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ABSTRACT
Genetic disorders, or syndromes, in this case an autosomal deletion, are often manifested by
peculiar phenotypic expressions or characteristics. In this paper, a review of a case in which
specific nutritional intervention has produced promising early results raises the possibility that
detailed analysis of metabolic functioning may provide an avenue to possibly circumventing, or
at least minimizing, some of the manifestations expressed in genetic disorders.

is a Caucasian male child, Medical records indicate J.V. was born at
J v born on March 26, 1995. He 8 Ibs 2 oz and had a length of 21 inches,
® ® was first presented at my of- both within normal limits. His Apgar scores
fice in early August of the same year. He -ap-
peared to be like a newborn. At just 10 Ibs, 8
0z, he had gained only 2.5 pounds in the five
months of life prior to his first visit. Due to his
young age and because both parents were pa-
tients of mine, my unofficial opinion was re-
quested. Detailed initial history and examina-
tion were not performed, but results of prior
medical evaluation were reviewed and an infor-
mal discussion of the pertinent points of the
Case occurred. He had been under medical care
and supervision since birth and the doctors had
failed to find any significant pathological ab-
normality. Being born eighth of eight children
to a 46 year old mother, specific concerns
needed to be addressed and were. Failure to
thrive was ruled out. Neglect had been investi-
gated but proved unwarranted. The parents were
very loving and caring individuals and did what
they could for the child. Concerns of malnutri-
tion or of inadequate mother’s milk seemed the
most plausible explanation to his physicians and
suggestions of supplementing his diet with for-
mula had been made.
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were 9 and 10 respectively. The
pregnancy was complicated only by
a severe viral illness which his
mother suffered approximately one
month before term and by there
being a calcified placenta of no ap-
parent clinical significance at birth.
His newborn health screening at five
weeks of age was considered nor-
mal. From this point on, J.V. progres-
sively fell behind the normal growth
curve according to the National Cen-
ter for Health Statistics (NCHS) Physi-
cal Growth Percentiles. Medically
classified as having a mild develop-
mental delay, J.V.’s appearance
raised some questions as to whether
an underlying pathology existed.
Medical examination revealed
dysmorphic features, or facial asym-
metry, with a wandering or lazy eye.
His interpupilary distance was large
at 5.5 cm. He had slightly asymmet-
ric ears, round facies and a short
stature. His nose was considered
wide and had prominent alae nasae.
Obvious hypotonia was marked.
Muscular dystrophy was an early
consideration, as was Down’s syn-
drome, but without immediate fam-
ily history or diagnostic confirma-
tions, these diagnoses were later dis-
carded. A myopathic disorder was
finally given as a generic diagnosis
since his muscular development was
obviously arrested.

At the time of his first visit to my
office, J.V. had not developed any
locomotion skills of his own nor did
he possess the strength to hold him-
self erect or upright. Previous and
subsequent medical history in-
cluded: regular pediatric develop-
ment evaluation, including height,
weight and head circumference
measurements; regular physical ex-
aminations and review of organ sys-
tems; a cranial CT scan. Lactate and
plasma organic acid analyses were
also performed to rule out any meta-
bolic disorder and found to be un-
remarkable. Ophthalmological ex-
amination revealed bilaterally small
optic nerves, but no tests or exami-
nations revealed any pattern of di-
agnostic significance. e was re-
ferred to the division of medical
genetics at the University of lowa
Hospitals and Clinics. No specific
syndrome was initially recognized;
however, a diagnosis was made af-
“ter chromosomal analysis of a pe-
ripheral blood sample. J.V. was suf-
fering from a relatively rare genetic
syndrome called 18p deletion (18p-)
syndrome.

Diagnosis was made following
stimulation of J.V.’s blood lympho-

cytes with phytohemagglutinin

which were then synchronized to
obtain elongated chromosomes af-
ter first being cultured for 72-96
hours. Arresting further cell division
by the use of colcemid, the chro-
mosomes were then stained utiliz-
ing the G-Banding method. Micro-
scopic analysis and karyotyping
were then performed. A deletion in
the short arm of chromosome 18
was observed. :

Deletion of the short arm of chro-
mosome 18, or 18p- syndrome, was
first observed by de Grouchy, et al,
in 1963 (1). According to The Chro-
mosome 18 Registry & Research
Society in San Antonio Texas, 102
families have reported cases to date
(2). Abnormalities of chromosome
18 include a wide range of disor-
ders. 18g- (deletion of the long arm
of chromosome 18), 18p- (deletion
of the short arm) and ring 18 syn-
dromes (part of the chromosome
has formed a ring) have a combined
frequency of approximately 1 in ev-
ery 46,000 births making them
some of the more common autoso-
mal deletion disorders (3). Most of
the deletions occur during sper-
matogenesis/oogenesis, or possibly
during early embryonic develop-
ment. Parents are often requested
to be studied to determine if either
is a balanced translo-
cation carrier; how-

mental abnormality of the brain, has
been observed in 67% of cases and
mental deficiency or retardation has
been recorded in approximately
08% of cases (3). 1Qs are said to
range between 25 and 75 (4) with
the average being 59 (3). Approxi-
mately 50% of cases have an IgA de-
ficiency (often asymptomatic) and
many are seen with small jaws and
experience a high frequency of den-
tal caries (3). Additional common
phenotype characteristics seen in-
clude microcephaly, a short neck,
a web neck, digit abnormalities, stra-
bismus and ptosis (3,4). Eight per-
cent develop hypothyroidism and
rheumatoid arthritis (RA), or RA-like
symptoms (3). Language ability is
often delayed with many afflicted
individuals not speaking simple sen-
tences before the age of seven or
eight (4). Behavioral problems are
common, often manifested by a dif-
ficulty in or lack of concentration, a
fear of strangers, restlessness and/
or emotional volatility (4). An inabil-
ity to form relationships has also
been reported (3).

In September of 1995, after my
initial consult with J.V.’s parents and
prior to his final diagnosis, 1 felt
adequate medical diagnostic proce-
dures had been performed to date.
No obvious condition had yet been
found to explain J.V.’s poor linear

ever, both refused
evaluation in this case.
There has been a
gareater than 60% fe-
male predominance
observed in 18p-, with
mean parental ages of
31.3 years for the
mother and 35.7 years
for the father (4).
Broad variability in the
phenotype has been
observed.

The most common,
or consistent, feature
abnormalities include:
a mild to moderate
growth deficiency or
developmental delay
(approximately 80% of
cases); hypotonia (ap-
proximately 23% of
cases); some abnor-
mality in size, shape or
location of the ear oc-
curs in about 70% of
cases (3). Holopro-
sencephaly, a develop-
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growth and developmental delay.
Metabolic function testing was dis-
cussed. I believed J.V. must have
been suffering from some meta-
bolic dysfunction which had se-
verely limited his ability to grow both
physically and neurologically. I sus-
pected either a form of malabsorp-
tion or toxic exposure as the most

immediately plausible causes. Due
to the location of his home, the pos-
sibility existed for J.V. to have re-
ceived xenobijotic exposure (the
family operates a business where
diesel fuel is constantly present). I
believed challenge testing to be in-
appropriate, due to his small body
weight, so our laboratory options

AMINO AcID ANALYSIS—INITIAL

ESSENTIAL AMINO ACIDS

were limited to a simple venipunc-
ture, stool or urine collection. Sey-
eral years earlier, I had heard men-
tion of a study in which short stat-
ure for age children were found to
have elevated serum lipid
peroxidation (unfortunately, an in-
tensive search for this publication
was unsuccessful). I opted for an
amino acid analysis and oxidative
stress panel.

Initial results revealed lipid per-
oxides at 6.3 nmol/ml (ref. range: O
- 3.4) and marked deficiencies in all

Arginine 42 nmol/1 L 60-160 of the essential amino acids (see
Histidine 44 L 60-140 Table 1). Low levels of essential
Isoleucine 41 L 50-160 amino acids in blood plasma can
Leucine 78 L 95-230 reflect poor digestion and assimila-
Lysine 81 L 150-340 tion of proteins when diet is ad-
Methionine 14 L 20-50 equate (5). Specific deficiencies,
Phenylalanine 37 L 55140 such as phenylalanine, tryptophan
Threonine 41 L 100-250 and tyrosine, can also reflect inad-
Tryptophan 8 L 20-60 equatg stomach HCL,.' or pepsin pro-
Valine 117 L 150-420 teolysis (5). Low lysine levels can
inhibit transamination as it functions
as the P5P (pyridoxal-5-phosphate)
ESSENTIAL AMINO AcCID DERIVATIVES attachment site in transaminase
Gamma-aminobutyric Acid 1 <5 enzymes (5). Lysine is needed in the
Glycine 92 L 180-450 formation of collagen, as well as in
Serine 86 L 100-210 the synthesis of muscle protein and
Taurine 52 50-250 L-carnitine. Calcium utilization is
Tyrosine 37 L 50-120 greatly reduced when L-lysine is
: deficient (6). Lysine and arginine are
potent promoters of mineral absorp-
AMMO”’A/E.'A.'ER?Y METABOLISM tion and have been shown to eg-
a-Aminoadipic Acid 4 0 <or=1 hance the incorporation of calcium
Aspara.gme. 25 L 50-150 into bone matrix by nearly twofold,
Aspartic Acid 4 L 530 while lysine supplementation has
Citruline 16 10-40 been found to markedly reduce the
Glutamic Acid 24 L 30-150 incidence of dental caries in test
Glutamine 530 450-1050 animals (6).
Ornithine 59 50-120 The branched chain amino acids
(isoleucine, leucine and valine) are -
Sulfur metabolism used specifically for protein synthe-
Cystine 17 15-90 sis and comprise up to 35% of
Cystathione 4 <or=5 muscle proteins, as well as play a
Homocystine <1 <or=1 role in neurotransmitter metabolism
via competition for uptake mecha-
nisms in the brain (7). Chronic de-
ADDITIONAL METABOLITES ficiency of isoleucine may be mani-
a-Amino-N-Butyric Acid 4 L 50-70 fested as a loss of muscle mass or
Alanine 162 L 290-550 - as the inability to build muscle mass
Anserine <1 <or=1 (5). Leucine plays a significant role
B-Alanine 19 H <or=1 in the prevention of muscle break-
B-Aminoisobutyric Acid <1 <or=1 down and has been shown to stimu-
Carnosine <1 <or=1 late new muscle growth (5) and ac-
Ethanolamine 4 <or=10 celerate muscle repair (8).
Hydroxylysine <1 <or=10 Glutamic acid, an excitatory neu-
Hydroxyproline 13 <or=75 rotransmitter, was found to be defi-
1-Methylhistidine <1 <or=20 cient as was p-henyla.lanine,' a pre-
3-Methylhistidine 4 <or=5 cursor_to tyrqsme, epinephrine a.nd
Posphocinanolamine 36 <or-7s v nophine Low pheryllanine
PhO.SP hoserine 15 H sor=12 memory difficulties, fatigue, auto-
F rolme. 106 L 150-400 nomic dysfunctions, -as well as de-
Sarcosine <1 <or=1 pression and hypothyroidism (9).
Low histidine levels have been
TABLE 1
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clinically associated with rheuma-
.toid arthritis (10).

Methionine is also involved in
neurotransmitter synthesis, specifi-
cally acetylcholine. Methionine is im-
portant in the detoxification of
xenobiotics and free radical scav-
enging (11). A deficiency in methion-
ine has been associated with
chronic fatigue syndrome (11). A
product of methionine, cysteine, is
a component of glutathione, itself
an essential component in detoxifi-
cation and reducing lipid peroxi-
dation. Adequate metabolism of the
sulfur-amino acids is essential for
the development of all the connec-
tive tissue proteins and for antibody
production (12). Taurine, another
product of methionine, plays an
important nutritional role in the de-
velopment of the nervous system
(13), as well as in protecting cell
membranes via attenuating toxic
substances (14). Deficiencies in tau-
rine have been clinically associated
with neurological dysfunctions (15).

The laboratory results provided
a rationale, or possible explanation
of the mechanism by which some
of the phenotypic characteristics of-
ten associated with this syndrome
can manifest. As obvious deficien-
cies existed, supplementation was
implemented. Neuromyopathy in
children has been associated with
vitamin E deficiency (16); thus, vi-
tamin E supplementation was begun
in November at a dose of 400 i.u.
per day. A 1992 study reported use
of vitamin E as being protective in
cases of elevated peroxides and
having the ability to reduce the
symptoms of toxicity from
xenobiotic exposure (17,18). A spe-
cific amino acid blend was acquired
and started in December. Almost
immediately, J.V. started to gain
weight and develop physically and
mentally. His parents reported sig-
nificant improvements in his neuro-
logic development. He quickly
gained the ability to focus his atten-
tion. He became more responsive
and less aloof to sounds, light and
voice commands. His ability to re-
solve simple problems and to un-
derstand how things operate im-
proved. Physically, muscle develop-
ment initiated. Growth, in just a few
months, accelerated beyond what
had previously been seen in a pe-
riod almost twice as long (see Fig-
ures 1 and 2). Growth rates in young
children are normally quite variable.
In J.V.’s case however, consistent
gains in height, weight and develop-
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FIGURE 1

ment were observed only when
supplementation was being utilized.

Median growth in weight for the
periods when J.V. was off supple-
mentation was just 5.66 oz per
month. (During months one to eight,
his weight gain was 3 1bs., 14 oz.
For months 18-21, a gain of .44 Ibs.
was observed, totaling a 4 Ibs., 5
oz gain during the 12 months with-
out supplementation or 5.66 oz/
month). Weight gain during the pe-
riod with supplementation was 6
Ibs., 11 oz in six months or 17.83
oz per month. Growth in J.V.’s
length during the period from
months one to five (without supple-
mentation) totaled 1.25 inches. For

months 18-21 (without supplemen-
tation), a total of .25 inches was
observed. Total growth in length
during the period (when measure-
ment is known) without supplemen-
tation was 1.5 inches, or an aver-
age monthly growth of .167 inches.
Growth in length during the period
from months nine to 14 (using
supplements) and again for month
22 (resumed supplements) totaled
2.25 inches or a monthly average
of .321 inches. Despite these im-
pressive data, J.V.’s parents in-
formed me the medical geneticist
who had diagnosed their son saw
no advantage to using supplemen-
tation in a case of genetic deletion
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AMINO AciID ANALYSIS—SECOND

ESSENTIAL AMINO AcIbps

Arginine 59 nmol/l 35-160
Histidine 81 70-140
Isoleucine 32 L 50-160
Leucine 71 L 90-200
Lysine 105 L 150-300
Methionine 18 L 20-50
Phenylalanine 36 L 55-140
Threonine 87 L 100-250
Tryptophan 50 20-60
Valine 137 L 150-420
ESSENTIAL AMINO AcID DERIVA TIVES
Gamma-aminobutyric Acid 1 <5
Glycine 233 200-450
Serine 137 100-210
Taurine 105 50-250
Tyrosine 50 50-120
AMMONIA/ENERGY METABOLISM
a-Aminoadipic Acid 3 <or=4
Asparagine 57 45-130
Aspartic Acid 8 7-30
Citruline 21 15-70
Glutamic Acid 80 45-150
Glutamine 553 550-1050
Ornithine 51 50-200
SULFUR METABOLISM
Cystine 25 10-90
Cystathione 3 <or=5
Homocystine <1 <or=1
ADDITIONAL METABOLITES
a-Amino-N-Butyric Acid 10 10-40
Alanine 190 L 300-600
Anserine <1 <or=1
B-Alanine <1 <or=5
B-Aminoisobutyric Acid <1 <or=2
Carnosine <1 <or=1
Ethanolamine 5 <or=10
Hydroxylysine <1 <or=1]
Hydroxyproline 27 <or=45
1-Methylhistidine <1 <or=20
3-Methylhistidine 5 <or=5
Phosphoethanolamine 51 <or=75
Phosphoserine 12 H <or=10
Proline 116 L 130-400
Sarcosine 20 H <or=3
TABLE 2

and advised them “they were wast-
ing their money”. When the supple-
ments were discontinued (months
18-21), J.V.’s growth both in weight
and length arrested. (Note: Just
prior to this writing, J.V. was again
placed on supplementation. He has
gained 12 oz and 3/4 inches in the
first month since resuming the

amino acids and vitamin E supple-
ments (month 22). He dained just 2
oz in the previous three months,
after having stopped amino acids &
vitamins in September 1996. See
sidebar letter from his parents for
their observations of his status.)

Additional laboratory analysis
was performed in January 1997,
Tests included a repeat amino acid
analysis and serum lipid peroxide,
an organic acid (urine) analysis, an-
tioxidant profile and erythrocyte
fatty acid analysis. Despite the fact
that J.V. had been off supplements
for three months prior to his labo-
ratory testing, considerably fewer
amino acids were abnormally Jow
(see Table 2). His lipid peroxide level
remained elevated at 6.2nmol/ml
and his glutathione level was found
to be low at 29 mgy/dl. Serum vita-
min A and vitamin E levels were both
low. His fatty acid profile revealed
deficiencies in his gamma linolenic
acid levels and eicosapentaenoic,
docosapentaenoic and docosa-
hexaenoic acid levels. A broader nu-
trient program is currently being
implemented for J.V. and it is hoped
that his growth and development will
continue. It is unlikely that supple-
mentation will correct this disorder;
however, based on these results, it
appears to possibly help limit the
degree of genetic expression which
may result as a consequence of the
disorder.

While it is unknown why J.V. has
improved from utilizing supple-
ments, this case has demonstrated
a clinical rationale for their use. Con-
tinued monitoring of this case over
the next several years should pro-
vide more detailed information as
to the efficacy of specific nutrient
supplementation in cases of this
type. For the moment, however, it
appears that as there are no allo-
pathic medical options for the reso-
lution of this syndrome and as sta-
tistically, physical and mental devel-
opment is deficient in almost ali re-
ported cases, the use of specific
nutrient supplementation should be
considered. Further scientific evalu-
ation as to the nature of the meta-
bolic abnormalities and deficiencies
resulting from the autosomal dele-
tion would be both enlightening and
clinically significant as specific nu-
trient supplementation may reduce
or render less significant the normal
characteristics, or denetic expres-
sion, both physically and neurologi-
cally of children suffering certain
dgenetic abnormalities.
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