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Abstract
Chronic kidney disease of unknown etiology (CKDu) has 
been a problem in renal practice as indefinite diagnosis may 
lead to inappropriate management. Here, we report a 
54-year-old father diagnosed with CKDu at 33 years old and 
his 8-year-old son with steroid-resistant nephrotic syn-
drome. Using whole-exome sequencing, both were found to 
be heterozygous for c.737G>A (p.Arg246Gln) in LMX1B. The 
diagnosis of LMX1B-associated nephropathy has led to 
changes in the treatment plan with appropriate genetic 
counseling. The previously reported cases with this particu-
lar mutation were also reviewed. Most children with LMX1B-
associated nephropathy had nonnephrotic proteinuria with 
normal renal function. Interestingly, our pediatric case pre-
sented with steroid-resistant nephrotic syndrome at 8 years 

old and progressed to ESRD requiring peritoneal dialysis at 
the age of 15 years. Our report emphasized the need of ge-
netic testing in CKDu for definite diagnosis leading to precise 
management. © 2021 S. Karger AG, Basel

Introduction

Chronic kidney disease of unknown etiology (CKDu), 
accounting for approximately 10% of CKD patients [1], 
remains a clinical challenge for nephrologists. Knowing 
the cause of CKD is crucial as precise management could 
be delivered to improve patient outcomes. CKDu patients 
also face problems when undergoing kidney transplanta-
tion. Nephrologists usually encounter diagnostic prob-
lems when kidney diseases occur in transplanted kidneys 
of CKDu patients. Some kidney diseases associated with 
pathologic findings of FSGS have very high recurrence 
risk in a transplanted kidney. On the other hand, genetic 
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kidney diseases have low recurrence rates after kidney 
transplantation [2, 3]. Differences in treatment of pa-
tients with recurrent diseases in transplanted kidneys 
compared to those with de novo renal diseases in trans-
planted kidneys are also noted. Therefore, knowing the 
causes of CKD is very important considering the entire 
care pathway of kidney disease. With the advent of high-
throughput next-generation sequencing technologies, re-
cent studies showed that about 10% of CKDu were caused 
by single-gene mutations [4]. Several genes are respon-
sible for kidney diseases, many of which are renal-limited 
disorders [5]. Applying next-generation sequencing in 
CKDu will significantly guide and change the manage-
ment of CKD patients. Our cases demonstrated the ben-
efits of whole-exome sequencing (WES) in CKDu pa-
tients. We also extensively reviewed the previously re-
ported cases with the c.737G>A (p.Arg246Gln) mutation 
in LMX1B and emphasized the clinicopathological vari-
ability of this particular kidney disease.

Case Report/Case Presentation

In 1999, patient J (II-2) (Fig. 1a), a 33-year-old man who pre-
sented to our renal clinic with dyspnea and orthopnea, was diag-
nosed with CKD stage 5 and pulmonary edema. He received treat-
ment to delay CKD progression without kidney biopsy as imaging 
showed bilateral small kidney size. Eventually, 8 months after pre-
sented to the clinic, he received the initiation of hemodialysis and 
continued for 3 years before undergoing a deceased donor kidney 
transplantation. Six months after transplant, he developed ne-
phrotic range proteinuria. The allograft biopsy revealed thickening 
of glomerular capillary loops compatible with membranous ne-
phropathy. He had been put on angiotensin converting enzyme 
inhibitors. Currently, he is 54 years of age and has a stable renal 
function with a proteinuria of 0.6 g per day. His latest serum cre-
atinine level was 1.7 mg/dL, and 24-h urine creatinine clearance 
was 55 mL/min.

In 2007, a son of patient J (III-2) (Fig. 1a), an 8-year-old boy, was 
diagnosed with nephrotic syndrome. He had been treated with high-
dose corticosteroid for 3 months but did not respond. The kidney 
biopsy revealed FSGS pattern without cellular proliferation (Fig. 1b). 
Immunofluorescence staining was negative for IgG, IgM, and IgA. 
Electron microscopy (EM) showed extensive effacement of the 
podocyte foot process without electron-dense deposition. He was 
diagnosed with steroid-resistant primary FSGS and was switched to 
cyclosporine for 2 years. The proteinuria remained in nephrotic 
range, and repeated kidney biopsy showed progression of FSGS. His 
renal function gradually declined, and peritoneal dialysis was initi-
ated when he was 15 years old. Currently, he is 21 years of age and 
on the waiting list for cadaveric kidney transplantation.

We identified the renal disease in 3 generations in this family 
(Fig. 1a). Patient I-2 died at the age of 30 years with unidentified 
kidney disease as comorbidity. Patient II-1 had ESRD at the age of 
49 years and subsequently received a kidney transplant. However, 
he died from a serious infection 7 months after the transplantation.

We investigated the possible genetic defect in this family by 
WES of patient J (II-2), his wife (II-3), and his affected son (III-2). 
The analysis revealed that patient J (II-2) and his affected son (III-
2) were heterozygous for a previously reported pathogenic mis-
sense mutation, c.737G>A (p.Arg246Gln), in the LMX1B gene 
(NM_002316.3). PCR-Sanger sequencing confirmed the presence 
of this mutation in both patients (Fig. 1c). Notably, II-2 also har-
bored a synonymous variant, c.726G>C, resulting in the same ami-
no acid (serine) but did not pass it to his son. Re-evaluation for 
extrarenal manifestations of both patients (II-2 and III-2) revealed 
normal nails and normal radiographic studies of the elbows, knees, 
and pelvis.

The WES solved a 21-year enigma of patient J’s and his family’s 
kidney disease. He had LMX1B-associated nephropathy present-
ing to us with CKD stage 5. Interestingly, his son, who also har-
bored the same mutation, presented with steroid-resistant ne-
phrotic syndrome with pathologic findings of FSGS pattern at ear-
ly age. As genetic FSGS had a very low recurrence rate in 
transplanted kidney and primary FSGS had about 30% rate of re-
currence after kidney transplantation [2, 3], patient J had post-
transplant de novo membranous nephropathy in the transplanted 
kidney together with LMX1B-associated nephropathy in the native 
kidney.

Discussion

We presented a family with 2 cases of LMX1B-associ-
ated nephropathy. Both had the same missense mutation, 
c.737G>A (p.Arg246Gln), in LMX1B. Nonetheless, their 
clinical manifestations were very different, one present-
ing at 33 years of age and progressing to ESRD in 8 
months, while the other presenting at 8 years old and tak-
ing >6 years to ESRD. Noted that patient J, the proband, 
was asymptomatic at the age of 15, while his son already 
underwent dialysis at this age. LMX1B is a gene known to 
cause nail-patella syndrome (NPS), an autosomal domi-
nant disorder, characterized by nail dysplasia, absent or 
hypoplastic patellae, elbow abnormality, and iliac horns. 
Only 20–30% of NPS patients have renal involvement, a 
major prognostic factor in patients with NPS [6]. NPS 
patients can develop steroid-resistant nephrotic syn-
drome with glomerular pattern injury of FSGS [7]. Inter-
estingly, some patients with causative mutations in 
LMX1B may not have extrarenal manifestations as ob-
served in our patients. Genetic testing is therefore re-
quired for definite diagnosis that will lead to the appro-
priate management and genetic counseling. Treatment 
without genetic testing may lead to misdiagnosis and un-
necessary immunosuppressive therapy as patient III-2.

To date, there have been 31 cases of LMX1B-associated 
nephropathy with the p.Arg246Gln in 20 different fami-
lies, including ours (Table 1). Most (24/31 = 77.4%) are 
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familial cases. The patients were reported across all eth-
nicities, including White, Hispanic, and Asian, with the 
majority being female (22/31 = 71.0%). Remarkably, they 
had varied clinicopathological features as shown in Ta-
ble 1. None of the LMX1B-associated nephropathy cases 
with the p.Arg246Gln had typical extrarenal manifesta-
tions of NPS. Renal presentation can range from nonne-
phrotic proteinuria with normal renal function to CKD 
presenting with generalized edema and dyspnea. Among 
17 cases with clinical information available, 7 patients 
(7/17 = 41.2%) were asymptomatic and 10 patients (10/17 
= 58.8%) were symptomatic. Clinical diagnosis was re-
ported in 26 patients. Fourteen patients (14/26 = 53.8%) 
were diagnosed as nonnephrotic proteinuria with normal 
renal function. Ten patients (10/26 = 38.5%) were diag-
nosed as steroid-resistant nephrotic syndrome. Two pa-

tients (2/26 = 7.7%) were diagnosed as CKD with un-
known etiology. All cases were not correctly diagnosed at 
the first time.

Of those who underwent kidney biopsy (23 cases), 16 
patients (16/23 = 69.6%) had FSGS and 3 patients (3/23 = 
13.0%) had minimal change disease (MCD) which could 
be the spectrum of FSGS as some patients with MCD could 
be unsampling FSGS. Therefore, FSGS spectrum (FSGS 
plus MCD patients) accounted for 82.6% (19/23). One pa-
tient (patient 3) [8] (1/23 = 4.3%) had advanced CKD pa-
thology, and 1 patient (patient 18) [9] (1/23 = 4.3%) was 
described mesangial proliferative glomerulonephritis 
without immunofluorescent data in the report (Table 1).

One patient (patient 28) [10] had normal glomerulus 
by light microscopy and mild foot process effacement of 
podocyte with positive zebra body by EM. The other case 

Proband
(Father)
II-2

Son
III-2

Mother
II-3Wild type

c.737G>A
p.Arg246Glu

c.726G>C
p.Ser242Ser
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p.Arg246Glu

c
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II.
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b 20 µm

Fig. 1. A family of LMX1B-associated nephropathy. a Pedigree of 
a family with LMX1B-associated nephropathy. Mutation analysis 
was performed in patients with green bar. b Renal pathology of 
LMX1B-associated nephropathy in patient III-2 showed focal ad-
hesion in the glomerulus, compatible with FSGS pattern. A scale 
bar in (b) equals 20 µm. c PCR-Sanger sequencing revealed a mis-

sense mutation in the LMX1B gene (NM_002316.3, c.737G>A, 
p.Arg246Glu) in family members II-2 (proband, father) and III-2 
(son). It was absent in II-3 (mother). There was a synonymous 
variant in II-2 (father) (c.726G>C, p.Ser242Ser) which did not pass 
to his son.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

C
hu

la
lo

ng
ko

rn
 U

ni
ve

rs
ity

   
   

   
   

   
   

   
   

   
   

 
16

1.
20

0.
98

.1
34

 -
 3

/1
8/

20
21

 1
:1

8:
12

 A
M



Isaranuwatchai et al.Nephron4
DOI: 10.1159/000514293

Ta
b

le
 1

. C
lin

ic
op

at
ho

lo
gi

ca
l d

at
a 

of
 L
M
X
1B

-a
ss

oc
ia

te
d 

ne
ph

ro
pa

th
y 

(c
.7

37
G

>A
, p

.A
rg

24
6G

ln
) [

8–
12

, 2
0–

27
]

Pa
tie

nt
Fa

m
ily

 
nu

m
be

r
Se

x
Et

hn
ic

ity
A

ge
 o

f 
on

se
t

Fa
m

ili
al

/
sp

or
ad

ic
C

lin
ic

al
 

pr
es

en
ta

tio
n

C
lin

ic
al

 
di

ag
no

sis
Re

na
l p

at
ho

lo
gy

ES
RD

 
(Y

/N
)

Ti
m

e 
fr

om
 

on
se

t t
o 

ES
RD

, y
r

A
ge

 o
f 

ES
RD

, y
r

Ex
tr

ar
en

al
 

m
an

ife
st

at
io

ns
Re

fe
re

nc
e

1 
(I

II
-2

)
1

M
Th

ai
8

F
B

2
FS

G
S

Y
6.

4
15

N
on

e
O

ur
 re

po
rt

2 
(I

I-
2)

1
M

Th
ai

33
F

B
3

N
A

Y
0.

8
34

N
on

e
O

ur
 re

po
rt

3
2

M
Eu

ro
pe

an
36

F
na

3
A

dv
an

ce
d 

C
K

D
Y

22
58

na
[8

]
4

2
F

Eu
ro

pe
an

22
F

na
1

FS
G

S
N

–
–

na
[8

]
5

2
M

Eu
ro

pe
an

6
F

B
2

FS
G

S
Y

48
54

N
on

e
[8

]
6

2
F

Eu
ro

pe
an

26
F

B
2

FS
G

S
N

–
–

N
on

e
[8

]
7

2
M

Eu
ro

pe
an

7
F

A
1

na
N

–
–

N
on

e
[8

]
8

3
F

Eu
ro

pe
an

22
F

na
na

FS
G

S
N

–
–

N
on

e
[8

]
9

3
F

Eu
ro

pe
an

17
F

na
na

FS
G

S
N

–
–

N
on

e
[8

]
10

4
F

Ja
pa

ne
se

6
S

A
1

M
C

D
na

–
–

N
on

e
[2

0]
11

5
F

Ja
pa

ne
se

6
F

A
1

M
C

D
Y

32
38

N
on

e
[1

2]
12

5
F

Ja
pa

ne
se

13
F

A
1

FS
G

S
N

–
–

N
on

e
[1

2]
13

5
F

Ja
pa

ne
se

1
F

A
1

M
C

D
N

–
–

N
on

e
[1

2]
14

5
F

Ja
pa

ne
se

11
F

A
1

na
N

–
–

N
on

e
[1

2]
15

5
F

Ja
pa

ne
se

1
F

A
1

na
N

–
–

N
on

e
[1

2]
16

6
F

W
hi

te
15

F
B

2
FS

G
S

N
–

–
N

on
e

[2
1]

17
7

F
C

hi
ne

se
1

F
na

1
na

N
–

–
N

on
e

[9
]

18
8

M
C

hi
ne

se
5

F
na

1
M

sP
G

N
N

–
–

N
on

e
[9

]
19

9
M

na
21

F
B

2
FS

G
S

Y
18

39
N

on
e

[2
2]

20
10

F
na

17
S

B
2

FS
G

S
Y

–
–

N
on

e
[2

3]
21

11
F

Tu
rk

ish
8

F
na

2
FS

G
S

Y
1

9
N

on
e

[2
4]

22
12

M
Eu

ro
pe

an
4

S
na

2
FS

G
S

Y
39

43
N

on
e

[2
4]

23
13

F
Eu

ro
pe

an
18

S
na

na
FS

G
S

Y
25

43
N

on
e

[2
4]

24
14

F
Ea

st
 A

sia
n

11
S

na
na

na
na

–
–

na
[2

5]
25

15
F

Eu
ro

pe
an

24
S

na
na

na
na

–
–

na
[2

5]
26

16
F

Ja
pa

ne
se

3
F

B
2

FS
G

S
N

–
–

N
on

e
[2

6]
27

17
F

H
isp

an
ic

3
F

na
1

FS
G

S
N

–
–

N
on

e
[1

0]
28

18
F

H
isp

an
ic

29
F

na
1

FD
N

–
–

N
on

e
[1

0]
29

18
M

H
isp

an
ic

9
F

na
1

N
A

N
–

–
N

on
e

[1
0]

30
19

F
H

isp
an

ic
5

S
B

2
FS

G
S

Y
30

35
N

on
e

[2
7]

31
20

F
W

hi
te

58
F

B
1

FD
Y

13
71

N
on

e
[1

1]

C
lin

ic
al

 p
re

se
nt

at
io

n:
 A

 =
 a

sy
m

pt
om

at
ic

, c
as

e 
de

te
ct

ed
 b

y 
pr

og
ra

m
 sc

re
en

in
g 

or
 c

he
ck

-u
p;

 B
 =

 sy
m

pt
om

at
ic

 su
ch

 a
s e

de
m

a,
 d

ys
pn

ea
, n

ep
hr

ot
ic

 sy
nd

ro
m

e,
 o

r C
K

D
. C

lin
ic

al
 d

ia
gn

os
is:

 1
 =

 
no

nn
ep

hr
ot

ic
 p

ro
te

in
ur

ia
 w

ith
 n

or
m

al
 re

na
l f

un
ct

io
n;

 2
 =

 st
er

oi
d-

re
sis

ta
nt

 n
ep

hr
ot

ic
 sy

nd
ro

m
e;

 3
 =

 C
K

D
 o

r E
SR

D
 a

t p
re

se
nt

at
io

n.
 C

K
D

, c
hr

on
ic

 k
id

ne
y 

di
se

as
es

; e
G

FR
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 
fil

tr
at

io
n 

ra
te

; E
SR

D
, e

nd
-s

ta
ge

 re
na

l d
ise

as
e,

 F
, f

am
ili

al
; F

D
, F

ab
ry

 d
ise

as
e;

 F
SG

S,
 fo

ca
l s

eg
m

en
ta

l g
lo

m
er

ul
os

cl
er

os
is;

 M
C

D
, m

in
im

al
 c

ha
ng

e 
di

se
as

e,
 M

sP
G

N
, m

es
an

gi
al

 p
ro

lif
er

at
iv

e 
gl

om
er

u-
lo

ne
ph

ri
tis

, N
, n

o;
 n

a,
 n

ot
 a

va
ila

bl
e,

 S
, s

po
ra

di
c;

 se
x 

M
, m

al
e;

 se
x 

F,
 fe

m
al

e;
 Y

, y
es

; y
r, 

ye
ar

.

D
ow

nl
oa

de
d 

by
: 

C
hu

la
lo

ng
ko

rn
 U

ni
ve

rs
ity

   
   

   
   

   
   

   
   

   
   

 
16

1.
20

0.
98

.1
34

 -
 3

/1
8/

20
21

 1
:1

8:
12

 A
M



Whole-Exome Sequencing Solved over 
2-Decade Kidney Disease Enigma

5Nephron
DOI: 10.1159/000514293

(patient 31) [11] had 30% global sclerosis with focal seg-
mental glomerulosclerosis and capping of podocyte by 
light microscopy. The EM study showed mild to moder-
ate foot process effacement of podocyte and positive ze-
bra bodies. Zebra body detection in EM was historically 
considered pathognomonic for Fabry disease. However, 
in both patients, alpha galactosidase enzyme levels were 
normal, and genetic analysis revealed no causative muta-
tions in the GLA gene. Since both patients also showed no 
extrarenal manifestation of Fabry disease or NPS, these 
once again emphasized the importance of genetic testing 
in renal disease.

Regarding the prognosis, of 28 cases with data avail-
able, 9 patients (12/28 = 42.9%) had ESRD. The age of 
patients who developed ESRD varied from 9 to 71 years. 
Six patients underwent kidney transplantation and up 
until now did not have recurrent disease.

Although previous reports suggested that most of the 
pediatric cases with LMX1B-associated nephropathy had 
nonnephrotic proteinuria with normal renal function [12], 
our proband presented with advanced CKD at the age of 
33, while his son presented with steroid-resistant nephrot-
ic syndrome at the age of 8 years and progressed to ESRD 
requiring peritoneal dialysis at the age of 15 years. In addi-
tion, trio-WES (II-2, II-3, and III-3) did not show any de 
novo pathogenic or likely pathogenic mutations in 625 
genes previously reported to cause kidney diseases [4]. Dif-
ferent severity of the same mutation could be caused by 
several factors including modifier genes and environmen-
tal factors. It has been demonstrated that renal manifesta-
tions in NPS could be very different in the same family. A 
study in 1 pair of identical twins revealed rapidly progres-
sive renal diseases to ESRD in one twin and nonnephrotic 
proteinuria in the other [13]. Modifier genes may play a 
substantial role in the phenotypic variation of LMX1B-as-
sociated nephropathy as previously demonstrated in other 
podocyte and glomerular basement membrane genes such 
as COL4A3 and COL4A4 [14]. There have been studies 
showing that CLIM2, COL4A3, COL4A4, COL4A5, LDB1, 
and PAX2 are the modifier genes of the LMX1B mutation 
[15–18]. However, no additional pathogenic variants were 
detected in these genes in our study.

With the more widespread use of WES in kidney dis-
ease, the causative gene could be identified leading to in-
depth insights of disease mechanisms. WES can be diag-
nostic tools for challenging cases with variable clinical 
presentations and genetic heterogeneity [19]. Our study 
emphasized the intrafamilial variability of LMX1B-asso-
ciated nephropathy and the important role of WES in 
solving kidney disease enigma.

Conclusion

WES successfully identified the genetic defect respon-
sible for unsolved CKD patients. LMX1B-associated ne-
phropathy can manifest inter- and intrafamilial variabili-
ties ranging from nonnephrotic proteinuria to ESRD. 
Notably, the c.737G>A mutation in LMX1B could lead to 
ESRD as early as 9 years of age.
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