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Methods 

Sex as a biological variable 

Both patients in this study were female. Although our cohort is limited in size (n=2), we did not find 

evidence that sex influenced the results. 

Diagnostic criteria of primary cutaneous gamma-delta T-cell lymphoma 

Patients met accepted criteria of PCGDTL (1, 2). Both patients had primary skin involvement without 

extracutaneous disease at the initial presentation and clinicopathologic correlation was consistent with 

epidermotropic gamma-delta T-cell lymphoma. A biopsy of a representative lesion from each patient was 

interpreted by at least one expert pathologist (AW, JG). The infiltrating malignant lymphocytes were 

determined to be γδ-rearranged by positive IHC staining for TCR-δ, and TCR sequencing using MiXCR 

confirmed the presence of a clonal and productive γδ-TCR (3). 

Patient disease assessment and modified Severity Weighted Assessment Tool 

The patient staging was performed in accordance with Olsen et al. 2022(1) for non-mycosis 

fungoides/Sezary syndrome. The staging was reviewed by the authors of the manuscript for accuracy. 

Patient disease burden was recorded using the modified Severity Weighted Assessment Tool (mSWAT) as 

described in Olsen et al. 2022 for non-mycosis fungoides/Sezary syndrome. Tumor biopsies were 

reviewed by multiple pathologists and a diagnosis of epidermotropic PCGDTL was made based on 

histologic pattern and staining for TCR-δ. 

HemeSTAMP 

The Stanford Actionable Mutation Panel for Hematopoietic and Lymphoid Neoplasms (HemeSTAMP) is 

a Clinical Laboratory Improvement Amendments (CLIA)-certified targeted next-generation sequencing 

panel. It detects single nucleotide variants, short insertion-deletions, and selected gene fusions in 164 

genes recurrently altered in myeloid and lymphoid neoplasms. The genomic features are interrogated to 

achieve a minimum analytic detection limit of 5% for SNVs and insertion-deletion variants. The panel 

detects known drivers of PCGDTL, including but not limited to JAK/STAT pathway members JAK1, 

JAK2, JAK3, SOCS1, STAT1, STAT3, STAT5B, and STAT6; and MAPK pathway members AKT1, BRAF, 
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HRAS, KRAS, MAPK1, MTOR, MYC, NF1, NRAS, PIK3CA, PIK3CD, and PTEN. HemeSTAMP has been 

previously used by authors in studies investigating CCR4 mutations and PD-L1 structural variants in 

cutaneous T-cell lymphoma(4, 5). 

High-throughput short-read sequencing 

DNA and RNA were extracted from formalin-fixed, paraffin-embedded (FFPE) samples. Whole genome 

sequencing was performed by Admera (South Plainfield, NJ) using the Kapa Hyper Prep (Roche) kit. 

Samples were sequenced to a target of 600M paired-end reads (300M reads on each side) of at least 150 

BP. RNA-sequencing was performed by Admera (South Plainfield, NJ)  using the KAPA RNA HyperPrep 

Kits with RiboErase (HMR) (Roche) kit. Samples were sequenced to a target of 60M paired-end reads 

(30M reads on each side) of at least 150 BP. 

Whole genome sequencing analysis 

Raw paired-end fastq reads from whole genome sequencing were aligned to GRCh38.p13 with BWA (6) 

and standardized with base quality score recalibration, indel realignment, and duplicate removal using 

GATK 4.4.0.0 best practices, as previously described (7-10). SNP and indel discovery was performed 

using MuTect2.0 and applying a contamination filter, removal of strand orientation artifacts, and 

sequencing artifacts (11). We removed artifactual mutations resulting from FFPE fixation using 

SOBDetector (12). An internal normal panel was used to denoise contaminating germline variants, as 

previously described (13-17). Variants occurring frequently in the gnomAD 3.0 database in healthy 

populations were removed (18). We looked for single-nucleotide drivers by either identifying missense 

mutations found recurrently in the COSMIC somatic mutation database and our internal database of 

PCGDTL and T-cell lymphoma (TCL) mutation calls or damaging mutations in putative tumor 

suppressors described previously (19). Lollipop plots of individual SNVs were generated using the 

trackViewer Bioconductor package (20). Copy-number variants were called using ASCAT (21) and with 

GATK4CNV trained on an in-house panel of normal. SNPs were assessed at Affymetrix 6.0 sites and 

heterozygous SNPs were chosen in downstream processing of segmentation. Segmental duplications and 

regions of poor mapping score were removed and copy number regions with greater than 25% overlap 
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with germline variants in gnomAD were removed. The sum of allele-specific copy number, raw LRR, and 

raw BAF were plotted along chromosomal bands and coordinates using karyoploteR (22). 

RNA-sequencing analysis 

Raw paired-end RNA-sequencing FASTQ reads were trimmed using CutAdapt 4.1(23) and were aligned 

to GRCh38.p13 with GENCODE v30 transcripts using STAR v.2.7.10 (24), and counts were generated 

using HTSeq 2.0.2 (25). Gene expression values used in heatmaps were transformed using variance 

stabilizing transformations (26, 27). Gene expression data was compared to publicly available RNA 

sequencing data from mature Vδ1 gamma-delta T-cells from healthy adults age >18 (GSE128163), 

specifically SRR8713468, SRR8713469, and SRR8713468(28). Differentially expressed genes between 

tumor and normal samples were called using DESeq2 1.43.1 (29). Heatmaps were generated using 

ComplexHeatmap (30) R package row-normalized variance stabilizing transformed gene expression 

values (30). Gene set enrichment plots, normalized enrichment scores, and p-values were generated using 

GSEAPreranked 4.3.2 (31, 32) to assess STAT3 and STAT5 target gene expression as defined by the 

Hallmark IL2-STAT5 Signaling and Hallmark IL6-JAK-STAT3 Signaling gene sets from MSigDB(33). T-

cell receptor clonotyping was performed using MiXCR as previously described (3). 

Immunohistochemistry 

TCR delta H41 (Santa Cruz Biotechnologies) and pSTAT3 (Cell Signaling Technologies, Clone D3A7) 

were incubated for 4 hours in 1:100 dilution before secondary antibody incubation and subsequent 

counterstaining with hematoxylin and eosin. 

Cell line generation and culture 

JAK1, JAK3, and STAT5B cDNA were purchased from Twist Bioscience. The cDNA was mutagenized 

by Gibson cloning and subcloned into pCDH-CMV-MCS-EF1-copGFP vector or pCDH-CMV-MCS-

EF1-copRFP (Systems Biosciences). To knock out SOCS1, guide RNA specific to mouse SOCS1 (top sg: 

CACCGGGACGCCTGCGGCTTCTATT, bottom sg: AAACAATAGAAGCCGCAGGCGTCCC) were 

cloned into lentiviral expression vector (LentiCRISPRv2-mCherry) (#99154, Addgene). 
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HEK293T cells and Ba/F3 cells were maintained in Dulbecco`s modified eagle medium and RPMI-1640, 

respectively. Media were supplemented with 5% fetal bovine serum, penicillin/streptomycin (Sigma-

Aldrich), and 1 mM HEPES (Gibco).  Lentiviral particles were harvested from HEK293T and 

concentrated using Lenti-X Concentrator (Takara). Ba/F3 cells were transduced with concentrated virus 

and lentivirally transduced cells were selected by green fluorescent protein (GFP) and/or red fluorescent 

protein (RFP) expression.  

BAF3 IL-3 withdrawal 

Ba/F3 cells were maintained at a cell density of 0.25M/ml in the presence of 10 ng/ml IL-3 (Peprotech). 

Successfully transduced Ba/F3 cells were seeded at a cell density of 1M/ml in a 96-well plate in the 

presence or absence of IL-3 on day 0. Cell counts were obtained by flow cytometry.  

Cell viability assay 

Ba/F3 cells were cultured with Ruxolitinib (INCB018424, Selleckchem), Cerdulatinib (PRT062070, 

Selleckchem) or DMSO in a 96-well plate at a cell density of 1M/ml. Cell-titer Glo luminescent reagent 

(Promega) was added after 72 hours. Luminescence was measured using Biotek Cytation imaging reader.  

IC50 values were determined using a nonlinear regression model in GraphPad Prism version 10 

(GraphPad Software). 

Study approval and study oversight 

Patient 1: Emergency Use Authorization (EUA) from the U.S. Food and Drug Administration (FDA) was 

obtained to utilize ruxolitinib to treat a single elderly adult patient with PCGDTL. This was done in 

cooperation with Incyte Corporation, which provided our study the medication and regulatory support. 

The study was approved by the Institutional Review Board of Mount Sinai Medical Center in Miami, 

Florida, USA. The patient was provided with written informed consent for treatment. Written informed 

consent was received for the use of the photographs and that the record of informed consent has been 

retained. 

Patient 2: The patient was provided with written informed consent and was enrolled in a clinical trial 

evaluating the safety of cerdulatinib in relapsed/refractory T-cell non-Hodgkin lymphoma (Study ID: 13-
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601, NCT 01994382)(34). This was performed in cooperation with Alexion Pharmaceuticals, Inc., who 

provided medication and regulatory support. This study was approved by the Institutional Review Board 

at Stanford University, Stanford, CA. Written informed consent was received for the use of the 

photographs and that the record of informed consent has been retained. 

Statistics 

Statistical differences among Ba/F3 groups were tested using multiple comparison 2-way ANOVA. GSEA 

p-value and FDR are calculated as described previously (31).  
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Supplemental Figure 1. Timeline, additional clinical photos, and histologic images, patient 1. (A) 

Clinical course of patient 1. (B) Regression of tumors on left face. (C) Regression of plaques on right 

forearm. (D) Regression of plaques on right knee. (E) Hematoxylin and eosin (H&E) stain at 2x and (F) 

20x magnification (Zoom). Atypical lymphocytes exhibiting epidermotropism and adnexotropism 

highlighted by yellow arrows Immunohistochemistry at 4x revealing staining patterns for (G) CD3, (H) 

TCR-delta, (I) CD4, (J) CD8, (K) granzyme, and (L) TIA. In summary, the infiltrate was positive for 

CD3, CD8, granzyme B, pSTAT3, TIA, and TCR-delta, and negative for CD10, CD20, CD30, CD56, 
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BCL-2, and EBER (not displayed). (M) pSTAT3 (pre-treatment), and (N) pSTAT3 (post-relapse). The 

specimens display TCRẟ (brown chromogen) and phospho-STAT3 (red chromogen), with co-expression 

of phosphorylated STAT3 in TCRẟ positive cells. Created with BioRender.com.  
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Supplemental Figure 2. Oncoplot, TCR clonality, and JAK-STAT activation. (A) Oncoplot of genes 

pre- and post-relapse of patient 1 and patient 2. (B) T-cell receptor clonality at two timepoints for patient 

1. (C) JAK-STAT pathway activity for patient 1. Expression of effector cytokines IL1B, IL7, IL10, TNF, 

CXCL9, CXCL10, CXCL13; transcription factor IRF4; and cyclin CCND2 were higher compared to 

normal Vδ1 cells. Expression of inhibitory genes SOCS1, SOCS2, PTPN2, PTPN11, CBL were lower 

compared to normal Vδ1 cells. (D) T-cell receptor clonality at four timepoints for patient 2. (E) JAK-

STAT pathway activity for patient 2. Expression of effector cytokines IL1B, IL7, IL10, TNF, CXCL9, 

CXCL10, CXCL13; transcription factor IRF4; and cyclin CCND2 were higher compared to normal Vδ1 
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cells. Expression of inhibitory genes SOCS1, SOCS2, PTPN2, PTPN11, CBL were lower compared to 

normal Vδ1 cells. Created with BioRender.com.  
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Supplemental Figure 3. Timeline and additional clinical photos, patient 2. (A) Clinical course of 

patient 2. (B) Leg lesions prior to cerdulatinib therapy. (C) Leg lesions after cycle 3 of cerdulatinib 

therapy, showing partial response. (D) Leg lesions after cycle 5 of cerdulatinib therapy, showing disease 

relapse. (E) Hematoxylin and eosin (H&E) stain at 20x magnification and pSTAT3 with brown 

chromogen at 20x magnification. Created with BioRender.com. 
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Supplemental Figure 4. Functional validation of mutations. (A-C) STAT5B N642H and SOCS1 KO 

expressing Ba/F3 IL-3 withdrawal. Retroviruses encoding lentiCRISPRv2-mcherry, wildtype STAT5B, 

lentiCRISPRv2-SOCS1, lentiCRISPRv2-SOCS1 with wildtype STAT5B, and lentiCRISPRv2-SOCS1 

with STAT5B p. N642H were transduced into Ba/F3 cells. Transduced Ba/F3 cells were cell sorted based 

on GFP+ and/or mCherry+. On day 0, cells were seeded with (A) or without (B,C) IL-3 at 106 cells/ml. 

Results show cell counts and represent the means ± SD of triplicates. Statistical differences were tested 

using multiple comparison 2-way ANOVA. ns=not significant, ****p<0.0001. (D) Cell viability assay to 

determine IC50 values of Ruxolitinib in lentiCRISPRv2-mcherry, wildtype STAT5B, lentiCRISPRv2-
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SOCS1, and STAT5B p. N642H with IL-3. 106 cells/ml were cultured with Ruxolitinib or vehicle control 

in a 96-well plate. Cell-titer Glo luminescent reagent (Promega) was added after 72 hours. IC50 value was 

determined using GraphPad Prism. Results show cell counts and represents the means ± SD of triplicates. 

Statistical differences were tested using multiple comparisons 2-way ANOVA.,*p<0.01,****p<0.0001. 

(E-F) JAK1 and JAK3 mutant Ba/F3 IL-3 withdrawal. Retroviruses encoding wildtype JAK1, wildtype 

JAK3, JAK3 p. A573V, JAK3 p. M511I, JAK1 p. L783F, JAK1 p. T901A, JAK1 p. L783F + JAK3 p. 

A573V, and JAK3 p. A573V + JAK3 p. M511I were transduced into Ba/F3 cells. Ba/F3 cells were sorted 

and cultured as in A-C. Created with BioRender.com. 
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