described in Fig 1. The 
same gating strategy was used in Fig. 2E, replacing APC-Cy7 with APC on CD62L. B) In vitro cultures were gated on the basis of Live/Dead 
negative, singlets, lymphocytes (based on forward scatter and side scatter) CD4+ cells, and CD45.1 or CD45.2. The example shown here is a 
BrdU uptake experiment shown in Fig. 4A. Experiments in Fig. 2 used the same gating strategy, substituting BV786 and PerCP-Cy5.5 for
CD45.1 and CD45.2, respectively. Experiments in Fig. 2B were stained with the same panel, but were not gated through Live/Dead blue and 
SSC-A by FSC-A, so that dead cells could be visualized after the CD45.1 versus CD45.2 gate.
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Figure S2: Itch limits activated CD4 T cell numbers and naïve and CD8 T cell proliferation in vivo. Bone marrow chimeras were generated as 
described in Fig, 1. Cells from spleen, lymph nodes and lungs were stained and gated on Live/Dead negative, singlets, lymphocytes (based on low 
forward and side scatter), and CD3+CD4+ or CD8+, as displayed in Supplemental Fig. 1A. A) CD4 T cells were divided into wild type (WT, 
CD45.1) and Itch deficient (Itch KO, CD45.2) cells. Within each of these populations, naïve (CD62L+CD44-) or activated (CD62L-CD44+) 
populations were compared. Quantification shows absolute cell numbers of naïve (CD62L+CD44-) and activated (CD62L-CD44+) CD4 T cells 
of each genotype for each recipient mouse. p-values were determined by paired t-test (paired by recipient mouse). p=0.032 (spleen, activated 
cells), p=0.035 (lymph nodes, activated cells), p=0.0001 (lungs, activated cells).  All paired t-test for wild type versus Itch deficient naïve cells 
were >0.17. B) The percent BrdU positive was analyzed separately for wild type CD45.1 and Itch KO CD45.2 cells. Quantification shows percent 
of BrdU+ cells within the CD62L+CD44- population for each genotype. p-values were determined by paired t-test (paired by recipient mouse). 
p=0.0002 (spleen), p=0.0041 (lymph nodes), p=0.0032 (lungs). C) Representative flow plots and quantification for the percent of BrdU+ cells 
within the CD8+CD44+ population for each genotype. p-values were determined by ratio paired t-test (paired by recipient mouse). p=0.042 
(spleen), p=0.0076 (lymph nodes), p=0.071 (lungs). n=13 mixed chimeras generated from 2 pairs of bone marrow donors, analyzed over 4 BrdU
injection experiments for CD4 T cells. n=6 mixed chimeras generated from 2 pairs of bone marrow donors, analyzed over 2 BrdU injection 
experiments for CD8 T cells.
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Figure S3: Itch limits CD4 T cell proliferation at sub-maximal levels of TCR stimulation. Naïve CD4 T cells were isolated from IL4 KO 
CD45.1 and Itch IL4 DKO CD45.2 mice as described in materials and methods. Cells were mixed in 1:1 co-cultures of IL4 and Itch IL4 DKO 
cells and labeled with Celltrace violet, as described in Fig. 2. Co-cultures were labeled with CellTrace violet and cultured in IL-2-containing 
media on plates coated with anti-CD3 and anti-CD28 antibodies. Anti-CD28 concentration was held constant at 5ug/ml while anti-CD3 
concentration was varied as labeled. CellTrace violet dilution was analyzed on day 3 after plating. Cells were gated on Live/Dead negative, 
singlets, lymphocytes (based on forward scatter and side scatter) CD4+ cells, and CD45.1 or CD45.2, as displayed in Supplemental Fig. 1B, but 
using the fluorophores BV786 and PerCP-Cy5.5 for CD45.1 and CD45.2, respectively. A) Representative flow plots of Celltrace dilution at 
different concentrations of  anti-CD3 stimulation. B) Quantification of percent divided, proliferation index, and division index for the 1ug/ml 
condition across all experiments. Experiments were analyzed by paired t-test, paired by co-culture. p=0.024 (percent divided), p=0.041 
(proliferation index) p=0.043 (division index). C) Quantification of percent divided, proliferation index, and division index for the 2.5ug/ml 
condition across all experiments. Experiments were analyzed by paired t-test, paired by co-culture. p=0.055 (percent divided), p=0.20 
(proliferation index), p=0.026 (division index). n=3 biological replicates across 3 independent experiments.
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Figure S4: Itch limits CD4 T cell proliferation in vivo independently of IL-4. Bone marrow was extracted from IL4 KO CD45.1 and Itch IL4 
DKO CD45.2 mice and injected into irradiated Rag-deficient hosts. After reconstitution, mice were injected with BrdU, and 18 hours later, tissues 
were analyzed by flow cytometry, as described in Fig. 1A. A) Cells from spleen, lymph nodes and lungs were stained and gated on Live/Dead 
negative, singlets, lymphocytes (based on low forward and side scatter), and CD3+CD4+, as displayed in Supplemental Fig. 1A. CD4 T cells were 
then divided into naïve (CD62L+CD44-) or activated (CD62L-CD44+) populations, and the percent of IL4 KO (CD45.1) was compared to the 
percent of Itch IL4 DKO (CD45.2) cells. Quantification shows activated IL4 KO cells over naïve IL4 KO cells compared to activated Itch IL4 
DKO KO cells over naïve Itch IL4 DKO KO cells. P-values were determined by paired t-test (paired by recipient mouse). p=0.0019 (spleen), 
p=0.034 (lymph nodes), p=0.0016 (lungs). B) Cells from spleen, lymph nodes and lungs were stained and gated on Live/Dead negative, singlets, 
lymphocytes (based on low forward and side scatter), CD3+CD4+, and CD44+CD62L-, as shown in Supplemental Fig. 1A, representing activated 
CD4 T cells. The percent BrdU positive was analyzed separately for IL4 KO CD45.1 and Itch IL4 DKO CD45.2 cells. Quantification shows 
percent of BrdU+ cells within the CD44+CD62L- population for each genotype. P-values were determined by paired t-test (paired by recipient 
mouse). p=0.0104 (spleen), 0.078 (lymph nodes), 0.0004 (lungs). n=8 recipient mice from 2 different pairs of donors across 4 independent 
experiments for spleen and lungs; n=4 recipient mice across 2 different pairs of doors between 2 experiments for lymph nodes.
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Figure S5: Itch does not affect CD4 T cell exit from quiescence. Naïve CD4 T cells were isolated from CD45.1 IL4 KO and CD45.2 Itch 
IL4 DKO mice and activated in co-culture with plate-bound anti-CD3 at 0.02µg/ml, 1µg/ml, or 5µg/ml, and constant anti-CD28 (5µg/ml) 
antibodies. Cells were harvested, stained and fixed at the indicated timepoints. Cells shown in (B) were cultured in the presence of 50U/ml 
IL-2. Cells are gated on Live/Dead negative, singlets, lymphocytes (based on low forward and side scatter), and CD4+. Within this 
population, percent CD69+ (A)  or CD25+ (B) was evaluated for each CD45.1 and CD45.2 cells. The gating strategy used is shown in
Supplemental Fig. 1B. n=3 biological replicates across 2 independent experiments for (A); n=3 biological replicates across 3 independent 
experiments for (B).
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Figure S6: Whole cell proteome analysis reveals 
potential direct and indirect targets of Itch. A-C list 
proteins identified in the 0-hour timepoint (A), 24-hour 
timepoint (B), and 48-hour timepoint (C) that had at 
least a log2 fold change (FC) of Itch IL4 DKO over IL4 
KO of 0.5 (corresponding to about 1.4 fold change), and 
a P-value less than 0.05.  D) WBP2 abundance in each 
sample, based on intensity values, normalized to b-actin.
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Figure S7: WBP2 promotes CD4 T cell proliferation in Itch deficient cells. Naïve T cells were isolated from Itch IL4 DKO mice, 
labeled with CellTrace violet and activated using plate-bound anti-CD3 and anti-CD28 in IL-2-containing media for 24 hours, then 
transfected with either non-targeting control siRNA or siRNA specific for WBP2. A) Representative Western showing WBP2 levels in 
transfected cells. Western blots were probed as described in Fig. 6. Timepoints refer to timing post transfection, which was 24 hours 
after initial activation. B) Quantification of WBP2 protein knockdown. Each sample is normalized to b-actin. Each WBP2-treated 
timepoint was normalized to its corresponding control siRNA-treated timepoint. p-values were calculated by paired t-test, pairing cells 
from the same mouse. p=0.0073 (72 hours).  C) Representative flow analysis of proliferation 72 hours post transfection. Cells were not 
stained to avoid further stress and cell loss; live lymphocytes were identified on the basis of forward scatter and side scatter as shown 
in Supplemental Fig. 1.  D) Quantification of proliferation across all experiments. Proliferation index was calculated using FlowJo
software, which determines the number of cells in each peak. p-value was determined by paired t-test, pairing control vs WBP2 
siRNA-treated cells from the same mouse. n=4 biological replicates across 3 independent experiments. P=0.063
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