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In 1964, de Grouchy described the clinical picture
associated with partial monosomy for No. 18
chromosome due to a deletion of part of the long
arms (de Grouchy et al., 1964a, b). Subsequent
case reports have confirmed a phenotypic similarity
in individuals with this deletion.
Edwards and associates (1960) described a new

autosomal trisomy, that of chromosome 18. Since
their report, there have been many similar cases de-
scribed. However, there have also been several
cases reported of partial trisomy for No. 18 chromo-
some due to translocation of part of this chromosome
on to another autosome.
We are reporting a family in which there is both a

monosomic and a trisomic condition for a portion of
the long arms of No. 18 chromosome transmitted
through three generations by balanced carriers.

Climncal Findings
Case III.1 (date of birth 30 April 1968). The pro-

band of this family (Fig. 1) is a male infant who was
admitted to Rhode Island Hospital at 2 months of
age for investigation of failure to thrive. He was the
product of a full-term pregnancy of a Gravida 1 Para 0
unmarried female who had taken two types of unknown
abortifacients during the 6th to 9th week of gestation.
Paternal identity was withheld. The infant was born by
spontaneous breech delivery, weighing 3570 g. with a
good Apgar rating at 5 minutes.
On examination he was found to be a pale, scrawny,

irritable infant with mild dehydration and poor sub-
cutaneous fat. His weight was 3884 g., height 58 cm.,
and head circumference 38-5 cm. His head was
scaphycephalic; he had a flattened nasal bridge with
small nose, epicanthic folds, brushfield spots, thin lips
with downtumed corners of the mouth, and a high
arched palate. The ears were low set, soft, small, and
flat, with minimal hypertrophy of the antitragus and
absence of the bifurcation of the antihelix. There was
mild retraction of the mid-face. His neck was short;

Received 20 April 1970.

the nipples were widely spaced. Examination of the
extremities revealed fusiform fingers, clinodactyly of the
fifth digit, a proximal take-off of the thumbs, forefoot
adduction of the left foot, mild bilateral pes cavus, and a
wide space between the first and second toes. He had a
protuberant soft abdomen and a low pitch hoarse cry.
He was mildly hypotonic. There was a grade I/VI soft
systolic murmur at the pulmonary area. He was unable
to follow an object with his eyes; he could not raise his
head off the bed in a prone position.
During his hospital stay he was noted to be a slow

feeder and frequently regurgitated small amounts of his
feeding. Stools were normal. Irregular respiratory
rhythm was noted with apnoea for up to 10 seconds dur-
ing sleep.

Initial laboratory studies revealed a normal intravenous
pyelogram, skull x-ray, upper gastrointestinal series, and
chest x-ray. Lumbar puncture, serum electrolytes,
stool culture, and electroencephalogram were normal.
Haemoglobin was 11-5 g./100 ml. Blood was drawn for
chromosomal analysis and he was discharged with the
diagnosis of acute gastroenteritis.
The child was readmitted to hospital at 4 months of

age with a 2-month history of failure to thrive associated
with diarrhoea and projectile vomiting. He had been on
Similac, farina, strained solid foods, Vi-Penta,* Ilosonet
50 mg. three times a day, ascorbic acid twice a day, and a
trial of Bentyl with phenobarbitalt without effect.

Examination revealed a hypotonic, emaciated
moderately dehydrated infant with generalized redundant
skin, hyporeflexia, and protruding tongue, in addition
to the features mentioned above. His developmental
age was I to i his chronological age.

Laboratory studies revealed the following: upper
gastrointestinal series showed flocculation of opaque
media, consistent with malabsorption; bone age normal;
blood urea nitrogen 14 mg./100 ml.; calcium 4-9 mEq/l.;
phosphorus 4-9 mEq/l.; electrolytes normal; fasting
blood sugar 77 mg./100 ml.; serum thyroxin 40 stg./
100 ml.; prothrombin 83%; carotene 3 ,ug./100 ml.;

* Vi-Penta Infant Drops (Roche Laboratories, Nutley, New
Jersey).
t Ilosone (Eli Lilly and Company, 740 S. Alabama St., Idianapolis,

Indiana).
t Bentyl (The Wm. S. Merrell Company, Cincinnati, Ohio).
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Rudd and LaMarche

FIG. 1. The proband, Case 111.1. (a

milk antibodies weakly positive, becoming negative by
1 year of age; urinalysis normal; 24-hour urine amino
acid chromatogram showed normal pattern; D-xylose
abnormal, consistent with malabsorption; vanillyl
mandelic acid 490 4g./24 hours; cerebral spinal fluid
normal; sodium by iontophoresis 37 mEq/l.; anti A 1:4;
anti B 1:8; typhoid H antibody titre rose from 0 to
1:320 in one month after immunization; jejunal biopsy
normal; stool for reducing substance negative; stool pH
6; stool culture grew pathogenic Esch. coli 0125 on one
occasion; 72-hour stool fat was 14-6 g./24 hours.
The child was placed on Portagen* and Viokaset

without beneficial effect. A trial of tetracycline and
neomycin was given with transient decrease in the
steatorrhea. At age 9 months he was started on the
Schwarz4 62H elemental diet which is a laboratory pre-
pared high protein diet. His weight immediately began
to increase and the steatorrhoea disappeared. He was
discharged to a foster home on the Schwarz diet at 13
months of age, weighing 7568 g.

Case 11.9 (date of birth 29 July 1949). This 19-
year-old girl is the mother of the proband of this pedi-
gree. Physical examination: height 170 cm., weight
61 kg., a single palmar crease on her right hand. The

* Portagen (Mead Johnson Laboratories, 2404 W. Pennsylvania
St. Evansville, Indiana).
t Viokase (VioBin Corporation, Montocello, Illinois).
t Schwarz diet supplied by Schwarz BioResearch Lab., Orange-

burg, New York).

j; jZgli-2~.0

Age 4 months; (b) age 13 months.

remainder of the examination was within normal limits,
with the exception of an alternating exotropia. She is of
dull normal to borderline retarded intelligence.

Case II.8 (date of birth 8 February 1946) (Fig. 2a).
This 22-year-old man is an uncle of the proband. He
was the product of a full-term pregnancy of a 36-year-
old mother and father, weighing 2663 g. The child
apparently crawled at age 3 years, walked at age 4 years,
and never talked. His past medical history included
operation for a pilonidal cyst, a right inguinal herniorr-
haphy, and a right orchiopexy. At age 8 years, he was
admitted permanently to the Ladd School, a residential
school for the mentally retarded.

Examination revealed a short slight male; height
156 cm.; weight 40-8 kg.; head circumference 54 cm.
He was normocephalic, with slight hypertelorism, low
hairline, high arched palate, and hypoplasia of the dental
enamel. His sternum was hypoplastic and deformed.
Examination of the extremities revealed bilateral simian
creases, long fingers, mild clinodactyly of the index and
fifth fingers, and pes cavus. He had a small right testicle
and non-palpable left testicle. All secondary sex
characteristics were present. He had a generalized
hypertonia giving his gait a 'robot' appearance. Though
no speech was present, he could comprehend and follow
simple commands.

Case 11.7 (date of birth 27 March 1944) (Fig. 2b).
This 24-year-old man is also an uncle of the proband.
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Gene Deletion and Duplication Effects on Phenotype and Gamma Globulin Levels

He was the product of a full-term pregnancy weighing
3203 g. He had very delayed motor milestones. At the
age of 10 years, he was admitted to the Ladd School for
long-term care. At the age of 11 years, he had develop-
mental age of 6 to 12 months on the Gesell and at the age
of 15 years his IQ was less than 30 on the WISC. His past

medical history reveals that he had a bilateral inguinal
hernia repair. Intravenous pyelogram showed mildly
dilated renal pelvis and calyces due to an aberrant
vessel, but this was not surgically corrected. He de-
veloped active pulmonary tuberculosis and is presently
on antituberculous therapy.

a'

IC,

FIG. 2. Phenotypic features of the cases partially trisomic for chromosome ?18q.
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Examination revealed a thin male; height 170 cm.,
weight 56 kg., head circumference 54 cm. He had
brachycephaly and prominent orbital ridges, a broad
based nose, with a prominent nasal bridge, and bilateral
double-creased ear lobes. He had a hypoplastic de-
formed sternum and kyphoscoliosis of thoraco-lumbar
spine. Examination of his extremities showed bilateral
simian creases, clinodactyly of index and fifth fingers, and
arachnodactyly (Fig. 2c). All secondary sex characteris-
tics were present.

Case I1.5 (date of birth 19 April 1940) (Fig. 2d).
This 28-year-old woman is the aunt of the proband.
She was the product of a full-term pregnancy born at
home. The developmental milestones were delayed.
At the age of 14 years she was admitted to Ladd School
for permanent care. At the chronological age of 19
years, her IQ was less than 30 on the WISC. Her past
medical history was negative.

Examination revealed a short, thin apprehensive
female; height 146 cm., weight 43-5 kg., head circum-
ference 52 cm. Positive findings include mongoloid
slant of eyes, left esotropia, high arched palate, hypo-
plastic deformed sternum, low hairline, short neck, very
protuberant soft abdomen, camptodactyly of the right
fourth and fifth fingers, arachnodactyly, and mildly in-
creased muscle tone with a slow 'robot' gait. She had
no speech but could comprehend and perform simple
commands. All secondary sex characteristics were pre-
sent.

Case I.1 (date of birth 8 August 1909). This patient
is a 60-year-old woman, the maternal grandmother
of the proband. She is of dull normal to borderline re-
tarded intellect. She is Gravida 9, Para 8. The initial

pregnancy resulted in a miscarriage. The last four case
histories were of her four living children; the other four
children are deceased and were not examined. How-
ever, it is reported that one son was deaf and had a cleft
palate; he died at age 18 years of pneumonia. One son
died at age 20 months with 'faulty assimilation of food'.
One daughter died at age 20 months with septicaemia.
One daughter died at age 1 month with spina bifida. All
deceased children were reported to be mentally retarded.

Results
Cytogenetics. Cytogenetic studies were per-

formed on all living members of this pedigree.
Standard techniques for blood and tissue culture
were used (Moorhead et al., 1960). The results
are depicted in the family pedigree (Fig. 3) and
summarized on Table I.
Two members (I. 1, II. 9) of the pedigree (Fig. 4)

showed a chromosome similar to the G group which
was interpreted as an ?18 with a deletion of
approximately one-half of the long arms; there
was a marker chromosome in the B group with long
long arms. By chromatid measurements, it matched
best with the chromosome having the largest arm

ratio but smallest overall length and was therefore
thought to be a No. 5. This was interpreted to
represent a balanced translocation with the karyo-
type of 46,XX,t( ?5q + ;18q-).
Three members (II. 5, II. 7, II. 8) revealed the

presence of the marker No. 5 chromosome with a

normal appearing E group, resulting in a partial tri-
somic state for the long arms of ?18 (Fig. 5).

I

II

1

III

lpartial trisomy /=proband
=.partial monosomy * -abortion

(3s -balanced translocation & Mdeceased

FIG. 3. Family pedigree.
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Gene Deletion and Duplication Effects on Phenotype and Gamma Globulin Levels 101

TABLE I
SUMMARY OF CHROMOSOMAL FINDINGS

Total
Case Tissue Cells 43 44 45 46 47 48 Karyotype /0

Counted

I. 1 Peripheral blood (PB) 30 - 2 4 24 - - 46,XX,t(Bq + ,18q-) 100
11.9 PB 30 - - 2 28 - - 46,XX,t(Bq +,18q-) 100

Skin 15 2 1 3 9 - - 46,XX,t(Bq +,18q-) 100
II.8 PB 30 - - - 30 - - 46,XY,Bq+mat 100
II.7 PB 30 - - 2 27 1 - 46,XY,Bq + mat 97
I1.5 PB 40 - - 4 36 - - 46,XX,Bq + mat 100
I11.1 PB 30 - 1 - 29 - - 46,XY, ?18q-mat 100

Skin 35 1 1 4 29 - - 46,XY,?18q-mat 100

FIG. 4. Karyotype of balanced translocation carrier, showing deletion of half the long arms of a ?18 chromosome and a markerchromosome in:the B group with long long arms.
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Rudd and LaMarche

FIG. 5. Karyotype of partial trisomic state, showing a marker B group chromosome.

One member, the proband (III. 1), had the deleted
?18 with normal appearing No. 5 homologues, resul-
ting in a partial monosomic state for the long arms
of ?18 (Fig. 6).

Dermatoglyphics. Examination of dermato-
glyphs revealed bilateral single palmar creases to be
present in 2 out of 3 cases of partial trisomy, and a
unilateral single palmar crease was present in 1 out of
2 cases of balanced translocation. Bilateral simian
creases are rare in normal individuals. They are
seen in Down's syndrome (Beckman, Gustavson,
and Norring, 1965), D trisomy (Uchida, Patau, and
Smith, 1962), E trisomy (Gibson, Uchida, and
Lewis, 1963), and a diversity of congenital defects.
Two (II. 5, II. 7) of our three cases of partial

trisomy had a distally placed axial triradius. Distal
axial triradii are seen in Down's syndrome (Beckman
et al., 1965), D and E trisomy (Uchida et al.,
1962), Turner's syndrome (Holtand Lindsten, 1964),
and congenital heart disease (Sinchez Cascos, 1964).

Our 3 cases of partial trisomy (II. 5, II. 7, II. 8)
had 6 or more simple digital arches. The balanced
translocation carriershad 7 or more ulnar loops. The
case of partial monosomy (III.I) had 3 whorls',and
7 ulnar loops. High frequency of 7 or more of one
pattern is rare in normal individuals (Miller and
Giroux, 1966). A high frequency of whorls has
been reported in Smith-Lemli-Opitz syndrome
(Smith, Lemli, and Opitz, 1964) and Eq - syndrome
(de Grouchy, 1965). Seven or more arches are
common in E trisomy (Gibson et al., 1963). The
case of partial monosomy has a proximal hallucal arch
which occurs in I1% of the population (Walker,
1958). Ridge counts were not performed. The
above results are summarized on Table II.

Immunoglobulins. Levels of serum immuno-
globulins were determined by the Hyland Plate
Method.* This is a single diffusion micro-tech-
nique in agar (Lou and Shanbrom. 1967). Hyland's

* Hyland Laboratories, Los Angeles, California.
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FIG. 6. Karyotype of partial monosomic state, showing partial deletion of the long arms of a ?18 chromosome.

TABLE II
SUMMARY OF DERMATOGLYPHIC PATTERNS

Single Palmar Triradial
Case Crease Position Digital Pattern

Right Left Right Left

I.1 0 0 < 20°, < 200O 1 radial loop (index)
7 ulnar loops
2 whorls

11.9 + 0 < 200o < 20o 1 whorl
9 ulnar loops

II.8 + + < 200°' < 20% 10 simple arches
II.7 + + 550o 32% 1 ulnar loop

9 simple arches
II.5 0 ° 42%0 48°o 3 ulnar loops

1 whorl
6 simple arches

III.1 0 0 < 200o < 20% 3 whorls
7 ulnar loops

immunodiffusion plates consisting of specific anti-
body-containing agar gel with 6 wells per plate were
used in the quantitation of IgG, IgA, and IgM.
When antigen is placed in the well, it diffuses into
the antibody-containing agar gel and forms a
precipitin ring, the diameter of which is directly
related to the initial concentration of the antigen.
The procedure involves filling the wells with undi-
luted serum. This method may not be as accurate
as serial dilution techniques. The IgG is incubated
for 4 hours at 370 C. The IgA and IgM remain at
room temperature for 16 hours. The results are
compared to reference standards supplied by Hyland
Laboratories from which a daily standard curve is
constructed. The diameter of precipitin ring is
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compared to the above standard curve, giving a
direct estimate of concentration of antigen.
The normal values were obtained from Collins-

Williams et al. (1967) because no normal values for
the pediatric age-group are available from our
laboratory. The results are summarized on Table
III.

TABLE III
MEAN VALUES OF IMMUNOGLOBULINS

DETERMINED BY HYLAND PLATE 'IMMUNOPLATE'
METHOD (mg./100 ml.)

Case Source No. of Samples Age (yr.) IgG IgA IgM
I. 1 Serum 1 60 2000 290 290II.8 Serum 1 22 1030 370 110
11.7 Serum 1 24 1125 450 109
II.5 Serum 1 28 1030 433 110
III.1 Serum 6 4/12 289 171 57

3 7/12 320 139 76
3 9/12 743 46 31
1 1 1150 36 61
2 18/12 985 85 85

Stool 3 4/12 9 235 47
2 7/12 0 120 153
2 1 15 0 105

Saliva 2 4/12 9 11 35
Tears 1 18/12 0

The proband showed persistently high levels of
IgA in infancy which fell to the normal range by 9
months of age. IgG was low normal initially, but
by 9 months was above the normal range. IgA
level on tears in the proband at 18 months of age was
zero. Immunoglobulin determinations of the tri-
somic state shows a high level of IgA. In the
balanced state, the level falls in the high normal
range.

Discussion
The proband, who is monosomic for approxi-

mately one-half of the long arms of chromosome 18,
has many features in common with similar cases
reported previously (Day et al., 1967; de Grouchy
et al., 1964a, b; de Grouchy, 1965; Destine et al.,
1967; Feingold and Schwartz, 1968; Feingold et al.,
1969; Insley, 1967; Kushnick and Matsushita,
1968; Lafourcade and Lejeune, 1967, 1968; Law
and Masterson, 1966; Lindsjo and Hall, 1967;
Lejeune et al., 1966b; Reinwein, Gorman, and
Wolf, 1967; Rudd, May, and LaMarche, 1969;
Schmid and Vischer, 1967; Stewart et al., 1968;
Valdmanis et al., 1967; Wolf et al., 1967; Wertelecki,
Schindler, and Gerald, 1966). Table IV summa-
rizes the frequency of the principal clinical features
of the 18q - syndrome as reported in the literature.
The proband in our family exhibits mental re-

tardation, failure to thrive, microcephaly, midface
retraction, carp mouth, fusiform fingers, stenotic

ear canals, asymptomatic congenital heart disease,
and minimal hypertrophy of antitragus. He also
exhibits epicanthic folds and hypotonia which have
been described in some cases with 18q -. He does
not exhibit cryptorchism, impaired hearing, or
malformed toes.

TABLE IV
PRINCIPAL CLINICAL SYMPTOMS OF

?18q - SYNDROME

Mental retardation 26/27
Failure to thrive 21/24
Moderate microcephaly 20/23
Midface retraction 18/21
Hypertrophic antitragus and/or antihelix 23/25
Carp mouth 13/16
Fusiform fingers 15/15
Optic atrophy/ocular abnormalities 16/26
Excess whorls (/O) 17/20
Dimpled acromian 9/12
Hearing loss 2/4
Stenotic ear canals 4,/4
Congenital heart disease 5/6
Micrognathia 2/3

There is little doubt that the deletion of part of the
genetic material on the long arms of chromosome 18
results in a phenotype which can be frequently
diagnosed clinically. However, no single feature
of the syndrome, except the mental retardation and
fusiform fingers is present in all cases. The
amount of deleted material probably varies from one
case to the other to account for these clinical
differences.
There has been some speculation lately that the

immunoglobulin IgA may be associated with the
long arm of 18 chromosome. Finley et al. (1968)
reported absence of IgA in serum and saliva associ-
ated with a ring 18 chromosome. Subsequently,
Richards and Hobbs (1968) reported a case of ring
18 chromosome associated with normal serum IgA
and low normal salivary IgA. They postulated a
smaller deletion of 18q - than in the patient pre-
viously described. Stewart et al. (1968) described
the first case of 18q - associated with absent serum
and salivary IgA, and a case of ring 18 mosaicism
with normal IgA. Feingold and Schwartz (1968)
reported normal levels of immunoglobulins in
several other types of chromosomal deletion syn-
dromes. Later, Feingold et al. (1969) published
absence of IgA in two further cases: 18q - and ring
18 chromosome. Hecht (1969) reported a case of
low IgA serum levels in trisomy 18. We issued a
preliminary report (Rudd et al., 1969) of the pro-
band in this family who showed persistently
raised levels of serum IgA in infancy. Serum IgA
levels show a great variation in the first year of life
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and these high levels may not represent a true in-
crease. In addition, the presence of an unidenti-
fied malabsorption syndrome in this infant during
this period complicates the picture. However, the
inconsistency in IgA levels seen in reported cases of
the deleted state as well as the trisomic state for
chromosome 18 would be contrary to the gene-
dosage hypothesis previously suggested. Chromo-
some 18 may well be associated with the IgA
immunoglobulins; however, it does not appear to be
consistently affected by the excess or absence of a
portion of the long arm of No. 18.

Since Edwards' first report (Edwards et al.,
1960), several cases of partial 18 trisomy have been
reported due to translocation of part of that chro-
mosome to another autosome: in some cases to a B
group (Alberty et al., 1968; France and Butler,
1969; Freiman and Wilton, 1967; Gagnon et al.,
1963; Valdmanis et al., 1967); in some cases to a
D group (Brodie and Dallaire, 1962; Hecht et al.,
1963); and in one case to an E group (Rohde, Lee,
and Sapin, 1963). All these cases demonstrated
many of the clinical features of trisomy 18 syndrome.
In our family the three cases of partial trisomy 18
due to translocation also demonstrate a few of the
clinical features of trisomy 18. A comparative
summary appears on Table V. Clinical features

TABLE V
COMPARATIVE SUMMARY OF CLINICAL
FINDINGS IN PARTIAL TRISOMY 18
SYNDROME WITH FULL TRISOMY 18

SYNDROME

Trisomy 18 Partial Trisomy 18

Features in Common
Failure to thrive +
Mental deficiency +
Narrow high palatal arch +
Short sternum +
Cryptorchism +
6 or more simple digital arches +

Features Notably Absent
Prominent occiput -

Micrognathia
Congenital heart disease
Low set malformed ears
Prominent calcaneous
Sublethality

appearing in our cases of partial trisomy 18 which are
in common with the complete trisomy 18 are: failure
to thrive; mental deficiency; narrow, high palatal
arch; short sternum; cryptorchism; and 6 or more

simple digital arches. Several features frequently
found in trisomy 18 are notably absent in our cases,

namely prominent occiput, micrognathia, con-

genital heart disease, low set malformed ears, and
prominent calcaneous as well as sublethality. Some

features are present but modified: the flexion de-
formity of the index and fifth digit commonly seen
in the full trisomy appears as mild clinodactyly of
the same fingers in the two males; hypertonicity is
present but mild; simian creases are present in
both males but absent in the female.
The differences in phenotype in the two groups

may be on the basis of partial trisomy as opposed to
complete trisomy. Generally, in comparing com-
plete autosomal trisomies to partial trisomies, there
appears to be a direct and positive correlation be-
tween the degree of trisomy and the severity of
phenotypic expression.
The consequences of translocations are profound.

They lead not only to a change in gene linkage in the
translocated sections but also to easily incurred
meiotic abnormalities. Therefore, in addition to
the four gamete possibilities in a balanced translo-
cation carrier illustrated by the living members of
this family pedigree, there are innumerable addi-
tional possibilities which could be incurred by
meiotic errors. The latter mechanism may account
for the lethal state in the initial pregnancy, the child
with spina bifida, or the child with failure to thrive
who died of thigh abcesses. The boy with deafness
and cleft palate, and the child with 'faulty assimila-
tion of food' may also have been partially monosomic
for ?18 long arm; however, this can only be specu-
lative.

Summary
A family of three generations is presented with a

translocation abnormality of about one-half of the
long arm of a submedian E group chromosome
(?18q) to the long arm of a B group chromosome.
The clinical features of the 18q - were compared
with those previously reported. The three cases of
partial trisomy were compared with the clinical
picture of complete trisomy 18. IgA immuno-
globulin variability associated with 18 chromosome
was discussed.

The authors wish to thank Dr. Peter Mathieu and Dr.
Nedo Nora for permission to study their patients. The
technological assistance of Mr. Daniel Dunwoodie and
Miss Kathy Hunter is also gratefully acknowledged.
This study was supported in part by a grant from the
National Foundation.
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