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Summary A 4-month-old Japanese girl with partial monosomy 21 was
described. The patient has craniofacial anomalies, a short neck, wide-set
nipples, anal atresia, deformed feet, hypertonia, intrauterine growth retar-
dation, and mental deficiency. RFA- and high-resolution GTG-banding
chromosome analyses, and Southern- and slot-blot analyses interpreted
her karyotype as 45,XX, —2, —21,+der(2)t(2;21)(q37.3;922.1). The origin
of this de novo translocation ascertained by analyses with both QFQ-
heteromorphisms and a Fr8-77/BamHI RELP was paternal. Comparison
of the patient with previously reported patients confirmed that her manifesta-
tions are consistent with those of monosomy for 21pter-q21. Based on
the results of molecular analyses on the present patient, a DNA clone,
Fr8-77 (D21882), was assigned to pter-q21.
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INTRODUCTION

There have been more than 40 cases of complete or partial monosomy 21 in
the literature. Most cases among them are “‘pure” monosomy 21 in which only a
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chromosome 2! is involved, or “almost pure” monosomy 21 as the result of trans-
location or insertion in which a negligible segment of the other chromosome is
involved. When excluding cases of ring chromosome 21 and those of monosomy
21 due to translocation in which break points are ambiguous, 17 cases have been
reported. Nine of the 17 cases had partial monosomy for the long-arm of chro-
mosome 21 (Dutrillaux et al., 1973; David et al., 1977; Yamamoto et al., 1979;
Modi and Buckton, 1982; Rivera et al., 1983; Wulfsberg e al., 1983; Yoshimitsu
et al., 1983; Ferrante ef al., 1983; Reynolds et al., 1985), and the remaining 8 pa-
tients were said to have complete monosomy 21 (Gripenberg ef al., 1972; Halloran
et al., 1974; Dziuba et al., 1976; Fryns et al., 1977; Wisniewski et al., 1983; Herva
et al., 1983; Pellissier er al., 1987; Garzicic et al., 1988). However, since complete
monosomy 21 is extremely rare even among spontaneous abortuses and these
abortuses present severe developmental defects (Ohama and Kajii, 1972; Kuliev
et al., 1977), the existence of such newborn infants has remained doubtful (de
Grouchy and Turleau, 1984).

We encountered a malformed infant with partial monosomy 21 who was first
suspected as having complete monosomy 21. We report herein the clinical man-
ifestations of the patient and the results of cytogenetic and molecular studies.

CLINICAL REPORT

The patient, 2 4-month-old Japanese girl, was born as a small-for-dates baby

Fig. {. Patient at age 4 months.
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at 39 weeks of gestation to a 30-year-old mother and a 33-year-old father. A 2-
year-old elder brother is healthy. The birth weight of the patient was 2,440 g,
length 44 cm, head circumference (OFC) 32 cm, and chest circumference 31 cm.
Anal atresia with a rectovaginal fistula was noticed immediately after birth and
operated at age one month. She had dolichocephaly, down-slanting palpebral
fissures, hypopigmented iris, a short nose with a low nasal-root and anteverted
nostrils, a wide philtrum, the protruding maxilla, a short neck with a low posterior
hair-line, wide-set nipples, ring-shaped skin-furrows at the wrist and the ankle,
and pes varus (Fig. 1). Muscle tonus was increased and intention tremor was
observed. The skin was hyperhidrotic. Growth and mental retardation was
evident.

CYTOGENETIC AND MOLECULAR STUDIES

Chromosome analysis of the patient was performed on cultured peripheral
blood lymphocytes and skin fibroblasts with conventional Giemsa staining, and
GTG-, QFQ-, RFA- and high-resolution GTG-bandings. Karyotyping of her
parents were done on their cultured lymphocytes.

Southern and/or slot: blot analyses were performed using several DNA clones
localized on chromosome 21 as probes to confirm the segment lost, or in turn to
ascertain the loci of these clones precisely. Probes used for Southern analyses
were pGSE9 (locus name: D21S16, localization: 21g21.2), pGSB3 (D21S19, 21q
22.3-qter) (provided by Dr. G.D. Stewart) and Fr8-77 (D21S82, 21pter-qter) (pro-
vided by Dr. G. Scherer), and those for slot blot analyses included p21-4U (D21-
S110, 21q11.2 or 21g21.2) (provided by Dr. D.M. Kurnit), FB68L [the amyloid
beta (A4) precursor protein gene (APP), 21q21.2] (provided by Dr. R.E. Tanzi),
pGSE8 (D21S17, 21922.3), pGSE9 (provided by Dr. G.D. Stewart), and Fr8-77
(Kidd et al., 1989). Genomic DNA was extracted from peripheral blood leukocytes
or lymphoblastoid cell lines of the patient and her parents. Digestion of DNA
with endonucleases, electrophoresis, Southern blotting, hybridization to probes,
washing, and subsequent autoradiography were all done according to the standard
methods. For slot blot analyses, 4 ug DNA blotted onto a nylon membrane by
the use of the microfiliration apparatus (Bio-Dot, Bio-Rad, USA) was hybridized
with each of the ®2P-labeled probes. The membrane was washed twice at room
temperature for 15 min with 2 x SSC and 0.1 %, SDS, and twice each at 60°C for 15
min with 1 xSSC and with 0.1 xSSC. It was then proceeded to autoradiography.
Quantitative gene dose analyses were performed by densitometry on their respec-
tive autoradiographic signals comparing with the signal for an internal control
[the parathyroid hormone (PTH) gene localized at 11p15.5 or the argininosuccinate
synthetase (ASS) gene at 9q34-qter].
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Fig. 2. RFA- (A) and high-resolution GTG-banded (B) chromosomes 2, der(2), and
21 of the patient, and idiogram of chromosome 21 (C). Arrows and arrow-heads
indicate the break point and the rejoining point, respectively.

Table 1. Relative densities of autoradiographic bands for the 6 loci examined in the patient.

Density 2 Estimated Localization
Gene name Probe e copy e
Al A2 number HGMI10 From our data
D21S110 p21-4U 0.89 1 21gll.2 or
21g21.2

D21S16 pGSE9 1.03 1 21q21.2

APP FB68SL 1.05 1 21q21.2

D21S17 pGSES8 &)} 1 2 21g22.3

D21S19 pGSB3 (H ) 2 21g22.3-qter

1 2ipter-qt-r 21pter-q21.3

D21S82 Fr8-77 n —

2 Al and A2 are larger and smaller polymorphic alleles in size, respectively. Copy numbers in
parentheses were de tected by RFLP analyses. Other densities are average values calculated by the
comparison with those in normal control individuals.

RESULTS AND DISCUSSION

Since a first routine analysis on 20 GTG-banded metaphases of the patient
suggested monosomy 21, a total of 200 cells from both lymphocytes and skin fibro-
blasts were counted and various banding analyses were performed to find mosaicism
or translocation. Translocation of a small distal 21q segment to 2q37.3 was found
with RFA-banding, and the break points were detected with high-resolution GTG-
banding (Fig. 2). Thus, the karyotype of the patient was interpreted as 45,XX,
—2,—21,+der(2)t(2;21)(q37.3;q22.1). The karyotypes of the parents were normal.

Densitometric analysis on polymorphic DNA fragments detected by Fr8-77/
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Fig. 3. Slot blots of the patient (PT) and a normal control individual (C). The 5 end
subclone (AS5%e) of the ASS gene is used as a control probe. Copy number of
each DNA in the patient is shown at the bottom.

- - 4.3
——bj‘ p o 4.0
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Fr8-77/BamHI
B

Fig. 4. Heteromorphisms of chromosomes 21 (A) and the Fr8-77/BamHI RFLP (B) in
the patient and her parents. M, mother; P, father; C, patient; a—d, symbolized
heteromorphic chromosomes 21. Arrow heads on Southern blots indicate
polymorphic Fr8-77/BamH]I fragments, and the 14 kb fragment is an internal con-
trol (the PTH gene).

BamHI (Kidd et al., 1989) interpreted the genotypes of the father, the mother, and
the patient as 4.0 kb/4.0 kb, 4.3 kb/4.3 kb, and 4.3 kb/-, respectively (Table 1, Fig.
4b). Similar results were obtained in the analysis with pGSE9/Xmnl and with
pGSB3/Pstl (Table 1). These findings indicated that the patient has one copy
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of DNA corresponding to each of these probes. Slot blot analyses showed that
the patient has one copy each of the D21S110 and the APP gene, and two copies
each of D21SD19 and D21S17 (Table 1, Fig. 3). The results supported the cyto-
genetic finding that the patient loses a 2Ipter-q21 segment but retains two copies
of the 21q22.1-qter segment.

The parental origin of the de novo translocation in the patient was traced using
chromosome heteromorphisms and RFLPs as markers. When the patterns of
QFQ-heteromorphic markers on the maternal and the paternal chromosomes 21
were symbolized as “a, b,” and “c, d.” respectively, the patient’s chromosome 21
showed the “b” pattern (Fig. 4a), indicating that the translocation occurred at

Table 2. Comparison of manifestations among patients with monosomy 21.

Number of patients with monosomy for

Clinical manifestation Present
patient 5y terq22 21g22-gter  2lpter-gter

Intrauterine growth retardation + 2/5 3/4 6/8
Mental retardation + 4/5 3/4 4/8
Hypertonia + 2/5 2/4 3/8
Seizure — — _ 2/8
Failure to thrive - 1/5 2/4 5/8
Microcephaly — 1/5 1/4 1/8
Prominent forehead + — 1/4 1/8
Low-set ear + 2/5 1/4 7/8
Downslanting palpebral fissure + 2/5 1/4 7/8
Prominent/broad nose - — 3/4 6/8
High-arched/cleft palate + 2/5 — 9/8
Micrognathia + 1/5 2/4 7/8
Short neck + 2/5 — 3/8
Low hair-line + - — 1/8
Wide-set nipples + - 2/4 2/8
Lung anomaly — —_ 1/4 1/8
Heart anomaly/murmur - 2/5 2/4 4/8
Anal anomaly + - 1/4 1/8
Genital anomaly + 2/5 1/4 4/8
Joint stiffness + 1/5 1/4 4/8
Malposition of finger — 1/5 — 2/8
Club foot + — -~ 1/8
Nail anomaly — — 2/4 1/8
+, presence of feature; —, absence of feature or absence of reported cases with feature. Data are

from the present case, Gripenberg et al. (1972), Dutrillaux er al. (1973), Halloran et al. (1974},
Dziuba et al. (1976), David et al. (1977), Fryns et al. (1977), Yamamoto et al. (1979), Modi and
Buckton (1982), Wulfsberg ef al. (1983), Rivera er al. (1983), Yoshimitsu ef al. (1983), Ferrante ef al.
(1983), Wisniewski er al. (1983), Herva ef al. (1983), Reynolds ez al. (1985), Pellissier ef al. (1987),
and Garzicic ef al. (1988).
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the paternal meiosis. The result was confirmed by the RFLP study with Fr8-77,
showing that the patient lacks a 4.0 kb BamHI fragment that should have been
transmitted from her father (Fig. 4b).

Although eight patients with non-mosaic complete monosomy 21 have been
reported, some clinical cytogeneticists doubted their karyotypes by reasons of less
convincing results of banding analyses and a significant discrepancy of the pheno-
types between the abortus and the live-born infant with this chromosome abnor-
mality. The manifestations are usually very severe in abortuses (Ohama and Kajii,
1972; Kuliev et al., 1977), while those in live-born infants are rather compatible
with life. In fact, with advanced techniques, re-evaluations of patients who had
been diagnosed as complete monosomy 21 revealed the presence of a part of chro-
mosome 21 (Ikeuchi et al., 1976; David ez al., 1977; Phelan et al., 1988). We also
first overlooked a small translocated 21q segment but confirmed its presence after
the RFA-banding analysis as well as molecular studies. Although the manifesta-
tions in patients who were said to have complete monosomy 21 tend to be severer
than those in patients with partial monosomy 21, the difference may not be signif-
icant (Table 2). Therefore, it is likely that most cases of seemingly complete mono-
somy 21 retain a small chromosomal segment that may be involved in translocation
or insertion.

The presence of a 21g22.1-qter segment in our patient was confirmed molecular-
genetically. The result can in turn be used for regional assignment of the cloned
DNAs. The probe, Fr8-77 (D21S82), was mapped on chromosome 21, but its
regional localization has not yet been assigned. Since she has one copy of this
DNA sequence, it must be located within the 21pter-g21.3 segment.
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