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The ~rop~em. Eighty-seven patients clinically diagnosed 
as having Down's syndrome were studied by chromosome analysis 
at Woodward state Hospital, Woodward, Iowa, during June and 
July of 1972. 

Procedure. A cytogenetic analysis was made on chromo
somes prepared from leucocytes cultured from peripheral blood. 
Ten cells were counted and karyotypes prepared for each 
patient. 

Finding£. Among the eighty-seven patients, 54 males 
and 33 females, 60 (69%) were trisomic, 26 (29.9%) showed 
possible mosaicism and 1 (1.15%) carried a translocation. 
'rhree of the residents, including the patient with a trans
location, were one of a set of twins. 

Conclusion. The frequency of Down's syndrome based on 
a \i oodward population of 750 residents was 11.6%. Irhis fre
quency is in agreement with a reported frequency of 11.2% 
individuals with Down's syndrome determined from a 1967 cen
sus of 23,211 people in institutions for the mentally re
tarded. 'rhe frequency of 60 trisomic Down syndrome patients 
(6 ) was lower than the 9 figure found by most investiga
tors. The observed frequency (1.15~~) of translocation Down's 
syndrome is lower than reported frequencies of 3 to 4% for 
other institutions. A frequency of mosaic Down's syndrome in 
the Woodward population of 29.9% is considerably higher than 
the 1 to 2% reported elsewhere for similar popUlations. The 
observed cases of presumptive mosaicism may include cases of 
regular trisomy which wiil be resolved by more extensive 
cyto~enetic analysis. 

I\egQmrP~gl.!g~ion~. A follow-up stUdy to more completely 
characterize the mosaic Downls syndrome population is war
ranted to resolve the large observed deviation. 
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INTRODUC TION 

A curious mental disease was first observed by Esquirol 

in 1838 and those having the disorder were described as being 

short, head not very voluminous and nose depressed at its 

root. Sequin added to this description in 1846 a truncated 

nose, a thick and furrowed tongue and sensitivity of lungs 

and integument to infections. Langdon Down (1866), who is 

credited by many as being the first to attempt a complete 

clinical description, coined the title of the disorder as 

Mongolian idiocy. Theoretically Mongolian idiocy as des

cribed by Langdon Down probably existed since meiotic divi

sion began in Homo sapiens but had been identified and 

recorded under numerous descriptive names before this time. 

The name used in the presentation of this thesis was 

selected from a long list of possible candidates. Most 

authorities will agree to rule out the term mongolism al

though it is used extensively in the literature and by many 

laymen. The original term came from the rounded puffy face 

and slanted eyes characteristic of those sUffering from the 

disorder. Due to their similarity of appearance with the 

ethnic appearances of a certain race so came about the term, 

mongolism. Mongolism is not a disorder confined to the 

mongoloid race (1urpin and Lejeune, 1969). Some investiga

tors such as Turpin and Lejeune feel Trisomy 21 should be 

used as the proper name since the patients with the disorder 
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have an extra chromosome 21. This author has selected Down's 

syndrome for the name to be used in this paper (in memory of 

Langdon Down who he never knew). 

Uchida and Sol tan (1963) reported a series of dis

orders associated with Down's syndrome. The most frequent 

findings besides mental retardation include: short stature, 

brachycephaly, flat occiput, epicanthic folds, oblique 

palpebral fissures, and hypertelorism. In addition strabismus, 

nystagmus, cataract, furrowed tongue, irregular abnormal 

teeth, narrow high palate, a short nose, abnormal earlobes, 

short neck, short broad hands, short incurved fifth finger, 

clinodactyly, a gap between the great and second toe, pro

tuberant abdomen and hypertonicity are also noted. Longevity 

is diminished ln these patients by the frequent association 

of congenital heart lesions, duodenal atresia, frequent 

pUlmonary infections, and leukemia. The dermatoglyphics of 

the hands of a patient with Down's syndrome frequently re

veal simian lines, a high axial triradius, and increased 

number of ulnar loops, a radial loop of the fourth finger, 

and a single distal crease of the fifth finger (Yunis, 1965). 

The first association of Down's syndrome with a 

chromosomal abnormality came from the work of Waardenburg 

(1932) and by Penrose (1939). Their hypotheses were first 

tested by Mittwoch (1952) (in Hamerton, 1971) in studies of 

meiosis in a male with Down's syndrome. ~it~~och believed 

that the normal human chromosome number was 48 and therefore 
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the normal haploid number for a human gamete would be 24. 

When she found the count was 24 chromosomes for her prepara

tions of the boy's spermatocytes, she believed this to be 

the normal number. 

Human chromosomes were drawn from dividing cells by 

Flemming (1882). It wasn't until the 1920's that the number 

of human chromosomes was hypothesized primarily due to the 

work of T. S. Painter. Painter (1921) had examined testicu

lar tissue from three inmates in an insane asylum. At this 

point he had arrived at two possible chromosome numbers 

which were 48 and 46. His observations of the equatorial 

plates showed 46 to be the number in the clearest of the 

plates. In a second report, Painter (1923) decided on 48 as 

the number of chromosomes in human cells and this number 

remained uncorrected until 1956. Interest in human cyto

genetics declined in this 33 year period due to the diffi

cUlty of working with human chromosomes. Three technical 

advances aided a renewed interest in human cytogenetics. 

First, tissue cUlturing was improved so that cells could be 

grown in vitro. Secondly, the accidental use of a hypotonic 

medium to separate the chromosomes was found by a technician 

worJcing for T. C. Hsu. ThirdlYJ the use of phytohemagglutin 

to induce DNA synthesis and cell division in the leucocytes 

of peripheral blood was found by Nowell. Using these 

advances, Tjio and Levan (1956) cultured cells from aborted 

embryo lung fibroblasts and demonstrates that there were 46 
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chromosomes in man. 

In 1959 Lejeune and associates were able to demon

strate an identical chromosome abnormality in nine children 

with Down's syndrome. In all cases the chromosome was 

similar to the smallest member of the compliment. This 

observation was further supported by Jacobs, Balkie, Court 

Brown, and Strong (1959); Ford, Jones, Miller, Mittwoch, 

Penrose, Ridler, and Shapiro (1959): and Book, Fracearo, and 

Lindsten (1959). 

The 1960 Denver Conference established a system of 

standard nomenclature for human chromosomes. Based on the 

nomenclature of this conference, the extra chromosome was 

indicated to be a chromosome 21 which is found in the G group 

(Miller and Dill, 1965). 

It is now well established that the majority of indi

viduals (90-95%) showing clinical evidence of having Down's 

syndrome are trisomic for chromosome 21. (Chitham and Mac 

Iver, 1965: Wright, Day, Muller, and Weinhouse, 1967: 

Higurashi, Matsui, Nakagume, and Nagunuma, 1969: Zizka, 

1970). Trisomy is classified as an aneuploid chromosomal 

error in which the number of chromosomes is not an integral 

mUltiple of the haploid number. The trisomic conditions is 

thought to be caused by nondisjuction of chromosomes during 

cell division. Due to this failure of chromosomes to segre

gate, one daughter cell will receive both segregation part

ners, the other daughter cell will receive neither. When 
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this occurs in meiosis, the gametes will either have an 

extra chromosome of this group or be lacking it. The latter 

case is generally lethal when the monosomic conditions 

delete an autosomal chromosome. 

Another karyotype variation showing the phenotypic 

characteristics of Down's syndrome results from mitotic non

disjunction and is called mosacism. This happens when nondis

junction occurs in the zygote or early embryo and the result 

is one or more new cell lines. Three clinical variants of 

mosaicism have been described: the general mosaic where the 

mixture of cells causes an intermediate phenotypic expression 

between a nonnal individual and a patient showing marked 

signs of Down's syndrome, the regional mosaic where expres

sion is determined by organs affected, the gametic mosaic 

where the only abnormal tissue is in the gonad and a 50:50 

(normal:trisomic) reproductive outcome is observed (Jacobson, 

1967). 

The mosaic condition is not rare and is usually sus

pected when the intelligence of the patient is higher than 

expected or the phenotypic expression of Down's syndrome is 

not fully delineated. Mosaic parents may have children with 

Down's syndrome. Such individuals bearing a Trisomy 21 

mosaicism have been found to vary from typical Down's syn

drome patients to phenotypically normal individuals and have 

been born to both younger and older parents. Richards and 

Stewart (1962) found a typical Down's adult male with 
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mosaicism. Blank, Gemmeil, Casey, and Lord (1962) reported a 

patient with mild expression of Down's syndrome but mentally 

retarded. Smith,Therman, Patau, and Inhom (1962) described 

a trisomy G mosaicism in a mother of two Down's syndrome 

children. The patient was a 19-year-old mother with a simian 

line and an I.Q. of 82. Weinstein and Warkany (1963) 

described a 17-year-old patient with trisomy G mosaicism 

born when her mother was 39 years old. Clinically the 

patient had no stigmata of mongolism but gave birth to a 

child with typical Down's syndrome demonstrating a trisomy G 

karyotype. 

A third mechanism for the cause of Dovm's syndrome is 

translocation. As in Trisomy 21, this chromosomal abnormal

ity has the extra chromosome 21, but the karyotype shows the 

normal number of chromosomes, 46. Chromosomes are known to 

break and recombine with the same or different chromosomes 

during meiosis. When part of one chromosome combines with 

another non-homologous chromosome, translocation is said to 

have taken place. 

Work by Sergovich, Sultan, and Carr (1964) found that 

only 2 out of 12 translocation Down's syndrome patients 

stUdied had a translocation carrier parent. Translocations 

arising de novo have been observed by Carter, Hamerton, Polani, 

Gunlap, and Weller (1960), Gustavson (1962), Scherz (1962), 

and Penrose (1963). In familial translocation one of the 

parents show 45 chromosomes instead of the normal 46. One of 
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the small acrocentric G group chromosomes is apparently 

missing since it has been translocated to another chromosome. 

The parent carrying the translocation is usually the mother 

who is phenotypically normal, since no significant amount of 

genetic material is lost in the translocation process. 

In most cases of translocation Down's syndrome, the 

extra chromsome 21 has been translocated into an acrocentric 

chromosome, either to a D or to another G chromosome. It is 

widely accepted that the short arms of the acrocentric 

chromosomes have nucleolar organizers and that these points 

are likely to break, producing a high frequency of structural 

chromosome aberrations (Ohno, Trujillo, Kaplan, and Kinosita, 

1961). 

If the translocation is of the 13-15/21 type and the 

mother bears the translocation, it has been observed that 

among the viable offspring approximately one-third have 

Down's syndrome, one-third are balanced translocation car

riers, and one-third are normal children (Yunis. 1965). 

However, for some unknown reason. very few Down's syndrome 

children are born to carrier fathers with the 13-15/21 trans

location (MacIntyre, Staples, Steinberg, and Hempel. 1962; 

Forssman and Lehmann, 1962; Polani, 1963). 

Hecht, Lovrien, Higgins, Thuline, and Melnyk (1968) 

set up an investigation which was designed to provide infor

mation as to whether the entry of chromosomes 13-15 into a 

translocation is nonrandom. The translocation chosen for 
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study was the 1)-15/21 centric-fusion translocation in Down's 

syndrome. All patients studied had the same abnormal pheno

type (Down's syndrome), the same chromosomal abnormality 

(13-15/21 centric-fusion translocation), and presumably the 

same chromosomal imbalance (trisomy of the long arm of chromo

some 21). As far as is known, loss of the short arm of 

chromosomes 13, 14, 15 or 21 does not have phenotypic effects 

upon the individual. Differences between the frequencies of 

13/21, 14/21, and 15/21 translocations in Down's syndrome 

should therefore reflect different tendencies on the part of 

chromosomes 13. 14, and 15 to enter into centric-fusion trmlS

locations with chromosome 21. 

In the work of Hecht, et al. (1968) 20 patients indi

cate that chromosome 13 was not involved in any case, chromo

some 14 was involved in 18 cases, and chromosome 15 in two 

cases. The results of previous autoradiographic studies of 

lJ-15/21 translocations in Down's syndrome are similar; no 

case with chromosome 13, 12 cases with chromosome 14, and one 

case with chromosome 15 in the translocation. Combining this 

data, they found that there were no translocations with 

chromosome 13, JO with chromosome 14, and three with chromo

some 15. If the participation of chromosomes 13. 14, and 15 

is random, one would have expected 11 cases associated with 

each D group chromosome. The differences between these 

expectations and the observed data are statistically very 

highly significant. indicating that the entry of chromosomes 
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13-15 into centric-fusion translocation with chromosome 21 is 

nonrandom (Hecht et al., 1968). 

When a translocation occurs between two G chromosomes 

in a patient with Down's syndrome, it is morphologically 

difficult to tell whether the translocation is a 21/21 or a 

21/22. At times the pedigree study is helpful because a 

21/21 carrier that is not a mosaic would produce only Trisomy 

21 or monosomy 21 (lethal). On the other hand, birth of 

normal individuals or of balanced translocation carriers to 

a parent with a G/G translocation would suggest that the 

translocation is 21/22. Other avenues of differentiation 

among the possible types of G/G translocations are the study 

of chromosome pairing behavior during spermatogenesis 

(Penrose, Ellis, and Delhandy, 1960) and the study of DNA 

replication of somatic cells, using tritiated thymidine. 

As early as 1895 Shuttleworth observed that nearly half 

the SUbjects affected with Down's syndrome belonged to a large 

family in which they were the last born. In 1909 he demon

strated that mothers of the affected children were much 

older at the birth of the abnormal child than were mothers 

of normal children. Considering that this factor must be of 

major aetiological importance he described the abnormal sub

jects as "exhaustion products" resulting from factors unfav

orably influencing the reproductive powers of the mother 

('rurpin and Lejeune, 1969). Jenkins (:1.933) favored a maternal 

age effect as opposed to that of paternal age or of parity and 
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produced evidence to show a greatly increased incidence of 

Down's syndrome births at maternal ages over 40 years. In 

works from 1933 to 1954, Penrose was able to show conclusive

ly that the increased incidence of Down's syndrome is re

lated to the age of the mother and not to any other single 

factor. The significance of this relationship is not at 

present clear but may represent a decrease in meiotic effi

ciency with increasing age of the oocyte (Hammerton, 1971). 

Data from the work of Penrose (1961) shows that 5% of 

the normal births occur during a maternal age range of 15-19 

years old whereas less than 1% of the Down's children are 

born to mothers of that same age range. 'Twenty-three per

cent of the normal births occur during a maternal age range 

of 20-24 years old whereas only about 6% of the Down's 

children are born to mothers of that same age range. In the 

age range of 25-29 years, 32~~ of the normal births occur as 

compared to only 10%for the Down's births. In the age range 

of 30-J4 years about 23~b of normal births occur as compared 

to 15~~ for the patients born with Down I s syndrome. After 

this we find a reversal of the peak percentages with the 

percentage of normal births dropping to 1210 at 35-39 year

old group, 4% normal births at the 40-44 year-old range and 

1% normal births occur after age 45. The percentage of 

children with Down's syndrome for the same maternal age 

ranges showed 28% born to the 35-39 year-old age group, 3 

born to the 40-44 year-old and 9% born to the 45 year-old 
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and older group (Hamerton J 1971). 

The incidence of DownJs syndrome among live births is 

on the order of 1 in 668 and is clearly substantiated by 

investigators from a variety of locations around the world. 

Jenkins (1933) made a study in Chicago of 3818 total births 

and found 6 with DownJs or an incidence of 1:6J6. Malpas 

(1937) investigated 13,964 live births in Liverpool, England 

and found an incidence of 1:776. Hug (1951) in Zurich, 

Switzerland found an incidence of 1:520 out of 67,645 births. 

Oster (1953) found 52 persons with Down's syndrome in a total 

of 39,788 live births studied in Copenhagen, Denmark. 

Collmann and Stoller's (1962) work in Victoria, Australia 

found 1,134 Down's syndrome cases born from 780,168 live 

births for an incidence of 1:668 (Hamerton, 1971). 

Carter and E:vans (1961) stated the following fre

quencies per 1000 births for the following maternal age 

groups: 15-19 years - 0.54; 20-24 years - 0.63; 25-29 years 

0.74; 30-34 years - 1.23; 35-39 years - 3.82; 40-44 years 

10.72; 45 years and older - 18.63 (as found in Turpin and 

Le j eune, 1969). 

Most of the case studies done for Do~mJs syndrome 

have gathered data with regard to maternal age and the per

centage of trisomies vs the percentage of translocations 

within a given population. Studies have also explored 

whether or not translocations are sporadic or inherited and 

the young maternal age of mothers having translocation 
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Down's syndrome children. 

A work by Wright et ale (1967) summarized the data of 

19 reported studies involving 1,)82 Down's syndrome patients. 

The data was divided according to maternal age less than 30 

years and maternal age )0 years or older. In the under 30 

group there were 722 patients of which 658 were trisomies 

and mosaics and 64 were translocations. In the 30 years and 

older group there were 660 patients of which 646 were tri 

somies and mosaics and 14 were translocations. As indicated 

by this data, translocations leading to Down's syndrome are 

more frequent at young maternal ages. About 9 percent of 

infants born to mothers less than )0 years of age have a 

translocation, compared to about 2 percent in the 30 and 

older group. The corresponding figures for trisomy are 91 

percent and 98 percent for the younger and older groups, 

respectively (Wright et al., 1967). 

A study of J21 Down's syndrome patients in Japan show 

170 of them in the under JO year-old group with 153 as tri 

somic, 5 mosaic, and 12 translocations Down's syndrome. In 

the JO year old and older group there were 151 patients of 

who 147 were trisomic 2 were mosaics and 2 were transloca

tiona. Of the younger group 9J percent were trisomic and 7 

percent were translocation. The percentage of translocations 

drops in the older group to 1.J percent and the trisomic con

dition rises to 98.7 percent. Totals for this study of 321 

patients show 307 with trisomy 21, which include 7 mosaics 
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(95·6%) and 14 translocations (4.4%) (Higuarashi et al., 

1969) • 

A study in Carshalton, England of 105 patients with 

Davin's syndrome showed 97 (92.5%) trisomic for chromosome 21, 

5 (4.7%) translocations, and 3 (2.8%) mosaics. The mean 

maternal age for the study was J3 years. The mothers of the 

translocations Down's patients had a mean age of 24 (Chitham 

and MacIver, 1965). A study in Caterham, England of 225 

patients with Down's syndrome showed 211 (94%) were Trisomy 

21, 7 (3%) mosaics and 7 (3%) translocations. The mean 

maternal age for the Mothers of Trisomies was 35.8 years 

(Richards, Stewart, Sylvester and Jasiewicz, 1965). Chromo

some studies of 112 patients with Down's syndrome in 

Czechoslovakia show 102 cases (91%) with regular trisomy and 

10 (9%) revealed translocations. Seventy of 112 patients 

were born to mothers 30 years or younger (Zizka, 1970). 

Comparisons have been made between the various genetic 

types of Down's syndrome in the areas of intellectual, be

havioral and physical characteristics. A stUdy at the 

Children's Hospital in Washington, D.C., failed to reveal 

differences of height and weight between translocation 

Down's and Trisomy Down's (Ong, 1966). The revised Stanford 

Binet Intelligence Scale Form L-M was used when ever chron

ological age permitted. All trisomic patients were tested 

by the same psychologist who had no knowledge of the karyo

types. 'l'here was no significant difference between the 
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scores on psychometric examination of the trisomic and the 

translocation Down's syndrome patients (ong, 1966). 

The three types of Down's syndrome do not differ in 

number or in kind of stagmata. Attempts to discern a dif 

ferential pattern of stigmata for anyone type as compared 

with the other two types were unsuccessful. It appears 

further that, with institutionalized Down's cases, the type 

of Down's syndrome cannot be predicted from number or kind 

of stigmata (Johnson and Abelson, 1969). 

It is the purpose of this study to karyotype the popu

lation of patients at Woodward State Hospital who have been 

diagnosed clinically as having Down's syndrome. Their 

specific chromosomal defects will be determined and data 

will be compared with the previous studies done in this area. 

W~TERIALS AND METHODS 

With the assistance of the administration at Woodward 

State Research Hospital, 87 patients were identified clinical

ly as having Down's syndrome. Blood sampling and case studies 

were conducted on each patient during June and July of 1972 • 

Vital information was collected on maternal and paternal age 

at the birth of the patient, prenatal history of the patient, 

birth order of the patient, history of prenatal development 

of other sibs, pedigree information of parents that may 

indicate familial disorders, history of stillbirths or 
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miscarriages. birth weight of patient, perinatal history and 

birth date. 

The means of identifying the specific chromosomal 

disorder was to count and karyotype the chromosomes prepared 

from leukocytes cultured from peripheral blood. The prepara

tion technique was modified from Moorhead et ale (1960). 

Ten milliliters of whole blood were drawn by veni

puncture into a sterile 10 ml syringe with the assistance of 

Mrs. Dorthea Stoner, staff medical technologist at Woodward 

State Hospital. The blood was transferred to a 12 ml test 

tube which had previously been sterilized and heparinized 

with 150 units of commercial heparin. After mixing, each of 

the tUbes was marked with patient number. the date and time 

of drawing and then the blood was settled out. After approx

imately ~vo hours, the erythrocytes had settled leaving an 

upper layer of plasma and a buffy layer between plasma and 

erythrocytes which was made up primarily of leucocytes. 

Two milliliters of the plasma-leucocyte rich suspen

sion were transferred by sterile Pasteur pipettes to sterile 

30 ml culture flasks (Palcon). The culture flasks contained 

a I'lll of GlBCO chromosome medium lA with added phytohemagglu

tin. This medium was transferred to the flasks under 

sterile conditions 24 hours prior to inoculation and main

tained at 37°C until used in a wa ter- jacketed incubator. r.IVJO 

to three drops of erythrocytes were added to the inoculated 

medium. The addition of erythrocytes helped control the pH 
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of the solution. The inoculated culture flasks were then 

transferred to the water-jacketed incubator at 370 0 for 66 

to 72 hours. 

Two hours prior to the harvesting of the cells 

Colcemid (GIBCO) was added to the culture flasks to a final 

concentration of 10 meg/mI. Harvesting of the cells was be

gun by freeing any cells which had adhered to the bottom of 

the culture flask. The entire culture was transferred to a 

15 ml graduate conical centrifuge tube and centrifuged at 

800 rpm for 12 minutes. The supernatant fluid was then 

aspirated off except for 0.5 mI. The button of cells was 

resuspended in the remaining supernatant fluid. At this 

point 1.5 ml of distilled H20 which had been warmed to 37°C 

was added to each of the centrifuge tubes. 'rhe tubes were 

then placed in the inCUbator at 37°C for 10 minutes. 

After removal from the incubator the tubes were cen

trifuged at 600 rpm for 5 minutes. The supernatant fluid 

was aspirated off. Freshly prepared Carnoy's fixative (1 

part Glacial Acetic Acid and 3 parts Absolute thanol) was 

added to the button of cells. Care was taken during the 

addition of the fixative not to disturb the button of cells. 

The button of cells was allowed to remain in this solution 

for 30 minutes. The cells were then resuspended, centrifuged 

for 5 minutes at 600 rpm and the supernatant fluid was dis

carded. Four ml of fresh fixative were added and the cells 

were resuspended and allowed to stand for 5 minutes. The 
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suspension was then centrifuged at 600 rpm for 5 minutes and 

the supernatant fluid was discarded. Finally the button of 

cells was resuspended in 0.25 ml of fresh fixative which was 

the final stage before fixing the cells to the slides. 

Precleaned slides were prepared by flaming and chill

lng in distilled water. It was found that the colder the 

slide. the better the cell preparation. Excess water was 

shaken off the slide and 2 or 3 drops of the cell suspension 

was dropped from 6 to 8 inches onto the slide. The slide 

was Quickly tilted up and down to provide a good spreading 

of the cells. The slide was then brought in contact with a 

flame causing the fixative on the slide to burn. The re

maining moisture on the slide was quickly dried by fanning 

and blowing. The dried slides were then ready for the stain

ing and covering. 

The stain used was a 2% Aceto Orecin stain (George T. 

Gurr) in 45% Acetic Acid. After staining and a series of 

dehydration steps the slides were permanently mounted in 

.Guparol Vert. Eight to ten slides were made for each,,-) 

patient. 

The slides were examined at 1250X using oil immersion 

with the phase contrast optics of a Zeiss Photomicroscope II. 

The first two or three cells counted for each patient and the 

photomicrographs were done on the Zeiss microscope. The 

remainder of the cell counts had to be completed on an 

American Optic Phase Contrast microscope using oil immersion 
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with a total magnification of 1350X. Chromosome counts of 

ten cells were made for each patient and the stage coordin

ates for each count were recorded. Photomicrographs were 

taken using Kodak Panatomic-X film. Metaphase cells for 

these pictures were selected on the basis that the arms of 

the chromosomes were relaxed, free from undue curling and 

showed little or no overlapping of the chromosome arms. 

Three 8"xl0" enlargements were made of each picture to show 

the metaphase spread in detail and to use in the construc

tion of a karyotype. The additional cells for the count were 

selected on the same criteria as used for the photographed 

cells. 

RESULTS 

In the present stUdy 87 patients were clinically sus

pected of having Dovm's syndrome and a karyotypic study was 

done on each patient. Of the 87 patients, 54 males and 33 

females, 60 were trisomic (69.00%), 26 showed possible mosaic

ism (29.90%), and 1 was a translocation (1.15%). The break

down of their distribution by maternal age is shown in 'rable 

1. The basis for determining mosaics was any cell count 

having one or more 46 counts in the total ten cell count. Of 

the 26 possible mosaics, 10 patients had a cell count of 1 

cell with 46 chromosomes and 9 cells with 47 chromosomes. 

Five patients h~d a ten cell distribution of 2 with 46 
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Table 1.	 The distribution of patients with Down's syndrome 
for each maternal age group by chromosomal abnor
mality and percentage. 

Percentage of 
Down's syndrome

Maternal Age at this age
at birth of Trisomy group within 
the patient (Mosaics)* Translocations the study 

19 or less 2 (0 ) 0 2·30% 

20 - 24 15 (0) 1 18.40% 

25 - 29 13 (5 ) 0 14.95% 

30 - 34 13 (6) 0 14·95% 

35 - 39 29(10) 0 33·35% 

40 - 44 13 (5 ) 0 14·95% 

4C:
./ and over 1 (0 ) 0 1.15% 

~k'rhe number in parenthesis indicates the part of the count 
which were suspected mosaics. 
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chromosomes and 8 cells with a chromosome number of 47. 

Cell counts for all patients in the study are found in 

Table 4. 

The mother of the translocation Down's syndrome male 

(Index No. 44) was 20 years old at the time of his birth. 

The patient had 1 normal older brother. The patient was 

also a twin. The other twin (sex unkno~m) died at birth and 

no record was given for the cause of death or whether there 

was any physical abnormality. 

One boy (Index No. 39), karyotyped as a Trisomic was 

one of twins, the other twin is a normal male. The mother of 

the twins was 21 years old at their birth. A second male 

patient (Index No. 29) was also a twin. The mother was 36 

years old at the time of their birth. His twin was a normal 

female born two minutes before the patient. The paternal 

aunt was reported as being a mongoloid. The patient (Index 

No. 29) also showed very positive signs of mosaicism with a 

ten cell count, 5 with 47 chromosomes and 5 with 46 chromo

somes. 

In all cases the parents were unavailable for karyo

typing. Due to the earlier admissions policy of the Hospital, 

the patients in the current study had been admitted when 

they were 1 to 6 months old and had been at the Hospital for 

an average of approximately 25 years. Current admission's 

policy encourages the affected child to remain in the home 

until 6 years of age. 
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Table 2. Case study summary for each patient with Down's 
syndrome at Woodward State Hospital. 

K
 



Age at Patient's Birth
 
Date
 

Index of 
Number Sex Birth Paternal Age Maternal Age Birth weight Mentality rating** 

1 • F 12-19-56 66-75 44 7 lbs. 8 oz. Profound 
t;'2. "- 4- 2-51 )5 )2 6 lbs. 9 oz. Moderate 
F 7-28-47 )0-)1-} 20-24 N.K.* Profound
 

il".. F 7-30-51 35-39 40-49 N.K. Profound
 
5· F 10-10-53 26 22 N.K. Profound
 
6. F 6-29-51 22 23 5 lbs. 15 oz. Profound
 
7· F 5-20-45 34 39 N .IC. Profound
 
8. F 9-19-42 28 25 4 lbs. 15 oz. Moderate 
9. p 11-26-24 35-39 30-34 4 Ibs. o oz. Moderate 

10. P 3- 7-57 62 45 7 lbs. 6 oz. N.K.*
 
lOA. F 8-24-48 52 31 N.IC. Moderate
 
11. F 6-20-50 37 42 N.K. Severe 
12. F 9- 9-L1-6 30-34 25-29 N.K. Severe
 
13 • F 2- 7-51 38 40 7 lbs. o oz. Moderate
 
14. F 5- 1-51 40 40 N.K. Profound
 
15· F 11- 7-57 58 37 6 lbs. 14 oz. Severe
 
16. F 9- 5-56 20-24 18 3 lbs. o oz. Profound
 
17· F' 12-16-51 36 39 6 lbs. 8 oz. Severe
 
18. F 2-26-49 44 39 7 lbs. 6 oz. Severe 
19. F 8- 9-50 25-29 30-34 N.K. Profound 
20. I'll 3-2)-52 37 35 N.K. Profound 
21. M 8- 7-51 )0 26 N.K. Severe 
22. F 3-15-47 25-29 20-2LI- 5 ibs. 12 oz. Severe
 
2). M 2-19-55 21 19 7 lbs. 6 oz. Profound
 
21.1- • F 11-26-51 47 42 7 lbs. 4 oz. Profound
 
25. F 9- 1-51 43 40 N.K. Profound 
26. M 10-23-51 29 28 N.K. Severe 
* N .IC stands for Not l(nown. 

** Terws used to describe mentality rating are given in Table 3. N 
N 



Age at Patient's Birth 
Date 

Index of 
Number Sex Birth Paternal Age iVla ternal Age Birth weight Mentality rating 

27· 
28. 

M 
M 

8-18-52 
2-21-53 

42 
34 

35 
35 

N.K. 
N.K. 

Severe 
Severe 

29. r~1 9- 8-51 39 36 N.K. Severe 
30. M 3- 3-53 38 35 6 lbs. 6 oz. Severe 
31. M 8- 7-53 35-39 35-39 N.K. Profound 
32. 
33· 
34. 

M 
I'll 
M 

1- 9-51 
6-16-54 
1-13-50 

41 
43 
27 

25 
42 
22 

N.K. 
6 lbs. 15 

N.K. 
oz. 

Profound 
Moderate 
Profound 

35· 
36. 

M 
M 

12-28-53 
1-31-50 

38 
22 

37 
24 

7 lbs. 8 
N.K. 

oz. Severe 
Severe 

37· 
38. 
39·
40. 

M 
M 
M 
M 

4-24-52 
2-26-56 

11-12-53 
8-28-58 

39 
35-39 
25 
26 

38 
35-39 
21 
20 

4 lbs. 16 oz. 
N.K. 

4 lbs. 3 oz. 
N.K. 

Profound 
Profound 
Profound 
Profound 

41. 
42. 

M 
M 

9-12-53 
6-16-54 

41 
26 

33 
22 

8 lbs. 15 
N.K. 

oz. Severe 
Profound 

4}.
44. 

M 
M 

8-26-54 
6-12-47 

35-39 
22 

35-39 
20 

N.K. 
N.K. 

Profound 
Profound 

45· 
46. 

M 
M 

5-23-51 
8- 7-49 

22 
40-49 

20 
35-39 

N.K. 
N.K. 

Profound 
Profound 

47. M 9-24-52 40-49 35-39 N.K. Profound 
48. M 10-10-5Lf 36 38 5 lbs. 12 oz. Profound 
49· M 3-17-53 39 39 N.K. Profound 
50. M 12-21-55 40 39 6 lbs. 10 oz. Profound 
51. 
52. 

M 
lITH 

9- 5-52 
8- 4-34 

35 
49 

30 
28 

N.K. 
N.K. 

Profound 
Profound 

53· M 4-25-51 38 37 N.K. Profound 
54. 
55· 
56. 

M 
M 
M 

6- 7-56 
10- 5-58 

1-20-57 

40 
31 
47 

37 
30 
39 

6 lbs. 15 
5 lbs. 9 

N.K. 

oz. 
oz. 

Profound 
Profound 
Profound N 

\..U 



Age a~_P~tient's Birth
 
Date
 

Index of 
Number Sex Birth Paternal Age Il:a ternal Age Birth weight Mentality rating 

]:;'
.1.57. 3-10-58 27 27 N.K. Profound

58. M 2-23-59 22 21 N.K. Profound
59. F 2- B-42 30 26 N.K. Profound60. 1Vl 9- 3-31 40-49

1'~ 

35-39 N.K. Profound61. It' 6-12-51 25-29 20-24 N.K. Profound 
"f'':'62. 1:' 5-12-51 35 31 8 lbs. o oz. Profound

63· M 11- 4-46 36 29 N.K. Profound64. M 10- 5-33 38 36 N.K. Severe 
"k'65. ... 6-23-37 35 40 N.K. Profound66. M 11-26-50 40 40 N.K. Profound


67· I\"" 1-31-33 25 22 N.K. N.K.
68. NI 2-18-40 30-Jl+ 30-34 N.le. Profound69. WI 10-15-35 35-39 35-39 N.K. Profound70. NI 1-12-52 N.K. 8 lbs.39 9 oz. Profound
71. M 11- 7-46 35-39 30-34 N.K. Profound72. F 8-26-37 31 37 N.K. Profound
73· M 4-12-50 1.1-6 41 8 lbs. 2 oz. Profound74. M 1-18-48 29 29 N.K. Profound
75· M 1-10-49 28 26 8 lbs. 5 oz. Profound76. M 5-13-28 35-39 30-34 10 lbs. o oz. Severe
77. F 3-14-50 43 42 4 lbs. 15 oz. Profound78. F 9-29-18 32 31 N.IC. Profound
79· M 5-25-59 29 25 8 lbs. 2 oz. Profound81. M 2- 9-55 37 26 6 lbs. 4 oz. Severe81.+ • F 10-18-42 37 37 N.K. Profound85. M 1- 7-52 38 36 N.K. Severe86. M 1'1--25-5'1 26 21 N.K. Severe87. F 9- 2-~3 25 22 6 lbs. 6 oz. Severe88. M J- 5- '7 51 39 5 lbs. 8 oz. Profound89. Ivl 1-21-11-8 37 34 5 lbs. 5 oz. Profound t\) 

+=



Table J. Description of mentality ratings used in Table 2. 

Word Description Corresponding Range
of Retardation in in IQ Scores for
I'.:easured Intel Level of Deviation in Range in Standard Tests with Standard
ligence ~easured Intelligence Deviation Units Deviation of ±15 

borderline -1 -1.01 to -2.00 70-84 

L:ild -2 -2.01 to -J.OO 55-69
 

Moderate
 -J -3.01 to -4.00 40-54 

Severe -4 -4.01 to -5.00 25-J9 
Profound -5 .Less than -5.00 Less than 25 

N 
VI. 
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'rable 4. 

Index 
Number 

1
 
2
 
) 
4
 
5
 
6
 
7
 
8
 
9
 

10
 
lOA
 
11
 
12
 
13
 
14
 
15
 
16
 
17
 
18
 
19
 
20
 
21
 
22
 
23
 
24
 
25
 
26
 
27
 
28
 
29
 
30
 
31
 
)2
 
?,"l
J,.J 
)1.1

35
 
36
 
37
 
38
 

a~ 

Cell counts for patients with Down's syndrome at 
Woodward State Hospital. 

Number of Cells Counted 

46 chromosomes 47 chromosomes 

:3 7
 
1 9
 
0 10
 
0 10
 
0 10
 
0 10
 
0 10
 
4 6
 
2 8
 
0 10
 
0 10
 
1 9
 
5 5
 
0 10
 
0 10
 
0 10
 
0 10
 
2 8
 
0 10
 
1 9
 
1 9
 
0 10
 
0 10
 
0 10
 
0 10
 
1 9
 
0 10
 
0 10
 
1 9
 
5 5
 
3 7
 
0 10
 
0 10
 
0 10
 
0 10
 
1 0

./
 

0 10
 
J 7
 
0 10
 
0 10
 
0 10
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Table J.} • Continued. 

Number of Cells Counted 
Index 
Number 46 chromosomes 47 chromosomes 

41 0 10 
42 0 10 
Lj-J 0 10 
44 10 0
 
45 0 10
 
46 0 10
 
47 0 10
 
48 0 10
 
Lj-9 0 10
 
50 0 10
 
51 0 10
 
52 0 10
 
5J 0 10
 
54 0 10
 
55 2 8
 
56 0 10
 
57 5 5
 
58 0 10
 
59 2 8
 
60 0 10
 
61 0 10
 
62 0 10
 
63 0 10
 
64 0 10
 
65 0 10
 
66 1 9
 
67 0 10
 
68 0 10
 
69 0 10
 
70 0 10
 
71 1 9
 
72 4 6
 
73 J 7
 

874 2 
0 1075 
0 1076 
0 1077 

78 '":l 7.J 

0 1079
 
81 0 10
 
84 0 10
 
85 J 7
 
86 0 10
 
<;) ..., 
u( 0 10
 
88 1 9
 

0 1089 

I 
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Table 2 shows the patients in the order they were 

sampled, their birthdate, parental ages, birth weights and a 

word description of retardation in measured intelligence. 

This information was obtained from case records at Woodward 

state Hospital. In Table :3 index numbers 80, 82, 8) and 90 

have been omitted because these were the numbers assigned to 

the second blood samplings for patients number 9, )), )7, and 

41. Table) gives a corresponding I.Q. score for the descrip

tive word used in the column titled "Mentality rating" in 

rrable 2. 

DISCUSSION 

Eighty-seven patients of Woodward State Hospital, 

clinically diagnosed as having Down's syndrome, were karyo

typed and ten cells counted from each to determine their 

specific chromosome abnormality. The stUdy used cells cul

tured from peripheral blood following a modified technique 

of orehead et al. (1960). Of the eighty-seven patients, 

60 (69%) were found to be trisomic, 26 (29-9%) showed pos

sible mosaicism, and one (1.15%) was a translocation. The 

major differences in the various proportions of each category 

found in this stUdy compared to previous studies were the 

low number of trisomic individuals and the relatively high 

n.umber f mo,,,,a l"C resl'den+s in the Woodward natients with0" ~ v 

Down's syndrome. The percentages of each category reported 
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in the literature reviewed ranged from 90 to 96% showing 

'llrisomy 21 J 4 to 7% showing translocations. and 1 to 2% 

mosaics. 

1~e differences between the current study and pre

V10US work completed may find its basis in two areas. First. 

the population of patients with Down's syndrome at Woodward 

State Hospital is relatively small. very static. and com

posedm life long residents. The earlier admissions policy 

for Woodward admitted patients at 1 to 6 months of age there

fore the majority of my patients have been at Woodward since 

the late 1940's and early 1950's. The mean age for the 

patients in this study was 23.8 years with the youngest 

being 14 years old and the oldest 55 years old. Based on 

this data one could observe that without continued admission 

of infants the age of the population would be skewed in 

favor of older patients. Also based on the knowledge that 

mosaics can demonstrate varyinG degrees of retardation and 

physical abnormalities t the mosaics in this stUdy may be more 

healthy and durable and outlasted other patients with Down's 

syndrome at the hospital since the popUlation of Down's syn

drome patients was at one time in excess of 450 (D. Stoner t 

Personal communication). This possibility alone could re

duce the percentage of mosaics from the current 29.9% to a 

more compatable figure of 5.7% based on 450 patients. 

Secondly, any patient that had any cell counts of 46 chromo

somes was considered a mosaic. Ten patients had a cell 
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count of 9 cells with 47 chromosomes and 1 cell with 46 

chromosomes. The possibility exists that an inaccurate count 

could have happened with a chromosome being lost or out of 

the field of vision at that magnification. At present 

further work is underway to investigate the mosaic patterns 

found in this study. 

The mean age of the patients' mothers was 32.4 years 

wi th 31 mothers being 30 years old or younger and .56 being 

over 30 years old. As shown in the work of Penrose (1961). 

28% of all patients born with Down's syndrome are born to 

mothers betvveen 30 and 34 years old. Twenty-nine patients 

(33%) in this stUdy had mothers that were in the 3.5 to 39 

year-old age group at the patients' birth. This compares 

favorably to the work of Penrose (1961) who found 32% of all 

patients with DOVffi' s syndrome had mothers whose ages were in 

the 3.5 to 39 year-old age group. Based on this data the 

Woodward population shows the characteristic correlation of 

advanced rna ternal age and the birth of children with Down' s 

syndrome. Increased incidence of Down's syndrome in mothers 

more than 3.5 years old suggests that chromosomal nondisjunc

tion occurs during female gametogenesis. The major reason 

advanced to implicate nondisjunction in the female rather 

than the male lies in the difference between maturation of 

the ovum and the maturation of the sperm. In spermatogene

sis there is no delay in going from the primary spermatocyte 

to the secondary spermatocyte and finally on to spermatid 
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and sperm. In the female however the primary oocyte is 

ovulated after the first meiotic division and then the 

secondary oocyte becomes suspended during Metaphase II. The 

secondary oocyte does not continue its division until pene

tration by a sperm. As the secondary oocyte remains sus

pended general cellular deterioration occurs. It has been 

shown that serious embryological consequences can result if 

fertilization does not occur until late in the life of the 

secondary oocyte, (about 1 day). Adding to this deteriora

tion of the secondary oocyte, reduced or sporadic coitus at 

an older age provides a very possible mechanism for an in

creased incidence in Down's syndrome in older maternal age 

groups (German, 1968). Other authors do dispute delayed 

fertilization and the longer duration of marriage suggested 

by German as possible causes for Down's syndrome and would 

add a more biochemical mechanism such as a longer period of 

degenera tion in the oocyte in older Vlomen or the shortening 

of the life of the sperm in the male (Cannings and Cannings, 

1968). This author feels that the latter arguments are 

additions to German's hypothesis and not in opposition to it. 

Three patients in the stUdy had twin sibs. Patient 

number 44 is a male karyotyped as a translocation Down's 

syndrome. His twin died at birth with no record of sex or 

cause of death given. This patient had one brother, tvvo 

years older, who was listed as normal. Yne father was 22 

years ala' and the mother was 20 years old at the birth of 



--------------
32 

the patient. No other family records were given. This lack 

of infonnation was very characteristic of the admissions 

practice at Woodward State Hospital in the 1940' sand earl.y 

1950' s • A rather general form was filled out upon reques t 

for admission and very little follow up was done. Noting the 

N.K. (Not Kno~~) and the non specific age ranges entered ~or 

the parents will give an example of the generalized questions 

asked and the general approach made to gathering patient 

data. More emphasis seemed to be placed on speed of admis

sion than on accuracy of data. This policy has since been 

revised and sincere efforts are now made to obtain a compl.ete 

family history. 

Patient number 39 is a male karyotyped as having 

Trisomy 21. His twin brother is normal. The mother, who was 

21 years old at the birth of the ~vins, had kidney trouble 

during this pregnancy and the boys were born 2 weeks prema

ture. One other normal male was born to the mother one year 

after the birth of the patient. A maternal cousin died at 

Vioodward State Hospital but the disorder was not given. The 

reader can also note the improved background information 

given on patient number 39 who was admitted in 1954 compared 

to patient number 44 who was admitted in 1947· 

One other case involving a twin sib was found. Patient 

number 29 is a male who was born 2 minutes after his normal 

sister. Besides his twin sister he has 2 older sisters, one 

older brother and one younger sister. All of these 
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pregnancies and children were recorded as normal. The 

mother was 36 years old at the birth of the patient. The 

patient was karyotyped as a mosaic with a 10 cell count of 5 

cells with 46 chromosomes and 5 cells containing 47 chromo

somes (Table 4). In this and all cases no attempt was made 

to contact the parents for possible karyotyping. The hospi

tal did the work of gaining parental consent for the veni

puncture of the patients. It would be the strong suggestion 

of this author to work through the hospital to obtain con

tact with the parents of Cases 29, J9t and 44 for further 

investigation and possible karyotypes of the parents. 

Monozygotic twins usually show concordance for Do~~'s 

syndrome, although two such ~Jin pairs have been reported in 

which one twin had Dovm' s syndrome while the other did not 

(Lejeune et a1., 1962) (as found in Hamerton, 1971). Dizygo

tic twins on the other hand, were thought to Show no greater 

concordance for Down's syndrome than would be expected by 

chance. However, F;cDonald (1964) studied 67 pairs of twins 

in which a diat'91osis of Down's syndrome had been made in one 

or both infants and found two pairs of unlike sex twins who 

were concordant for Dovm' s syndrome when only a.14 pairs would 

have been expected. Five pairs of like sex twins were con

cordant for Down's syndrome, where 10.5 monozygotic twin pairs 

m t have been eXD8cted, which, allowing for the knovm rela

tio:nship betvveen maternal age and twinning, represents a 

deficiency of nearly 50%. This indicates a considerable 
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deficiency of monozygotic twins with Down's syndrome. 

r~cDonald suggested that a zygote with abnormal chromosomes 

might be less likely to form monozygotic bJins than a zygote 

with normal chromosomes. Keay (1958) had suggested that this 

deficierlcy might result from the more frequent intrauterine 

death of one or both members of an affected twin pair (as 

found in Hamerton, 1971). This investigator was unable to 

determine if the t'0!ins in this study are monozygotic or 

dizygotic with the exception of case 29 who was one of 

dizygotic twins. 

Down's syndrome occurs at a rate of about one in 660 

live births. At age 20 to 24 years old the rate is about 

one 2000 live births, by age )0 to )4 the frequency is one 

in 900 and at age 40 the chances of having a child with 

Down's syndrome is one in 90 live births. Cytogenetic 

counseling can be valuable to families where there is a 

history of mental or physical disorders. The use of arr,nio

centesis can and is being used to test the foetus in utero 

to determine if there is an abnormal chromosomal situation. 

:ii th this technique and improved abortion laws the pregnancy 

can be terminated. The primary factor to control the 

occurence of Down's syndrome is family planning with 35 years 

of e for the mother as the latest time recommended to con

ceive a child. 
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