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Supplementary supporting text

Mouse nomenclature
WT: Wild-type 

KO / COL4A3KO: Null for a3 chain of type IV collagen, mouse model for Alport Sydrome

Rag-1 KO: Null for Rag-1, lacks B and T lymphocytes

CD11b KO: Null for CD11b, lacks mature macrophages

COL4A3, Rag-1 DKO / DKO: Null for a3 chain of type IV collagen as well as lacks B and T lymphocytes

C57KO BMT C57WT / COL4A3KO BMT WT: COL4A3KO mouse on C57Bl/6 genetic background transplanted with bone marrow from a WT mouse on C57Bl/6 genetic background.
C57KO BMT C57KO / COL4A3KO BMT COL4A3KO: COL4A3KO mouse on C57Bl/6 genetic background transplanted with bone marrow from a WT mouse on C57Bl/6 genetic background.
129KO BMT 129WT: COL4A3KO mouse 129Sv genetic background transplanted with bone marrow from a COL4A3KO mouse on 129Sv genetic background.
129KO BMT 129KO: COL4A3KO mouse 129Sv genetic background transplanted with bone marrow from a COL4A3KO mouse on 129Sv genetic background.
129KO BMT C57WT: COL4A3KO mouse 129Sv genetic background transplanted with bone marrow from a WT mouse on C57Bl/6 genetic background.
129KO BMT C57KO: COL4A3KO mouse 129Sv genetic background transplanted with bone marrow from a COL4A3KO mouse on C57Bl/6 genetic background.
KO BMi 20 WT: 20 weeks-old COL4A3KO mouse on C57Bl/6 genetic background infused with bone marrow from a WT mouse on C57Bl/6 genetic background.
KO BMi 20 KO: 20 weeks-old COL4A3KO mouse on C57Bl/6 genetic background infused with bone marrow from a COL4A3KO mouse on C57Bl/6 genetic background.
KO Blood 8 WT: 8 weeks-old COL4A3KO mouse on C57Bl/6 genetic background transfused with bone marrow from a WT mouse on C57Bl/6 genetic background.


KO Blood 23 WT  23 weeks-old COL4A3KO mouse on C57Bl/6 genetic background infused with bone marrow from a WT mouse on C57Bl/6 genetic background.
KO Blood 23 KO: 23 weeks-old COL4A3KO mouse on C57Bl/6 genetic background infused with bone marrow from a COL4A3KO mouse on C57Bl/6 genetic background.
KO BMi8 WT 8 weeks-old COL4A3KO mouse on C57Bl/6 genetic background infused with bone marrow from a WT mouse on C57Bl/6 genetic background.
KO BMi8 KO 8weeks-old COL4A3KO mouse on C57Bl/6 genetic background infused with bone marrow from a COL4A3KO mouse on C57Bl/6 genetic background.
COL4A3KO BMT CD11bKO COL4A3KO mouse on C57Bl/6 genetic background transplanted with bone marrow from a CD11bKO mouse on C57Bl/6 genetic background.
COL4A3KO BMT Rag-1KO COL4A3KO mouse on C57Bl/6 genetic background transplanted with bone marrow from a Rag-1KO mouse on C57Bl/6 genetic background.
KO w/Differentiated mESCs, COL4A3KO mouse on C57Bl/6 genetic background injected with differentiated mouse embryonic stem cells derived from a mouse on the C57Bl/6 genetic background.
KO w/podocytes COL4A3KO mouse on C57Bl/6 genetic background injected with immortalized mouse podocyte cell line
KO w/mESCs COL4A3KO mouse on C57Bl/6 genetic background injected with undifferentiated mouse embryonic stem cells derived from a mouse on the C57Bl/6 genetic background.
DKO w/hESCs: DKO mouse on C57Bl/6 genetic background injected with undifferentiated human embryonic stem cells (H1 line).
pWT: WT mouse on C57Bl/6 genetic background with COL4A3KO parabiont mouse on the C57Bl/6 genetic background.
pKO: COL4A3KO mouse on C57Bl/6 genetic background with WT parabiont mouse on the C57Bl/6 genetic background.
Wild-type bone marrow-derived cells provides greater histological improvement when compared with COL4A3KO bone marrow transplanted COL4A3KO mice
Although total body irradiation may provide some phenotypic improvement in COL4A3KO mice, an assessment of the specific therapeutic potential of bone marrow-derived cells requires further careful analyses.  To assess the therapeutic effect of total body irradiation on the disease progression in bone marrow transplanted COL4A3KO mice, we evaluated renal histology in wild-type (WT), COL4A3KO (KO), COL4A3KO transplanted with COL4A3KO bone marrow (KO BMT KO), and COL4A3KO transplanted with WT bone marrow (KO BMT WT) mice.  Eight weeks-old C57BL/6 COL4A3KO mice were transplanted with C57BL/6 bone marrow cells from WT and COL4A3KO donors and euthanized at 21 weeks of age, 13 weeks post total body irradiation and bone marrow transplant.  The extent of kidney damage, measured by percent normal glomeruli, relative interstitial volume, and tubular atrophy, is significantly reduced in KO BMT WT compared to KO and KO BMT KO mice (Supplementary Figure 1).  Percent normal glomeruli assessment reveals vast improvement when sub-lethally irradiated COL4A3KO mice are rescued with WT bone marrow (61.6 ± 6.1%) versus COL4A3KO bone marrow (29.6 ± 9.0%). WT mice present with 98.4% of normal glomeruli (Supplementary Figure 1A&B).  Although the number of healthy glomeruli is noticeably higher in KO BMT WT (Supplementary Figure 1A-C), glomerular damage appears reduced in KO BMT KO (29.6 ± 9.0% of normal glomeruli) in comparison to natural COL4A3KO mice (15.6 ± 2.6%), suggesting irradiation of the recipient mice provides some histological improvement.  The difference in percent normal glomeruli between KO BMT KO and KO was not statistically significant (p=0.06). WT mice present with 6.0 ± 0.5% of percent relative interstitial volume and 0.2 ± 0.4% of percent tubular atrophy whereas KO mice present with markedly increased values, with 54.6 ± 2.2% and 79.1 ± 2.2% of percent relative interstitial volume and percent tubular atrophy, respectively (Supplementary Figure 1C-E).  Significant improvement was observed in both percent relative interstitial volume and percent tubular atrophy in COL4A3KO mice rescued with WT bone marrow  (19.7 ± 1.5% and 28.4 ± 6.4%) when compared with mice rescued with KO bone marrow (41.4 ± 4.0% and 62.4 ± 7.2%), or in comparison to untreated COL4A3KO mice (54.6 ± 2.2% and 79.1 ± 2.2%) (Supplementary Figure 1D&E).  Percent relative interstitial volume and percent tubular atrophy appear to decrease (although not statistically significant) in irradiated COL4A3KO mice rescued with COL4A3KO bone marrow, when compared with untreated COL4A3KO mice.  

The histological improvement in the COL4A3KO mice transplanted with WT bone marrow is associated with de novo expression of (3(IV) collagen in the GBM (Supplementary Figure 1F). Expression of (3(IV) collagen was not detected in KO and KO BMT KO mice, providing further evidence that the WT bone marrow-derived cells provide COL4A3KO recipients with the missing chain of type IV collagen.  Furthermore, a marked increase in GBM expression of (5(IV) collagen is noted in the KO BMT WT mice when compared to KO and KO BMT KO mice (Supplementary Figure 1F).  Our immunostaining results also reveal basal expression of (5(IV) in KO and KO BMT KO mice, corroborating previous findings (10).  The marked increase of (5(IV) collagen, associated with de novo (3(IV) expression in the KO BMT WT mice, is evidence for a change in type IV collagen GBM protomer composition following treatment with WT bone marrow cells.  

Syngeneic and non-syngeneic bone marrow transplantation improves proteinuria and provides the missing chain of type IV collagen in COL4A3KO mice on the 129Sv genetic background.

We evaluated whether COL4A3KO mice on the 129Sv genetic background (129KO) could benefit from syngeneic bone marrow transplant therapy and whether renal phenotypic improvement is possible following non-syngeneic bone marrow transplantation. In this study, COL4A3KO mice on the 129Sv genetic background were transplanted using bone marrow cells from WT mice and COL4A3KO mice on 129Sv and C57BL/6 genetic backgrounds (Supplementary Figure 2A). Our results indicate that WT bone marrow cells significantly improve the renal disease in transplanted COL4A3KO recipient mice on 129Sv genetic background (129KO BMT 129WT), in contrast with COL4A3KO recipients transplanted with COL4A3KO bone marrow (129KO BMT 129KO).  In our experiment, 129KO BMT 129WT mice present with improved urine albumin/urine creatinine ratio (16.7 ± 10.16) in contrast to 129KO BMT 129KO (44.3 ± 1.3) (Supplementary Figure 2B).  Also, in contrast with 129KO BMT 129KO mice, which appear cachexic, 129KO BMT 129WT mice appear healthier and were more active (Data not shown). Perhaps most importantly, in both COL4A3KO on the C57BL/6 genetic background transplanted with C57BL/6 WT bone marrow (C57KO BMT C57WT) and 129KO BMT 129WT, 3(IV) NC1 domain was detected by western blot analyses, whereas no expression was detected in COL4A3KO on C57BL/6 genetic background transplanted with C57BL/6 COL4A3KO bone marrow (C57KO BMT C57KO) and 129KO BMT 129KO mice (Supplementary Figure 2C).  Furthermore, 129KO BMT 129WT, live up to nearly 16 weeks of age, whereas all 129KO BMT 129KO died from renal failure at 8 weeks of age (Supplementary Figure 2E).  These results contrast those reported by Katayama et al (13): COL4A3KO mice on the 129Sv genetic background transplanted with WT BM from 129Sv syngeneic donors showed renal phenotypic improvement associated with type IV collagen a3-chain GBM deposition similar to that observed in C57BL/6 syngeneic BMT in our previous study (11).  Furthermore, to test whether irradiation alone would provide a survival advantage in COL4A3KO mice on the 129Sv genetic background (129KO), we irradiated 5-weeks old 129KO with a single total body irradiation exposure to 600rads (n=4), and compared length of survival to non-irradiated 129KO animals (n=4).  All animals died from renal failure at 10 weeks of age, 5 weeks post irradiation, indicating that in our laboratory, irradiation alone did not increase survival in COL4A3KO mice on the 129Sv genetic background (data not shown). 

In non-syngeneic bone marrow transplanted animals, COL4A3KO mice on the 129Sv genetic background transplanted with C57BL/6 WT (129KO BMT C57WT) and C57BL/6 COL4A3KO (129KO BMT C57KO) unfractionated bone marrow cells (Supplementary Figure 2A), the 129KO BMT C57WT mice showed a dramatic improvement in overall appearance, gait, and body weight in contrast with 129KO BMT C57KO recipients (129KO BMT C57WT: 15.1g ± 1, 129KO BMT C57KO: 12.8g ± 0.1) (Data not shown and Supplementary Figure 2D), associated with improved proteinuria (129KO BMT C57WT: 45 ± 7.8, in contrast to 129KO BMT C57KO: 76 ± 8.8) (Supplementary Figure 2B).  Taken together, our results show that in both syngeneic and non-syngeneic bone marrow transplanted mice on the 129Sv genetic background, improvement in the renal phenotype is associated with a cell providing the wild-type allele of the COL4A3 gene.

A single injection with undifferentiated WT bone marrow cells in COL4A3KO mice provides the missing chain of type IV collagen in kidney GBM

Multiple infusions of WT bone marrow in COL4A3KO mice on the C57BL/6 genetic background in late stage of the renal disease (20 weeks-old) showed statistically significant improvement in the renal phenotype associated with 3(IV) GBM deposition (Figure 1).  We then asked whether a single injection of WT bone marrow cells in COL4A3KO mice at 8 weeks of age (onset of the renal disease in the C57BL/6 genetic background) could rescue the renal phenotype (KO BMi8 WT and KO BMi8 KO experimental groups are composed of COL4A3KO mice injected with WT and COL4A3KO bone marrow cells at 8 weeks of age respectively, Supplementary Figure 3A). Urine albumin/urine creatinine ratio measurements indicate that COL4A3KO mice treated with WT bone marrow present with improved proteinuria-although non-statistically significant (p=0.11)-(45.9 ± 12.8) in comparison to COL4A3KO mice treated with KO bone marrow (90.5 ± 19.0) (data not shown). Furthermore, RT PCR amplification of COL4A3 transcript revealed expression of the missing gene in WT and KO BMi8 WT kidney cDNA, but no expression was detected in KO and KO BMi8 KO control kidney cDNA (Supplementary Figure 3B).  Finally, western blot analyses of kidney ECM proteins reveal (IV) NC1 in KO BMi 8 WT mice whereas no a3(IV) NC1 was detected in KO BMi 8 KO control mice (Supplementary Figure 3C).  Taken together, these results suggest that a single injection of undifferentiated WT bone marrow in COL4A3KO mice provides the missing chain of type IV collagen in these mice.  

Lymphocytes and monocytes/macrophages are not required for the emergence of the missing chain of type IV collagen in COL4A3KO mice
Our results indicate that circulating bone marrow derived cells provide a therapeutic benefit in COL4A3KO mice. Next, we tested the hypothesis that such therapeutic cells may derive from the hematopoeitic compartment of the bone marrow.  A previous study using bone marrow-derived mesenchymal stem cells (MSCs) in COL4A3KO mice suggested that MSCs cellular therapy did not lend itself to the synthesis of the missing chain of type IV collagen15, therefore we focused our attention on the hematopoietic compartment.  The COL4A3KO kidney disease involves a considerable amount of immune infiltration, which possibly plays a critical role in glomerular crescent formation14, 16-22. We asked specifically whether lymphocytes and macrophages are among the therapeutic cells in the cell-based therapy in COL4A3KO mice.  For these experiments, we employed Rag-1KO23 and CD11bKO24 mouse models, lacking mature lymphocytic cells and monocyte/macrophages, respectively. We previously demonstrate the role of B- and T-lymphocytes by crossing COL4A3KO mice onto the immunodeficient Rag-1KO background. Our results demonstrate that B- and T-lymphocytes are not required for the glomerulonephritis but are essential components of tubulo-interstitial inflammation and fibrosis14, and genetic deletion of B- and T-lympocytes in COL4A3KO mice did not improve survival (Supplementary Figure 4Q). Similarly, reduction of interstitial and glomerular macrophages did not ameliorate the renal pathology in COL4A3KO mice25. We transplanted the COL4A3KO mice with bone marrow harvested from Rag-1KO (COL4A3KO BMT Rag-1KO) and CD11bKO animals (COL4A3KO BMT CD11bKO) in order to ablate specific cell sub-populations from the hematopoeitic compartment of the bone marrow (Figure 5A).  Twelve weeks following the transplant, we analyzed the genotype of the bone marrow in the transplanted animals.  In both experimental groups, we detected both wild-type and KO alleles for the Rag-1 and CD11b mutations (Figure 5B&C). The chimeric genotype of the bone marrow indicated that not all B-, T-lymphocytes, monocytes/macrophages in COL4A3KO BMT Rag-1KO mice and COL4A3KO BMT CD11bKO mice are ablated. The number of CD19+ cells (lymphocytes) in the kidney of the COL4A3KO BMT Rag-1KO mice was greatly reduced, and we did not detect CD11b+ cells in the kidneys of COL4A3KO BMT CD11bKO mice (Figure 5D-J). The analysis of the kidney disease progression in COL4A3KO BMT CD11bKO mice and COL4A3KO BMT Rag-1KO mice reveal mild decrease in proteinuria (Figure 5K, Table 1), and a statistically significant improvement in renal histology, similar to that observed in COL4A3KO mice transplanted with wild-type bone marrow (COL4A3KO BMT WT) (Figure 5L-N, Table 1).  Based on our assessment of histological findings, the decreased number of B- and T-lymphocytes and monocyte/macrophages in the renal infiltrate of COL4A3KO mice did not affect the renal disease progression, and both COL4A3KO BMT Rag-1KO and COL4A3KO BMT CD11bKO mice present with a similar phenotypic improvement as observed in COL4A3KO BMT WT mice, in contrast with COL4A3KO BMT COL4A3KO control mice (Figure 5M&N, Table 1). Furthermore, we detected the expression of the missing chain of type IV collagen in WT, COL4A3KO BMT Rag-1KO and COL4A3KO BMT CD11bKO mice, but not in COL4A3KO BMT COL4A3KO control mice (Figure 5O), indicating that B-/T-lymphocytes and monocytes/macrophages are not required for the emergence of the missing a3(IV) in the GBM of  bone marrow transplanted COL4A3KO mice. 

Mouse embryonic stem cells infusion leads to improved renal function and kidney histology in COL4A3KO mice, provide type IV collagen 3 and 5 chains, and improve GBM architecture in COL4A3KO mice

Undifferentiated mESCs (1x106) were administered systematically into 8 weeks-old COL4A3KO (Figure 6A). Injection of these cells via retro-orbital plexus route led to occasional formation of a cell mass at the injection site, which did not impair the ability to determine the capacity of these cells in reversing renal defects. Urine protein excretion (Figure 6B) and BUN (Figure 6C) measurements demonstrated a significant improvement in COL4A3KO mice treated with mESCs in comparison with untreated COL4A3KO mice (Table 1).  Histological findings indicated that kidney damage is significantly reversed upon mESCs treatment (Figure 6D-G), resulting in an increased fraction of normal glomeruli (Figure 6E) and significantly improved tubulo-interstitial compartment.  Morphometric analyses revealed that the COL4A3KO with mESCs  (KO w/ mESCs) mice exhibit a significant decrease in interstitial volume and tubular atrophy at 21 weeks of age (Figure 6F&G, Table 1).

Administration GFP+ mESCs at 8 weeks of age leads to the emergence of GFP+ cells in the glomeruli by 12.5 and 21 weeks of age (Figure 6H-K). Glomerular morphometric analysis demonstrates that in KO w/mESCs about 4.3  ± 0.6 % of the resident glomerular cells are stem cell-derived at 21 weeks of age, 13 weeks after mESCs injection (Figure 6K). Recruitment of male derived mESCs to the glomeruli of female recipient mice was also demonstrated by Y-chromosome staining (Figure 6L&M).  Furthermore, GFP+ cells co-localized with nephrin labeling (specific to podocytes) (Figure 6J&N), suggesting that the mESCs recruited into the glomeruli acquire expression of podocyte specific marker. Several studies suggest that podocytes and glomerular endothelial cells produce type IV collagen 3 chain 11, 26. Immunofluorescence experiments using chain specific type IV collagen antibodies, described in previous publications11, 12, were performed to evaluate deposition of a3 and a5(IV) collagen chains in the GBM of KO w/mESCs. Immunostaining of KO w/mESCs kidney sections, reveals a patchy and speckled linear labeling pattern for 3 chain, and a significant recovery of 5 chain expression in the GBM (Figure 6O-T). 

Western blot analyses of renal basement membrane proteins reveal de novo expression of 3 and 4 chains type IV collagen in KO w/mESCs (Figure 7C).  To evaluate whether the newly attained type IV collagen 3 chain protein expression led to appropriate 3 chain incorporation into the type IV collagen network and re-induced the incorporation of 4 and 5 chains, renal basement membranes from snap frozen kidneys of WT, COL4A3KO control mice, and KO w/mESCs mice were isolated using salt and detergent extraction, as previously described11. To liberate the non-collagenous domains, the cell free basement membrane extract was subsequently subjected to collagenase digestion to degrade triple helical collagen networks (Figure 7A-E). Among the resulting protein mixture is the C-terminal globular hexamer, which represents assembled type IV collagen protomers. Immunoblotting with 3 antibodies reveals the presence of 3NC1 collagen chain in the hexamers of control mice and KO w/mESCs mice but not in KO control mice (Figure 7C). The 3(IV) NC1 could also be detected as dimers and monomers in KO w/mESCs mice, similar to control WT mice (Figure 7C). Disulfide-bond-reducing SDS-PAGE analysis revealed that such 3 chain expression in the GBM type IV collagen network was associated with the re-emergence of 4(IV) NC1 protein expression in the type IV collagen NC1 hexamers, when compared to COL4A3KO mice (Figure 7C). The C-terminal NC1 domain of type IV collagen chains likely plays a key role in the molecular recognition and assembly of type IV collagen protomers and hexamers 27-29. The incorporation of the newly expressed 3 chain into the type IV collagen network upon stem cell administration was further confirmed by immunoprecipitation of 3NC1 containing hexamers using the anti-3NC1 antibody. Immunoblotting of precipitated 3NC1 containing hexamers, the 4 and 5 chains could be detected in the precipitated hexamers of WT control mice and in COL4A3KO w/mESCs mice, but not in the COL4A3KO mice (Figure 7F). No such interaction was found when an anti-FLAG antibody used in the immunoprecipitation experiments (Supplemental figure 5).  In addition, our studies using human embryonic stem cells (hESCs) in COL4A3/Rag-1 DKO mice demonstrate expression of the missing chain of type IV collagen (Supplemental figure 4 O&P), provided by hESCs incorporated within the mouse GBM type IV collagen composition, corroborating previous work in which the human a-chain of type IV collagen in COL4A3KO mice can assemble and form chimeric protomer30. 
Electron microscopy (EM) analyses were performed to examine kidney tissues at 12.5 and 21 weeks of age with particular emphasis on GBM architecture and podocyte integrity. Podocytes from COL4A3KO mice show foot process effacement (flattening) and microvillous transformation using scanning EM (SEM), when compared to WT control mice (Figure 7G-I). Transmission EM analysis (TEM) of wild-type mice shows normal GBM pattern (Figure 7J&M). COL4A3KO mice at 8 weeks, 12.5 weeks and 21 weeks reveal GBM damage with characteristic splitting, multi-laminations, thinning and thickening, as observed in human Alport syndrome 1 (Figure 7K&N). KO w/ mESCs exhibit significant GBM repair at 21 weeks of age (13 weeks after injection) with significant repair of podocyte integrity with reduction in foot processes effacement (Figure 7L&O).  
Next, we evaluated the therapeutic potential of differentiated mESCs and podocytes in COL4A3KO mice, and our results indicate that differentiated mESCs and podocytes do not rescue the renal phenotype in COL4A3KO mice (Supplementary supporting text and Supplementary Figure 4), suggesting that a specific cell population in the bone marrow, blood or undifferentiated mESCs retains the therapeutic capacity to provide the missing a3 chain of type IV collagen in the glomeruli.
Differentiated mESCs and podocytes do not rescue the renal phenotype in COL4A3KO mice

We next aimed to characterize whether differentiated mESCs and cultured podocytes could restore renal functions in COL4A3KO mice (Supplemental Figure 5A&B). We used mESCs which constitutively express GFP, yet we failed to detect GFP labeling in COL4A3KO mice treated with differentiated mESCs (KO w/Differentiated mESCs, Supplemental Figure 5C&D).  The podocyte cell line used was previously characterized (20).  To generate the line, mouse podocytes were transfected with Simian Virus 40 (SV40) T-Ag (Supplemental Figure 5E).  We failed to detect SV40 T-Ag positive cells in COL4A3KO mice treated with podocytes (KO w/podocytes, Supplemental Figure 5F). These results suggest that these cells did not home to the kidney glomeruli.  No a3(IV) chain was detected in the glomeruli of COL4A3KO mice treated with differentiated mESCs or podocytes (Supplemental Figure 5G-I). In contrast with KO w/mESCs, no improvement in urine albumin/urine creatinine ratio was observed in KO w/podocytes and KO w/Differentiated mESCs 4.5 weeks post treatment (WT: 0.5 ± 0.1, COL4A3KO: 12.2 ± 3.7, KO w/mESCs: 2.2 ± 0.2, KO w/Differentiated mESCs: 15.53 +/- 5.0, KO w/podocytes: 10.0 +/- 4.4, Supplementary Figure 5J&K).  Finally, in contrast with KO w/mESCs, (Figure 5L&M), Y-chromosome labeling for mESCs showed no homing of differentiated mESCs to the kidney glomeruli of COL4A3KO (Supplementary Figure 5L-M).  These results indicate that podocytes and differentiated mESCs did not provide the missing chain of type IV collagen to the diseased glomeruli. 

Supplementary Materials and Methods:

Genotyping and bone marrow genomic DNA PCR 

To genotype COL4A3KO mice, genomic DNA from tail snips or bone marrow flushed from tibia and femur was purified using Quiagen DNeasy® Blood and Tissue total DNA purification kit according to the manufacturer’s directions.  The genotyping PCR employed the following primers: 5’ TTCCCCTGTCACCAGGATTTCCC-3’ (wild-type allele primer), 5’-ACGACCTTTCTTAAACTAGAAGAAGTC-3’ (common primer), and 5’-TGCTAAAGCGCATGCTCCAGACTGC-3’ (knockout allele primer).  The master mixes contained the common primer and either of the wild-type or knockout allele primers.  The PCR reaction was run with the following conditions: 35 repeats of [95°C for 40s, 65°C for 40s, and 72°C for 3 minutes].  The PCR products were migrated by gel electrophoresis on a 1% agarose gel in 1X Tris-acetate-ethylenediamine tetraacetic acid (EDTA) buffer (TAE buffer).  The 1000bp product was amplified from the wild-type allele, and the 850bp product was amplified from the knockout allele.  Genotyping for Rag-1KO mice requires 3 primers: 3’-TTGGATGTGGAAGGGCGAG-5’, 3’-GAGGTTCCGCTAGCACTCTG-5’, and 3’-CCGGACAAGTTTTTCATCGT-5’.  PCR amplification of tail snip genomic DNA using these primers with the following conditions 35x[95C for 30s, 58C for 40s, 72C for 45s] and gel electrophoresis allowed for the visualization of the PCR products, with a 474bp wild-type fragment, and 530bp knockout fragment. Genotyping for CD11bKO requires 3 primers: 3’-ATCGCCTTCTTGACGAGTTC-5’, 3’-TAGGCTATCCAGAGGTAGAC -5’, and 3’-CATACCTGTGACCAGAAGAGC -5’.  PCR amplification of tail snip genomic DNA using these primers with the following conditions 35x[95C for 30s, 56C for 1min, 72C for 1min] and gel electrophoresis allowed for the visualization of the PCR products, with a 300bp wild-type fragment, and 600bp knockout fragment.
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