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Diabetes and hypertension are the leading causes of chronic kidney disease (CKD) and end-

stage renal disease (ESRD), but little is known about the genes involved. The present study 

by Dhande et al.1 validated two regions of the genome that together completely account for 

CKD in Stroke-prone Spontaneously Hypertensive Rats (SpSHR). This study is highly 

significant since one in seven Americans have CKD, and the Medicaid costs for treatment of 

patients with ESRD and CKD are 34 and 64 billion dollars/yr., respectively.2 Most patients 

with mild or moderate hypertension do not develop proteinuria or significant renal injury 

indicating that there are differences in the genetic susceptibility.3,4 Renoprotection is also 

seen in Spontaneously Hypertensive Rats (SHR) and angiotensin-dependent rodent models 

of hypertension that is associated with an elevation in renal vascular resistance that prevents 

transmission of systemic pressure to the glomerular capillaries.3,4 However, renal 

autoregulation is often impaired in patients with diabetes and African Americans with low 

renin forms of hypertension that exhibit increased susceptibility to proteinuria and 

glomerulosclerosis in response to even modest elevations in pressure.3,4 Thus, there is 

tremendous interest in defining the genes and pathways that influence the susceptibility to 

hypertension-induced renal injury. Whole genome-wide association studies (GWAS) have 

uncovered susceptibility loci on nearly every chromosome.5 However, progress in 

identifying the causal genes remains limited. To date, only variants in apolipoprotein 1 and 

cubulin have been found to elevate the risk of CKD in African Americans, and albuminuria 

in diabetic patients.5

Genetic mapping studies using strains of rats that are susceptible (Fawn-Hooded 

Hypertensive, Dahl salt-sensitive, Buffalo, Munich Wistar Furth, and SpSHR) and resistant 

(Spontaneously hypertensive, Brown-Norway, Wistar Kyoto, Lewis, August Copenhagen 

Irish rats) to renal disease have identified many genomic regions associated with glomerular 

injury, proteinuria, and renal interstitial fibrosis.5 However, the only molecular variant that 

has yet to be confirmed by transgenic rescue is a loss of function mutation in the Rab38 gene 

that inhibits reabsorption of filtered protein in Fawn-Hooded Hypertensive (FHH) rats.6 Part 

of the difficulty in identifying the causal genes in previous studies is that the susceptible and 

resistant strains were chosen to maximize genetic diversity, so the number of potential 
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sequence variants in candidate regions is overwhelming. An alternative approach taken in 

the present study by Dhande et al.1 was to use closely-related SpSHR (SHR-A3 in Dhande 

et al.1) and SHR (SHR-B2 in Dhande et al.1) as the susceptible and resistant strains. These 

strains were derived during the development of SHR by inbreeding a subline susceptible to 

stroke after the alleles for hypertension were fixed.1,5 As such, they are genetically identical 

across 87% of the genome and differ in only 121 distinct haplotype blocks which greatly 

simplifies gene mapping.7 In a previous study, this group headed by Dr. Doris, reported that 

a 10 Mb haplotype block on chromosome 17 was linked to differences in blood pressure in 

an F2 cross of SpSHR and SHR rats.7 In another study, they identified a highly polymorphic 

9 Mb region on chromosome 6, harboring 230 genes encoding for heavy chain 

immunoglobulins (IgH) of which 49% exhibited non-synonymous variation in SpSHR 

versus SHR.8 This was associated with differences in the expression of IgG isotypes and 

increased renal injury in SpSHR that was ameliorated by immunosuppression.8 The authors 

hypothesized that variants in the IgH genes on chromosome 6 might contribute to renal 

injury in SpSHR by altering B cell and immune function.8

In the present study, Dhande et al.1 introgressed the regions on chromosomes 6 and 17 from 

SHR into the SpSHR genetic background and phenotyped the congenic strains for blood 

pressure and renal injury. As summarized in Figure 1, they found that glomerular injury and 

renal interstitial fibrosis, but not proteinuria, were lower in the SpSHR.6SHR congenic strain 

than in SpSHR rats. Blood pressure was not altered in the SpSHR.6SHR congenic strain. 

Glomerular injury and renal interstitial fibrosis, but not proteinuria, were also reduced in the 

SpSHR.17SHR congenic strain, and blood pressure fell to the same level as that seen in SHR. 

Transfer of both regions in a dual congenic strain (SpSHR.6SHR17SHR), lowered blood 

pressure, glomerular injury, renal interstitial fibrosis and the excretion of urinary biomarkers 

of renal tubular injury to the same levels seen in SHR. These results confirm that a gene 

variant on chromosome 17 is responsible for the greater degree of hypertension and renal 

injury in SpSHR, and that one or more of the genes in the IgH region on chromosome 6 

contribute to renal injury in SpSHR. The authors further established that the altered 

expression of IgG subtypes in SpSHR was normalized in the chromosome 6 congenic strain. 

This finding supports the view that the genes in this region enhance renal injury in SpSHR 

by altering B and T cell function and the immune response. The authors also found that there 

are nonsynonymous sequence differences in 9 of the 74 genes on chromosome 17 in SpSHR 

versus SHR. They suggested that a variant found in the DoK3 in SpSHR was of particular 

interest as it participates in the immune response. However, the remaining candidate genes in 

this region do not appear to be involved in immune signaling, suggesting that another 

renoprotective mechanism might be involved. In this regard, previous studies have indicated 

that enhanced renal myogenic response and renal blood flow autoregulation protect the 

glomerular circulation from barotrauma up to 180 mmHg in SHR.3,4 Blood pressure exceeds 

this limit in SpSHR, and there is evidence that renal and cerebral autoregulation maybe 

impaired in this strain.9 Thus, the renoprotection in the chromosome 6 congenic strain may 

simply be secondary to the fall in blood pressure. This is consistent with a previous finding 

that reducing blood pressure below a critical level of 190 mmHg can prevent and even 

reverse renal injury in SpSHR.10
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The most unexpected finding in the present study is that while transfer of genes on 

chromosome 6 and 17 from SHR normalized blood pressure, glomerulosclerosis, and renal 

interstitial fibrosis in SpSHR, they had no effect on the urinary albumin/creatinine 

concentration ratio. This suggests that proteinuria in SpSHR is determined by genes on other 

chromosomes, and is consistent with previous results that identified loci for proteinuria in 

SpSHR on chromosomes 1, 4, 10 and 16.5 The failure to detect a fall in proteinuria in the 

congenic strains is also hard to understand as it is likely that the reduction in 

glomerulosclerosis lowered the filtration of albumin. This suggests albuminuria in SpSHR 

may not be caused by glomerular injury alone, but may be related to a progressive loss of the 

ability to reabsorb filtered protein as seen in FHH rats6 and some diabetic models.4

Overall, the present study is an important step forward in the search for genes that contribute 

to hypertension-induced nephrosclerosis. It confirms that a region on chromosome 17 is 

responsible for the higher blood pressure in SpSHR than SHR, and that genes on 

chromosomes 6 and 17 mediate the enhanced susceptibility to renal injury, but not 

proteinuria in SpSHR. The next step will be to identify and validate the sequence variants 

involved using subcongenic or transgenic rescue strains. Discovery of these causal genes for 

renal injury could lead to novel therapies to slow or even reverse the progression of CKD in 

patients with hypertension.
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Figure 1. 
Summary of the effects of transfer of regions of chromosomes 6 (SpSHR.6SHR) and 17 

(SpSHR.17SHR) from Spontaneously Hypertensive Rats (SHR, SHR-B2 in Dhande et al.1) to 

Stroke-prone SHR (SpSHR, SHR-A3 in Dhande et al.1) on blood pressure and renal injury. 

Transfer of these regions lowered glomerular injury, renal interstitial fibrosis and urinary 

excretion of neutrophil gelatinase-associated lipocalin (NGAL), osteopontin (OPN) and 

kidney injury molecule 1 (KIM1), but had no effect on proteinuria. Blood pressure was 

reduced in the SpSHR.17SHR and SpSHR. 6SHR17SHR dual congenic rats but not SpSHR.

6SHR. The fall in renal injury in the SpSHR.17SHR congenic strain might be due to the 

reduction of blood pressure back into the autoregulatory range and a reduction in glomerular 

capillary pressure (Pgc). The renoprotection afforded by chromosome 6 is likely due to 

variants in IgH genes that influence B cell and immune function.
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