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The Genetic Basis of Kidney Disease Risk in African Americans:
MYH9 as a New Candidate Gene

Commentary on Kopp JB, Smith MW, Nelson GW, et al: MYH9 is a major-effect risk gene for
focal segmental glomerulosclerosis. Nat Genet 40:1175-1184, 2008 and Kao WH, Klag MJ,

Meoni LA, et al: MYH9 is associated with nondiabetic end-stage renal disease in African

Americans. Nat Genet 40:1185-1192, 2008.
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hronic kidney disease (CKD) is a complex
genetic disorder. Familial aggregation of

oth diabetic and nondiabetic kidney disease is
nown1-3 and traits such as glomerular filtration
ate and albuminuria are highly heritable.4-7 Ag-
regation of CKD by race adds a further dimen-
ion to its genetic basis, suggesting gene flow
rom separate ancestral gene pools. The mark-
dly exaggerated risk of CKD in the African
merican population of the United States has
een appreciated for several decades. In 2006,
he US Renal Data System documented rates of
reated kidney failure (end-stage renal disease
ESRD]) that were 3.6-fold greater in African
mericans than whites.8 Although African Ameri-

ans have the highest rates of hypertension and
he second highest rates of diabetes prevalence
mong ethnic groups in the United States,9,10

ncreased prevalence of these primary diseases is
nsufficient to explain the excess risk of CKD.11,12

hile socioeconomic status, lifestyle factors,
nd clinical factors such as hypertension and
iabetes could contribute to as much as 40% of
he excess risk,13 African Americans still carry a
early 2-fold greater risk of CKD relative to the
hite population.13,14 The increased risk extends

o kidney disease of several etiologies including
iabetic nephropathy,15 hypertensive kidney dis-
ase,16 lupus nephritis,17 focal segmental sclero-
is (FSGS),18 HIV-associated nephropathy
HIVAN),19 and glomerulonephritis.20 It encom-
asses both an increased susceptibility to CKD,16

s well as a more rapid progression to ESRD.21

Both quantitative linkage approaches and ge-
etic association studies have been applied to
dentify disease genes for CKD with limited
uccess.22 Association studies provide a power-
ul strategy to uncover multiple genes with
maller effects. However a serious weakness is
he propensity to false-positive results from ge-
etic differences related to population substruc-
ure or admixture, especially if the prevalence of

isease also differs in the component popula-

merican Journal of Kidney Diseases, Vol 53, No 4 (April), 2009: p
ions. Self-reported race may be associated with
ryptic population stratification, making replica-
ion of study results in confirmatory investiga-
ions more challenging.23 The gene pool of Afri-
an Americans residing in the United States
eflects the mixing of the native Africans, mainly
rom Western Africa, with European and Native
merican peoples, and has about 10% to 20%
uropean admixture.24 Minority populations have
ften been underrepresented in genetic associa-
ion studies.

Two independent studies in the October 2008
ssue of Nature Genetics25,26 successfully ex-
loit the genetic architecture of population admix-
ure in African Americans, using an analytic
trategy called “mapping by admixture linkage
isequilibrium” or MALD27-29 to detect a gene
onferring increased risk for FSGS and for ESRD
n nondiabetic individuals. To understand the
ndings in these manuscripts, 2 important con-
epts need to be explained. The first is admix-
ure, which refers to the formation of a new
opulation by interbreeding between individuals
rom genetically divergent parental populations.
he second is linkage disequilibrium (LD), which
escribes the co-occurrence of 2 alleles at differ-
nt loci on the same chromosome more often
han would be predicted by random chance and is
measure of cosegregation of alleles in a popula-

ion. MALD is especially appropriate to the
tudy of diseases that differ in frequency be-
ween ethnic groups and requires recent admix-
ure, measurable differences in the frequency of
isease-causing alleles between parental popula-
ions, and a set of ancestry-informative markers
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hat specifically differentiate chromosomes de-
ived from the parental populations based on
llele frequency differences between the popula-
ions. MALD takes advantage of LD between
enetic ancestry marker alleles and disease al-
eles (Fig 1); because of recent admixture, such
D may be seen over long chromosomal seg-
ents with the advantage that fewer markers can

e used for a genome search than other methods
f association mapping.

WHAT DO THESE IMPORTANT STUDIES
SHOW?

The studies by Kopp et al and Kao et al in
ature Genetics identify variation at MYH9, a
ene on chromosome 22, as a major risk factor
or FSGS and nondiabetic kidney disease in
frican Americans. Their approach, using admix-

ure mapping, identifies the strong correlation of
YH9 disease alleles with African ancestry.
In the National Institutes of Health–based

Figure 1. Schematic of 1 chromosome pair from each o
for a given disease) and a group of controls are presented
ontrol individuals (arrow), a schematic of all ancestors in th
rst generation, mixing between population 1 (blue) and
lue-origin chromosomes; in later generations, crossing
hromosomes. Admixture mapping can be ideally applied
dashed line). Whole-genome scanning under the admix
dentifying the regions with an excess of “red” ancestry in t
arries the predisposition allele. Reproduced from Darvasi
tudy, Kopp and colleagues performed a MALD i
can in 190 African American individuals with
iopsy-proven idiopathic or HIV-associated FSGS
nd in 222 African American controls. They
btained a single prominent linkage peak on
hromosome 22 that demonstrated a higher de-
ree of African ancestry than the rest of the
enome and occurred close to the 3= end of the
YH9 gene. Further fine mapping in this gene in
larger group of patients and controls narrowed
own the strongest association to single nucleo-
ide polymorphisms (SNPs) defining an at-risk
aplotype from exons 14 through 23. This haplo-
ype (E1) conferred an odds ratio of 4.7 (95% CI,
.1-7.0) for idiopathic FSGS and 5.9 (95% CI,
.9-12.9) for HIV-associated FSGS, and is car-
ied by 60% of African Americans compared
ith 4% of European Americans.
In the other study by Kao and colleagues at the

ohns Hopkins University, the MALD scan was
erformed in 1,372 African American patients
ith ESRD drawn from the Family Investigation

ral individuals in an admixed population. A group of cases
ottom left and the bottom right, respectively. For one of the
generations is shown in the upper part of the figure. In the

ation 2 (red) occurs, generating offspring with red- and
during meiotic recombination creates red/blue chimeric
lations 1 and 2 carry a different allele at the disease locus
apping strategy consists of scanning the genome and

es versus the controls, assuming that the “red” population
ifman29 with permission.
f seve
at the b
e last 4
popul
over

if popu
ture m
n Nephropathy and Diabetes (FIND) and the
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In the Literature 581
hoices for Healthy Outcomes in Caring for
SRD (CHOICE) studies, and from 806 African
merican controls. Only suggestive evidence for

inkage between disease and African ancestry
as initially obtained at an overlapping genomic

egion on chromosome 22, but separate analyses
or nondiabetic and diabetic participants with
SRD showed this peak to be driven solely by

he nondiabetic participants, a subgroup consist-
ng predominantly of hypertensive kidney dis-
ase, FSGS, and HIVAN. This genomic region
ontained the MYH9 gene and showed European
ncestry estimates that were lower than the ge-
ome average in nondiabetic patients with ESRD.
he investigators proceeded to genotype 14 SNPs

n the MYH9 gene that defined an at-risk haplo-
ype extending between introns 3 and 23 with
ighly significant associations to nondiabetic pa-
ients with ESRD even after correcting for global
ncestry.

MYH9 is the gene encoding nonmuscle myo-
in IIA heavy chain, a cytoskeletal contractile
rotein that is constitutively expressed in podo-
ytes and also found in platelets. Mutations in
he gene have been associated with syndromes of
hrombocytopenia, nephritis, and deafness.30,31

HOW DO THESE STUDIES COMPARE TO
PRIOR STUDIES?

Genome-wide association studies for kidney
isease phenotypes have yet to yield major suc-
esses.32-34 Linkage scans for nondiabetic ne-
hropathy in African American families have
ielded several peaks but failed to detect robust
inkage to disease.35,36 Linkage scans identify
he cosegregation of a marker with disease within
amilies and the more widely used nonparamet-
ic methods relate a greater degree of allele
haring between relative pairs to similarity in
henotype. Family-based linkage studies have
een instrumental in identifying Mendelian forms
f FSGS involving podocyte proteins due to
ighly penetrant mutations.37 However, the vast
ajority of FSGS is better characterized as a

omplex disease.
Early successes with admixture mapping have

dentified genetic loci for prostate cancer, mul-
iple sclerosis, and hypertension.38 Within ne-
hrology, the FIND study has assembled a multi-

thnic cohort and will exploit the differential e
revalence of diabetic kidney disease between
ifferent ethnic groups to identify genetic deter-
inants of diabetic nephropathy using the MALD

pproach.39

WHAT SHOULD CLINICIANS AND
RESEARCHERS DO?

These are the first reports of a susceptibility
ene for kidney disease in the African American
opulation that appears to explain the excess risk
or certain forms of kidney disease, namely FSGS
nd nondiabetic ESRD. The association to over-
apping genomic regions of the gene MYH9 on
hromosome 22 was strong and robust, with
imilar results reported by 2 different groups of
nvestigators.

The lack of an association for MYH9 with
SRD due to diabetes in these reports is espe-
ially notable, as it suggests disease-specific ge-
etic predispositions and moves us closer to a
ew understanding of nondiabetic kidney dis-
ase, and in particular, of FSGS. Nondiabetic
idney disease in the African American popula-
ion is considered for the most part a conse-
uence of hypertensive nephrosclerosis. In the
linical setting, hypertensive nephrosclerosis is
ften a diagnosis of exclusion, histologically
haracterized by nonspecific findings of segmen-
al or global glomerulosclerosis, leading Freed-
an and Sedor to suggest that this condition may

ctually be the manifestation of an underlying
rimary renal disease in African Americans.40

he discovery of the MYH9 gene supports this
ypothesis by invoking a unifying genetic basis
or nondiabetic kidney disease in African Ameri-
ans, where the phenotypic expression may be
onditioned on the interplay of additional genes
nd environmental influences. A recent report of
he association between the MYH9 E1 haplotype
nd albuminuria in African Americans, but not
uropean Americans, in a cohort enriched for
ypertensive families lends further support for
his hypothesis.41 A similar model is offered by

YH9 gene mutations causing macrothrombocy-
openias that are believed to belong to a continu-
us spectrum of clinically related phenotypes.31

learly, the structural correlates of MYH9 and
elated gene variants, and mechanisms relating
ene to disease, need to be elucidated and dis-

ase entities such as hypertensive nephrosclero-
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Rao and Balakrishnan582
is need to be revisited with detailed histological
nd molecular characterization.

Are there wider implications for kidney dis-
ase in the African continent? Available reports
ite “hypertensive nephrosclerosis” as the lead-
ng cause of ESRD in Sub-Saharan Africa, fol-
owed by “chronic glomerulonephritis,” while
IV-associated disease is of growing signifi-

ance.42,43 How much is attributable to MYH9-
ssociated kidney disease? Is the entity exclu-
ively African? How prevalent are the risk alleles
r haplotypes? What were the evolutionary pres-
ures that led to selection for these alleles? Given
hat the region contains a number of genetically
istinct populations and that disease risk appears
o differ by geographic origin,44 far greater ge-
etic complexity is likely.
The findings in these 2 papers are unique as
YH9 is a major effect gene with a high allelic/

aplotypic relative risk. However it is conceiv-
ble that there are multiple kidney disease genes
n other areas of the genome with a high percent-
ge of African ancestry that underlie differences
n disease susceptibility, expression and severity,
nd possibly, therapeutic response.45 The use of
nnovative study designs and analytic strategies
uch as MALD would be a major step in under-
tanding the biological basis of race-based dis-
arities in kidney disease.
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Tufts Medical Center
Boston, Massachusetts

ACKNOWLEDGEMENTS
Financial Disclosure: None.

REFERENCES
1. Bowden DW: Genetics of kidney disease. Kidney Int

uppl 83:S8-S12, 2003
2. Freedman BI, Spray BJ, Tuttle AB, Buckalew VM Jr:

he familial risk of end-stage renal disease in African
mericans. Am J Kidney Dis 21:387-393, 1993
3. Lei HH, Perneger TV, Klag MJ, Whelton PK, Coresh J:

amilial aggregation of renal disease in a population-based
ase-control study. J Am Soc Nephrol 9:1270-1276, 1998

4. Fox CS, Yang Q, Cupples LA, et al: Genomewide
inkage analysis to serum creatinine, GFR, and creatinine
learance in a community-based population: The Framing-
am Heart Study. J Am Soc Nephrol 15:2457-2461, 2004
5. Fox CS, Yang Q, Guo CY, et al: Genome-wide linkage
nalysis to urinary microalbuminuria in a community-based D
ample: The Framingham Heart Study. Kidney Int 67:70-74,
005
6. Langefeld CD, Beck SR, Bowden DW, Rich SS,
agenknecht LE, Freedman BI: Heritability of GFR and

lbuminuria in Caucasians with type 2 diabetes mellitus.
m J Kidney Dis 43:796-800, 2004
7. Leon JM, Freedman BI, Miller MB, et al: Genome

can of glomerular filtration rate and albuminuria: The
yperGEN study. Nephrol Dial Transplant 22:763-771, 2007
8. US Renal Data System: USRDS 2006 Annual Data

eport: Atlas of chronic kidney disease and end-stage renal
isease in the United States. National Institutes of Health,
ational Institute of Diabetes and Digestive and Kidney
iseases, Bethesda, MD, 2006
9. Hajjar I, Kotchen TA: Trends in prevalence, aware-

ess, treatment, and control of hypertension in the United
tates, 1988-2000. JAMA 290:199-206, 2003
10. Centers for Disease Control and Prevention: National

iabetes fact sheet: General information and national esti-
ates on diabetes in the United States, 2003. US Depart-
ent of Health and Human Services, Centers for Disease
ontrol and Prevention, Atlanta, GA, 2003
11. McClellan W, Tuttle E, Issa A: Racial differences in

he incidence of hypertensive end-stage renal disease (ESRD)
re not entirely explained by differences in the prevalence of
ypertension. Am J Kidney Dis 12:285-290, 1988
12. Brancati FL, Whittle JC, Whelton PK, Seidler AJ,

lag MJ: The excess incidence of diabetic end-stage renal
isease among blacks. A population-based study of potential
xplanatory factors. JAMA 268:3079-3084, 1992

13. Tarver-Carr ME, Powe NR, Eberhardt MS, et al:
xcess risk of chronic kidney disease among African-
merican versus white subjects in the United States: A
opulation-based study of potential explanatory factors. J Am
oc Nephrol 13:2363-2370, 2002
14. Klag MJ, Whelton PK, Randall BL, Neaton JD,

rancati FL, Stamler J: End-stage renal disease in African-
merican and white men. 16-year MRFIT findings. JAMA
77:1293-1298, 1997
15. Cowie CC, Port FK, Wolfe RA, Savage PJ, Moll PP,

awthorne VM: Disparities in incidence of diabetic end-
tage renal disease according to race and type of diabetes.

Engl J Med 321:1074-1079, 1989
16. Toto RD: Proteinuria and hypertensive nephrosclero-

is in African Americans. Kidney Int Suppl 92:S102-S104,
004
17. Fernandez M, Alarcon GS, Calvo-Alen J, et al: A
ultiethnic, multicenter cohort of patients with systemic

upus erythematosus (SLE) as a model for the study of ethnic
isparities in SLE. Arthritis Rheum 57:576-584, 2007
18. Kitiyakara C, Eggers P, Kopp JB: Twenty-one-year

rend in ESRD due to focal segmental glomerulosclerosis in
he United States. Am J Kidney Dis 44:815-825, 2004

19. Kopp JB, Winkler C: HIV-associated nephropathy in
frican Americans. Kidney Int Suppl 83:S43-S49, 2003
20. US Renal Data System: USRDS 2008 Annual Data

eport: Atlas of chronic kidney disease and end-stage renal
isease in the United States. National Institutes of Health,
ational Institute of Diabetes and Digestive and Kidney

iseases, Bethesda, MD, 2008



d
c
S

i
2

t
A
H

A
s

a
c

m
s

g
d

a
N

G

B

d
n
b
M

G
(
s
C

g

r
B

a
a
M

g
K

n
b

t
p
5

t
3

t
p
d
(

n
2

p
a
A
6

S

i

K
A

i

In the Literature 583
21. Hsu CY, Lin F, Vittinghoff E, Shlipak MG: Racial
ifferences in the progression from chronic renal insuffi-
iency to end-stage renal disease in the United States. J Am
oc Nephrol 14:2902-2907, 2003
22. Satko SG, Freedman BI, Moossavi S: Genetic factors

n end-stage renal disease. Kidney Int Suppl 94:S46-S49,
005
23. Reiner AP, Ziv E, Lind DL, et al: Population struc-

ure, admixture, and aging-related phenotypes in African
merican adults: The Cardiovascular Health Study. Am J
um Genet 76:463-477, 2005
24. Parra EJ, Marcini A, Akey J, et al: Estimating African

merican admixture proportions by use of population-
pecific alleles. Am J Hum Genet 63:1839-1851, 1998

25. Kao WH, Klag MJ, Meoni LA, et al: MYH9 is
ssociated with nondiabetic end-stage renal disease in Afri-
an Americans. Nat Genet 40:1185-1192, 2008

26. Kopp JB, Smith MW, Nelson GW, et al: MYH9 is a
ajor-effect risk gene for focal segmental glomerulosclero-

is. Nat Genet 40:1175-1184, 2008
27. Nievergelt CM, Schork NJ: Admixture mapping as a

ene discovery approach for complex human traits and
iseases. Curr Hypertens Rep 7:31-37, 2005
28. Smith MW, O’Brien SJ: Mapping by admixture link-

ge disequilibrium: advances, limitations and guidelines.
at Rev Genet 6:623-632, 2005
29. Darvasi A, Shifman S: The beauty of admixture. Nat

enet 37:118-119, 2005
30. Sellers JR: Myosins: A diverse superfamily. Biochim

iophys Acta 1496:3-22, 2000
31. Seri M, Pecci A, Di Bari F, et al: MYH9-related

isease: May-Hegglin anomaly, Sebastian syndrome, Fecht-
er syndrome, and Epstein syndrome are not distinct entities
ut represent a variable expression of a single illness.
edicine (Baltimore) 82:203-215, 2003
32. Pezzolesi MG, Poznik GD, Mychaleckyj JC, et al:

enome-wide association scan for diabetic nephropathy
DN) susceptibility genes in type 1 diabetes mellitus: Re-
ults from the Genetics of Kidneys in Diabetes (GoKinD)
ollection. J Am Soc Nephrol 19:57A, 2008 (abstr)
33. Hwang SJ, Yang Q, Meigs JB, Pearce EN, Fox CS: A
enome-wide association for kidney function and endocrine- f
elated traits in the NHLBI’s Framingham Heart Study.
MC Med Genet 8:S10, 2007 (suppl 1)
34. Kottgen A, Kao WH, Hwang SJ, et al: Genome-wide

ssociation study for renal traits in the Framingham Heart
nd Atherosclerosis Risk in Communities Studies. BMC
ed Genet 9:49, 2008
35. Bowden DW, Colicigno CJ, Langefeld CD, et al: A

enome scan for diabetic nephropathy in African Americans.
idney Int 66:1517-1526, 2004
36. Freedman BI, Langefeld CD, Rich SS, et al: A ge-

ome scan for ESRD in black families enriched for nondia-
etic nephropathy. J Am Soc Nephrol 15:2719-2727, 2004
37. Barisoni L, Schnaper HW, Kopp JB: A proposed

axonomy for the podocytopathies: A reassessment of the
rimary nephrotic diseases. Clin J Am Soc Nephrol 2:529-
42, 2007
38. Reich D, Patterson N: Will admixture mapping work

o find disease genes? Philos Trans R Soc Lond B Biol Sci
60:1605-1607, 2005
39. The Family Investigation of Nephropathy and Diabe-

es Research Group: Genetic determinants of diabetic ne-
hropathy: The family investigation of nephropathy and
iabetes (FIND). J Am Soc Nephrol 14:S202-S204, 2003
suppl 2)

40. Freedman BI, Sedor JR: Hypertension-associated kid-
ey disease: Perhaps no more. J Am Soc Nephrol 19:2047-
051, 2008
41. Freedman BI, Kopp JB, Winkler CA, et al: Polymor-

hisms in the nonmuscle myosin heavy chain 9 gene (MYH9)
re associated with albuminuria in hypertensive African
mericans: The HyperGEN Study. Am J Nephrol 29:626-
32, 2009
42. Bamgboye EL: End-stage renal disease in sub-

aharan Africa. Ethn Dis 16:S2-5-9, 2006
43. Barsoum RS: Chronic kidney disease in the develop-

ng world. N Engl J Med 354:997-999, 2006
44. Behar DM, Shlush LI, Maor C, Lorber M, Skorecki

: Absence of HIV-associated nephropathy in Ethiopians.
m J Kidney Dis 47:88-94, 2006
45. Taylor AL, Ziesche S, Yancy C, et al: Combination of

sosorbide dinitrate and hydralazine in blacks with heart

ailure. N Engl J Med 351:2049-2057, 2004


