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We claim: 

 

1. A rodent comprising in its genome a deletion of the coding portion of exon 2 through the 

coding portion of exon 11 of an endogenous C9orf72 locus, wherein the rodent develops one or 

more symptoms of (i) immune system dysregulation or dysfunction and/or (ii) motor and 

neurological abnormalities similar to those found in human motor neuron diseases. 

 

2. The rodent of claim 1, wherein the C9orf72 locus comprises a reporter gene. 

 

3. The rodent of claim 2, wherein the reporter gene is operably linked to a C9orf72 promoter, 

optionally wherein the C9orf72 promoter is an endogenous promoter. 

 

4. The rodent of either claim 2 or claim 3, wherein the reporter gene is operably linked to exon 1 

of the C9orf72 locus. 

 

5. The rodent of any one of claims 2-4, wherein the reporter gene is selected from the 

group consisting of lacZ, luciferase, green fluorescent protein (GFP), enhanced GFP (eGFP), 

cyan fluorescent protein (CFP), yellow fluorescent protein (YFP), enhanced yellow 

fluorescent protein (eYFP), blue fluorescent protein (BFP), enhanced blue fluorescent protein 

(eBFP), DsRed, and MmGFP. 

 

6. The rodent of any one of the preceding claims, wherein the rodent is a rat or a mouse. 

 

7. The rodent of any one of the preceding claims, wherein the rodent develops one or more 

symptoms of Amyotrophic Lateral Sclerosis (ALS) and/or Frontotemporal Dementia (FTD) 

during development, optionally after about 36 weeks of age or after about 40 weeks of age. 

 

8. The rodent of any one of the preceding claims, wherein the rodent develops progressive motor 

deficits after about 36 weeks of age, develops lower motor neuron pathology after about 40 

weeks of age, and/or develops a decrease in body weight after about 36 weeks of age. 
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9. The rodent of any one of the preceding claims, wherein the rodent develops one or more of the 

following: 

(i) mitochondrial dysfunction in motor neurons, wherein mitochondrial dysfunction is 

characterized by a decrease in one or more of mitochondrial respiration, basal respiration, 

maximal respiration, spare respiratory capacity, ATP production and proton leak; or 

characterized by an increase in the mitochondrial to nuclear DNA ratio as compared to the 

mitochondrial to nuclear DNA ratio of the motor neurons of a control or reference rodent; 

(ii) one or more symptoms of glomerulonephritis, optionally after about 35 weeks of 

age or after about 35-41 weeks of age inclusive; 

(iii) splenomegaly after about 8 weeks of age; 

(iv) lymphadenopathy after about 8 weeks of age, wherein optionally 

lymphadenopathy is palpable after about 12-18 weeks of age inclusive; 

(v) an infiltration of one or more of macrophages, monocytes and granulocytes into 

the spleen, cervical lymph nodes, bone marrow and/or blood; and/or an infiltration of F4/80+ 

macrophages in the kidney and/or liver, wherein optionally the infiltration is detectable after 

about 8 weeks of age and up to 60 weeks of age; 

(vi) an infiltration of F4/80+ macrophages in the kidney after about 35 weeks of age; 

(vii) an increased serum cytokine level of one or more of IL-10, IL-12, IL-17, IFN-g, 

TNF-a and MCP-1 after about 8 weeks of age; 

(viii) an increased serum level of IL-12 after about 8 weeks of age that is about 6-fold 

or more as compared to a reference or control non-human animal; 

(ix) kidney disease characterized by a thickened basement membrane, cast formation, 

immune complex deposition, membranoproliferative glomerulonephritis, interstitial 

mononuclear inflammation, glomerulosclerosis, basophilic tubules, or combinations thereof, 

after about 28-35 weeks of age inclusive; 

(x) an increased myeloid dendritic cell population in one or more of the spleen, lymph 

nodes, bone marrow, kidney and blood after about 28-35 weeks of age inclusive, wherein 

optionally the myeloid dendritic cell population is characterized as 

CD45+CD11b+CD11c+MHCII+; 
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(xi) an increased serum level of one or more autoantibodies after about 8 weeks of 

age, wherein optionally one or more autoantibodies are selected from anti-Rheumatoid Factor 

(anti-RF) antibodies, anti-dsDNA antibodies, anti-nuclear antibodies (ANA), anti-Smith 

(anti-Sm) antibodies, anti-Cardiolipin antibodies, and combinations thereof; 

(xii) an increased level of F4/80+ macrophages in one or more of the spleen, lymph 

nodes, bone marrow, kidney and blood after about 28-35 weeks of age inclusive, wherein 

optionally the F4/80+ macrophages are characterized as CD45+CD11b+F4/80+Ly6G-; 

(xiii) an increased T cell population in one or more of the spleen, lymph nodes, bone 

marrow, kidney and blood after about 28-35 weeks of age inclusive, wherein optionally the T 

cell population is characterized as CD8+CD44+, CD8+CD69+, CD8+PD1+, CD4+CD44+, 

CD4+CD69+ or CD4+PD1+; 

(xiv) an increased regulatory T cell population in the spleen and/or lymph nodes after 

about 28-35 weeks of age inclusive, and wherein the regulatory T cell population is 

characterized as CD4+FoxP3+; or an increased T follicular helper (Tfh) cells in the spleen, 

lymph nodes, and/or blood after about 26 weeks of age, and wherein the Tfh cell population 

is characterized as CD4+CXCR5+CD44+ICOS+PD-1+Bcl-6+; 

(xv) an increased plasma cell population in one or more of the spleen, lymph nodes 

and bone marrow after about 8-60 weeks of age inclusive, wherein optionally the plasma cell 

population is characterized as CD45+CD19-B220-CD138+ or CD45+CD19intB220intCD138+; 

(xvi) autoimmune lymphoproliferative syndrome (ALPS); or 

(xvii) lupus nephritis. 

 

10. An isolated rodent cell or tissue whose genome comprises a deletion of the coding portion of 

exon 2 through the coding portion of exon 11 of an endogenous C9orf72 locus. 

 

11. An immortalized cell line made from the isolated rodent cell of claim 10. 

 

12. A rodent embryonic stem cell whose genome comprises a deletion of the coding portion of 

exon 2 through the coding portion of exon 11 of an endogenous C9orf72 locus. 
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13. A rodent embryo generated from the embryonic stem cell of claim 12. 

 

14. A method of making a rodent whose genome comprises a deletion of the coding portion of 

exon 2 through the coding portion of exon 11 of an endogenous  C9orf72 locus, the method 

comprising: 

modifying the genome of a rodent so that it comprises the deletion of the coding portion 

of exon 2 through the coding portion of exon 11 of the endogenous  C9orf72 locus, thereby 

making said rodent,  

wherein rodent develops one or more symptoms of (i) immune system dysregulation or 

dysfunction and (ii) motor and neurological abnormalities similar to those found in human motor 

neuron diseases. 

 

15. The method of claim 14, wherein the modifying is achieved by a process comprising: 

(a) introducing a nucleic acid sequence into a rodent embryonic stem cell so that the 

coding portion of exon 2 through the coding portion of exon 11 of the endogenous C9orf72 locus 

is deleted, which nucleic acid sequence comprises a polynucleotide that is homologous to the 

C9orf72 locus; 

(b) obtaining a genetically modified rodent embryonic stem cell from (a); and 

(c) creating a rodent using the genetically modified rodent embryonic stem cell of (b), 

optionally wherein the nucleic acid sequence comprises one or more selection markers and 

optionally wherein the nucleic acid sequence comprises one or more site-specific 

recombination sites. 

 

16. The method of claim 15, wherein the nucleic acid sequence comprises a recombinase 

gene and a selection marker flanked by recombinase recognition sites, which recombinase 

recognition sites are oriented to direct an excision, optionally wherein the nucleic acid 

sequence further comprises a reporter gene that is optionally downstream of the selection 

marker, optionally wherein the recombinase gene is operably linked to a promoter that drives 

expression of the recombinase gene in differentiated cells and does not drive expression of 

the recombinase gene in undifferentiated cells. 
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17. The method of claim 16, wherein the recombinase gene is operably linked to a 

promoter that is transcriptionally competent and developmentally regulated, optionally 

wherein the promoter is or comprises SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7. 

 

18. The method of claim 14, wherein the C9orf72 locus comprises a reporter gene, 

optionally wherein the reporter gene is operably linked to a C9orf72 promoter, and optionally 

wherein the C9orf72 promoter is an endogenous promoter. 

 

19. The method of claim 18, the reporter gene is operably linked to exon 1 of the 

C9orf72 locus. 

 

20. The method of claim 18 or 19, wherein the reporter gene is selected from the group 

consisting of lacZ, luciferase, GFP, eGFP, CFP, YFP, eYFP, BFP, eBFP, DsRed, and 

MmGFP. 

 

21. The method of any one of claims 14-20, wherein the rodent is a rat or a mouse. 

 

22. A method of identifying a therapeutic candidate for the treatment of one or more 

symptoms of (i) immune system dysregulation or dysfunction and (ii) motor and neurological 

abnormalities similar to those found in human motor neuron diseases in a rodent, the method 

comprising 

(a) performing one or more assays to determine if a candidate agent that has been 

administered to a rodent according to any one of claims 1-9 has an effect on 

one or more symptoms of (i) immune system dysregulation or dysfunction and (ii) motor and 

neurological abnormalities similar to those found in human motor neuron diseases; and 

(b) identifying the candidate agent that has an effect on the one or more symptoms of 

(i) immune system dysregulation or dysfunction and (ii) motor and neurological 

abnormalities similar to those found in human motor neuron diseases as the therapeutic 

candidate. 
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23. The method of claim 22, wherein the one or more symptoms of (i) immune system 

dysregulation or dysfunction and (ii) motor and neurological abnormalities similar to those 

found in human motor neuron diseases is selected from the group consisting of a 

neurodegenerative disease or condition, an inflammatory disease or condition, an 

autoimmune disease or condition, systemic lupus erythematosus (SLE), autoimmune 

lymphoproliferative syndrome (ALPS), and lupus nephritis optionally wherein ALPS is 

characterized by an increased serum level of IL-10, anti-Rheumatoid Factor (anti-RF) 

antibodies, anti-nuclear antibodies (ANA) or combinations thereof; wherein lupus nephritis is 

characterized by mesangeal proliferation and/or expansion, or by one or more tubular 

abnormalities and optionally wherein the neurodegenerative disease or condition is 

amyotrophic lateral sclerosis (ALS) or frontotemporal dementia (FTD), wherein the 

inflammatory disease or condition is glomerulonephritis, or wherein the autoimmune disease 

or condition is glomerulonephritis. 


