-€¥S-

1o8undg @

Table 3 Distribution of scores for domains in the JOACMEQ); cervical spine function

Cervical spine function ~ Male 20-29  30-39 4049 50-59 60-69 70-79  80-89  Female 20-29  30-39 4049 50-59 60-69 70-79  80-89
Number Valid 115 120 117 113 118 106 102 Valid 119 115 118 121 121 115 109
Invalid 0 2 0 0 0 3 2 Invalid 1 2 2 2 1 2 3
Average 96.9 98.4 97.0 93.8 95.0 86.9 74.9% 98.1 97.6 97.1 94.9 93.1 87.4 79.7*
Median 100.0 100.0 100.0 100.0 100.0 100.0 85.0 100.0 100.0 100.0 100.0 100.0 100.0 90.0
Standard deviation 12.2 6.7 8.5 12.6 10.0 215 21.7 6.3 5.6 8.1 10.3 15.6 215 22.6
Percentile 10.0 90.0 100.0 85.0 80.0 75.0 57.0 31.5 10.0 90.0 88.0 85.0 80.0 75.0 58.0 40.0
25.0 100.0 100.0 100.0 87.5 97.5 85.0 55.0 25.0 100.0 100.0 100.0 95.0 90.0 80.0 65.0
50.0 100.0 100.0 100.0 100.0 100.0 100.0 85.0 50.0 100.0 100.0 100.0 100.0 100.0 100.0 90.0
75.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 75.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
90.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 90.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
* p < 0.05; the average scores were significantly lower than those in the young generations in their 20s to 60s in both genders
Table 4 Distribution of scores for domains in the JOACMEQ); upper extremity function
Upper extremity function  Male 20-29  30-39 4049 50-59 60-69 70-79 80-89 Female 20-29 30-39 4049 50-59 60-69  70-79  80-89
Number Valid 115 121 116 113 117 107 103 Valid 120 114 120 122 122 117 109
Invalid O 1 1 0 1 2 1 Invalid 0 3 0 1 0 0 3
Average 99.0 99.7 99.6 99.2 99.0 96.9 88.4%* 100.0 99.8 99.9 98.9 98.5 96.3 88.1%
Median 100.0 100.0 100.0 100.0 100.0 100.0 95.0 100.0 100.0 100.0 100.0 100.0 100.0 95.0
Standard deviation 6.3 1.6 1.7 2.6 39 9.2 16.4 0.5 1.6 0.6 3.1 53 10.6 16.0
Percentile 100 100.0 100.0 100.0 95.0 100.0 89.0 65.0 10.0 100.0 100.0 100.0 95.0 95.0 89.0 68.0
25.0 100.0 100.0 100.0 100.0 100.0 100.0 84.0 25.0 100.0 100.0 100.0 100.0 1000  95.0 81.5
50.0 100.0 100.0 100.0 100.0 100.0 100.0 95.0 50.0 100.0 100.0 100.0 100.0 100.0 100.0 95.0
75.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 75.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
90.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  90.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

* p < 0.05; the average scores were significantly lower than those in the young generations in their 20s to 70s in both genders

(44

Te 1 eyRUR], ‘N



-¥S-

128undg @

Table 5 Distribution of scores for domains in the JOACMEQ); lower extremity function

Lower extremity function ~ Male 20-29  30-39 4049 50-59 60-69 70-79  80-89  Female 20-29 30-39 4049 50-59 60-69 70-79  80-89
Number Valid 115 121 117 112 116 109 103 Valid 119 113 118 121 120 114 111
Invalid O 1 0 1 2 0 1 Invalid 1 4 2 2 2 3 1
Average 98.6 97.8 97.9 96.3 95.8 90.4* 73.2% 97.0 97.9 96.9 94.4 94.5 88.0% 63.7%
Median 100.0 100.0 100.0 100.0 100.0 100.0 770 100.0 100.0 100.0 100.0 100.0 950 68.0
Standard deviation 4.1 6.7 5.5 8.0 10.0 15.6 25.6 7.0 6.1 7.6 9.9 11.2 174 27.0
Percentile 10.0 95.0 95.0 91.0 83.2 80.5 68.0 27.0 10.0 86.0 92.6 82.0 77.0 77.0 66.0 23.0
25.0 100.0 100.0 100.0 96.3 95.0 86.0 59.0 25.0 100.0 100.0 100.0  95.0 95.0 82.0 45.0
50.0 100.0 100.0 100.0 100.0 100.0 100.0  77.0 50.0 100.0 100.0 100.0 100.0 100.0 95.0 68.0
75.0 100.0 100.0 100.0 100.0 100.0 100.0  95.0 75.0 100.0 100.0 100.0 100.0 100.0 100.0 86.0
90.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  90.0 100.0 100.0 100.0 100.0 100.0 100.0 99.0
* p < 0.05; the average scores were significantly lower than those in young generations in their 20s to 60s in both genders
Table 6 Distribution of scores for domains in the JOACMEQ; bladder function
Bladder function Male 20-29  30-39 4049  50-59 < 60-69  70-79  80-89  Female 20-29  30-39 4049 50-59 6069  70-79  80-89
Number Valid 113 120 114 112 117 108 102 Valid 118 116 120 120 120 113 106
Invalid 2 2 3 1 1 1 2 Invalid 2 1 0 3 2 4 6
Average 97.1 94.9 94.1 90.1% 87.5% 83.2% 72.1% 97.5 97.5 95.2 91.2% 89.6% 84.2% 75.1%
Median 100.0 100.0 100.0 94.0 94.0 88.0 75.0 100.0 100.0 100.0 94.0 94.0 88.0 81.0
Standard deviation 6.5 8.0 9.2 10.3 12.9 15.5 222 6.7 53 6.8 9.4 10.2 13.8 20.0
Percentile 10.0 88.0 81.0 81.0 75.0 69.0 62.0 38.0 10.0 88.0 88.0 88.0 81.0 75.0 64.8 44.0
25.0 100.0 88.0 94.0 82.8 81.0 75.0 62.0 25.0 100.0 100.0 88.0 88.0 81.0 81.0 62.0
50.0 100.0 100.0 100.0 94.0 94.0 88.0 75.0 50.0 100.0 100.0 100.0 94.0 94.0 88.0 81.0
75.0 100.0 100.0 100.0 100.0 97.0 94.0 94.0 75.0 100.0 100.0 100.0 100.0 100.0 94.0 94.0
90.0 100.0 100.0 100.0 100.0 100.0 100.0 94.0 90.0 100.0 100.0 100.0 100.0 100.0 100.0 94.0

* p < 0.05; the average scores were significantly lower than those in young generations in their 20s to 40s in both genders
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Invalid

2

Invalid

70.5 65.7 64.2 67.5 64.3 58.9%

73.0

70.6 68.5 66.2 70.3 68.5 60.2°%

75.7

Average

69.0 64.0 65.0 67.5 63.0 57.0

73.5

70.0 69.5 65.5 72.0 72.0 61.0

77.0

Median

13.4 13.6 14.4 16.3 17.2
49.1 48.0 45.0

13.0

15.8

13.2 16.3 14.0 159 18.5
46.0 49.8

14.6

16.0

Standard deviation

389

38.4 10.0 54.0 55.0 49.0

46.7

514 53.0 52.0

10.0

Percentile

655 62.0 60.0 56.3 60.5 57.8 46.0 25.0 64.0 61.0 57.5 54.0 57.8 52.0 47.0

25.0

77.0 70.0 69.5 65.5 72.0 72.0 61.0 50.0 73.5 69.0 64.0 65.0 67.5 63.0 57.0
77.0

50.0

71.0

86.0 82.0 76.0 77.0 80.5 79.3 74.0 75.0 83.3 79.3 74.5 73.0 77.0

75.0

97.0 88.8 84.0 88.7 89.0 89.3 83.0 90.0 95.5 89.0 83.2 80.9 88.0 85.7 82.0

90.0

* p < 0.05; the average scores were significantly lower than those in young generations in their 20s to 60s in both genders

50s in both genders; the average score decreased to 80
points in those in their 60s and 70s and to 70 points in their
80s in both genders (Table 6). There were significant dif-
ferences in the average scores between the younger gen-
erations in their 20s to 40s and elderly generations in their
50s to 80s in both genders. The average quality of life score
of each generation was approximately 70 points in the
generations in their 20s to 60s in both genders and
decreased to the 60-70 points in their 70s in males and at
70s and 80s in females (Table 7). There were significant
differences in the average scores between the younger
generations and elderly generation in their 80s in both
genders. With regard to the age trend on the Jonckheere—
Terpstra test, scores tended to decrease in the five domains
as age increased in both genders.

The scores for each domain in the VAS for pain or
stiffness in the neck or shoulders, tightness in the chest,
pain or numbness in the arms or hands, and pain or
numbness from the chest to toe are shown in Tables 8, 9,
10, and 11. The volunteers recorded the VAS scores as a
mark on the bar scale as a value according to the
instructions in the attached document. However, if both a
mark on the bar scale and a numerical value on the sheet
were present, the former was used for the analysis. The
VAS scores for all domains increased with age; however,
the score for pain or stiffness in the neck or shoulders in
females tended to decrease with age (Table 8). The scores
of the generation in their 40s and 50s for females were
significantly higher than those of the elderly in their 70s
and 80s. Tightness in the chest was not a frequent com-
plaint in either gender (Table 9), and there were no sig-
nificant differences in the scores among different
generations in either gender. The VAS score for pain or
numbness in the arms or hands was more frequent in
males in those who were in their 60s and above and in
their 50s and above in females, and it was a common
complaint in the 80s in both genders (Table 10). There
were significant differences in the scores between the
younger generation and elderly in their 80s in both gen-
ders. Also, the score for pain or numbness from the chest
to toe was more frequent in those over 60 years in males
and over 50 years in females, with a particularly high
incidence in those in their 80s in both genders (Table 11).
In male volunteers, there were significant differences in
the scores between the younger generations in their 20s to
50s and elderly generations in their 60s to 80s, and in
females, there were significant differences in the scores
between the younger generations in their 20s to 60s and
elderly in their 70s and 80s. Regarding age trends among
the VAS scores, the scores tended to increase with age in
both genders across all domains, except neck stiffness in
women, which showed a tendency to decrease with an
increase in age.
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Table 8 Distribution of scores in VAS scales for pain or stiffness in the neck or shoulders

Pain or stiffness in the neck or shoulders Male 20-29 30-39 4049 50-39 60-69 70-79 80-89 Female 20-29 30-39 40-49 50-59 60-69 70-79 80-89
Number Valid 106 119 111 106 106 101 91 Valid 118 113 115 117 114 105 109
Invalid 9 3 6 7 12 8 13 Invalid 2 4 5 6 8 12 3
Average 17.2 23.4 28.5 27.2 20.1 21.5 29.2 28.1 33.0 36.1%  41.2%  31.0 222 24.6
Median 9.5 15.0 20.0 17.5 155 11.0 26.0 20.0 28.0 31.0 39.0 24.0 13.0 15.0
Standard deviation 21.6 253 27.8 27.0 22.0 26.4 28.3 28.0 27.8 25.1 30.6 26.2 249 275
Percentile 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 6.2 0.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 3.8 11.0 15.0 135 9.5 0.0 0.0
50.0 9.5 15.0 20.0 17.5 155 11.0 26.0 50.0 20.0 28.0 31.0 39.0 24.0 13.0 15.0
75.0 25.0 35.0 50.0 493 313 355 49.0 75.0 49.3 50.0 57.0 68.0 51.0 41.5 44.0
90.0 54.6 65.0 74.8 70.3 49.3 63.6 722 90.0 75.0 74.4 72.8 80.0 72.0 61.4 69.0
* p < 0.05; the average scores were significantly higher than those in the elderly in their 70s and 80s in females
Table 9 Distribution of scores in VAS scales for tightness in the chest
Tightness in the chest ~ Male 20-29  30-39 4049 50-59 60-69  70-79  80-89  Female 20-29  30-39 4049  50-39  60-69  T70-79  80-89
Number Valid 108 120 114 107 105 10t 94 Valid 120 115 119 117 111 106 110
Invalid 7 2 3 6 13 8 10 Invalid 0 2 1 6 11 11 2
Average 3.7 3.1 5.9 5.1 24 49 8.1 2.4 3.1 2.9 39 38 32 7.9
Median 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Standard deviation 8.6 10.7 14.8 10.2 72 12.6 17.1 9.4 10.0 9.8 12.5 11.9 11.0 16.8
Percentile 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
75.0 0.0 0.0 3.0 6.0 0.0 0.0 8.0 75.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0
90.0 18.0 7.9 19.0 21.0 8.0 19.8 36.0 90.0 8.0 10.0 10.0 11.6 12.6 53 28.5
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Table 10 Distribution of scores in VAS scales for pain or numbness in the arms or hands

Pain or numbness in the arms or hands Male 20-29 30-39 4049 50-59 60-69 70-79 80-89 Female 2029 30-39 4049 50-59 60-69 70-79 80-89
Number Valid 106 121 112 106 102 102 92 Valid 118 116 120 121 112 108 108
Invalid 9 1 5 7 16 7 12 Invalid 2 1 0 2 10 9 4
Average 35 4.3 6.6 6.8 9.9 12.7 20.4* 3.1 43 6.4 10.5 10.7 113 16.7*
Median 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Standard deviation 10.8 12.0 17.8 13.3 17.7 223 29.0 8.2 12.9 13.6 18.8 18.6 23.0 25.7
Percentile 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
75.0 0.0 0.0 5.0 9.0 10.8 17.8 30.0 75.0 0.0 0.0 4.8 11.5 15.0 9.3 29.0
90.0 11.0 17.4 19.4 26.0 39.0 46.0 68.8 90.0 12.1 12.6 26.6 444 38.5 53.1 50.1
* p < 0.05; the average scores were significantly larger than those in young generations in their 20s to 40s in both genders
Table 11 Distribution of scores in VAS scales for pain or numbness from chest to toe
Pain or numbness from chest to toe  Male 20-29 30-39 4049 50-59 60-69 70-79 80-89 Female 20-29 30-39 40-49 50-59 60-69 70-79 80-89
Number Valid 105 122 115 106 105 99 94 Valid 119 115 120 119 111 108 107
Invalid 10 0 2 7 13 10 10 Invalid 1 2 0 4 11 9 5
Average 2.3 33 6.1 55 11.0*  11.9%  24.4% 1.9 3.6 4.7 10.2 9.8 14.0%  19.1*
Median 0.0 0.0 0.0 0.0 0.0 0.0 14.5 0.0 0.0 0.0 0.0 0.0 0.0 1.0
Standard deviation 9.5 10.0 16.9 13.9 19.7 21.2 29.1 9.0 10.6 14.1 19.3 18.9 252 253
Percentile 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50.0 0.0 0.0 0.0 0.0 0.0 0.0 14.5 50.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
75.0 0.0 0.0 2.0 45 18.5 13.0 43.5 75.0 0.0 0.0 0.0 16.0 11.0 19.8 38.0
90.0 4.0 11.7 20.4 17.0 342 46.0 74.5 90.0 0.0 14.0 17.9 50.0 33.6 64.3 56.2

* p < 0.05; the average scores were significantly larger than those in young generations in their 20s to 50s in males and in their 20s to 60s in females
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Discussion

Spinal cord function related to cervical myelopathy was
assessed by the JOA (Japanese Orthopaedic Association)
score, which was established in 1975 [2] and revised in
1994 [3]. The original JOA score was used as a functional
assessment for cervical myelopathy worldwide, and the
high inter- and intraobserver reliability of the score was
demonstrated [7]. Although the JOA score attaches
importance to the physical function of the upper and lower
extremities and bladder dysfunction, the score does not
include cervical spine function, including neck pain, a stiff
neck, patient satisfaction, disability, or QOL.

The JOACMEQ was developed as a new self-adminis-
tered questionnaire to measure outcomes in patients with
cervical myelopathy [1] to solve problems of the original
JOA score. With this new score, specific outcome measures
of patient satisfaction, disability, handicaps, and general
health, which are necessary information to evaluate
patients with cervical myelopathy, are obtained. However,
the influence of age and gender on the score has not been
examined, and concern exists that the age-related decline
may influence the evaluation.

In the current study, 1,629 healthy volunteers were
recruited in 23 institutions to establish the standard values
of the JOACMEQ by age using data obtained from healthy
volunteers in their 20s to 80s.

In the elderly healthy volunteers, the JOACMEQ scores
decreased with age. As for upper and lower extremity
function, there was a relatively weak influence of age and
gender; however, there was a strong influence of aging on
bladder function. The bladder function scores were retained
only up to 40 years of age, then declined significantly after
50 years. Also in the QOL score, even in the younger vol-
unteers, the average score did not reach the full score of 100.

The authors believe that the standard scores for cervical
spine function, upper extremity function, and lower
extremity function should be regarded as 95 points for
relatively young patients under the age of 60, and for
bladder function, the lower limits of the score for healthy
subjects should be regarded as 80 points. The QOL scores
may not be altered with age or gender, and the standard
value should be regarded as over 70 points. There was a
significant decrease in the JOACMEQ score in those in
their 80s in the current study. These results indicate that
persons older than 80 years of age might have accompa-
nying age-related degeneration of the central and/or
peripheral nervous systems, impairment of motor func-
tions, and other general complications even if they look
healthy.

As for the VAS, an influence of age was also found in
the healthy volunteers. Most domains in the VAS were
influenced by age-related degenerative diseases of the

cervical spine. In the domain of pain or numbness in the
arms or hands, the scores in the elderly generation were
significantly higher than those in the younger generations.
These results may be induced by peripheral arterial dis-
eases or neuropathy that may exist in the elderly popula-
tion. The VAS in most domains tended to increase with
age; however, in females, the VAS for pain or stiffness in
the neck or shoulders decreased with age. These findings
suggest that pain or stiffness in the neck or shoulders may
not be affected by age-related degenerative conditions of
the cervical spine, but may be caused by muscular or
posture distress related to office work or household work in
relatively younger female generations.

The JOACMEQ was designed as a self-administered
questionnaire to evaluate spinal functions in myelopathy
patients and may be suitable for a relative evaluation in
each case and may not be suitable for direct comparison
with other patients. We can judge that a treatment is
“effective” for a patient if: (1) the patient answers all
questions necessary to calculate the score of a domain and
an increase of >20 points is obtained for that score, or (2)
the functional score after treatment is >90 points even if
the answers for the unanswered questions were supposed to
be the worst possible choice. The effectiveness of the
treatment can be evaluated based only on the two above-
mentioned conditions [8]. Although these criteria were
chosen based on the extensive analysis of a considerable
amount of data, which was obtained in a series of previous
studies, by the statistics expert, a revision may be necessary
for the elderly populations. According to our results, the
average functional scores of most domains in normal
healthy volunteers were <90 points in the elderly popula-
tion in the 70s and 80s. In the JOACMEQ, exceptional
attention to judgment about the treatment or relative
evaluation in the assessment for elderly individuals over
70 years old might be needed.

As for limitations of this study, the detailed medical
history and general health of the volunteers were not fully
assessed; therefore, potentially unhealthy subjects might
have been included in the study group, especially in the
elderly generations. Also, the mental status was not
investigated to exclude psychiatric diseases. These physical
and mental conditions may have affected the score.

In conclusion, the standard values for the five domains
of the JOACMEQ were established using healthy volun-
teers. Physicians should be aware that there are differences
in the scores among different generations. Patients with
cervical myelopathy should be evaluated with this new
self-administered questionnaire, JOACMEQ, taking the
standard value in each generation into account. This new
self-administered questionnaire can be used to evaluate the
outcomes in patients with cervical myelopathy more effi-
ciently and will be helpful to identify the most appropriate
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surgical and medical treatments, thereby improving medi-
cal skills.
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Abstract

The study aimed for epidemiology and pathogenesis of ossification of the posterior longitudinal
ligament of the cervical spine (OPLL) has been continued by The Investization Committee of
Japanese Ministry of Health, Labour and Welfare till now. As a resull, the number of patients and
frequency in Japan were clarified, and the epidemiology in foreign countries came to be reported,
too. The association of various factors to development of OPLL was reported, but o hereditary factor
is most important as the pathogenesis of OPLL. Genetic analysis with participation of all Japan
research institutes has started and it is expected to elucidate pathogenic gene of OPLL in the near
future. The author also introduced the study for the natural history of OPLL and risk factors for
development of myelopathy in patients with OPLL which was performed by The Investigation
Committee of Japanese Ministry of Health, Labour and Welfare.
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REPORT

Mutations in PCYTTA, Encoding a Key Regulator of
Phosphatidylcholine Metabolism, Cause
Spondylometaphyseal Dysplasia with Cone-Rod Dystrophy

Julie Hoover-Fong,1.2.16.* Nara Sobreira,316 Julie Jurgens,34 Peggy Modaff,> Carrie Blout,! Ann Moser,s
Ok-Hwa Kim,” Tae-Joon Cho,® Sung Yoon Cho,® Sang Jin Kim,!® Dong-Kyu Jin,!! Hiroshi Kitoh,!2
Woong-Yang Park,13.14 Hua Ling,’5 Kurt N. Hetrick,> Kimberly E Doheny,?5 David Valle,23

and Richard M. Pauli®

The spondylometaphyseal dysplasias (SMDs) are a group of
about a dozen rare disorders characterized by short stature,
irregular, flat vertebrae, and metaphyseal abnormalities.
Aside from spondylometaphyseal dysplasia Kozlowski
type (MIM 184252) caused by mutations in TRPV4 (MIM
605427) and spondyloenchondrodysplasia (MIM 607944)
resulting from mutations in ACPS (MIM 171640), the ge-
netic etiologies of SMDs are unknown." Two of these unex-
plained SMDs have ophthalmologic manifestations: SMD
with cone-rod dystrophy (SMD-CRD [MIM 608940]) and
axial SMD with retinal degeneration (MIM 602271).

Delineated clinically a decade ago, SMD-CRD is a pre-
sumed autosomal-recessive disorder with postnatal growth
deficiency leading to profound short stature; rhizomelia
with bowing of the lower extremities; platyspondyly
with anterior vertebral protrusions; progressive metaphy-
seal irregularity and cupping with shortened tubular
bones; and early-onset, progressive visual impairment
associated with a pigmentary maculopathy and electro-
retinographic evidence of cone-rod dysfunction.”” In
contrast to retinitis pigmentosa, the CRDs have early
involvement of cone photoreceptors.®

Here, we report loss-of-function mutations in PCYTIA
(MIM 123695) as the cause of SMD-CRD. PYCT1A encodes
CTP:phosphocholine cytidylyltransferase (CCTa),”® a key
enzyme in the CDP-choline or Kennedy pathway for de
novo phosphatidylcholine biosynthesis.

We used whole-exome and targeted sequencing of
members of six unrelated families with eight individuals
with SMD-CRD (Figure 1). Three families were submitted
to the Baylor-Hopkins Center for Mendelian Genomics

(BHCMG) through the online submission portal Phe-
noDB’ and, to confirm our observations in the first three
families, we recruited three additional families for targeted
candidate gene sequencing. Local approval for this study
was provided by the Johns Hopkins Institutional Review
Board, and all participants signed an informed consent.
The clinical features of these individuals are summarized
in Table 1 and briefly reviewed here. Six of the subjects
have been described in previous publications.?®

Subject 1 (BH2265_1; family 1; Figure ZA) was reported
when she was 20 years old.? Now age 29, she has done
well with continued linear growth to an adult height of
93.9 cm (-10.7 SD) and modest progression of limitation
of range of motion. Visual impairment has not progressed
since around age 10. Subject 2 (BH2283_1; family 2,
Figure 2E), originally described at age 11 years, is now 20
years old with a current adult height of 139 cm (—5.3
SD) and some progression of joint stiffening. His visual
function declined during his second decade and he now
requires low-vision aids. Subject 3 (BH2233_1; family 3)
is a previously unreported 61-year-old female who was first
seen at age 51. Although her skeletal phenotype is similar
to that of the others described here, she had a late-onset
retinal phenotype (Figure 2B). Radiographs from child-
hood were reported to show platyspondyly and metaphy-
seal changes; adult radiographs show hypoplasia of the
posterior vertebral bodies but no anterior vertebral protru-
sions. Adult height (measured at age 54) is 108.3 cm (—8.4
SD). Visual symptoms were not apparent until middle age.
An ERG at age 43 (performed because she had a brother
with visual impairment) was said to be normal. By age
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Family 1 Family 2 Family 3 Figure 1. Pedigrees of Families 1-6
! 2 ! 2 ! 2 Showing the Segregation of PCYTIA
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able for individuals lacking a genotype
! 2 1 2 designation.
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51, however, her ERG showed evidence of cone-rod
dysfunction and her current vision is limited (Table 1).
At age 54, her examination showed short stature, rhizo-
melic limb shortening, brachydactyly, stiffness of large
joints, and internal tibial torsion. Her family history
includes an affected brother, who died at age 45 and was
known to have short stature and a confirmed CRD. Her
parents may be distantly related. Subjects 4-6 were
reported by Walters et al.” as their cases 3-5 and have
not been formally assessed since that time but provided
updated information regarding visual function (Table 1,
Figures 2C and 2D). Subject 7 (family 5) was previously
described.” Subject 8 (family 6) is a 23-month-old previ-
ously unreported Korean male referred for evaluation of
growth failure and disproportionate shortening of the
limbs. He has an increased antero-posterior thoracic diam-
eter, thizomelic shortening of his extremities, bilateral
bowing of the legs, and mildly limited elbow extension,
knee extension, and hip abduction. No visual or hearing
impairment was noted at his first examination. Linear
growth was impaired (by North American standards): at
23 months he was 68.4 cm (—5.2 SD) and at 48 months,
71.2 cm (—7.4 SD). From age 2 years he had frequent pneu-
monias with episodes of desaturation and O, dependency
thought to be due to chest wall deformity. He had a
waddling gait because of coxa vara deformity. Radiographs
at 23 months showed short, bowed long bones with
flared, cupped, and spurred metaphyses, and the adjacent
epiphyses were large and rounded. In the hands and feet,
the metaphyses of the short tubular bones had mild
cupping, widening, and flaring and the diaphyses were
short. The vertebral bodies were ovoid, mildly flattened,
with anterior projections. These radiographic abnormal-
ities were more severe at age 45 months. Mild scoliosis
developed. Although no visual impairment was noted at
age 23 months, by age 45 months fundus examination
showed hypopigmented macular atrophy in both eyes
with markedly decreased photopic and moderately
decreased scotopic ERGs.

For our molecular studies, we iso-
lated genomic DNA from fresh whole
blood via the Gentra Puregene Kit
(QIAGEN Sciences). Subjects 1, 2,
and 3 were genotyped on Illumina’s
ExomeChipl.1 GWAS array. This
allows us to estimate inbreeding co-
efficient based on the observed and
expected homozygous genotypes at
genome-wide level among 199 samples from unrelated
white individuals (defined by PCA) after LD pruning
(PLINK). The inbreeding coefficient was 0.1535, —0.007,
and 0.035 for subjects 1, 2, and 3, respectively, suggesting
that subject 1 (BH2265_1) is the product of an unrecog-
nized consanguineous union. Although subject 3 is also
homozygous for p.Ala99Val mutation, B allele frequency
plot showed multiple loss-of-heterozygosity segments
across genome for subject 1 but not subject 3. This result
suggests that homozygosity for p.Ala99Val in subject 1 is
aresult of consanguinity whereas in subject 3 itis the result
of recurrent mutation (see below).

For WES, we captured the CCDS exonic regions and
flanking intronic regions totaling ~51 Mb by using the
Agilent SureSelect Human All Exon V4 51Mb Kit and
performed paired end 100 bp reads on subjects 1-3 with
the Mlumina HiSeq2000 platform. We aligned each read
to the reference genome (NCBI human genome assem-
bly build 37; Ensembl core database release 50_361'7)
with the Burrows-Wheeler Alignment (BWA) tool'' and
identified single-nucleotide variants (SNVs) and small
insertion-deletions (indels) with SAMtools.'* We also per-
formed local realignment and base call quality recalibra-
tion by using GATK.'*!* We identified potentially causal
variants by standard filtering criteria: SNV and indel mini-
mal depth of 8 X, root mean square mapping quality of 25,
strand bias p value below 107%, end distance bias below
107*, and filtering out SNVs within 3 bp of an indel and in-
dels within 10 bp of each other; followed by the use of the
Analysis Tool of PhenoDB’ to design the prioritization
strategy (N.S., unpublished data). We prioritized rare func-
tional variants (missense, nonsense, splice site variants,
and indels) that were homozygous or compound heterozy-
gous in each of the three subjects and excluded variants
with a MAF > 0.01 in dbSNP 126, 129, and 131 or in the
Exome Variant Server (release ESP6500SI-V2) or 1000
Genomes Project.”> We also excluded all variants found
in our in-house controls (CIDRVar 51Mb). We generated
a homozygous and a compound heterozygous variant list

€.385G>A/
e5711>C
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