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Abstract
We report on a 5-year-old female born to consanguineous parents, ascertained at

the age of 23 months for an elevated plasma methionine level, a mildly abnormal

total plasma homocysteine (tHcy), and elevated aminotransferases. She had global

developmental delay, microcephaly, dysmorphic facial features, hypotonia, nystag-

mus and tremor in her upper extremities. Metabolic investigations demonstrated

elevations in plasma methionine, plasma S-adenosylmethionine (SAM) and plasma

S-adenosylhomocysteine (SAH), with normal urine adenosine levels. Some of the

elevations persisted for over 1 year. Sequencing of the ADK and AHCY genes was neg-

ative for causative variants. Plasma methionine normalized 1 year after ascertainment,

but SAM and SAH continued to be elevated for six more months before normalization,

and aminotransferases remained mildly elevated. Whole exome sequencing demon-

strated a homozygous pathogenic variant; NM_018297.3(NGLY1):c.1405C>T

(p.Arg469*) in exon 9 of the NGLY1 gene, for which both parents were heterozygous.

To our knowledge, this is the first report of NGLY1 deficiency with elevations in

plasma methionine, SAM and SAH and a slight elevation of tHcy. Less than 20 patients

have been reported with NGLY1 deficiency worldwide and this case expands on the

biochemical phenotype of this newly discovered inborn error of metabolism.
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1 | INTRODUCTION

N-glycanase 1 (NGLY1) deficiency was first reported in
2012,1 and is the first described congenital disorder of
deglycosylation (NGLY1-CDDG).2 It is inherited in an autoso-
mal recessive manner, and results in multi-system involvement

with dysmorphic features, acquired microcephaly, severe hypo-
tonia, seizures, poor growth, global developmental delay,
movement disorder, and alacrima/hypolacrima.

Herein we describe a patient found to be homozygous for
a pathogenic variant NM_018297.3(NGLY1):c.1405C>T
(p.Arg469*) in the NGLY1 gene. Her features included global
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developmental delay, microcephaly, dysmorphic facial features,
hypotonia, hypolacrima, and tremor in the upper extremities.
Novel findings included initially persistent, but resolving eleva-
tions in plasma methionine, plasma S-adenosylmethionine
(SAM) and plasma S-adenosylhomocysteine (SAH), but with
normal urine adenosine levels. To our knowledge, fewer than
20 patients have been reported with NGLY1 deficiency world-
wide. Our patient highlights an unreported presentation of
NGLY1 deficiency and suggests possible additional pathways
for investigation.

2 | PATIENT REPORT

The patient was born to a healthy 30-year-old Gravida 3 Para
2 mother at 32+2 weeks gestation, via Caesarian section, for
decreased fetal heart rate. Birthweight was 1255 g (10th per-
centile), length was 38 cm (10th percentile), and head cir-
cumference was 28.5 cm (45th percentile). Her parents are
of Libyan descent and first cousins. Both parents were
healthy, as were the proband's two older male siblings. The
patient required an 8-week stay in the NICU for manage-
ment of feeding and growth difficulties. Aminotransferases
in the newborn period were normal.

Elevated aminotransferases were first noted at 23 months
of age as part of a workup for failure to thrive; AST of
358 U/L (normal: 10-45 U/L) and ALT of 853 U/L (normal:
1-35 U/L) and GGT of 101 U/L (normal: 8-35 U/L). Alpha
Fetoprotein was within normal limits for her age. An initial
search for alpha-1 antitrypsin deficiency, cystic fibrosis,
infectious and autoimmune etiologies was negative, and a
liver ultrasound for structural changes was normal. Liver
biopsy was not performed. At 3 years, the GGT normalized
but aminotransferases remained elevated, with AST 216 U/L

at 3 years and 58 U/L at 5 years of age, and ALT 453 U/L at
3 years and 57 U/L at 5 years of age.

A brain MRI at 2 years of age demonstrated age-appropriate
myelination with mildly prominent cerebral sulci, lateral and
third ventricles, consistent with cerebral atrophy (Figure 1A).
There were no documented seizures. She had a longstanding
history of tremor in the upper extremities bilaterally, as well as
weakness in her legs. She was followed by ophthalmology for
myopic astigmatism, esotropia, and hypolacrimation, with nor-
mal dilated fundus examination. Hearing was normal. At
5 years of age, brain MRI demonstrated persistent mildly prom-
inent cerebral sulci, lateral, and third ventricles (Figure 1B).
1H-magnetic resonance spectroscopy was normal.

An echocardiogram performed at 1 month of age demon-
strated small atrial septal defect, patent ductus arteriosus, and
mild right and left ventricular hypertrophy, with normalization
on repeat. Electrocardiogram was normal. Complete blood
counts and coagulation studies, albumin, immunoglobins, and
thyroid studies were normal. There was no history of lactic aci-
dosis. She had two fractures of the left lower extremity, after
trauma. A bone age performed at 4 years; 4 months was within
normal limits. Bone mineral density was reported as low, with
a lumbar Z score of −2.1 (0.379 g/cm2). She was small for age,
with measurements consistently at or just above the third per-
centile for height, weight, and head circumference.

At 5 years of age, development was delayed globally.
She was unable to walk unassisted until 4 years of age. She
was able to walk up and down stairs with assistance. She
had between 15 and 20 words. She was able to follow two-
step commands, and primarily communicated by taking one
of her parents' hands or pointing. Fine motor development
was delayed, but she was able to finger feed and hold a cup
and a pencil with a fisted grasp. Social development was

FIGURE 1 Brain MRI.
T2-weighted images at age of
24 months (A) and 5 years (B) show
lateral ventricles and cerebral sulci that
are mildly prominent for age
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notable for social anxiety, but she demonstrated good eye
contact and a social smile. She was not yet toilet trained.

On examination at 5 years of age, her weight was 18.9 kg
(50th percentile), height 107 cm (25th percentile), and head cir-
cumference 48 cm (3rd percentile), consistent with microceph-
aly. She had dysmorphic facial features including deep-set eyes
with long eyelashes, short palpebral fissures, and synophrys
with full, arched eyebrows. Extremities were remarkable for
bilateral 5th finger clinodactyly and fetal pads on all
fingers. Cardiac, respiratory, and abdominal examination was
unremarkable. There was no scoliosis. On neurological exam,
she had increased tone with slight catching in the upper extrem-
ities bilaterally, and peripheral tremor in her upper extremities.
Tone in the lower extremities was normal. She had decreased
deep tendon reflexes throughout both upper and lower extremi-
ties. She was able to walk independently with a forward-
leaning and wide-based gait but was unable to run.

3 | MATERIALS AND METHODS

3.1 | Cytogenetic investigations

Comparative genomic hybridization (CGH) oligoarray using
the platform (CytoChipTM ISCA 8x60K v2.0) was per-
formed on DNA extracted from peripheral whole blood.

3.2 | Biochemical testing

Plasma amino acids were quantitated after post-column nin-
hydrin derivatization using a Biochrom 30+ amino acid ana-
lyzer (Biochrom Ltd, Cambridge, UK). Total homocysteine
was measured using a heavy-isotope dilution method follow-
ing dithiothreitol reduction of disulfide bonds by liquid chro-
matography (LC)- tandem mass spectrometry (MS/MS) as
previously described.3 Plasma SAM and SAH were mea-
sured using a heavy-isotope dilution method after initial
sample acidification, followed by neutralization and solid
phase extraction by LC-MS/MS as previously described.4

Urine creatine/guanidinoacetoacetate was measured at the
Biochemical Genetics Laboratory at the Hospital for Sick
Children (Toronto, Ontario, Canada), and urine purines and
pyrimidines at the Laboratoire de génétique biochimique at
the Centre Hospitalier Universitaire de Sherbrooke (CHUS;
Sherbrooke, Québec, Canada).

3.3 | Genetic analysis

Gene sequencing of the AHCY gene was performed at Baylor
Miraca Genetics Laboratory (Houston, Texas). Gene sequenc-
ing of the ADK gene was performed at Centogene/Life Labs
Laboratory (Rostock, Germany). XomeDxSlice analysis of the

ADA, GNMT, MAT1A, MTHFR, and SLC6A8 genes was per-
formed at GeneDx Laboratory (Gaithersburg, Maryland).

Whole exome sequencing (WES) trio after slice was per-
formed at GeneDx Laboratory (Gaithersburg, Maryland). Using
genomic DNA extracted from peripheral lymphocytes, the
Agilent Clinical Research Exome kit was used to target the
exonic regions and flanking splice junctions of the genome.
The targeted regions were sequenced simultaneously by mas-
sively parallel (NextGen) sequencing on an Illumina HiSeq
sequencing system with 100 bp paired-end reads. Bi-directional
sequence was assembled, aligned to reference gene sequences
based on human genome build GRCh37/UCSC hg19, and ana-
lyzed for sequencing variants using a custom-developed analy-
sis tool (Xome Analyzer). The mean depth of coverage was
180× and quality threshold was 97.9%. Sanger sequencing was
performed in the laboratory on the proband's and parents' DNA
for variant confirmation.

4 | RESULTS

4.1 | Cytogenetic investigations

The array CGH was reported as normal female.

4.2 | Biochemical testing

Plasma amino acid analysis at 23 months of age demonstrated
an isolated 4.7-fold elevation in plasma methionine at
212 μmol/L (Normal: 10-45 μmol/L), and marginally elevated
plasma total homocysteine level of 14.7 μmol/L (Normal:
3.1-11.1 μmol/L). Plasma SAM had a 3.8-fold elevation at
505 nmol/L (Normal: 86-132 nmol/L), and plasma SAH had a
6.4-fold elevation at 186 nmol/L (Normal: 9-29 nmol/L). In
addition, urine creatine was elevated at 1500 mmol/mol creati-
nine (normal: 14-830 mmol/mol creatinine) and urine
guanidinoacetoacetate was normal at 124 mmol/mol creatinine
(normal: 5-150 mmol/mol creatinine). She had normal urine
adenosine levels. Creatine kinase (CK) was normal at 97 IU/L.

Plasma amino acids were repeated at 2 years, 2 months
of age and she continued to have a 1.8-fold elevation in
plasma methionine (but within the context of other elevated
amino acids suggestive of a nonfasted specimen), but with a
normal plasma total homocysteine at 6.3 μmol/L. There
remained a 2.3-fold elevation of SAM, and an 8.1-fold ele-
vation in SAH. At 3 years of age, there was normalization of
the plasma amino acids but persistence of elevated SAM
(1.6-fold) and SAH (2.4-fold). At 4 years, 7 months of age,
SAM was still marginally elevated, and SAH normalized.
SAM-to-SAH ratios ranged from 1.31 to 3 between
23 months and 3 years of age and normalized by 4.7 years
of age. Urine creatine and guanidinoacetoacetate levels nor-
malized by 5 years of age as well.

CHANG ET AL. 23



4.2.1 | Molecular genetic testing

No pathogenic variants were found in the ADK, ACHY,
ADA, GNMT, MAT1A, MTHFR, and SLC6A8 genes. WES
trio performed on the proband and both parents demon-
strated a homozygous NM_018297.3(NGLY1):c.1405C>T
(p.Arg469*) pathogenic variant in NGLY1 in the proband,
and heterozygosity for this NGLY1 variant in the patient's
mother and father. The variant had been reported in the
homozygous state in an individual with unclassified epi-
lepsy5 and was rare, with an allele frequency of 1.65 × 10−5

in ExAC, and no homozygotes reported.6 At the time of the
writing of this manuscript, the variant was reported in Clin-
Var 3 times as pathogenic (one submission representing our
patient). It is predicted to cause loss of normal protein func-
tion either through protein truncation or nonsense-mediated
RNA decay.

5 | DISCUSSION

NGLY1-CDDG presents with abnormal tear production,
choreoathetosis, liver dysfunction, developmental delay,
hypotonia, peripheral neuropathy, EEG abnormalities, and
microcephaly (Table 1). Previously reported hepatic findings
include elevated aminotransferases, fibrosis, neonatal jaun-
dice, and intrahepatic cytoplasmic inclusions on biopsy.2,7,8

A publication from 2017 which prospectively phenotyped
patients with NGLY1-CDDG documented transient eleva-
tion of aminotransferases during the first 2 years of life, with
normalization on average at age 4.9 Half of this cohort of
12 patients had normal abdominal ultrasound results, with
abnormalities in the remainder including splenomegaly,
steatosis, hepatomegaly, and coarse or inhomogeneous liver
echotexture, and 3 of the 12 individuals had elevated
fibroscan scores demonstrating possible liver fibrosis.

The mechanism by which loss of NGLY1 activity leads
to the clinical phenotype is not well understood. Loss-of-
function mutations in NGLY1 appears to lead to accumula-
tion of misfolded proteins, which may interfere with cellular
functions. The enzyme is known to play a key role in quality
control of misfolded N-glycosylated proteins, as cleavage of
the attached N-glycans directly precedes proteasomal
degradation.10 Regulation of proteolysis through de-N-
glycosylation of Nrf1, a transcription factor that upregulates
proteasome subunit gene expression, has also been demon-
strated in vitro, with a clear role between NGLY1 activity
and regulation of proteostasis.11 In the absence of NGLY1,
cytosolic endo-β-N-acetylglucosaminidase (ENGase) acts on
misfolded glycoproteins to generate N-GlcNAc proteins,
which are hypothesized to cause toxic effects on cells
through protein aggregation and/or impairment of intracellu-
lar signalling pathways.12,13 Patients who have NGLY1

deficiency have been described to have mitochondrial
dysfunction as observed on muscle and liver biopsy and
in vitro, potentially implicating a role for NGLY1 in the
respiratory chain.1,2,14

Our patient demonstrated elevations in methionine,
SAM, and SAH, and mild elevation in homocysteine. To our
knowledge, this is the first report of this biochemical profile
in patients with NGLY1-CDDG. Methionine is activated in
an ATP-dependent reaction to form SAM, which plays a
major role in methyl donation during biosynthetic reactions.
SAH is formed from the demethylation of SAM following
donation of the methyl group to an acceptor; the adenosyl
group is subsequently removed to form homocysteine
(Figure 2).

With respect to the potential mechanism that may under-
lie the SAM and SAH elevations in our patient, we consid-
ered several possibilities. Elevations in homocysteine levels
due to low dietary folate or B12 may present with low
SAM:SAH ratios and elevated SAH, but typically not with
elevated SAM.15 Folate was not checked, but vitamin B12
and methylmalonic levels were normal, suggesting that this
is a less likely explanation for our patient. While liver dis-
ease in patients with NGLY1-CDDG has been characterized
in multiple reports, hepatic SAM metabolism in patients
with chronic liver disease typically shows patterns of low
SAM due to SAM depletion and/or reduced synthesis, rather
than elevation.16 Therefore, this is an unlikely explanation
as well. Very elevated methionine levels (up to 26-fold) and
elevated SAM have been described in patients with hepatic
mitochondrial DNA (mtDNA) depletion syndromes, but
were not accompanied by elevations in SAH.17 It is also pos-
sible that muscle involvement may be contributing to our
patient's presentation, however, her creatine kinase level has
been normal to date.

Genetic testing in our patient for enzymes involved in
methylation was unrevealing. Multiple levels of control over
methylation enzymes have been described, including oxida-
tive stress, metabolites from the same or related pathways,
and hormones and nutrients.18 We suggest that dysregulation
of one or more enzymes involved in methylation may be the
cause for our patient's presentation, through one or more of
the pathways impacted by loss of NGLY1. The elevations in
methionine, homocysteine, SAM, and SAH improved over
time, suggesting that the implicated enzymatic dysregulation
is reversible. She also had low SAM:SAH ratios from
23 months to 3 years of age, which may suggest reduced
methylation capacity.19 While our findings are limited to a
single case, it may be informative to explore whether SAM
and SAH are also dysregulated in other patients with
NGLY1-CDDG, and whether a pattern of methylation dif-
ferences can be detected in this group of patients.

24 CHANG ET AL.



T
A
B
L
E

1
C
lin

ic
al
fe
at
ur
es

of
th
e
pa
tie
nt
s
re
po
rt
ed

to
da
te

Pa
tie

nt
s

Pa
tie

nt
re
fe
re
nc
e

O
ur

pa
tie

nt
T
ri
o
2

Pa
tie

nt
1

Pa
tie

nt
2

Pa
tie

nt
3

Pa
tie

nt
4

Pa
tie

nt
5

Pa
tie

nt
6
(S
ib

of
5)

Pa
tie

nt
7

Pa
tie

nt
8

(S
ib

of
7)

P
at
ie
nt

1
P
at
ie
nt

2
(S
ib

of
1)

P
at
ie
nt

1
P
at
ie
nt

2
P
at
ie
nt
s
(n

=
12
)

A
rt
ic
le re
fe
re
nc
e

C
ur
re
nt

ar
tic
le

N
ee
d
et
al

E
nn
s
et
al

C
ag
la
ya
n
et
al

H
ee
le
y
an
d

Sh
iw
an
i

B
os
ch

et
al

L
am

et
al

G
en
ot
yp
e

M
ut
at
io
ns

M
is
se
ns
e
c.
14
05
C
>
T
,

ex
on

9
N
on
se
ns
e

m
ut
at
io
n

in
ex
on

8

Fr
am

es
hf
tc
.1
89
1d
el
,

ex
on

12
Fr
am

es
hi
ft

c.
13
70
du
pG

,e
xo
n
9

St
op

ga
in

c.
15
70
C
>

N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

N
on
se
ns
e
c.
12
01
A
>
T
,

ex
on

8
N
on
se
ns
e
c.
12
01
A
>
T
,

ex
on

8
N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

Fr
am

es
hi
ft

c.
15
33
_

15
36
de
lT
C
A
A

Fr
am

es
hi
ft

c.
15
33
_

15
36
de
lT
C
A
A

St
op

ga
in

c.
34
7C

>
G
,

ex
on

3

N
on
se
ns
e
c.
12
01
A
>
T
,

ex
on

8
13

m
ut
at
io
ns
:5

m
is
se
ns
e,

5
no
ns
en
se
,2

sp
lic
e

si
te
,1

fr
am

es
hi
ft

M
at
er
na
lly

in
he
ri
te
d

M
at
er
na
lly

in
he
ri
te
d

M
at
er
na
lly

in
he
ri
te
d

M
at
er
na
lly

in
he
ri
te
d

Pa
te
rn
al
ly

in
he
ri
te
d

N
ot

re
po
rte

d
M
at
en
al
ly

in
he
ri
te
d

M
at
en
al
ly

in
he
rit
ed

N
ot

re
po
rt
ed

N
ot

re
po
rt
ed

M
at
en
al
ly

in
he
ri
te
d

M
at
en
al
ly

in
he
ri
te
d

M
at
er
na
lly

in
he
ri
te
d

M
at
er
na
lly

in
he
ri
te
d

M
is
se
ns
e
c.
14
05
C
>
T
,

ex
on

9
Fr
am

es
hi
ft

va
ri
an
ti
n

la
st
ex
on

N
on
se
ns
e
c.
12
01
A
>
T
,

ex
on

8
Fr
am

es
hi
ft
c.
13
70
du
pG

,
ex
on

9
In

fr
am

e
de
le
tio

n
c.
12
05
_1
20
7d
el

N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

N
on
se
ns
e
c.
12
01
A
>
T
,

ex
on

8
N
on
se
ns
e
c.
12
01
A
>
T
,

ex
on

8
N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

Fr
am

es
hi
ft

c.
15
33
_

15
36
de
lT
C
A
A

Fr
am

es
hi
ft

c.
15
33
_

15
36
de
lT
C
A
A

Sp
lic
e
si
te

ab
ol
is
he
d

in
ex
on

5,
c.
88
1
+
5G

N
on
se
ns
e

c.
12
01
A
>
T
,

ex
on

8

Pa
te
rn
al
ly

in
he
ri
te
d

Pa
te
rn
al
ly

in
he
ri
te
d

Pa
te
rn
al
ly

in
he
rit
ed

Pa
te
rn
al
ly

in
he
rit
ed

M
at
er
na
lly

in
he
ri
te
d

N
ot

re
po
rte

d
Pa
te
rn
al
ly

in
he
rit
ed

Pa
te
rn
al
ly

in
he
ri
te
d

N
ot

re
po
rt
ed

N
ot

re
po
rt
ed

Pa
te
rn
al
ly

in
he
ri
te
d

Pa
te
rn
al
ly

in
he
ri
te
d

Pa
te
rn
al
ly

in
he
ri
te
d

Pa
te
rn
al
ly

in
he
ri
te
d

E
pi
de
m
io
lo
gy

A
ge

at la
st
re
po
rt

5
3

5
20

4
2

5
9.
5
m
on
th
s

3
16

16
9

14
3

R
an
ge

2.
5-
21
.3
ye
ar
s

O
ri
gi
n

L
ib
ya

E
ur
op
ea
n-

A
m
er
ic
an

E
ur
op
ea
n,

Pu
er
to

R
ic
o

It
al
ia
n

C
au
ca
si
an

G
er
m
an

E
ng
lis
h,

U
kr
ai
ne
,

Fi
nl
an
d

E
ng
lis
h,

U
kr
ai
ne
,F

in
la
nd

C
au
ca
si
an

C
au
ca
si
an

C
au
ca
si
an

C
au
ca
si
an

C
au
ca
si
an

C
au
ca
si
an

C
on
sa
ng
ui
ni
ty

+
−

+
−

−
−

−
−

−
+

+

G
en
de
r

F
M

M
F

F
M

M
F

F
F

M
F

M
M

6
M
;6

F

Pr
eg
na
nc
y

C
om

pl
ic
at
io
ns

Pr
em

at
ur
e

IU
G
R
,a
bn
or
m
al

pl
ac
en
ta
,C

/S
N
on
-r
ea
ss
ur
in
g

FH
R
,p

os
iti
ve

se
co
nd

tr
im

es
te
r

sc
re
en
,C

/S

IU
G
R
, ol
ig
oh
yd
ra
m
ni
os
,

fe
ta
ld

is
tr
es
s,
C
/S

IU
G
R
,f
et
al
di
st
re
ss
,

po
si
tiv

e
se
co
nd

tr
im

es
te
rs
cr
ee
n,

C
/S

IU
G
R
,p

os
iti
ve

se
co
nd

tr
im

es
te
rs
cr
ee
n,

C
/S
,

pr
em

at
ur
e

Po
si
tiv

e
sc
re
en
,p

la
nn
ed

C
/S

IU
G
R
, de
cr
ea
se
d

fe
ta
l

m
ov
em

en
t,
br
ad
yc
ar
di
a,

C
/S
,r
eq
ui
re
d

re
su
sc
ita
tio

n

C
/S

du
e
to

nu
ch
al
co
rd

V
an
is
hi
ng

tw
in

W
ee
ks ge
st
at
io
n

(w
k)

32
39

T
er
m

38
36

35
T
er
m

T
er
m

T
er
m

T
er
m

37
T
er
m

(n
=
10
),
36

w
ee
ks

(n
=
1)
,3

4
w
ee
ks

(n
=
1)

B
ir
th

w
ei
gh
t(
gr
)

12
55

27
22

24
15

D
ev
el
op
m
en
t

G
lo
ba
l de
ve
lo
pm

en
ta
l

de
la
y

+
+

+
+

+
+

+
+

+
+

+
+

+
+

n
=
12
(/
12
)

In
te
lle
ct
ua
l

di
sa
bi
lit
y

+
+

+
+

+
n
=
9
(/
12
)

N
eu
ro
lo
gi
ca
l

Se
iz
ur
es

−
+

+
−

−
+

+
−

−
+

−
+

+
−

n
=
7(
/1
2)

M
ov
em

en
t

di
so
rd
er

+
+

+
+

+
+

+
+

+
+

−
+

+
+

n
=
12
(/
12
)

B
ra
in

M
R
I

ab
no
rm

al
iti
es

+
+

−
+

+
+

+
−

+
−

−
−

+
D
el
ay
ed

m
ye
lin

at
io
n
n
=
3(
/1
1)
,

w
hi
te
m
at
te
rl
es
io
ns

n
=
2

(/
11
),
ce
re
br
al
at
ro
ph
y
n
=
6

(/
9)
,c
er
eb
el
la
ra

tr
op
hy

n
=
4(
/1
1)

M
ic
ro
ce
ph
al
y

+
−

+
+

−
+

+
+

+
−

+
+

n
=
4(
/1
2)

E
E
G
fi
nd
in
gs

+
+

+
+

+
+

+
−

+
−

+
+

n
=
8(
/1
2)

Pe
ri
ph
er
al
ne
ur
op
at
hy

Su
sp
ec
te
d

+
+

+
+

+
+

+
A
xo
na
ls
en
so
ry

po
ly
ne
ur
op
at
hy

n
=
8(
/1
1)
,w

ith
de
m
ye
lin

at
in
g
fe
at
ur
es

n
=
6(
/1
1)

T
re
m
or

+
+

H
yp
ot
on
ia

+
+

+
+

+
+

+
+

+
+

+
+

+

D
ec
re
as
ed

D
T
R
s

+
+

+
−

+
+

−
+

+
+

+
+

O
th
er

In
iti
al hy

po
to
ni
a,

w
ith

la
te
r

hy
pe
rt
on
ia
in

up
pe
r

ex
tr
em

iti
es

C
or
tic
al
vi
si
on

lo
ss

C
or
tic
al
vi
si
on

lo
ss

St
ar
in
g
sp
el
ls

R
eg
re
ss
io
n
ag
e
4

D
ec
re
as
ed

pa
in

se
ns
iti
vi
ty
,

de
cr
ea
se
d

sw
ea
tin

g.
T
hi
n
ce
rv
ic
al

co
rd

M
us
cl
e

at
ro
ph
y

D
el
ay
ed m
ye
lin

at
io
n

L
ow

C
SF

pr
ot
ei
n,

al
bu
m
in
,a
nd

C
SF

/s
er
um

al
bu
m
in

n
=
12

(/
12
)

O
ph
th
al
m
ol
og
ic
al

O
cu
la
r ap
ra
xi
a

−
−

+
+

−
−

−
+

+
−

−
−

n
=
0(
/1
1)

+
+

+
+

+
+

+
−

+
+

+
+

+
+

n
=
11
(/
11
)

(C
on
tin

ue
s)



T
A
B
L
E

1
(C
on
tin

ue
d)

Pa
tie

nt
s

Pa
tie

nt
re
fe
re
nc
e

O
ur

pa
tie

nt
T
ri
o
2

Pa
tie

nt
1

Pa
tie

nt
2

Pa
tie

nt
3

Pa
tie

nt
4

Pa
tie

nt
5

Pa
tie

nt
6
(S
ib

of
5)

Pa
tie

nt
7

Pa
tie

nt
8

(S
ib

of
7)

P
at
ie
nt

1
P
at
ie
nt

2
(S
ib

of
1)

P
at
ie
nt

1
P
at
ie
nt

2
P
at
ie
nt
s
(n

=
12
)

H
yp
o-

or
al
ac
ri
m
a

O
th
er

M
yo
pi
a,
as
tig

m
at
is
m
,

es
ot
ro
pi
a,
re
tin

al
he
m
or
ra
ge

(i
nf
an
t)
,

su
bs
eq
ue
nt

no
rm

al
di
la
te
d
fu
nd
us

ex
am

St
ra
bi
sm

us
St
ra
bi
sm

us
,

B
ila
te
ra
l

pt
os
is

St
ra
bi
sm

us
St
ra
bi
sm

us
Pt
os
is
, st
ra
bi
sm

us
L
ac
ri
m
al

du
ct

st
en
os
is
,

st
ra
bi
sm

us
,

pt
os
is
,

bl
ep
ha
ri
tis

St
ra
bi
sm

us
Pt
os
is
n
=
5(
/1
1)
,l
ag
op
ht
ha
lm

os
n
=
9(
/1
1)
,n

ys
ta
gm

us
n
=
2

(/
11
),
st
ra
bi
sm

us
n
=
5(
/1
1)
,

op
tic

at
ro
ph
y
n
=
6(
/1
1)

A
ud
io
lo
gi
ca
l

H
ea
ri
ng im
pa
ir
m
en
t

−
−

−
+

+
−

+
−

−
−

−
D
el
ay
ed

or
ab
se
nt

au
di
to
ry

br
ai
ns
te
m

re
sp
on
se

n
=
9

(/
11
)

C
ar
di
ac

Q
T
cB
pr
ol
on
ge
d

−
n
=
2(
/1
2)

Sl
ee
p

Sl
ee
p ab

no
rm

al
iti
es

B
ru
xi
sm

,s
le
ep

ta
lk
in
g

O
bs
tr
uc
tiv

e
sl
ee
p
ap
ne
a
n
=
2

(/
9)
,c
en
tr
al
sl
ee
p
ap
ne
a

n
=
1(
/9
),
co
m
bi
ne
d
n
=
2

(/
9)
,f
re
qu
en
tp

er
io
di
c
lim

b
m
ov
em

en
ts
n
=
5(
/9
)

Fe
ed
in
g

Po
or

fe
ed
in
g

+
+

+
+

Po
or

gr
ow

th
+

O
ra
lm

ot
or

de
fic

its
n
=
10
(/
11
),

pr
em

at
ur
e
sp
ill
ag
e
an
d

ph
ar
yn
ge
al
sw

al
lo
w

re
sp
on
se

de
la
y
n
=
11
(/
11
)

M
us
cu
lo
sk
el
et
al

D
el
ay
ed bo
ne

ag
e

+
n
=
8(
/1
1)

L
ow

bo
ne

de
ns
ity

/
re
cu
rr
en
t

fr
ac
tu
re
s

+
+

−
+

n
=
9(
/9
)

Jo
in
t hy

pe
rm

ob
ili
ty

or
di
sl
oc
at
io
ns

+
D
is
lo
ca
tio

n
or

su
bl
ux
at
io
n
of

hi
ps
/s
ho
ul
de
rn

=
3(
/1
1)

Sc
le
ro
si
s
of

ph
al
an
ge
s
or

ta
rs
al
bo
ne
s

−
n
=
2(
/1
1)

Sc
ol
io
si
s

−
−

+
−

+
−

−
−

+
+

−
+

n
=
6(
/1
1)

O
th
er

Fl
ex
io
n
co
nt
ra
ct
ur
es

kn
ee
s

T
al
ip
es eq
ui
no
va
ru
s

C
on
tr
ac
tu
re
s

at
an
kl
es

E
xt
en
si
on

re
st
ri
ct
io
n

of
kn
ee

C
ox
a
va
lg
a
n
=
11
(/
11
),
gr
ow

th
ar
re
st
lin

es
or

m
et
ap
hy
se
al

ba
nd
in
g
n
=
4(
/1
1)

G
as
tr
oi
nt
es
tin

al
C
on
st
ip
at
io
n

+
+

+
+

+
+

−
+

+
+

n
=
10
(/
12
)

A
bn
or
m
al
liv

er
fu
nc
tio

n/
el
ev
at
ed

tr
an
sa
m
in
as
es

+
+

+
+

+
+

+
+

−
+

−
+

E
ar
ly

el
ev
at
io
ns

w
ith

la
te
r

no
rm

al
iz
at
io
n
n
=
8(
/8
)

C
ho
le
st
er
ol

an
d
T
G
s

lo
w

−
+

L
iv
er

fi
br
os
is

+
+

−
−

+
−

−
−

−
+

n
=
3(
/1
2)

L
iv
er

st
or
ag
e
or

va
cu
ol
iz
at
io
n

+
+

+
−

+
+

+
n
=
0(
/3
)

O
th
er

N
eo
na
ta
lc
ho
le
st
as
is
,

m
ec
on
iu
m

pl
ug

N
eo
na
ta
lj
au
nd
ic
e

N
eo
na
ta
lj
au
nd
ic
e

N
eo
na
ta
lj
an
di
ce

N
eo
na
ta
l

ja
un
di
ce

N
eo
na
ta
l

ja
un
di
ce

G
E
R
D
,a
na
l

st
en
os
is

re
qu
ir
in
g

di
la
ta
tio

n

H
ep
at
om

eg
al
y

N
eo
na
ta
l

ja
un
di
ce

A
bn
or
m
al
ab
do
m
in
al
ul
tr
as
ou
nd

(s
te
at
os
is
,s
pl
en
om

eg
al
y,

co
ar
se
/in

ho
m
og
en
ou
s
liv

er
te
xt
ur
e,
he
pa
to
m
eg
al
y)

n
=
6(
/1
2)
,h

ep
at
oc
el
lu
la
r

ca
rc
in
om

a
n
=
1(
/1
2)

H
em

at
ol
og
ic

C
oa
gu
la
tio

n
st
ud
ie
s

ab
no
rm

al

T
ra
ns
ie
nt

th
ro
m
bo
cy
to
pe
ni
a

T
ra
ns
ie
nt

th
ro
m
bo
cy
to
pe
ni
a

L
ow

pr
ot
ei
n
C
ac
tiv

ity
n
=
6

(/
12
),
fa
ct
or

II
ac
tiv

ity
n
=
1

(/
12
),
fa
ct
or

IX
n
=
2(
/1
2)
,

fa
ct
or

X
I
n
=
2(
/1
2)
,

fi
br
in
og
en

n
=
5(
/1
2)

Im
m
un
ol
og
ic

A
bn
or
m
al

an
tib

od
y
tit
re
s

−
E
le
va
te
d
ru
be
lla
/r
ub
eo
la

an
tib

od
y
tit
re
s
af
te
rM

M
R

n
=
7(
/1
1)

L
iv
er

bi
op
sy

A
m
or
ph
ou
s
su
bs
ta
nc
e

C
ir
rh
os
is
,

m
ac
ro
st
ea
to
si
s,

N
o
st
or
ag
e
m
at
er
ia
li
de
nt
if
ie
d

(n
=
3)

(C
on
tin

ue
s)



T
A
B
L
E

1
(C
on
tin

ue
d)

Pa
tie

nt
s

Pa
tie

nt
re
fe
re
nc
e

O
ur

pa
tie

nt
T
ri
o
2

Pa
tie

nt
1

Pa
tie

nt
2

Pa
tie

nt
3

Pa
tie

nt
4

Pa
tie

nt
5

Pa
tie

nt
6
(S
ib

of
5)

Pa
tie

nt
7

Pa
tie

nt
8

(S
ib

of
7)

P
at
ie
nt

1
P
at
ie
nt

2
(S
ib

of
1)

P
at
ie
nt

1
P
at
ie
nt

2
P
at
ie
nt
s
(n

=
12
)

L
ab

an
d

bi
oc
he
m
ic
al

fi
nd
in
gs

lip
id

ac
cu
m
ul
at
io
n

w
ith

di
la
te
d

E
R

M
us
cl
e
bi
op
sy

M
in
or

va
ri
at
io
n

in
m
us
cl
e

fi
be
rs
iz
e,

no
rm

al
m
ito

ch
on
dr
ia
l

st
ai
ns

T
IE
F

no
rm

al
no
rm

al
−

N
-g
ly
ca
n
an
al
ys
is

no
rm

al
no
rm

al
n
=
9(
/9
)

O
-g
ly
ca
n
an
al
ys
is

no
rm

al
n
=
8(
/8
)

L
ac
tic

ac
id
os
is

−
−

+
+

+
−

+
−

−
−

n
=
5(
/1
2)

U
ri
ne

M
PS

E
le
va
te
d
n
=
4(
/8
)

O
th
er

H
yp
oc
ho
le
st
eo
le
m
ia

D
ys
m
or
ph
ic

fe
at
ur
es

D
ys
m
or
ph
ic
fa
ci
es

+
−

−
−

−
+

+
+

+
+

+
+

+

O
th
er

D
ee
p
se
te
ye
s,
sh
or
tp

al
pe
br
al

fi
ss
ue
s,
sy
no
ph
ry
s
w
ith

fu
ll,

ar
ch
ed

ey
eb
ro
w
s.

B
ila
te
ra
l5

th
fi
ng

er
cl
in
od
ac
ty
ly
,f
et
al
pa
ds

on
al
lf
in
ge
rs

Sm
al
lh

an
ds
/ft

D
is
ta
lt
ap
er
in
g
ha
nd
s
an
d

fe
et

U
ni
la
te
ra
lc
ry
pt
or
ch
id
is
m

H
yp
er
te
lo
ri
sm

,
si
ng
le
ri
gh
t

pa
lm

ar
cr
ea
se

M
yo
pa
th
ic
fa
ce
,

hy
pe
rt
el
or
is
m
,

w
id
e
m
ou
th

M
et
op
ic
ri
dg
e,

m
ed
ia
lf
la
ri
ng

ey
eb
ro
w
s,
lo
ng

up
sl
an
tin

g
pa
lp
eb
ra
l

fi
ss
ur
es
,s
m
al
l

m
ou
th

an
d
ea
rs
,

ta
pe
ri
ng

fi
ng
er
s,

bi
la
te
ra
lc
lin

od
ac
ty
ly

IV
an
d
V
to
es
,

hy
po
pl
as
tic

to
en
ai
ls
,

sm
al
lp

en
is
,

cr
yp
to
rc
hi
di
sm

Sm
al
lf
ee
tn

=
12
(/
12
)

O
th
er re

m
ar
ks

Pa
te
nt

du
ct
us

ar
te
ri
os
us

an
d

at
ri
al
se
pt
al
de
fe
ct
,

re
so
lv
ed

A
FP

1.
63

M
oM

,u
E
3
0.
26

M
oM

,h
C
G
0.
54

M
oM

,
in
hi
bi
n
1.
02

M
oM

A
FP

1.
97

M
oM

,u
E
3

0.
24

M
oM

,h
C
G

0.
48

M
oM

D
ec
ea
se
d
ag
e
5,

vi
ra
li
lln

es
s/

pr
ol
on
ge
d
se
iz
ur
e

A
FP

0.
87

M
oM

,u
E
3
0.
31

M
oM

,h
C
G
0.
57

M
oM

D
ec
ea
se
d
ag
e

9.
5
m
on
th
s
in

sl
ee
p,

ca
us
e
un
kn
ow

n

D
ec
ea
se
d
ag
e
16

-
re
sp
ir
at
or
y

di
ff
ic
ul
tie
s
an
d

re
cu
rr
en
ti
nf
ec
tio

ns

E
le
va
te
d
L
FT

s
fi
rs
t

no
te
d
at
14

da
ys
,

m
ild

(A
L
T
<
20
1,

A
ST

<
23
6)
.

C
om

pl
et
e

no
rm

al
iz
at
io
n

of
A
ST

ag
e
8

an
d
A
L
T
ag
e

13
.N

o
as
so
ci
at
ed

he
pa
to
m
eg
al
y

Si
x
in
di
vi
du
al
s
(p
at
ie
nt
s
2,

3,
4,

9,
11
,a
nd

12
)
w
er
e
in
cl
ud
ed

in
pr
ev
io
us

cl
in
ic
al

pu
bl
ic
at
io
ns

A
bb
re
vi
at
io
ns
:A

FP
,a
lp
ha

fe
to
-p
ro
te
in
;A

L
T
,a
la
ni
ne

am
in
ot
ra
ns
fe
ra
se
;A

ST
,a
sp
ar
ta
te
am

in
ot
ra
ns
fe
ra
se
;C

/S
,C

ae
se
ri
an

se
ct
io
n;

C
SF

,c
er
eb
ro
sp
in
al
fl
ui
d;

D
T
R
s,
de
ep

te
nd
on

re
fl
ex
es
;E

E
G
,e
le
ct
ro
en
ce
ph
al
og
ra
m
;E

R
,e
nd
op
la
sm

ic
re
tic
ul
um

;F
,

fe
m
al
e;
FH

R
,f
et
al
he
ar
tr
at
e;
G
E
R
D
,g

as
tr
oe
so
ph
ag
ea
lr
ef
lu
x;

hC
G
,h

um
an

ch
or
io
ni
c
go
na
do
tr
op
in
;I
U
G
R
,i
nt
ra
ut
er
in
e
gr
ow

th
re
st
ri
ct
io
n;

L
FT

,l
iv
er

fu
nc
tio

n
te
st
;M

,m
al
e;
M
M
R
=
m
ea
sl
es
/m

um
ps
/r
ub
el
la
;M

oM
,m

ul
tip

le
s
of

th
e
m
ed
ia
n;

M
PS

,
m
uc
op
ol
ys
ac
ch
ar
id
es
;M

R
I,
m
ag
ne
tic

re
so
na
nc
e
im

ag
in
g;

Q
T
cB

,Q
T
in
te
rv
al
co
rr
ec
te
d
fo
r
he
ar
tr
at
e;
Si
b,

si
bl
in
g;

T
G
,t
ri
gl
yc
er
id
es
;T

IE
F,

tr
an
sf
er
ri
n
is
oe
le
ct
ri
c
fo
cu
si
ng
;u

E
3,

un
co
nj
ug
at
ed

es
tr
ad
io
l.



6 | CONCLUSION

In summary, we report a new case of NGLY1-CDDG with
transient elevations in methionine and homocysteine, as
well as SAM and SAH, which are involved in single-
carbon metabolism. Our goal is to expand the reported
biochemical phenotype of patients with NGLY1-CDDG,
with possible future research avenues including evaluation
of the regulation of enzymes involved in methylation
through one or more of the pathways impacted by loss of
NGLY1.
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