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Supplemental Methods 

SelectScreen® profiling service  

The vendor (Invitrogen-Life Technologies) offered two types of kinase activity 

assays, a peptide phosphorylation assay (Z’-LYTE®) and an ADP quantitation 

assay (Adapta®), as well as a kinase ATP-site competitive binding assay 

(LanthaScreen®). For kinases that were inhibited close to or >50% by 1 µM G-744, 

the vendor carried out 10-point inhibitor titrations using the same assays in order 

to determine the concentrations of G-744 that caused 50% inhibition (IC50). In 

Table 1, kinases were run in Z'-LYTE activity assay format except EphA7 and 

SLK which were run in LanthaScreen binding assay format. The ATP 

concentrations used in the activity assays were typically within 2-fold of the 

experimentally determined apparent Michaelis constant (Km) value for each 

kinase, whereas the competitive binding tracer concentrations used in the binding 

assays were generally within 3-fold of the experimentally determined dissociation 

constant (Kd) values. 

 

p100/p52 ratio by Western blot 

Purified murine B cells were pre-incubated with G-744 for 60 min and stimulated 

with BAFF (500 ng/ml) at 37°C for 16 hours. Cell lysates were prepared using 

RIPA buffer (Thermo Scientific). Proteins from lysates were separated on 10% 

SDS-PAGE gels and transferred onto Nitrocellulose membrane (Millipore) by 

standard techniques. Membranes were blocked and then probed with anti-NFκB2 
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(p100/p52) rabbit polyclonal (Cell Signaling) and anti-p38 mouse monoclonal Ab 

as loading control followed by goat anti-rabbit IgG IRDye800CW and goat anti- 

mouse IgG AlexaFluor680 (Licor Biosciences). Signals were detected with an 

Odyssey Infrared Imager (Li-Cor Biotechnology) and analyzed with the 

manufacturer’s software. 

 

B cell subset analyses in mice 

For assessment of B cell populations in C57/BL6 mice, splenocytes were 

harvested 7 days after twice daily (BID) oral drug treatment and analyzed by flow 

cytometry. Antibodies used for these analyses were murine reactive CD21-FITC, 

B220-FITC, CD3-PerCPCy5.5, CD11b-PerCPCy5.5, Gr1-PerCPCy5.5, B220-

PerCP, CD23-PECy7, B220-AlexFluor700, IgD-BV510 (all from BD Bioscience); 

IgM-Dylight649 (Jackson ImmunoResearch Laboratories Inc); CD93-PE 

(eBioscience). 

 

In vitro whole blood pBTK assays 

Heparinized human whole blood or murine whole blood was treated with G- 744 

at 37oC as indicated in 0.4%DMSO for 6hr or 1h, respectively. Blood was lysed 

with 2X lysis buffer (Cell Signaling Technology) containing protease (Roche 

Applied Science) and phosphatase inhibitors (cocktail II and III) (Sigma). 

Phosphorylation of Btk at the Y223 residue was evaluated using Meso Scale 

Discovery (MSD) technology as described for purified B cells. 
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In vitro whole blood FcεRI/CD63 assay 

Whole blood CD63 assays were performed using the Basotest (Orpegen 

Pharma) according to the manufacturer’s instructions. 

 

Spontaneous NZB/W1 lupus models 

NZB/W_F1 hybrids are genetically predisposed to develop severe lupus-like 

phenotypes comparable to that seen in lupus patients including hemolytic anemia, 

proteinuria, and progressive IC glomerulonephritis (1). They spontaneously 

develop anti-nuclear autoantibodies at 16 to 20 weeks, LN between 20 and 44 

weeks of age and death from end stage renal disease occurs between 36 and 54 

weeks of age. At 32 weeks of age mice were treated as indicated with vehicle or 

drugs. 

 

Serum antibody ELISAs 

Total Ig (IgG, IgA, IgM) autoantibodies against mouse nuclear antigens were 

quantified by mouse anti-nuclear antigens Ig’s ELISA kit from Alpha Diagnostic 

International, according to the manufacture’s protocol.  

Serum IgG against dsDNA (but not ssDNA) were detected by ELISA using calf 

thymus DNA coated plates (Sigma) and detection with HRP-conjugated goat anti-

mouse IgG antibody. Pooled sera from aged or young NZB/W_F1 mice served as 

controls. The absorbance of the negative control was multiplied by a factor of 

three to yield a cut-off. The log titer for each sample was calculated as the log of 
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the dilution needed to reach the absorbance of the cut-off point. A value of 3 

means a 1:1000 dilution was required to reach this point. Given the minimum 

sample dilution of 1/25, the minimum quantifiable log titer value was 1.4. 

Isotype IgM and IgG3 autoantibodies against dsDNA were detected by ELISA 

using mouse anti-dsDNA IgM and anti-dsDNA IgG3 ELISA kits from Alpha 

Diagnostic International. Serum samples were diluted in low non-specific binding 

sample diluent (1:50 fold dilution for anti-dsDNA IgM and 1:35 fold dilution for 

anti-dsDNA IgG3) and ELISAs were performed according to the manufacturer’s 

protocol. These assays did not detect anti-ssDNA antibodies. 

Total Ig (IgG, IgA, IgM) autoantibodies against Histone were quantified by ELISA 

(Alpha Diagnostic International). 

Serum total Ig isotypes (IgM, IgG1, IgG2a, IgG2b, IgG3) were detected by 

Luminex using Mouse Immunoglobulin Isotyping Magnetic Panel (EMD Millipore). 

Serum samples were diluted 1:10000 fold in assay buffer and simultaneous 

detection of Igs was performed according the manufacturer’s protocol. 

 

Flow cytometry 

Cells were incubated with anti-CD16/CD32 (Fc block, clone 2.4G2; BD 

Bioscience) plus 2% normal mouse and normal rat serum and stained with 

various combinations of the following Abs in FACS buffer (PBS containing 2% 

FBS, 2 mM EDTA, and 0.1% NaN3) for 30 min at 4oC. Murine reactive CD38-

FITC, CD44-FITC, B220-FITC, CD69-PE, CD86-PE, CD138-PE, CD3-
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PerCPCy5.5, CD5-PerCPCy5.5, B220-PerCP, ICOS-PECy7, CD4-PB, B220-PB, 

B220-AlexFluor700, IgD-BV510, CD8-APC, Ki67-APC (all from BD Bioscience); 

IgM-Dylight649 (Jackson ImmunoResearch Laboratories Inc); IgG2a FITC, 

IgG2b-PECy7, IgG1-APCCy7 (all from Southern Biotech). Human plasmablasts 

were stained with human-reactive anti-CD20 FITC or anti-CD38 APC (BD 

Biosciences) mAbs. Isotype-matched mAbs were used as control. Dead cells 

were excluded with Sytox Blue (Life Technologies) or propidium iodide (Sigma). 

Samples were analyzed by flow cytometry using a LSR II or FACS Calibur 

instrument (BD Biosciences). Cell subsets were identified as described in the 

figure legends. 

 

Histological Staining and Scoring 

Four-micron tissue sections were evaluated. Kidney sections were stained with 

Periodic acid–Schiff (PAS) for evaluation of glomerulonephritis, and hematoxylin 

and eosin (H&E) for evaluation of periarteritis by light microscopy. 

Glomerulonephritis severity scoring was on a 4 point semiquantitative scale: “0” – 

normal or mild global lesions in <50% of glomeruli, “1” - global lesions in >50% of 

glomeruli, <20% of which are severe (defined as >1 segment with <3 patent 

capillaries), “2” - global lesions in >50% of glomeruli, 20-80% of which are severe, 

and “3” - >80% of glomeruli with severe global lesions. Periarteritis severity 

scoring was on a 4 point semiquantitative scale: “0” – no significant inflammation, 

“1” – sparse or focal periarterial inflammatory infiltrates, “2” – occasional 
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moderate sized non-circumferential perivascular inflammatory infiltrates, and “3” 

– frequent large perivascular inflammatory infiltrates, often circumferential. 

Glomerular and tubular immunoglobulin fluorescence signals were separately 

scored in a blinded fashion using a visual semiquantitative 4-point scale: “0” – 

negative; “1” – low/infrequent signal; “2” – moderately frequent and/or intense 

signal; “3” – high/frequent signal.  

Splenic GC recognized as well-circumscribed clusters of at least 5 PNA+ cells 

were enumerated on one whole splenic section per animal. To evaluate splenic B 

cell follicular structure, 5 µm acetone-fixed sections obtained from frozen spleen 

were subjected to sequential 3-color immunofluorescence using biotinylated rat 

anti-mouse CD4 antibody (Clone RM4-5, Pharmingen), streptavidin-Alexafluor 

546 for 30 min (Life Technologies), rat anti-mouse MOMA-1-FITC (AbD Serotec), 

and goat anti-mouse IgM-AMCA (Vector Labs).  

 

RNA sequencing and differential expression analyses 

RNA from frozen spleen and kidney were isolated by disrupting the tissues in 

RLT buffer using a tissue lyser and then extracting RNA using the RNeasy mini 

kit (Qiagen) including the on-column DNase digestion. Total RNA concentration 

and RNA integrity of samples was determined using the NanoDrop 8000 (Thermo 

Scientific) and the Fragment Analyzer with High Sensitivity RNA kit (Advanced 

Analytical), respectively. 
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Libraries were made from 1 μg total spleen or kidney RNA each using the TruSeq 

RNA Sample Preparation Kit v2 (Illumina). Generated libraries were amplified 

with 8 cycles of PCR. The size of the libraries was confirmed using a Fragment 

Analyzer and High Sensitivity DNA NGS kit (Advanced Analytical) and their 

concentration was determined by a qPCR-based method using the KAPA Library 

quantification kit. The libraries were multiplexed and sequenced on HiSeq2500 

(Illumina) using manufacturer’s recommendations. The raw RNA-sequencing 

reads and normalized data are available from GEO under accession number 

GSE72410. 

Bioinformatic analyses were performed using custom scripts written in the R 

programming language (http://r-project.org), using packages from the 

Bioconductor project (http://bioconductor.org). Demultiplexed RNA sequencing 

reads were processed using the HTSeqGenie package (version 3.14.2). Reads 

were aligned to the reference mouse genome sequence (NCBI Build 37) using 

the GSNAP algorithm (2) version 2013-10-10. Uniquely aligned read pairs that 

fell within exons were tallied to estimate gene expression levels. For inclusion, 

genes were required to have >10 reads in ≥4 samples.  

To determine differential expression of genes, we used the DESeq2 algorithm to 

fit a negative binomial generalized linear model, using the default parameters. To 

control for multiplicity of testing, p-values were adjusted using the Benjamini-

Hochberg method. For heat maps, the count data were transformed using the 

variance-stabilizing transformation implemented in DESeq2. Genes were 
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centered and scaled to unit variance, and hierarchical clustering was performed 

using Euclidean distance and Ward linkage. 

 

QT PCR using Fluidigm 

RNA from murine blood was isolated using Trizol and further purified using the 

RNEasy mini kit (Qiagen). cDNA synthesis was performed on 200 ng total-RNA 

using an iScript cDNA synthesis kit (Biorad). Gene-specific pre-amplification was 

performed (Applied Biosystems) of 117 genes including housekeeping genes 

HPRT1, b-Actin, RPL19 and GAPDH (Supplemental Table 2). RT-PCR was 

performed using the BioMark 96.96 Dynamic Arrays (Fluidigm Corporation) using 

the manufacturer's protocol. Data were collected using the BioMark Data 

Collection Software and CT values were obtained using the BioMark RT-PCR 

Analysis Software (V.2.1.1, Fluidigm). The relative abundance (dCt) to RPL19 

(the most stable housekeeping gene) was calculated: 2log-(average Ct gene - 

average Ct RPL19). For statistical analyses, values below the lower limit of 

detection were set to be 1 Ct lower than the lowest recorded value. 

 All statistical analyses were performed using custom scripts written in the R 

programming language. To identify genes affected by Btk inhibition, we used the 

limma R package to fit a linear model for each gene, calculating the fold change 

between baseline (8 month old NZB/W_F1) samples to one or three month post 

drug treatment samples. Genes were considered to be significantly affected by 
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treatment if they were decreased by at least 1.5-fold compared to 36-week old 

mice, with an adjusted p-value less than 0.05. 

 

Survival assays with differentiated plasmablast and plasma cells 

Memory B cells were differentiated using CpG or R848, IL-2, IL-10, IL-15, IL-6, 

IFNα for 4 days followed by culturing the cells in IL-2, IL-10, IL-15, IL-6, IFNα and 

IL-21 for 10 days. Cells were sorted on day 14 using anti-CD38 and anti-CD138 

antibodies to detect plasmablasts and plasma cells, respectively. Sorted plasma 

cells and plasmablasts were then treated with either DMSO or G-744 at IC90 

concentration (650 nM) for 48 h and cell survival was assessed by flow cytomtery 

using Annexin and Propidium Iodide. 

 

Btk RNA expression in B cell-lineage cells 

Total RNA from FACS-sorted B cell subsets (naïve, memory and plasmablasts) 

were isolated with the RNeasy kit using on-column DNase I digestion (QIAGEN) 

followed by cDNA synthesis using iScript cDNA sysnthesis kit (Bio-rad 

laboratories). Taqman quantitative RT-PCR was then performed, according to the 

manufacturer’s instructions (Applied Biosystems) and run using a 7900HT Fast 

Real Time PCR system (Applied Biosystems). The samples were run in triplicate 

reactions and were analyzed for expression of Btk and results were normalized to 

HPRT1. The values were plotted as Btk expression 2(-dCT) normalized to 

HPRT1. 
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Supplemental Tables 

Supplemental Table 1 
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Supplemental Table 1 (continued) 
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Invitrogen kinase selectivity. The selectivity of G-744, P505-15, RN486, 

Ibrutinib and PF-122 (3-6) was defined at 1 µM against a panel of active 

recombinant human kinases as indicated using the SelectScreen® profiling 

service and the individual and average % inhibition values were reported. G-744, 

RN486, Ibrutinib and P505-15 titrations were carried out in order to determine the 

inhibitor concentration that causes 50% inhibition (IC50) for kinases that were 

inhibited close to or greater than 50% by 1 µM of the respective inhibitor. The 

ATP concentrations used in most of the activity assays were within 2-fold of the 

experimentally determined apparent Michaelis constant (Km) value for each 

kinase, whereas the competitive binding tracer concentrations used in the binding 

assays were generally within 3-fold of the experimentally determined dissociation 

constant (Kd) values. 



 14 

Supplemental Table 2: Probes used for the RT-PCR analyses from whole 
blood of the spontaneous NZB/W_F1 lupus model presented in 

Supplemental Fig.6. 

 


