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Figure 4-2 
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Figure 4-2: Auto-antigen staining of C57Bl/6 and 56R+/- splenic B cells.  (a) Live (7-

AAD-) B220+ splenic lymphocytes from wild-type (left) and 56R+/- (middle) mice stained 

with 500ng insulin (total volume 100µL; pre-conjugated to SAv-FITC in a 4:1 ratio).  The 

histogram plot on the right depicts insulin staining of wild-type (red) and 56R+/- (blue) 

splenic marginal zone B cells (CD21+ CD23-).  (b) Live (7-AAD-) immature (B220+ 

AA4.1+, left) and mature (B220+ AA4.1-, right) splenic lymphocytes from wild-type (top) 

and 56R+/- (bottom) mice stained with 250ng insulin (pre-conjugated to SAv-FITC in a 

4:1 ratio) and 500ng histone H1 conjugated to PerCP (total volume 100µL). 
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Mice 

B6.56R mice have been described previously (Sekiguchi et al. 2006).  C57Bl/6, 

NOD, NOR, MRL/lpr, and MRL/MpJ mice were obtained from Jackson Laboratories.  AEC 

mice were originally a gift from Philip Cohen.  Bcl-xL mice have been previously 

described (Gonzalez-Garcia et al. 1994).  All animal experiments were performed on 3-

4 month old mice in accordance with protocols approved by the University of 

Pennsylvania School of Medicine Animal Care and Use Committee. 

 

Flow Cytometry 

Murine cell suspensions were prepared from femurs, tibias, and spleens in FACS 

buffer (PBS, 0.5% BSA, 0.01% NaN3, 1mM EDTA) following hypotonic RBC lysis (ACK 

Lysing Buffer, BioWhittaker).  B cell populations were defined as described in Figure 2-2.  

Due to poor reactivity of AA4.1 antibodies in NOD and NOR mice (Langmuir et al. 1993), 

bone marrow and peripheral subsets in these mice were defined using a method that 

has been described previously by others (Figure 2-2, (Quinn et al. 2006)).  Human B 

cells were isolated from whole blood using Lymphocyte Separation Medium (MP 

Biomedicals, Solon, OH) followed by resuspsension in FACS buffer.  Murine lymphocytes 

were stained using anti-IgM-PE-Cy7 (II/41), anti-IgD-PE (11-26), anti-B220-APC-

AF750 (RA3-6B2) (eBioscience), and anti-Igκ-FITC (187.1), anti-BP-1-FITC (6C3), anti-

CD43-PE (S7), anti-CD23-PE (B3B4), anti-AA4.1-APC,  (BD-Pharmigen).  Human 

lymphocytes were stained with anti-CD19-Pacific Blue (Caltag Laboratories) and anti-

Igλ-FITC, anti-CD27-FITC, anti-Igκ-PE, anti-CD38-PE-Cy7 (BD Pharmingen).  To 

maximize efficient use of patient samples for additional experiments not described 

here, CD19+ B cells marked by the anti-idiotypic monoclonal antibody 9G4, which 

recognizes VH4-34 heavy chain rearrangements (Isenberg et al. 1993), were excluded 

from human CD19+ B cell populations described herein (Figure 2-2d).  9G4Id+ cells 
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comprised 5.1%, 5.7%, and 4.2% of total CD19+ B cells from control, SLE, and T1D 

subjects, respectively.  All cells were sorted using the BD FACSAria with sort purities 

over 90%. 

 

Quantitative PCR 

Genomic DNA was isolated from sorted B cells using the Gentra PureGene Tissue 

Kit (Qiagen).  Quantitative PCR (40°C 10 min., 95°C 10min., followed by 60 cycles at 

95°C 10 sec., 60°C 30 sec., 72°C 1 sec.) was performed on 15-50ng template DNA in a 

20µL reaction mix containing 1X LightCycler 480 Probes Master Mix (Roche Applied 

Science), 0.5U LightCycler Uracil-DNA Glycosylase (Roche Applied Science), 0.5µM 

forward primer, 0.5µM reverse primer, and 0.2µM hydrolysis probe using a LightCycler 

480 real-time PCR system (Roche Applied Science).  Vκ-RS rearrangements were 

amplified with 5'-GGCTGCAGSTTCAGTGGCAGTGGRTCWGGRAC-3' (Schlissel and Baltimore 

1989) and 5'-CTGAGCTCAACTGCAGTCCTA-3' primers and detected with 5'-

TGGCAGCCCAGGGTGGATCT-3’ FAM-labeled hydrolysis probe. For each sample, the 

intronic region of the reference control gene β-actin was amplified in a separate well 

with forward primer 5’-GAGGCTCTTTTCCAGCCTTC-3’ and reverse primer 5’- 

TCCATACCTAAGAGAAGAGTGACAGA-3’ and detected with a Cy5-labeled hydrolysis probe 

5'-AAGGTGACAAAACTCCTGAGGCCA-3'.  iRS-KDE rearrangements were amplified with 5’-

ATTGATGCTGCCGTAGCC-3’ and 5’-AGGCTTCCTAGGGAGGTCAG-3’ primers and detected 

with 5’-TCTGCAGCTGCATTTTTGCCA-3’ FAM-labeled hydrolysis probe.  Similarly, for each 

sample, the intronic region of the reference control gene β-actin was amplified in a 

separate well with forward primer 5’-CCCAGCACAATGAAGATCAA-3’ and reverse primer 

5’-AGTACTTGCGCTCAGGAGGA-3’ and detected with a Cy5-labeled hydrolysis probe 5’-

TGCCTGAGCTGACCTGGGCA-3’.  For Vκ-RS quantitation each product (Vκ-RS or β-actin) 

was analyzed by the standard curve method (titrated cloned Vκ-RS or NIH3T3 genomic 
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DNA, respectively) and the amount of Vκ-RS product in each mouse sample was then 

normalized to the amount of β-actin product.  Samples were compared to the 

normalized target value in wild-type C57Bl/6 B220+ IgM+ κ+ splenocytes to determine a 

relative quantity (comparative CT (DDCT) method).  The frequency of iRS-KDE 

rearrangements in each human sample was determined via absolute quantification using 

a standard curve generated by serial dilution of a cloned iRS-KDE rearrangement 

resuspended with 100ng human fibroblast DNA (Fig. 2-3).  To determine the number of 

genome copies, β-actin was measured via absolute quantification using a standard 

curve consisting of serially diluted human fibroblast DNA.  Reactions were performed in 

duplicate and samples with inconsistent replicates or β-actin cycle numbers greater than 

35 were excluded. 

 

Vκ-RS and iRS-KDE Standard Curve 

To generate standard curves for Vκ-RS and iRS-KDE quantitative PCR, Vκ-RS and 

iRS-KDE rearrangements were cloned from murine and human lymphocytes, 

respectively.  The cloned Vκ-RS rearrangement sequence is as follows (primers shown in 

bold): 

5’GGCTGCAGGTTCAGTGGCAGTGGATCAGGGTCAGATTTCACTCTCAGTATCAACAGTGTGGAACCTGAA

GATTTTGGAATGTATTTCTGTCAACAGAGTAACAGCTGGCCTGACCCTAGTGGCAGCCCAGGGTGGATCTC

CCTAGGACTGCAGTTGAGCTCAG 3’ 

The cloned iRS-KDE rearrangement sequence is as follows (primers shown in bold): 

5’ATTGATGCTGCCGTAGCCAGCTTTCCTGTTGAGTGGCAGCCCAGGGCGACTCCTCATGAGTCTGCAGCT

GCATTTTTGCCATATCCACTATTTGGAGTCTGACCTCCCTAGGAAGCCT 3’ 

Each plasmid was serially diluted 10-fold into Tris-EDTA buffer eight times 

beginning with concentrations of 2.5ng/µL.  Vκ-RS and iRS-KDE serial dilutions were 
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combined with NIH3T3 (mouse) and LM216 (human) fibroblast DNA, respectively, 

yielding final fibroblast DNA concentrations of 20ng/µL.  The number of RS 

rearrangement copies in each dilution was quantified using the respective plasmid 

molecular weight (Vκ-RS = 2609777 g/mol; iRS-KDE = 2583122 g/mol). 

 

Human Subjects 

Volunteer healthy adult subjects with no history of autoimmune disease, no 

active viral or bacterial infection, or current use of immunomodulatory or 

immunosuppressive drugs were recruited.  Women who were nursing, pregnant, or who 

were planning on becoming pregnant during the duration of this study were excluded.  

Adults with documented SLE (fulfilling the ARA criteria (Tan et al. 1982)) were recruited 

from the Rheumatology clinic at the Hospital of the University of Pennsylvania.   Blood 

draws from SLE patients receiving steroids were performed prior to their first morning 

dose.  T1D patients were recruited from the Rodebaugh Diabetes Center at the Hospital 

of the University of Pennsylvania.  Subjects were included if they had a clinical history 

compatible with autoimmune T1D, defined by insulin-dependence, the absence of 

obesity, and an age of onset < 40 years or > 40 years together with elevated levels of 

autoantibodies to GAD65.  Subjects meeting these criteria but presently receiving 

immunosuppression drugs to support a kidney, pancreas, or islet cell transplant were 

excluded.  The study protocol was approved by the Institutional Review Board of the 

University of Pennsylvania and all subjects gave their written informed consent to 

participate. 

 

RS Precursor Isolation 

RS editing precursors were PCR amplified (95°C 10min., followed by 45 cycles at 

95°C 10 sec., 60°C 30 sec., 72°C 30 sec.) using forward Vκ gene specific primers (Vκ12: 
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5’-CGAGCAAGTGAGAATATTTACAGTAATTTAGC-3’; Vκ38c: 5’-CTCATACATTACACATCTACAT 

TACAGCC-3’) or a forward degenerate Vκ primer (5'-GGCTGCAGSTTCAGTGGCAGTGGR 

TCWGGRAC-3') and an RS specific reverse primer (5'-CTGAGCTCAACTGCAGTCCTA-3').  

Amplifications were performed on 10ng total spleen genomic DNA in a 20µL reaction 

mix containing 1.25U Failsafe Taq Polymerase PCR Mix (Epicentre Biotechnologies), 1X 

Failsafe PCR Buffer D (Epicentre Biotechnologies), 1µM forward primer, 1µM reverse 

primer.  PCR products were visualized by agarose gel (1.0%) electrophoresis.  Target 

products of 1.5kbp were isolated using the QIAquick gel extraction kit (Qiagen) and 

cloned using the TA TOPO Cloning Kit (Invitrogen). 

 

Insulin Staining of Fresh Splenocytes for Flow Cytometric Analysis 

Insulin – FW: 5733.49 g/mol   Insulin-biotin – Sigma #I2258 
Biotin – FW: 244.31 g/mol 
Streptavidin – 13kDa = FW: 51677.34 g/mol 
FITC – FW: 389.38 g/mol    FITC-streptavidin – BD Pharmingen 
#554060 
 
Pre-conjugate insulin-bio and FITC-sAV in FACS Buffer on ice. 
 
FACS Buffer: 1L PBS + 0.5% BSA + 0.01% NaN3 (1mL 10%NaN3) 
 
Cell Staining 

1. Centrifuge cells at 1300rpm for 7 minutes at 4°C. 
2. Aspirate as much media as possible and add 250µL FACS buffer (when < 50x106 

cells) or 350µL FACS buffer (when ~ 100x106 cells) (i.e. enough FACS to allow for 
easy transfer of 1x106 cells to staining tubes). 

3. Transfer 1x106 cells into each compensation tube and 1x106 cells to each 
analysis tube. 

4. Add 2mL FACS buffer to each tube.  Centrifuge at 1300rpm for 5 minutes at 4°C. 
5. Aspirate supernatant and vortex tubes to break up the cell pellet.  Add Fc-block, 

vortex, and incubate on ice for 5 minutes. 
6. Add staining antibody mix and vortex to distribute mix. 
7. Combine insulin-biotin and SA-FITC in 100µL FACS buffer in ratios listed 

below. 
8. Incubate tubes in the dark on ice for 20 minutes. 
9. Add 2mL FACS buffer to the tubes to wash cells.  Centrifuge tubes at 1300rpm 

for 5 minutes at 4°C.  Aspirate supernatant and vortex tubes to resupend cells. 
10. Repeat wash as described in step 7. 
11. Aspirate supernatant and vortex tubes to break up the cell pellet.  Add 100µL to 

compensation tubes and add streptavidin staining mix or preconjugated 
insulin to analysis.  Vortex briefly to distribute mix. 
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12. Incubate tubes in the dark on ice for 20 minutes. 
13. Add 2mL FACS buffer to the tubes to wash cells.  Centrifuge tubes at 1300rpm 

for 5 minutes at 4°C.  Aspirate supernatant and vortex tubes to resupend cells. 
14. Repeat wash twice as described in step 11. 
15. Resuspend cells in 0.4ml FACS buffer. 

 
Insulin-biotin + SA-FITC (4:1) Preconjugated 

Tube Sample FITC PE 7-AAD PE-Cy7 APC 

#1 Spleen 
1000ng 

Splenocytes Insulin (1000ng) 
1.67x10-10mol insulin (5µL) 

4.175x10-11mol SA-FITC 
(4.355µL) 

CD23 7-AAD CD45R 
(B220) 

CD21 

#2 Spleen 
500ng 

Splenocytes Insulin (500ng) 
8.35x10-11mol insulin (2.5µL) 

2.09x10-11mol SA-FITC 
(2.178µL) 

CD23 7-AAD CD45R 
(B220) 

CD21 

#3 Spleen 
250ng 

Splenocytes Insulin (250ng) 
4.175x10-11mol insulin 

(1.25µL) 
1.044x10-11mol SA-FITC 

(1.089µL) 

CD23 7-AAD CD45R 
(B220) 

CD21 

#4 Spleen 
100ng 

Splenocytes Insulin (100ng) 
1.67x10-11mol insulin (0.5µL) 

4.175x10-12mol SA-FITC 
(0.436µL) 

CD23 7-AAD CD45R 
(B220) 

CD21 

#5 Spleen 
50ng 

Splenocytes Insulin (50ng) 
8.35x10-12mol insulin (0.25µL) 

2.09x10-12mol SA-FITC 
(0.218µL) 

CD23 7-AAD CD45R 
(B220) 

CD21 

 
 

Statistical Analysis 

Group comparisons for the mouse experiments were performed with a two-

tailed Student's t-test unless otherwise specified.  Group comparisons in human 

subjects were performed via one-way ANOVA followed by two-tailed Student’s t-test.  

Correlation analyses were performed by calculating Spearman’s rank correlation 

coefficients.  Categorical data (gender, race) comparisons were analyzed using Fisher’s 

exact test.  For all tests a p value of ≤0.05 was considered significant. 
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