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Abstract

IMPORTANCE—The patients evaluated in this study, to our knowledge, represent the first 

complete clinical description of a family with an autosomal dominant inheritance pattern of retinal 

dystrophy associated with a novel mutation in RAX2.

OBJECTIVES—To clinically evaluate 4 patients and 5 unaffected family members, characterize 

the disease phenotype over time, and identify the associated genetic mutation.

DESIGN, SETTING, AND PARTICIPANTS—A prospective, longitudinal, observational, case-

series analysis of 9 members of an affected family at the Casey Eye Institute, Oregon Health and 

Science University, Portland. The dates of the study were from July 31, 1992, to August 11, 2014.

INTERVENTIONS—Clinical evaluations included eye examination, color fundus photography, 

autofluorescence imaging, spectral-domain optical coherence tomography, kinetic visual field 

testing, and electroretinography. Genetic mutation screening was performed with next-generation 

sequencing, and identified mutations were confirmed with Sanger sequencing.

MAIN OUTCOMES AND MEASURES—Clinical diagnosis and longitudinal characterization 

of retinal dystrophy and identification of genetic mutation.

RESULTS—Six members of the family were identified as having retinal dystrophy (4 were 

examined, and 3 were genetically tested). Five unaffected family members were clinically 

evaluated (2 were genetically tested). The age at onset of retinal dystrophy was variable. All 

affected individuals presented with declining visual acuity, central scotomas, waxy disc pallor, 

attenuated vasculature, small yellow macular deposits and/or macular pigment mottling, and 

abnormal electroretinograms demonstrating mixed cone and rod dysfunction and a scotopic 

electronegative response to bright flashes. There were no other causes of an electronegative 

electroretinogram identified in any of the affected patients. Genetic testing revealed, to our 
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knowledge, a novel frameshift heterozygous mutation in RAX2 in the patients with retinal 

dystrophy.

CONCLUSIONS AND RELEVANCE—A frameshift heterozygous mutation in RAX2 inherited 

in an autosomal dominant fashion was associated with mixed cone and rod dysfunction. Among 

the patients, there was variability in the age at onset and in the specific pattern of photoreceptor 

dysfunction, but the clinical course was nevertheless slowly progressive. Screening for RAX2 
mutation could provide prognostic value for patients and families with scotopic electronegative 

responses to bright flashes.

Progressive cone and cone-rod dystrophies are a group of disorders with heterogeneous 

clinical presentations and genotypes that may be inherited in an autosomal dominant, 

autosomal recessive, or X-linked pattern.1 These disorders generally manifest in childhood 

or early adulthood with the initial loss of visual acuity and the central visual field, 

photophobia, difficulty with color discrimination, and cone or cone-rod dysfunction detected 

by electroretinography. Subsequently, in advanced disease, rod dysfunction becomes more 

apparent when an individual loses his or her peripheral visual field and experiences difficulty 

with night vision. There are more than 20 genes associated with nonsyndromic cone or cone-

rod dystrophy, including more common genes such as PRPH2, ABCA4, and RPGR. 

However, much less is known regarding other rare genes, and there is a need for ongoing 

genotype-phenotype correlations to better understand these disorders and to help guide 

molecular testing, as well as future therapies. One such poorly-understood gene, RAX2, has 

previously been associated with cone-rod dystrophy.2 In the present study, we characterize 

the clinical features of 4 affected members of a family with retinal dystrophy due to an 

autosomal dominant novel mutation in RAX2.

Methods

Participants

For each participant, a complete medical history was recorded, and a complete ocular 

examination was performed. All participants underwent full-field electroretinography 

(ffERG). Our study followed the tenets of the Declaration of Helsinki and was approved by 

the institutional review board at Oregon Health and Science University in Portland. Written 

informed consent was obtained from all participants. The institutional review board at 

Oregon Health and Science University approved the study protocol. The dates of the study 

were from July 31, 1992, to August 11, 2014.

Full-Field and Multifocal ERG

Full-field ERGs were obtained using Burian-Allen electrodes (Hansen Ophthalmic 

Development Laboratory) according to the International Society for Clinical 

Electrophysiology of Vision guidelines3 and as previously described.4 All 30-Hz flicker 

responses were filtered with a discrete Fourier transform for a fundamental frequency.5 

Multifocal ERGs were also obtained using Burian-Allen bipolar contact lens electrodes, and 

multifocal ERG was performed according to the International Society for Clinical 

Electrophysiology of Vision guidelines6 using the Veris system (Electro-Diagnostic 
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Imaging) with a protocol that used 103 hexagons, a bandpass of 10 to 300 Hz, and a testing 

time of 8 minutes divided into 60-second segments.

Additional Testing

Those participants with an abnormal ERG underwent additional testing that included color 

fundus photography, fundus autofluorescence, spectral-domain optical coherence 

tomography (SD-OCT; Heidelberg Engineering), and kinetic visual field testing (Goldmann 

perimetry or Octopus 101/900; Haag-Streit, Inc). To normalize the visual field data from 

different perimeters for comparison, computerized quantitative digitization of kinetic fields 

was performed using a computer program as previously described.7

Molecular Analysis

Genetic mutation screening was performed by the Casey Eye Institute Molecular 

Diagnostics Laboratory, Oregon Health and Science University. The patient’s DNA was 

isolated from whole blood, amplified by polymerase chain reaction, and used for next-

generation sequencing to screen for 26 cone/cone-rod dystrophy mutations as follows: 

ABCA4, ADAM9, AIPL1, BEST1, C8orf37, CACNA1F, CACNA2D4, CDHR1, CERKL, 
CNGB3, CNNM4, CRX, GUCA1A, GUCY2D, KCNV2, PDE6C, PDE6H, PITPNM3, 
PROM1, PRPH2/RDS, RAX2, RDH5, RIMS1, RPGRIP1, SEMA4A, and UNC119. 

Thereafter, Sanger sequencing was used to confirm the identified mutations.

Results

Clinical Features

At the onset of our study, 6 affected individuals across 4 generations in 1 family were 

identified, and only 4 were living. The pedigree was consistent with an autosomal dominant 

pattern of inheritance (Figure 1). A total of 9 family members were seen in the ophthalmic 

genetics clinic at the Casey Eye Institute, where it was determined that 5 family members 

were normal and that 4 family members were found to have a retinal dystrophy with an 

electronegative scotopic waveform response to bright flashes (Figure 2; eFigure 1 in the 

Supplement). The characteristics of the affected patients are summarized.

Patient IV-4

Patient IV-4 is the affected daughter of affected patient III-4. She began to experience a slow 

progressive decline of her central vision at 15 years of age, and by 16 years of age, her 

visual acuity was 20/60 OD and 20/70 OS. Fundus photography revealed attenuated vessels; 

a few small, yellow, deep macular deposits; and fine granularity of the periphery (Figure 3). 

Intact peripheral isopters to all test targets with relative central scotoma to I4e, I3e, and I2e 

test targets were seen on kinetic visual fields (Figure 3). The ffERG showed rod-cone 

dysfunction with an electronegative scotopic waveform response to bright flashes and a 

normal photopic 30-Hz flicker. At 20 to 21 years of age, her visual acuity and fundus 

appearance remained unchanged, and there were no significant changes in her kinetic visual 

field. The ffERG showed a worsening delay of the rod-dependent response, and the 

oscillatory potentials were more attenuated. At 24 years of age, her visual acuity was stable, 

but there was development of a waxy disc pallor and a bull’s eye maculopathy with 
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worsening of vascular attenuation and progressive constriction of the I3e isopter on her 

kinetic visual field (Figure 3). The ffERG still showed a similar rod-cone dysfunction with 

an electronegative waveform, but with attenuated photopic 30-Hz flicker responses (Figure 

2A; Table).

Patient III-12

Patient III-12 is the youngest affected brother of affected patients III-4 and III-5. He began 

to experience sensitivity to light, difficulty with night vision, and decreased pericentral and 

peripheral vision at 40 years of age, and at 41 years of age, his visual acuity was 20/20 OD 

and 20/400 OS (his amblyopic eye). Fundus photography revealed waxy disc pallor, 

attenuated vessels, macular pigment mottling, and granular pigment changes inferiorly 

below the arcades (Figure 3). Mild superior constriction of peripheral isopters to all test 

targets with relative central scotoma to I4e and I2e test targets was seen on kinetic visual 

fields (Figure 3). The ffERG showed cone-rod dysfunction with an electronegative scotopic 

waveform response to bright flashes (Figure 2A; Table). He continued to experience 

photophobia and decline in central vision at 49 years of age, and by 54 years of age, his 

visual acuity was 20/150 OD and count fingers in the left eye. Fundus photography revealed 

progressive macular atrophy (Figure 3), as well as peripheral atrophy and reticular pigment 

changes of the inferior and nasal retinal areas that were seen as mottled 

hyperautofluorescence and hypoautofluorescence on wide-field fundus autofluorescence 

images (eFigure 2 in the Supplement). In addition, there was macular hypoautofluorescence 

that correlated with atrophy of the retinal pigment epithelium (RPE) on SD-OCT scans and 

perimacular hyperautofluorescence (Figure 4A). Spectral-domain OCT of the macula also 

revealed subfoveal focal hyperreflective deposits and severe diffuse attenuation of the outer 

retina. These retinal changes were directly correlated with the enlargement and deepening of 

the central scotomas and with progressive superotemporal constriction of peripheral isopters 

on kinetic visual fields to all test targets by 54 years of age (Figure 3). Full-field ERG 

between 41 and 54 years of age revealed that cone function declined continuously, while the 

rod function was stable for the first 6 years before declining rapidly over the last 6 years 

(Figure 2B). The last ffERG at 54 years of age still showed an electronegative waveform and 

severe progression of cone-rod dysfunction, with cone function that was barely recordable.

Patient III-4

Patient III-4 is the affected mother of affected patient IV-4. She began to experience slow 

progressive loss of her central vision and difficulty with color discrimination at 19 years of 

age and was legally blind by 33 years of age. At 49 years of age, her visual acuity was 

20/400 in both eyes. Fundus photography revealed waxy disc pallor, attenuated vessels with 

some scattered perivascular pigment accumulation, fine yellow deposits with pigment 

granularity and atrophy of the macula, and pigment granularity and atrophy of the peripheral 

retina, which correlated with kinetic visual fields that showed large relative central scotoma 

to the III4e test target but intact peripheral isopters (Figure 3). The ffERG showed severe 

rod-cone dysfunction with an electronegative scotopic waveform response to bright flashes 

and an undetectable rod-system response (Figure 2A; Table). At 54 years of age, her visual 

acuity was counting fingers eccentrically in both eyes. Fundus photography revealed 

worsening of disc pallor, vascular attenuation, macular atrophy, and peripheral atrophy with 
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bone spicule pigmentation, while the kinetic visual field showed the enlargement and 

deepening of the large central scotoma continuous with loss of the peripheral isopters in the 

superior fields to all test targets (Figure 3).

Patient III-5

Patient III-5 is the brother of affected patients III-4 and III-12. He began to experience slow 

progressive loss of vision at 60 years of age and difficulty with night vision at 64 years of 

age. At 65 years of age, his visual acuity was 20/80 OD and 20/40 OS. Fundus photography 

revealed disc pallor, peripapillary atrophy, attenuated vessels, macular pigment mottling with 

few small yellow deposits, and pigment granularity of the peripheral retina that correlated 

with hyperautofluorescence and hypoautofluorescence on fundus autofluorescence images 

(Figure 3; eFigure 2 in the Supplement). In addition, there was macular 

hypoautofluorescence and perimacular hyperautofluorescence. Spectral-domain OCT of the 

macula showed severe attenuation of the outer retina with a residual foveal ellipsoid layer 

and a few small areas of RPE atrophy (Figure 4B). Kinetic visual field testing revealed 

relative eccentric scotoma to I4e and I3e test targets, moderate constriction of the I4e isopter, 

and intact peripheral isopters to V4e and III4e test targets (Figure 3). The ffERG revealed 

severe dysfunction of both cone and rod-system responses, with an electronegative scotopic 

waveform response to bright flashes. Multifocal ERG revealed severe attenuation and 

prolongation of responses that were barely detectable, with relatively worse attenuation 

centrally in both eyes (eFigure 3 in the Supplement). At 68 years of age, his visual acuity 

was 20/400 OD and 20/250 OS. There were worsened areas of pigment mottling in the 

macula. Another ffERG continued to show severe dysfunction of both cone and rod-system 

responses, with an electronegative scotopic waveform response to bright stimuli (Figure 2A; 

Table). At 69 years of age, he continued to complain of worsening vision, and his visual 

acuity was 20/200 eccentrically in both eyes. Fundus photography showed more pigment 

mottling of the macula, which correlated with worse hypoautofluorescent mottling of the 

macula and hyperautofluorescence of the perimacula (Figure 3; eFigure 2 in the 

Supplement). Spectral-domain OCT of the macula revealed worse attenuation of the outer 

retina and a foveal ellipsoid layer with increased accumulation of subfoveal hyperreflective 

deposits (Figure 4C). Kinetic visual field testing revealed progressive enlargement of the 

eccentric scotoma (Figure 3).

Genetic Features

At the time of genetic testing, 2 unaffected and 3 affected family members consented, but 

the other affected family member, patient III-4, could not be tested because she had received 

a diagnosis of ovarian cancer at 52 years of age and died of metastatic complications at 54 

years of age. The patients IV-4, III-5, and III-12 all had the same novel frameshift 

heterozygous mutation in RAX2, c.465_475delCGCAGATGGCT. The unaffected family 

members III-9 and III-10 did not possess the mutation in RAX2.

Discussion

The purpose of our study was to identify the mutation in a family with autosomal dominant 

retinal dystrophy and to characterize their clinical features. There was some variability in the 
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phenotype, but all patients had obvious macular changes and central scotoma on visual 

fields, which were consistent with a cone or cone-rod dystrophy. Although only 1 patient 

actually had a cone-rod pattern of dysfunction on an ffERG, all patients had an 

electronegative scotopic response to bright stimuli, indicating the possibility of an 

electronegative cone-rod dystrophy due to mutations in the cone-rod homeobox gene (CRX),
8–11 GUCY2D,12 or PRPH2.13 However, there were no mutations found in these genes on 

molecular testing. Instead, we show here, for the first time to our knowledge, an association 

of RAX2 with autosomal dominant retinal dystrophy and an electronegative ERG.

The RAX2 gene (previously known as Q50-type retinal homeobox [QRX] and retina and 

anterior neural fold homeobox-like 1 [RAXL1]) (OMIM 610362) has a cytogenetic location 

of 19p13.3, is composed of 3 exons, and has a homeobox domain that shares a sequence 

homologous to one in the CRX gene that is involved in nuclear localization.2 In addition, the 

RAX2 protein physically interacts with the CRX protein synergistically to recruit other 

components of the basal transcription machinery to activate transcription in the outer and 

inner nuclear layers of the retina. The novel frameshift mutation in RAX2 that was identified 

in our study, c.465_475delCGCAGATGGCT, spares the homeobox domain but affects the 

majority of the third exon and alters a large portion of the N-terminal coding region. 

Although binding affinity assays were beyond the scope of our study, there is a high 

likelihood that such an alteration to the RAX2 protein may affect its affinity for the CRX 

protein and thus perturb transcriptional regulation. Thus, it is logical that any disturbance in 

retinal gene transactivation activity due to mutations in RAX2, a synergistic cofactor of 

CRX, could cause a cone-rod clinical phenotype with both outer retinal attenuation and 

electronegative waveforms. Only 2 unrelated cases of cone-rod dystrophy (CORD11) 
(OMIM 610381) and 1 case with macular degeneration (ARMD6) (OMIM 613757) have 

been previously described to be associated with mutations in the RAX2 gene.2 The 3 cases 

were minimally characterized clinically; thus, to our knowledge, the present study represents 

the first complete description of the clinical phenotype associated with mutations in RAX2.

Although there was variability in the age at onset and in the chief complaints, all affected 

patients in our study presented with small yellow macular deposits and/or macular pigment 

mottling, but also with signs of diffuse dystrophy such as optic disc pallor and attenuated 

retinal vessels. The macular yellow deposits correlated with hyperreflective deposits at the 

level of the outer retina detected on SD-OCT scans. Macular atrophy occurred later in the 

older patients and correlated with hypoautofluorescence, RPE thinning and outer retinal 

attenuation detected on SD-OCT scans, central scotoma on the visual field, and diffuse 

dysfunction of the cone system on ffERGs and multifocal ERGs. Perimacular 

hyperautofluorescent rings were observed, which is indicative of transition zones that are 

commonly found in retinal degenerations.14 In addition, autofluorescent abnormalities in the 

mid- and far-periphery indicate that the rod photoreceptors were also affected.

Indeed, ffERG testing showed variable patterns of both cone and rod-system dysfunction 

among the patients. The mixed cone and rod scotopic responses to bright flashes were 

attenuated and prolonged for both the a and b waves, but the b wave was predominantly 

affected, producing electronegative waveforms and b-wave to a-wave amplitude ratios of 

less than 1.0 in all patients. Thus, the ERG results showed both inner-retinal and 
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photoreceptor dysfunction, as predicted by the fact that the RAX2 protein is preferentially 

expressed in both the inner and outer nuclear layers.2 The photopic responses to single 

flashes were attenuated and prolonged for the b waves in all patients, although the a waves 

were only attenuated at older ages. Thus, for the later time points in the older patients, there 

was a correlation between cone-photoreceptor dysfunction on ffERGs and macular outer-

retinal attenuation on SD-OCT scans. Longitudinal ffERG data, as illustrated for patient 

III-12, further illustrates the complex course of this disease, with inner-retinal dysfunction 

being predominant during the early phase of the disease, while both rod-system and cone-

photoreceptor function deteriorate more quickly during the late phase of the disease.

Despite the variability of the presenting symptoms and patterns of dysfunction on ffERGs, 

all patients presented with a relative central scotoma on kinetic visual fields that correlated 

with the macular changes seen on multimodal imaging. Over time, the central scotomas 

worsened as macular atrophy developed. In the later time points of the older patients, mid- 

and far-peripheral scotomas developed in correlation to RPE changes and atrophy of the 

mid- and far-peripheral retina, respectively. Interestingly, the spectrum and variability of the 

clinical phenotype of inner-retinal and photoreceptor dysfunction as assessed by imaging, 

ERG, and visual fields in our study have also been reported among case series8–11,15–17 of 

cone-rod dystrophy associated with mutations in CRX, which further supports a synergistic 

relationship between RAX2 and CRX and a mutual deficit of activity in mutant RAX2 and 

CRX proteins.

Conclusions

In conclusion, there are multiple reasons that argue in favor of the pathogenicity of the novel 

RAX2 missense mutation found in our study. The RAX2 mutation segregates with the 

disease phenotype, but not with the unaffected family members. In addition, the missense 

mutation affects the majority of the third exon and a large portion of the N-terminal coding 

region. Thus, the translated mutant RAX2 protein is likely to have reduced transactivation as 

a synergistic cofactor of the CRX protein, which may explain some of the phenotypic 

similarities between the cone dystrophies associated with mutations in CRX and those 

described in our study. Finally, the patients evaluated in our study represent, to our 

knowledge, the first complete clinical description of a family with an autosomal dominant 

retinal dystrophy associated with mutations in RAX2.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Pedigree Showing 4 Generations of a Family With an Autosomal Dominant Inheritance 
Pattern of Retinal Dystrophy Associated With a Novel RAX2 Mutation
ERG indicates electroretinography.
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Figure 2. Full-Field Electroretinograms of the Patients and an Unaffected Family Member
Amplitudes were the average of the right- and left-eye responses for all measurements and 

are presented as a percentage of the lower limit of age-matched normal response.
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Figure 3. Longitudinal Color Fundus Photographs and Digitized Kinetic Visual Fields of the 
Patients
The unit in which visual fields are presented is degrees.
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Figure 4. Multimodal Imaging of Patients III-12 and III-5
The green lines indicate where the spectral-domain optical coherence tomographic (SD-

OCT) scans were taken.

Yang et al. Page 13

JAMA Ophthalmol. Author manuscript; available in PMC 2021 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 14

Ta
b

le
.

A
m

pl
itu

de
s 

an
d 

Im
pl

ic
it 

T
im

es
 f

or
 F

ul
l-

Fi
el

d 
E

R
G

s 
of

 4
 A

ff
ec

te
d 

Pa
tie

nt
s

E
R

G
 S

ti
m

ul
i

P
at

ie
nt

 I
V

-4
 a

t 
24

 y
P

at
ie

nt
 I

II
-1

2 
at

 4
1 

y
P

at
ie

nt
 I

II
-4

 a
t 

49
 y

P
at

ie
nt

 I
II

-5
 a

t 
68

 y

A
m

pl
it

ud
e,

a  μ
V

Im
pl

ic
it

 T
im

e,
 m

s
A

m
pl

it
ud

e,
a  μ

V
Im

pl
ic

it
 T

im
e,

 m
s

A
m

pl
it

ud
e,

a  μ
V

Im
pl

ic
it

 T
im

e,
 m

s
A

m
pl

it
ud

e,
a  μ

V
Im

pl
ic

it
 T

im
e,

 m
s

Sc
ot

op
ic

 d
im

 
b 

W
av

e
65

 (
24

%
)b

12
4c

14
5 

(6
4%

)b
88

9 
(4

%
)b

12
9c

9 
(6

%
)b

B
lin

kd

Sc
ot

op
ic

 b
ri

gh
t

 
a 

W
av

e
15

3b
25

c
16

6b
22

c
62

b
40

c
59

b
30

c

 
b 

W
av

e
97

 (
20

%
)b

E
N

W
16

0 
(3

8%
)b

E
N

W
49

 (
12

%
)b

E
N

W
17

 (
5%

)b
E

N
W

 
b-

 to
 a

-W
av

e 
am

pl
itu

de
 r

at
io

0.
6

1.
0

0.
8

0.
3

 
Sc

ot
op

ic
 O

Pe
25

b
69

b
23

b
6b

Ph
ot

op
ic

 s
in

gl
e 

fl
as

h

 
a 

W
av

e
36

16
c

30
15

14
b

16
c

10
b

19
c

 
b 

W
av

e
72

 (
54

%
)b

34
.4

c
38

 (
42

%
)b

34
.2

c
15

 (
19

%
)b

38
.1

c
12

 (
17

%
)b

35
.4

c

 
b-

 to
 a

-W
av

e 
am

pl
itu

de
 r

at
io

2.
0

1.
3

1.
1

1.
3

Ph
ot

op
ic

 3
0-

H
z 

fl
ic

ke
r

58
b

29
.0

45
b

27
.6

26
b

32
.7

c
11

b
37

.8
c

Pa
tte

rn
 o

f 
dy

sf
un

ct
io

n
R

od
-c

on
e 

dy
sf

un
ct

io
n

C
on

e-
ro

d 
dy

sf
un

ct
io

n
R

od
-c

on
e 

dy
sf

un
ct

io
n

R
od

 a
nd

 c
on

e 
dy

sf
un

ct
io

n

A
bb

re
vi

at
io

ns
: E

N
W

, e
le

ct
ro

ne
ga

tiv
e 

w
av

ef
or

m
; E

R
G

, e
le

ct
ro

re
tin

og
ra

m
; O

P,
 o

sc
ill

at
or

y 
po

te
nt

ia
l.

a A
m

pl
itu

de
s 

w
er

e 
th

e 
av

er
ag

e 
of

 th
e 

ri
gh

t-
 a

nd
 le

ft
-e

ye
 r

es
po

ns
es

 f
or

 a
ll 

m
ea

su
re

m
en

ts
 a

nd
 a

re
 a

ls
o 

pr
es

en
te

d 
in

 p
ar

en
th

es
es

 a
s 

a 
pe

rc
en

ta
ge

 o
f 

th
e 

lo
w

er
 li

m
it 

of
 a

ge
-m

at
ch

ed
 n

or
m

al
 r

es
po

ns
e.

b A
m

pl
itu

de
 a

tte
nu

at
ed

.

c T
im

in
g 

pr
ol

on
ge

d.

d W
av

ef
or

m
 tr

un
ca

te
d 

by
 b

lin
k 

ar
tif

ac
t.

e T
he

 O
P 

w
av

el
et

 in
de

x 
is

 th
e 

ar
ith

m
et

ic
 s

um
 o

f 
th

e 
4 

la
rg

es
t O

P 
pe

ak
s 

(2
–5

).

JAMA Ophthalmol. Author manuscript; available in PMC 2021 March 12.


	Abstract
	Methods
	Participants
	Full-Field and Multifocal ERG
	Additional Testing
	Molecular Analysis

	Results
	Clinical Features
	Patient IV-4
	Patient III-12
	Patient III-4
	Patient III-5
	Genetic Features

	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table.

