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I INTRODUCTION 

A. HISTORICAL 

One of the main unsolved problems of medicine toda.y is the fact 

that the frequency of human congenital malformations ha.s shown no 

reduction in spite of the recent specta.cular advances in understa.nd

ing and treatment of human disease. The twentieth century ha.s seen 

the successful application of the ).l:endelia.n laws to problems of dis

ea.se transmission in man, lea.ding to the brilliant elucidation of 

gene action in biochemica.l terms exemplified by the inborn errors of 

metabolism (Ga.rrod, 1923) and the abnorma.l hemoglobins (Ruchnagel and 

Neel, 1962) and the development of refined methods to study the morph

ology of human chromosomes, leading to the identification, within the 

la.st few years, of a new group of human disea.ses, the chramosomal 

aberrations. All these a.dvances in Human Genetics were made possible 

by the work of devoted scientists who spent their lives tr,ying to 

solve the :rn;r?teries of life in a variety of lower orga.nisms, or 

attempting to establish the pa.rallels existing in Nature between lower 

life and 11hamo sapiensn. 

The door is now open, but we have ba.rely ha.d a. glanee a.t the 

limitless field which sprea.ds from the portal provided by establish

ment of the molecular structure of DNA, the basic structure of nearly 

all living ma.teria.l. One sector of the field is that concerned with 

the orga.niza.tiom of DNA into the structure of the huma.n chromosome, 

its replication and its relation to human hea.lth and disea.se. Such 

is the fertile but la.rgely unexplored science of Huma.n Cytogenetics. 

The first application of cytogenetics to medicine was the demon-
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stration of the chromosomal basis of mongolism, a condition which had 

for a long time been an etiological puzzle. Rosanoff (1934), published 

a review of the litera ture on studies do ne on mongolism in twins. In 

addition to the previous 59 reported cases, he added 5 of his own 

analysis to make a total of 64. His conclusions were tm t the etio

logie factors operated in the genninal or early embryonic period. The 

statistical correlation between the incidence of mongolism and the age 

of the parents showed that the real etiologie factor was the mother 1s 

age and not the father 1s who was likely to be in the same age group 

as his wife. Rosanoff said tha t there was no part played by the size 

of the family, uterine exhaustion and the order of birth. Mongols 

were more frequent in males than in females, and tmt could be ex

plained by the protection given by the presence in double dosage of 

the X chromosome. 11All the known factors conceming mongolism seem. 

to point to the same condition of the ovary as underlying its patho-

genesis. 11 

As far back as 19.34, Bleyer suggested that mongolism could be due 

to an alteration in the number of chromosomes, the same mechanism that 

is responsible for the degressive mutations of plants. Taking for 

granted at that time, that the human chromosome complement was made 

of 4S chromosomes, Bleyer suggested in mongolism an abno:rmal aneuploid 

count of 47 or 49 chromosomes. He sa.id that the germinal cells must 

be involved, and that a fixed irreguJa. ri.ty in their constitution would 

produce a defect repeating itself with a strange regulari.ty. Follow

ing De Vries ideas, mongolism would be a degressive mutation like the 

defective sterile Enothera La. ta, a plant ha 'Vi ng 15 chromosomes instead 

of 14. Fanconi (19.39) also suggested the ~etic factor as being in-



volved in the etiology of mongolism. 

Twenty-six years ago, Turpin and his collaborators (1937), pre

sented a study of the pathogenesis of mongolism. Their conclusion 

was that in view of the facts that (1) where one of a pair of mono

zygotic twins was a mongol, the other one was also affected, (2) mon

gol mothers may have normal or mongol children, and (3) sometimea there 

was a tendency for the nalformtion to repeat in the same family, there

fore the mechanism of this defect must be related to the chromosomal 

structure of the cell. But the general belier was that humans bad a 

chromosomal count of 48, and no serious attempts were made at that time 

to elucidate the hypothesis just mentioned above, because of the limit

ations of the cytological techniques. 

In 1956, Tjio an::l Levan, in a stu~ of human embryonic cella in 

tissue culture, found that a normal human karyotype contains 46 chrorao

somes in mitotic metaphase, instead of 48. And it was only in 1959, 

that Lejeune and his collaborators associated a human disease with a 

chromosoma.l aberration. In a study of nine mongol children, they found 

that the somatic cells of those patients in tissue culture, bad an 

extra sma.ll acrocentric chromosome. Almost simultaneously, Ford from 

Harwell (19.59) an::l Jacobs from Edinburgh (1959), and their collaborators, 

published articles on the same problem. Ford presented a case of 

Klinefelter syndrome, associated with mongolism, having two Xs and a Y1 

instead of the normal sex constitution XY, plus an extra small acro

centric for a total c ount of 48. Jacobs described six cases of mongol

ism having one extra chromosome for a total count of 4 7. 



B. TECHNIQJES OF HU~fAN CYTOGENETICS 

The rapid progress in this very new field, ha.s resulted largely 

from the development of new techniques • In 1879, Arnold presented 
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a drawing from tumor cells. But it was impossible to count the chromo

somes. Fleming (1898) obtained low counts in the range of 20 to 22 

chromosomes in normal hu.man tissue. Painter (1924) was the first to 

recognize clearly the sex chromosomes in humans. He stated tha.t the 

total complement had a count of 48 chromosomes including XX sex chromo

somes in the ferœ.le and XY in the male. All thœ e studies were rœ.de 

on tissue sections. The spreading and contraction of chromatids was 

very poor. Some cells were eut through and both the total c ount and 

the morphology were disrupted. ~Lakino (1952), introduced a new tech

nique making use of pretreatment of cells with water before fixation, 

to induce swelling of the cells and spreading of the nuclear components. 

In the same year, Hsu (1952), published a karyotype of the human chromo

some complement from cultures of skin and spleen tissues taken from a 

4-month old fetus. After one week of culture, the cells were washed 

by accident in Hypotonie Tyrode solution instead of isotonie saline. 

The results were obvious, as noted by the author: the chromosomes 

were spread and more easily observed under the microscope. It is 

understandable that the first tissues used for chromosomal analysis in 

humans came from tumours and different skin biopsies. But the tissue 

culture technique involves a great deal of work and a long culture time. 

In 1956, Ford and Hamerton obtained good results from bone marrow 

preparations of rodents. The mammals were injected with colchicine 

and the bone marrow aspirated from the dead animals. The cells were 



treated with an hypotonie solution of sodium citrate before fixation. 

Ford and Jacobs (1958), realized that the technique had to be modified 

for humans, and the colchicine injected in the bene marrow after the 

aspiration. For obvious reasons the authors decided to add the anti

mitotic agent a few hours after the cells were obtained from the patient. 

The chromosomal counts in ten studied individuals gave a modal comple

ment of 46 chromosomes, which v1as in agreement with the previous reports 

on the human karyotype. 

Moorhead (1960), introduced a technique for the culture of human 

leucocytes in vitro after a short incubation period of 72 hours. Many 

steps were needed before good resulta could be obtained in the culture 

of lymphocytes. One of the most important findings was the use of an 

extract of the bean Phaseolus vulgaris 1 as a mitogenic factor. It is 

known that the leucocytes, unless they are stimulated, die a few weeks 

after their transplantation, without going into division. The number 

of cella already in division at the time of the blood puncture is too 

10\·r, since most of them are mature or degenerating. This of course 

does not apply to leukaemic ~tients, who have an abnorma.l growth activ

ity. Nowell reported (1960) on the necessity of using a mitogenic 

agent. Li and Osgood {1949) previously demonstrated the value of the 

Phytohaem.agglutinin in the leucocyte separation from the erythrocytes. 

Primarily used for this purpose the bean ex.tract ha.s finally been de

scribed as having no important agglutination action as compared to its 

mitogenic activity. Skoog (1956) and Chen (1958), reported that they 

could not obtain with the use of this agent more than 75% of the total 

leucocytes present in the blood sample. Today it is a well-known fact 

that most of the searchers have their own method of culturing leucocytes, 
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but yet no one bas found a mitogenic agent whidl bas proven to be as 

effective as Phytohaemagglutinin. 

The media in use for the culturing process are commercially pre-

pared and are the same as those in use for viral studies: the,y must 

contain enough nutritive ingredients to keep the leucocytes alive and 

be free of antigenic agents. The use of antibiotics in culture is 

optional. They should not be necessary if a sterile technique is 

followed and if the solutions used for the preparation of the cultures, 

anticoagulants, mitogenic agent and medium are kept sterile. Mellma.n 

(1962) suggested a concentration of at least 10% serum proteins in the 

culture tube with the leucocytes, and he added that a concentration of 

2~ would give better resulta. Usually the amount of plasma added to 

the medium to give a concentration of 11 500 W.B.C. per cmm. of solution 

is sufficient to yield good mitoses. However Genest (1963) suggests 

the addition of 1 or 2 ces of heterologous human serum. 

When the time cornes to terminate the culture, the procedures used 

do not differ essentially from the general principles described in the 
~ 

tissue and bone roarrow cultures. The colchicine is added to the ali-

quots for a period of t ime varying from one to six hours before harvest-

ing, in the case of the blood culture. The concentration and the time 

of exposure bas been stressed by Sasaki (1961). A.xelrad (1958) used 

colcicine for a period of 18 to 24 hours on the kidney tissues of a 

monkey, and Tjio and Puck (1958), experimented on the use of the mita-

static agent for a period of one hour only, but at a stronger concen-

tration. On human blood samples, de Grouchy and La.m7 (l96l), used 4 mu 

gm of colcemid (desacetyl-methyl-colchicine) for a period of 2 hours 
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and Williamson (1962), used the same concentration for a period of one 

hour, both of them obtaining good resulta. Hungerford and his collabor

ators (1959) used colchicine for a rouch longer period of time, 17 to 19 

hours, but at a ver,y weak concentration of 0.04 mu gm. 

Levine (1956), and Hastings (1961) suggested the elimination of the 

polynuclear cells ~ by adding iron particles to the blood, and removing 

the multinucleated cells with a magnet once they had completed the pha

gocytosis of the iron. This method introduces a new factor of contamin

ation and very few workers adopted the :idea. Edwards (1961) proposed a 

technique of chromooomal analysis from small blood VDlumes. The method 

is very useful especially in children, and whenever only small blood 

samples can be obtai. ned from the patients. 

Today the three different techniques are widely used. The tissue 

culture method is a great tool in cancer research, the bone marrow is 

examined almost routinely in haematologywhen the aspiration is needed 

for the diagnosis of leukaemia, and the blood culture technique serves 

as the basic axamination in cases of congenital malformations suspected 

of being caused by a chromosomal aberration. 

C • THE HtH·1AN KARYOT'YPE AND NORMAL CHROl-lOSOlYIAL COMPLEMENT 

The karyotype refera to the microscopie picture of the individual 

chromosomes arranged in pairs determined by their length and ar.m ratio 

relationship. The idiogram is a drawing made from the chromosomes as 

they are visualized un der the microscope. It was not un til T jio and 

Levan (1956) , could demonstrate for sure that the number of human chromo

somes was 46, that it was possible to establish a ka.ryotype which could 
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serve as the ba. sis for the normal huma.n complement. Previous attem.pts 

made by Pa.inter (1923) from a spermatogonium, by Shiwago (193~) also 

from germinal cells and by Hsu (1952) from tissue culture of embryoni.c 

spleen, fa.iled to present the true chromosornal complement. As it was 

mentioned a.t the beginning of this work, the use of new techniques 

helped the workers in their preparation of the kar,yotype recognized 

toda.y as being correct in number, but lacking many elements for the 

identification of the different chromosoma.l pairs. 

In metaphase, the 46 chromosomes are spread, unordered, and the 

chrornatids are usua.lly clea.rly distinguisha.ble, being contra.cted and 

densely sta.ined by the proper colorants (see Figure 1). From the micro

scopie picture the chromosomes are eut and arranged by pairs in order 

of decreasing length. 

A group of soientists, the Denver group (1960), interested in 

human cytology summa.rized the findings of various workers and came to 

an agreement whioh is to assign a number to each pair of chromosomes 

from 1 to 22, and to identify the sex. chromosomes by the letters X and 

Y. The 22 pairs were broken down into 7 groups. Attempts to define 

the indi vidua.l members of the karyotype were made in the past by Book 

(1959), Pata.u (1960) and Penrose (1960). 

The different findings and propositions made in the last 4 years 

are summarized (see Table 1) and a karyogram (see Figure 2) i1lustrates 

the chromosomes ani the ir place in the normal complerœnt. The letters 

assigned to the different groups were proposed by Patau (1960). 



GROUP A.: CHR.OMOa> MES 

GROUP B: CHROMOSQIIŒS 

GBDUP C: CHROMOW MES 

GROUP D: CHROMQSGŒS 

GROUP E: CHROMOSOMES 

GROUP F: CHROMOSOMES 

GROUP G: CHROMOSOMES 

SEX CHROMOSOMllS 

9. 

TABLE I 

HUMAN KARYOTYPE 

PAIRS 

1 to 3 

1: Metacentric 

2: Sub-metacentric 

3: l-1etacen tric 

4 and 5 

Beth sub-metacentric 

6 to 12 

Ail sub-metacentric. Arranged by size. 

13 to 15 

Acrocentric chromosomes. Sate11ited. 

16 to 18 

16: Metacentric chromosome. With variations. 

17: Sub-acrocentric 

18: Sub-acrocentric. Shorter than 17. 

19 and 20 

Metacentric chromosomes 

21 and 22 

Acrocentric chromosomes. Satellited. 

X Resembles those of the C group, but slight1y 
longer. More metacentric than 6. 

Y Of the G group size. Not sate11ited. Long 
arms closer together than any of the G group. 



10. 

FIGURE I - A CELL IN l·J:TOTIC l·ZTAPHASE 



il . 

FIGURE 2 - A NORHAL MI\LE KARYOTYPE 
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D. HUMAN CHROMOSOMAL ABERRATIONS 

In humans the chromosomal aberrations may be related to the auto

somes or the gonosomes, as in any other organism. The most common types 

of aberrations found are: 

a. the non-disjunction 

b. the translocation 

c. the deletion 

d. the inversion 

e. the duplication. 

a. Non-disj_unction 

De Robertis (1960) described polysomy as follows: When one or 

more of the chromosomes reduplicate and are represented three cr more 

times, the organism is said to be polysemie. Polysomy is a special 

kind of aneuploidy caused by a faulty separation of the chromosomes in 

the meiotic process. When one of the chromosomes along with its homo

logue passes to the same pole and, after the second meiotic division 

entera the ~e gamete, this is called meiotic non-disjunction: (n + 1). 

After .fertilization by a normal gamete (n), the organism will be tri

somie for one chromosome (2n + 1). An individual is monosomic by 

fertilization of the gamete lac king the particular chromosome tha t went 

went to the other pole (n - 1) + (n) = 2n - n. Both trisomie and mono

somic individuals are found in humans. But the known monosomic individ

uals are always lacking a sex chromosome and are of type XO. The type 

YO is not viable apparently, since it ha.s never been observed clinically 

or cytologically. 
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Mitotic non-disjunction takes place after fertiliza.tion: one or more 

of the chromosomes of the diploid cell forming the egg, or other somatic 

cell, fail to segregate normally. If the phenomenon involves the X 

chromosome, it may give rise to individuals with 2 types of cells XXX/XO, 

and they are called mosaics. The phenomenon i tself is called mosaicism, 

or the presence in the organism of two different cell lines. In the 

case of the autosomes, the cella lacking one homologue chromosome or 

member, will degenerate. Bearn and German published in 1961 self explan

ator,r diagrams demonstrating the way bywhich chromosomal abnormalities 

arise in human cella (see Figures 3, 4, 5). 

b. Translocation 

A. translocation is a chromosomal rearrangement which is called 

reciprocal if parts of non-homologous chromosomes are exchanged and 

simple translocation if a part of one chromosome is transferred to another 

without exchange of segments. The process may take place during meiosis 

or mitosis, and is transmissible under certain conditions. An individual 

is a potential carrier, when the amount of genetic material has not 

changed or has cmnged very little (see Figure 5). In this case the 

chromosome which has been translocated to another may enter the same 

gamete as its non-translocated homologue (secondary non-disjunction) and 

the ~ete is trisomie for the translocated segment. The presence of 

extra material usually has the same effect as the trisomy, though the 

complement count is 46. A carrier usually bas only 45 elements. The 

simple translocation is believed to be more common in humans, since it 

tends to involve complete chromosomes in the transfer. 



FIGURE 3 - DIAGRAl1 SJHCWING THE NON-DISJUNC'l'ION OF A CHroMOSOME 

FIGURE 4 - DIAGRAM SHOvJING THE NON-DISJUNCTION OF THE GONOSOHES 

ZYGOTE 
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FIGURE 5 - DIAGPM: SHG:JI~·JG THE TR: .:SLOC TICN l•·ECHA ISl-

r'OUIIU GAMtiU NOIMAl OAMlrt POU/tU lYGqYIS 



c. Delation 

Delation is a loss of a portion of a chromosome, and unless that 

piece is more than 1% of the total haploid chromosomal length, as 

suggested by Lejeune (1961), it will not be detected cytologically. 

The acentr.ic portion, detached from the chromosome tends to get lost. 

Ha:v.ing no centromere, the fragment has no spindle orientation and may 

remain on the middle line when the telophase takes place. 

d. Inversion 

Sturdevant (1925) reported a phenomenon in the Drosophila chromo

somes, that he called inversion. It consista of the transposition of 
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a chromosome segment. It is pericentric when it includ.es the centra

mere and paracentric if the centromere is located outside the inverted 

segment. Inversions may be very difficult to recognize in the human 

karyotype. In the fly Drosophila, the inversion may produce a position 

effect and be identified by the new phenotype, or by its characteristic 

loop configuration in the salivary chromosomes. In humans we have not 

had the opportunity to observe auch a phenomenon. 

e. Duplication 

Duplication takes place when a chromosome has a certain extra 

portion repeated two or more times. The duplication may be a chromo

some free in the nucleus, or a part attached to a chromosome of the 

normal complement. Ail the chromosomes may reduplicate once or more 

times, to give the polyploid cells. 



E. FACTORS INVOLVED IN THE ETIOLOGY OF CHROMOSOMAL ABERRATIONS 

Several factors are involved in the production of chzomosomal 

aberrations. 

a. Intrinsic factors 

i The role of the nucleolus organizing chromosome 

ii Materna! and paternal age 

iii Constitution of the egg 

b. Extrinsic factors 

i Radioactive substances 

ii Antimetabolic agents 

iii Infectious diseases 

The first group (i) is related to the egg itself, and produces 

abnorma.l phenotypes detected by the analysis of the modal cells; the 

second: group {ii) disarranges the normal chromosoma.l constitution 

deter.mined by the fusion of the two normal gametes. 

i. The role of t~e nucleolus orga~zing chromosom~ 

1?. 

The nucleoli are organized at specifie regions of specifie chromo

somes: an association which can be seen best at early prophase. At 

this stage there is a region of the chromosome called the nucleolus 

orga.nizing chromosomesection, that is stretched and breaks may occur 

along that part. During the metaphase the nucleic acid content dim

inishes and that region stains poorly according to Heitz (1933). The 

portion of a chromatid distal to the S.A.T. {sine acide thymonucleico) 

region is known as the satellite. 
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In Drosophila there are constrictions wi. thout nuc1eo1us orga.nizing 

tunction tha.t are called gap constrictions. Dearing (1934), working 

on salamanders and Pathak (1934) on safran plants shcwed that there 

were an odd number of nuc1eolus organizing chromosomes in diploid so

matic cells of the different species. Dearlng found in .Ambystoma 

Tigrinum the presence of two nucleoli, one being achromatic from pro

phase to the beginning of telophase, and the other in ch:roma.tic phase 

from telophase to prophase. In middle prophase the nucleolus seemed to 

diminish in size and become a fragment. The reduction of nucleoli in 

number seemed to be accounted for by the fusion of those organels. The 

author stressed the point that the nucleolu~certainly plays a role in 

inheritance since it ia oonstantly localized, and is in fact a portion 

of a specifie chromosome which is perpetuated from cel1 generation to 

cell generation by mitosis. 

Ge.tes and Pathak working on Crocus Sativua a plant wi.th 24 chromo

somes and 3 of them satellited, observed the doù:>ling of satellites in 

early telophase. Using the Feulgen technique they sta1ned the chromo

somes in red and the nucleoli in green. The latter could be visualized 

in telophà.se. The satellites seemed to be a.ttached by a. threa.d of 

chromatin to the nucleolus. There were two smal1 bodies on tha.t thread 

which seemed to fuse and form the nucleolus. It is Charles (1938) who 

demonstra.ted the ro1e of the centromere and spind1e attachment in syn

opsis. Those findings suggest tl:a t very likely in t1110 different species 

there oan be one inactive member of a single ch:romosamal pair. 

Ohno and his group (1961) demonstrated in human foetal liver cella 

stained with Feulgen, without hypotonie treatment, the nucleolus orga.n

izing region of chromosomes. The constrictions and adjacent satellites 
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were se en on four to six chromosomes. The re were never more than six 

seen at the same time. This idea is contradicted by Ferguson-Sm.i.th 

(1961) who showed the presence of satellites on all a.crocentric chromo

somes, i.e. pairs 13-14.:..15 and 21-22. Our findings are in complete 

agree."D.ent with Ferguson-Smith~s demonstration. This may imply that, in 

cases where lesa than six are seen not all of them are functional, or 

that sorne c€ them are not true nucleolus organizing chromosomes. There 

is also the possibility that when two chromosomes are satelllted, one 

of each pair of acrocentrics (21-22) has one satellited chromosome. The 

maximum number of nucleoli seen in foetal liver cella wa.s six. But most 

of the cella have a lesser number. 

The Philadelphia chromosome (deleted 21 or 22) or Ph chromosome 

found by Nowell and Hungerford (1960) is seldom enga.ged in satellite 

association. It is possible that it is due to a translocation of the 

short ar.m of the 21 onto the centromeric region of the 13-15. Since 

the breaks are more likely to occur during the nucleolus chromosome 

association, tmn any other phase of mitosis, this wuld explain the fre

quent 13/21 translocation in mongpls or any other arrangement involving 

the acrocentric chromosomes. The satellites may be excha.nged, or parts 

of the sma.ll chromosomes (21-22) may get attached to the short arms of' 

the 13. 

ii. Parental aœ 

Non-disjunction in gametogenesis seems to be related to several 

factors of which one seems to have gained some importance many years 

ago, though at that time, the phenomenon of' non-disjunction was not yet 



proven to be a reality in man. Jenkins (1933) and Penrose (1933), 

demonstrated that the paternal age is not related to the etiology of 

mongolism but merely a coincidence of events. The na ternal age affect 

seems to be consistent in mongolism, and Penrose (1961) found that the 

incidence of mongolism œs a very low incidence up to 30 years of age. 

The increase seen in the early period of marital life, or in the early 

twenties is probably due to the translocations present indifferently 

in one of the two parents. The risk of producing a mongol child is 

much higher for a carrier t han for normal people. 

20. 

Jenkins (1933) showed that the risk of primary non-disjunction 

rises in an exponential rna.nner after the age of 30. At that time the 

author did not mention non-disjunction however, and mongolism was known 

as a malformation due to intrinsic and environmental factors of unknown 

origin. In the cases of familial mongolism, the parental age seems to 

have no bearing on the etiology of mongolism. But Penrose (1961) 

suggested that there might be a maternai a ge affect in non-disjunction, 

which could be hereditary. In the case of the father this does not 

seem true, since the mean rexœi ns the same as in the general population, 

contrary to the mother where the incidence is increased. 

Wha. t is true .:!br mongolism, has also been found to a lasser ex.tent 

in the Klinefelter syndrome (Lenz, 1959). But a well established fact 

is that the maternai age bas an affect on the primar.y non-disjunction, 

gi ving ris e to mongolism. 

iii. Constitution of the egg 

In a review of the literature on the affects of the over-ripeness 

of the egg as a cause of n:alforn:ation in the embryo, Witschi (1952), 
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cames to the conclusion that genetic and environmental factors combined 

together play an important role in the induction of ana.tomical malform-

ations. The discussion cornes from work done on lower anima.ls submitted 

to different environmental conditions and tera.togenic agents. It is 

interesting to note that over-ripeness of the egg producing blasto-

phthoria or blastemic degradation differs from the true heredita.ry de-

generation brought about by genie mutations. 

In huma.ns as demonstrated by Hertig and Rock (1950) mere than ha.lf 

of the ovula.ted eggs are not fertilizable or result in zygotes of so 

poor quality that they decompose during the first days of impregnation. 

The author suggests that the low quality of human eggs :may sometimes 

be hereditary or even ba.sed on a chromoso:mal aberration. But as a rule 

the first stages of development may take place without disturbance even 

though the chromosoma.l arrangements are upset providing that the cyto

plasmic constituants are normal. Âs suggested by Hertig and Rock ~(1950) in 
(1952) 

human eggs and by Witschi in lower ani.mals, the cytoplasmic degradation 

in manrnalian eggs plays an important part in the abnormal egg cleavage, 

gastrulation and neurula.tion, duplications, deficiency of organogenesis, 

cellular pathology and neoplasia. 

There is a strong suggestion that ma.IlJT of the early miscarriages 

and abortions in humans are caused by a lethal chromosoma.l aberration, or 

any chromosomal. aberration br.inging too much disturbance in the cyto-

plasmic constituants in early development. 

i. Radiation 

Muller (1927) found. that ra.di oactiv.ity could increase the rate of 

mutations in Drosophila. In the past years, in huma.ns, more attention 



has been paid to the problem, and radioactivity affects have been 

investigated on a fairly large scale, but progress was hampered by 

1ack of experimental naterial in vivo. Chu, Giles and Passano (1961), 

made qualitative and quantitative analyses of X-ray induced chromo

some aberrations in huma.n cella in culture. Some of the conclusions 

:22. 

are given here: first there are two types of aberrations, the chrom

atid aberrations seen shortly arter irradiation and the complete chrom

osome aberrations a.ppearing later, this being in general more than 1$ 

hours after treatment. 

Types of aberrations: a - chroma.tid break 

b - isochroma.tid break. 

The terminal delations increase linearly with the dose. The chronatid 

aberrations and the chromosomal exchanges increase as the square of the 

dose. There is a period of maximum sensitivity: when the chromosomes 

double, they are five times more sensitive than during the interphase. 

In huma.n somatic ce1ls the proportion of chromosome aberrations produced 

by X-r8ir s is not aignificantly different from tha t in certa.:i n plant cells. 

Puck developed a method for long term tissue culture without in

duction of aneuploidy. Some inhibiting factors regarding the use of the 

medium were corrected. They proved tha.t in human isolated cell clones 

in vitro the mean dose to produce one chromosome break per cell on the 

average in huma.n eup1oid cells is less than 50 r. Bender (1957), also 

irra.dia.ted. ce11 cultures with two different dosages of 25 and 50 r. He 

obtained 0.3 break per 100 ce11s per r. But there is no evidence tœ t 

the affects of radiation on tissue in vivo are the same in vitro. 

Using dosages of 25 to 100 r. they obtained in 1,300 cells examined, 



some irradiated and so:tœ as controle, resulta similar to radiation 

effects on Tradescantia microspores. After 18 hours the,y noticed the 

appearance of chromatid breaks, between 25 and .30 hours there wa.s a 

mixture of both chrorœ.tid and chromosome aberr~tions and after 50 hours, 

they saw isochroma tid breaks only. 

Stewart in 1961 reported the case of a Klinefelter who had in 

addition to this XXY sex chromosomes a dicentric component, following 

a radiological bone survey. But as Conen pointed out (1961), this may 

weil be the expression of a true genotype having no relation wm tso

ever to the X-rays received during the 4 days preceeding the chromo

soma! exa.mination. Conen himself (196.3), reports the case of a chlld 

who had received 29 different X-ray exposures, and sh~ed a high non

modal count of dicentric and chromatid delations in the days following 

the radiological diagnosis. 

A total of 121 cella were ana~zed, 28 of them showing a chromo

som! aberration. Two cella bad a dicentric chromosome. One fragment 

wa.s found in 15 cella and achroma.tic lesions were seen in 11 cella. One 

cell had two fragments. An estimated dose of only 0.825 rads was received 

by the patient, and the author thinks that the radiation is responsible 

for the chromosomal aberrations though the ohild ha.d multiple congenital 

anomalies. This explanation seems to be fairly good since the remaining 

cella in this case more than three-quarters of the total oell oount are 

normal. Furthermore ohro.rœ. tid and ohromoso:tœ breaks have not yet been 

reported as being a possible cause at congenital detecta. 

Boyd (1961) studied the affects of beta rays of radioiodine and 

found that the modal cell chromosome number was changed from 90% before 

to 60% after treatment, and that dicentric chromosomes appeared in the 



circulating blood. A dose of lOO mC of rad.ioiodine bas been esti.ma.ted 

to be equal to a dose of 250 rad to the spine. Even 10 nC would be 

sufficient to induce an abnormal karyotype. 

Newer aspects .. of radiation effects 

Somers and Hsu (1962) studied the affects of HA (hjldroxylamine) 

in mammalian cells. It was known that some damage at specifie regions 

of chromosomes may be induced by a known chemical agent, from a pre

vious work of the same authors (Hsu, Somers, 1961). Freese and his 

collaborators (1961, a, b) proved tm t hjldro:x:ylamine bad a mutagenic 

affect on cystosine in the phage T 4. Somers and Hsu following the 

same ideas worked on cella of the Chinese hamster in vitro and the,r 

demonstrated that the chromosome daœge induced by the chemical sub

stance is localized. They assume that this is related to the high con

tent of guanine-cystosine in such localities. They have no evidence 

for the direct action of HA on chromosomes of mammalian cells, but they 

show that there is a specificity of action. 

Bender and Gooch (1962), studied the chromosomes of eight men, who, 

by accident, had been exposed to radiation two years earlier and the 

same studies were done on five normal individuals. In the control sub

jects there was no variation from the expected low count cella due to 

cell breakage. The workera discuss the resulta obtained in the patients 

who received over 230 rad. They found altered chromosomes in cells with ab

normal counta in a frequency of 2 to 20 par 100 cella. 

Buckton and his group (1962) made a more extensive study of 58 

patients with Ankylosing Spondylitis treated by rad.iotherapy. The study 

covers a period of twenty years. The authors reach the conclusion that 



X-ray therapy produces extensive chromosome damage, and the resultant 

abnormal chromosomes can be classified in different categories (see 

Table 2), related to the morphology or the stability of the abnormal-

ities. Some abnormal chromosomes may persist many years after the ir-

radiation time. The unstable aberrations decrease gradually three 

weeks after the exposure. 

TABLE 2 

TYPES CF CELLS SEEN IN IRRADIATED TISSUES 

A 1) Normal diploid cells 

2) Aneuploid cells 

B 1) Chromatid gap 

2) Chromatid break 

3) Isochromatid gap 

c 1) Isochromatid breaks 

2) Ab normal chromosomes: 
dicentric, ring chromosomes 

3) Abnormal distribution of 
apparently normal chromosomes 
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The abnor.rnalities of type Cl are unstable. C2 and C3 are considered as 

stable, and may persist many years after treatment. 

This classification may be used in any study of chromosomal defects. 



ii. Antimetabo1ic agents 

B1ood culture studies were dona by Conan and La.nsky (1961) before 

and after treatment wi th nitrogen :mustard, revealed that this sub

stance has radiomimetic affects. Breaks in chroma.tids and dicentric 

chromosomes were seen four dqs after the treatment. The nitrogen 

mustard is widely distributed in the body and could cause damage to 

the germ ce1ls. An average of 4.5 abnormal cells were sean. 

iii. Infectious diseases 

26. 

A preliminary report by Nichols and his co11aborators (1962), 

suggests that meas1es virus may induce chromosome breakages which have 

a peak of incidence on the fifth day following the onset of the rash 

and that contrary to radiation affects, the aberrations tend to dis

appear, once the cl inical picture bas returned to normal, this being 

around the eighth day. The breaks were noted in 3.3-72% of the ce ils 

studied during the maximum peri cd of activity, and very few rearrange

ments were present. The study is a preliminacy approach to the problem 

of relationship between cancer and virus affinity for the nucleic acid 

components ar the body, and also between the high incidence o:f acute 

cases of 1eukaemia follOwing a measles epidemie. Ha.m:rar and Ellison 

(1961) previously reported the affects of the herpes simplex: 'llil:tùs on , ~issues 

in vitro: there was an increase incidence of chromosome brea.kage. On 

the other hand Trentin et al (1962) demonstrated that a human respiratory 

virus injected into newborn hamsters can induce tumors. With very little 

doubt, at this point one can assume that radiation, chemical substances 

and viruses can induce chromosomal aberrations both in vivo and in vitro. 
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F. CHROMOSQI\1AL ABERRATIONS AS A CAUSE Œ' DISEASE IN MAN 

During the months that followed the discover.y of new techniques 

for chromosomal analysis a few aberrations were found, most of them 

corresponding to well documented syndromes, in which the physical signs 

vary ver.y little from tirœ to time. But the nwnber of chromosomal 

defects responsible for congenital malformations is in fact very small1 

if we consider the astonishing amount of hereditary and congenital 

defects, apparently now showing a clear pattern of inheritance. 

One of the first things to come out of these studies on human 

chromosomes was a clarification of the significance of the sex chroma

tin by Barr et al (1949), and the discovery that Turner Syndrome (Ford, 

1959) representa a monosomy rather than a gametic male as previously 

supposed by GrumbaCh et al (1955). A large series of studies relating 

sex chromatin, sex chromosomes and phenotypes have contributed greatly 

to medical knowledge of the various anatomical sexual aberrations, 

(Jacobs et al, 1961). Barr had shown in mammals that the sone. tic non

dividing cells had a chrona tin mass at the peripher.y of the nucleus. 

This dark stained body was present in females and not in males. The 

discover.y was verified in humans and found to be of great value in 

the determination of the sexual phenotype, both in embryos and adult 

organisms presenting abnormal sexual development. It was also found 

that the nwnber of masses seen in the nuclei correspond to the number 

of X chromosomes present in the cells of the individual, being always 

one lesa than the number of X s. 



28. 

a. :Monosopy and se.xual anomalies 

So far, only the Turner syndromehas been found (Ford et al, 1959) 

to be due to the presence of only one sax chromosome, being an X, in 

the female. The pathological conditions often associated with gonadal 

dysgenesis, include webbing of the neck, aorta coarctation, mental re

tardation, prima.ry amenorrhea, motor retardation, undervelopment of 

the breasts, irregular distribution of the pubic and axillary hair, a 

straight hair line in the back of the head, and sometimes, especially 

in the newborn, the presence of oedema in the feet, legs and less often 

in the upper limbs. The skeletal structure of the patient resembles 

the male constitution. Usually they are sterile. The karyotype is 

made of 45 chromosomes and one of the 6 to 12 X group is missing. The 

sex: chrouatin is negative. Therefore we believe tha.t one of the X chromo

somes is missing. 

The Turner syndrome has been, to date, the only case of monosol'II\Y' 

ever described. The conditions involving the loss of the X chromosome 

in the males are probably lethal. In the autosomes, the absence of 

one mernber is always related to a translocation on to another chromosome. 

Jacobs and Strong (1959) described a case of Klinefelter syndrome, in 

which they found the presence of an extra chromosome of the medium-aize 

group and since the phenotype of the patient shawed sexual anomalies, 

the extra chromosome was then described as an X chromosome. 

A. trisomy in vol ving an X chromosome was described by Jacobs and co

workers (1959). The triple X female or super-female, is a varient of 

the gonadal dysgenesis group, and is characterized by mental retardation 

and/or psychotic disorders, sterility due to maldevelopment of the gonads, 

aberrations of the secondary sexual characters, abnormal stature, quite 
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often associated with malforma.tions of the cardio-vascuJar system,. as 

weil as of the genito-urinary or gastro-intestina.l tracts. T'ne chroma-

tin studies done in the last two cases showed the presence of one nuclear 

ma.ss in the XXY patient and two masses in the triple X female. 

A survey of nuclear sex among mentally defective patients, revealed 

that two male patients had a double nuclear mass, as reported by Ferguson-

Smith (1960). The two boys were bath 22 years of age and were described 

as being severely retarded with an I.Q. below 50. They both had under-

developm.ent of the genitalia, abnorrnal hair distribution, and skeletal 

anomalies, including bilateral radio-ulnar s~~ostosis in one case, who 

also had a webbed neck. They both had small testes and prostate. The 

other patient bad gynecomastia and weil formed nipples with large areolae. 

The cytological examinations revealed that both of them had an XXXY sex 

chromosome constitution. 

Barr (1S62)and ethers reported two cases involving the presence of three 

chromatin masses in male patients. Their chromosomal count was 49 and 

their sex chromosomes vtere of the type XXXXY. The authors suggest the 

presence o~atriad constituting a definite syndrome for this ps.rticular 

anornaly. First the re are skeletal anomalies including the radio-ulnar 

synostosis, also found in one the XXXY described by Ferguson-Smith (1960), 

hypogenitalism and a greater risk of severe mental deficiency. Up to 

date, five ether cases of anomalies have been described in the literature 

by Fraccaro et al (1960), Miller et al (1961), Fraccaro et al (1962), and 

Anders et al (1960). Among the ether malformations noted in the seven 

patients, there were: cleft palate in two, hypertelorism in three, an 

osseous abnormality of the forearm in six of them, and strabismus in at 

least four of them. 
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Among the ether se.x chromosome anomalies that have been reported, 

we should mention the XXYY syndrome described by Carr, Barr and Plunkett 

(1961) and the XYY man found by Hauschka et al (1962). The XXYY type 

is more likely due to a double non-disjunction, and the XYY type prob

ably originated from the fertilization of a normal ovum by a spe~ con

taining 2 Y chromosomes. These two syndromes viere found to be compat

ible with a fairly normal male development. Finally, all types of 

mosaicism may e.xist in intersex organisme. The combination of two or 

three different cell lines in the patient usually results in unbalanced 

sexual development, in W'lich, if the Y chromosome is present in the 

greater proportion of the cella, it will influence the organism towards 

the male constitution. 

b. Autosomal.J'-risomies 

Following the discovery of the first chromosmal aberration involv

ing mongolism, as we discussed earlier in this paper, a few more tri

somies viere found. Edwards and co-workers (1960) described a syndrome 

characterized by micrognathia, skull and heart malformations, low set 

ears and flexion of the fingers, as having one extra chromosome in the 

E group (17/lS). Patau (1960) presented another case of aneup1oidy due 

to an extra autosome, this time a large acrocentric of the D group (13/15). 

The patient, a young infant, had a cerebral defect, a cleft pa1ate and 

hare 1ip, simian creases, apparent anophtalmia, trigger thumbs, poly

dacty1y, haemangiomata and a heart defect. Since 1960, many more cases 

of trisomies D and E were published, and ail of them confirmed that the 

presence of an extra autosome of either group was associated with a def

inite syndrome, within which there \'fere only a few variants from time to 

time. Arnong others, Smith (1961), Patau (1961) and Wijck (1961) publish-
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ed articles on the E syndrome, and Smith (1960), Smith (1961), Ther.mann 

(1961) and Miller (196:3) on the D syndrome. 

Dunn:(196l) found a case of benign congenital hypotonia in which 

there was an extra chromosome of the G group. Since the patient was not 

a mongol, the authors discussed the different possibilities for the 

presence of an extra autosome or gonosome. The supernumerary chromosome 

could by a Y chromosome, a number 21 or 22 if we exclude the theory_ that 

mongolism is caused by a 21, or finally an extra chromosome with no corres

ponding pair in the karyotype. Fitgerald (1962) found apprently the same 

extra chromosome in a case of dystrophia myotonica. The author studied 

seven cases and in fi ve of them found an extra small acrocentric in a 

very low percentage of cells. The number of abnornal cells seemed to be 

in relation with the severity of the disease. 

Fraccaro (1960) examined the normal father of a mongol child, and 

found that his cells had an extra mernber in' the F group, for a total 

count of 47. However, the son had 46 chromosomes with an extra member 

in the F group, and one chromosome missing in the G group. Though the 

child is believed to have a G/G translocation, the presence of the extra 

material in the father has not been explained yet. The importance of 

the extra chromosome of the F group bas been brought up again for dis

cussion by Book and collaborators (1961). They found in a familial 

congenital heart disease (atrium septal defect), the presence of 47 

chromosomes in the mother and 46 chromosomes in the child including a 

monosomy for one pair of the G group. 

Gagnon {1961) reported a case of double trisomy 17/18 and 21 in a 

young baby boy who died shortly after birth. The infant bad a skull 

malfornation, low set and malformed ears, hypertelorism, micrognathia, 
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a chest malformation, a heart malformation, short fingers, simian creases 

and an imperforate anus. We previously mentioned a case of double tri

somy involving a sex chromosome and an autosome tha.t was found by Ford 

et al (1959). Lehman et al (1960) and Lanman et al (1960), also described 

similar cases. However, it seems that the double autosomal trisomy is 

lethal and the chances of finding them are very small, since all of them 

will result in spontaneous abortions or stillborns due to the presence 

of so severe malformations. 

c. Autosomal trm slocatio!l§. 

The first repart of an autosomal translocation in humans, not re

lated to abnormal growth of tissues induced by radiation or in neoplastic 

cells, came from Turpin and his group (1959). They studied a patient 

affected with Polydyspondylitis, and found tl~t two of his autosomes, 

one member of the G group and one of the D group, were fused together and 

gave a total count of 45. The loss of sorne chromatin material in the 

translocation process may be responsible for the phenotype described. 

If this is true we have reasons to believe t hat any member of the D group 

(13-14-15) and any one of the G group (21-22) may be invol ved in the trans

location and consequently give rise to a number of different combinations 

being pa.thogenic if the fusion involves a break in one or both of the 

chromosomes and also sorne loss of material. The patient had multiple mal

formations of the spine and a low intelligence. 

Penrose (1960) and Carter (1960) and their collaborators found the 

first known cases of mongolism transmission through a translocation in two 

different families. The translocation involved one member of the G group 

and one of the D.group. G/G translocations were described in the same 
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year by Polani (1960) and Fraccaro (1960). · 

Zellweger and co-workers (1963), found an unusual translocation 

between two members of the G group, in which the supernumerary chromosomes 

got attached to the long arros of the G member, thus giving a long acro

centric chromosome instead of a metacentric member. Gray (1962), pre

viously described a pericentric inversion giving a similar chromosome in 

a normal woman. In the first case the child was a typical mongol, and 

the authors state that the loss of naterial involved in the attachment 

was minimal. 

Zellweger (1961) found in a girl having epicanthal folds and severe 

rrruscular hypotonia, a D/E translocation, in which the E member missing 

in the karyotype, got attached to the top of the acrocentric chromosome. 

There were 45 chromosomes and no extra ma te rial. Again in this case the 

loss of material seems ta be responsible for the phenotype of the patient. 

Delhanty and Shapiro (1962) studied thé chromosomes of a two-year-old 

girl who was mental ly retaroed,had microphtalmia, micrognathia, a high 

arched palà.te, a heart malforrm.tion and a kidney malfo:rrration. The cyto

logical examination revealed the presence of an unusually long acrocentric 

chromosome, and only 5 members of the D group, for a total count of 46 

chromosomes. The authors believed that the long acrocentric wa.s a member 

of the D group with a duplication for the long arms, or a translocated 

piece from an unknown donor. 

d. Partial triso& 

Patau et al (1961) studied a mother and her child, who bath pre

sented an OFD syndrome, that is characterized by nalforma.tion of the oro-

facial region, as well as defects of the upper extremities. The physical 
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examinations also revealed sorne hypertelorism in the child, as well as 

mental retardation. The atypical finger anomalies are not a constant 

feature of the S!Uldrome, but seems to be fairly frequent. The cytolog

ical studies revealed the presence in both affected patients of an inser

tion in the centromeric region of a chromosome number I, that made this 

chromosom~e look much longer than the corresponding mernber of its pair. 

The centromeric region of the abnorrnal autosome was very thin. The 

authors state that the condition is seen in females only, being lethal 

for males, and that the inserted piece corresponding to a specifie chromo

some segment, may not be seen on cytological examination of all cases. 

We previously mentioned the presence of an extra chromosome in a 

case of Sturge-Weber syndrome. Patau (1960) studied three patients affect

ad With the same disease, and found one of them to have a partial trans

location onto a member of the D group. The author believes that in the 

cases where the anomaly is not seen, the small translocated piece is un

detectable by usual means of chromosomal examination. In the published 

case the chromosome bearing the extra material was a number 13/15, and 

the abnormal chromosome bad the appearance of a mamber of the C group (6 

to 12), with a partial delation of the short arms. 

Both Bottura (1961) and German (1961) described an unusual~ long 

chromosome in the Waldestrom! s macroglobulinemia, which was found in the 

A group (1 to 3). Fatau (1961) suggested in relation with those two cases, 

tha t the anomal y is real and could corœ from rearrangement s following a 

break in the centromeric region, and a misdivision of the chromatids. 

Another possibility was that the biochemical disturbances found in the dis

ease was responsible for the unusual state of the chromosome. 

Biesele (1962) found in tw.c mentally retarded schizoid twin girls, 



35. 

47 chromosomes, the supemumerary member being a chromosome of the size 

of the G group but with different characteristics like the Y chromosome, 

having the two long arms closer together and the short arms being more 

prominent. 

Gagnon (1963) reported the case of a child showing anomalies simi

lar to the E syndrome, in addition to which the index finger was missing 

in both hands. The child 1 s karyotype contained 46 chromoso:rœs and one 

member of the B group (4 to 5) was consistently longer than any other 

of the group. The authors suggested a partial B/E translocation as 

being responsible for the abnormal phenotype. Beth parents ha.d normal 

chromosomes. 

Ellis et al (1962) reported the case of a 13-year-old girl, who was 

mentally retarded but exhibited no mongoloid features. The cytological 

analysis of her chromosomes revealed the presence of an extra small acro

centric chromosome having satellites both on the long and short arms, 

with the long arms being kept together. The authors discussed in the 

article the origin of the aberrant chromosome, pointing out that a nurnber 

22 was probably involved in the rearrangment. 

e. Blood chimera and Mosaicism 

A blood chimera may be defined as flan indi vidual who has in his 

blood stream, cells which are the linear descendants of cells transplanted 

from another individual. 11 In vivo blood chimerae have been described by 

Woodruff et al (1962), who demonstrated in human dizygotic twins of either 

sex, the presence in the male of 8.7% of female cells and in the fernale 

of 1. 7% of male cells. This meaas that in certain conditions there is 

no true incompatibility for transferred cells to survive in vivo in the 

host organism. 



Chromosomal mosaicism has been described before as a process by 

which, for an unknown reason a non-disjunction occurs sorne time after 

the first cell cleavage. This gives rise to two types of cells, or 
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more, depending on the time of occurrence of the error of division. The 

same mosaicism ~ exist in all tissues, or may be specifie to one accord

ing to the time of differentiation. That type of mosaicism differs from 

the one produced by transplantation or tranfusion of heterogenous cells. 

Leon and his group (1961) showed the existence of discrepancies 

between the bone marrow and the peripheral blood constitution in two 

cases of Klinefelter syndrome, who had a sex:ua.l karyo1irpe of .XXI in the 

bone marrow, and two types of cells in the blood XY and XXI. The seoo nd 

case was a patient with gonadal dysgenesis where aga.in the bone rœ.rrow 

had a unique chromosomal type XO, when the blood bad two types XX and XO. 

He advanced the ex:.planation tha t in the b lood cells the hormone level 

would be higher tba.n in the marrow and could facilitate the growth of 

normal cells. Fraccaro et al (1960), in a study of plasma level of growth 

hormone, round in four patients described as cases of gonadal dysgenesis, 

mosaicism involving the bone ma.rrow and the skin tissues. The cells were 

mostly IO in the skin and XX./XO in the bone marrow. Ha.rnden (1960) point

ad out that the differences between bone marrow and blood cultures may 

come from differences between the ma.rrow and the lymph nodes and other 

tissues of the reticule-endothelial system. The chromosomes obtained 

from the blood culture would then reflect a more complete picture of the 

patient than the bone :rœ.rrow. Furthermore, to have a complete analysis 

of a case who bas a normal blood constitution, skin cultures should be 

done, especially in sexual abnor.malities. 

Nawakowski et al (1960), reported 13 cases of Klinefelter syndrome in 

which the chromosorœ number varied between 45 and 49. This is another 



situation in which the patients may be mosaics and in which cell lines 

XO/XY/XXY/XXXY type may exist due to a double non-disjunction at the 

first egg cleavages. We must be very careful in reporting chromosomal 

counts. Some cella may be broken especially when one uses the squashing 

technique, which, let us say here, has been proven not to be useful where 

the air drying technique is applied. We then obtain results which do not 

involve abnormal counts due to cell breakages. 

Finally another type of mosaicism ms been described in 1958 by 

Kodani. From chromosomal analysis of spermatogonials and first meiotic 

metaphases obtained in testes biopsies of 15 Japanese and B white people, 

the author concluded at the time of the study that the chromosoma.l counts 

were 46/47/W3 in Japa.nese population and ma.inly 46 and 4B in the white 

population. The eap lanation was that one or more supemumera.ry chromo

somes could be the normal constituants of different races. Todaywe have 

good reas on to believe tha t the Human Race has the same complemm t. How

ever, within the sante individual some tissues may have a different count: 

for e.xample, the li ver cells seem to have a high percent age of tetraploid 

cells, and of course the sexual gametes are haploid or n = 23. 

f. Chromosomal abnorma~ities of unknown origin 

Jennings and Turner (1961) studied the chromosomes of a 13-year-old 

girl affected with a cleft palate, bilateral talipes equinova.rus, genital 

infantilism, mental defect, deafness, webbing of the neck, epica.nthic 

folds, narrow shoulders and general hypotonia. The cytological exa.mination 

revealed the presence of an unusually long member of the group E (16). 

The relative lengths of 14 cella showed that the abnormal member was of 

the same size as any other member of the C group and consistent1y longer 
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than a number 13. We will discuss the possible mechanism of this abnorm

ality later on in this paper. 

Carr (1963) made the same observation regarding an abnormally long 

number 16 in a fami1y in which the normal father and two sons had the un

usu.al chromosomes as part of their karyotype, whereas one of the daughters 

showed physical abnormalities usually found in cases of gonadal dysgenesis. 

She had a short webbed neck, hypogenitalism, mental retardation. Her 

general development was retarded. 

Bray and Mukherjee (1963) recently published an article on a presum

ably reciprocal translocation involving two chromosomes of the E group. 

The chromosomes involved seemed to be two members of the 16 and 17 pairs. 

The child showed some motor retardation, dysphagia, became hypertonie 

gradually and deve1oped clonic movements of the extremities. It is inter

esting to note that there were no gross clinical abnormalities. The karyo

type published by the authors exhibited a long number 16 and also an ab

normally long number 17. 

A rather interesting finding of the last months was made by CarT 

(1963) in a stillborn presenting with multiple anomalies and having a 

translocated segment onto one member of the G group. The same abnormality 

was present in the normal father. The Y chromosomes seemed intact. The 

mother had normal chromosomes. She gave birth to only one normal child. 

She bad one miscaiTiage and delivered one stillborn. 

g. Ring chromos_q,mes 

Morgan (1933) in Drosophilia, and McClintock (1958) in maize showed 

that the formation of a ring chromosome may be persistent in the same 

organism and a1so be transmitted-from one cell generation to another. A 
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study of two different patients nade by Wang et al and Carr et al (196?) 

was reparted in the same pa.per. One of the pg.tients ha.d a phenotype 

resembling the E syndronewith a me:rrber of the 13/1.5 group missing, a ring 

chromosome and a number 3 carrying a translocation. The second case bad 

an atresia of both ear canals, hypertelorism, epicanthic folds and bilateral 

syndactyly of the second and third toes. 

In Australia Jennings and his group (1962) fo1.md a ring chromosome 

probably origina.ting from a member of the 6 to 12 group in a young boy who 

was severely mentally retarded, had a hea.rt defect, hypospa.ndias and mal.

formed ears. The total cell count incl uding the ring chromosome was 46. 

Linsten (1962) found an X ring chromosome in a. case of gonada.l dysgenesis. 

The existence of the ring chromosomes bad previously been reported 

in ln.nna.ns by Levan (1956) and Ising (1957) in ca.rcinogenesis studies, and 

by Ba.ikie (1959) in a.cute leuka.emia. FinaJ.ly Tough (1960) reporting on 

radiation effects described the occurrence of the ring chromosome as being 

induced by a.n ionizing agent. 

h. Triploidy 

Book and Sa.ntessQll (1960) found triploid cells in a. menta.lly reta.rded 

boy presenting syndactyly. The patient also had normal cells. Penrose 

and Delha.nty (1961) and Ellis and Rowley (1961) fo1.md triploid cultures in 

a.borted foetuses. Finally Ellis et al (1963) reported the case of a 6-year

old girl who was mentally retarded and bad a left-sided hemiatropb,y and 

zygoda.ctyly. Her cells contained both normal diploid and triploid chromo

some members. 

Triploidy seems to be compatible with life as long as the patient also 

ha.s normal diploid cells. 



G, ABNORMAL PlŒNOTYHï.:S WITH APPARENTLY NORMAL KARYOTYPES 

The discovery of the previously described chromosomal aberrations, 

has been made possible throughout the study of hundreds of patients. 

The incidence of chromosomal defects is low, and still, many suspected 

cytolotical aberrations turned out to have a normal chromosome pattern. 

Some of the normal findings are listed in Table 3, against the descrip-

tion of the various anatomical defects. 

The list is far from being complete, by lack of publications of 

the normal complements in malformed individuals. The purpose of the 

table is to establish some criteria for further analysis of the incidence 

of chromosomal malformations. 

The first section of the table (A) deals with the recognized syn-

droms, while the second part (B) is an enumeration of congenital mal-

formations involving the major anatomical systems. 

TABLE 3 A 

LIST OF ABNORMAL CONDITIONS WITH APPARENTLY NORMAL KARYOTYPES 

This table includes only the conditions which were fairlywell 
described by the authors. It omits cases of mongolism with 
apparantly normal chromosomes, undescribed multiple malformations 
and cases of sexual anomalies cited merely as Hypogonadism. J.Vlost 
of the cases were mentioned in ~~'rHE HUJviAN CHROMOSOME NEWSLETTERS 11 • 

ACRO FACIAL SYNDROME 

AMAUROTIC IDIOCY FAl·ŒLIAL 

ARTHROGRYPOSIS 

BILE DUCTS ATRESIA CONGENITAL 

CATARACT CONGENITAL 

CHONDRODYSTROPHIA 

CRYPTORCHIDISM 



DWARFISH PRIMORDIAL 

EI-UERS DANLOS SYNDR01-1E 

EUNUCHODISM 

EXOSTOSES MULTIPLE 

FANCONI SYNDROME 

H.AL.IZRMANN-STREIFF SYNDROME 

HEMOCHRONATOSIS FAIULIAL 

HIRSCHPRUNG~S DISEASE WI'IH ME1"TAL RETARDATION 

HYPOGONADISM FAMILIAL 

HYPOGONADISM ISOLA TED 

HUNT IN GrON • S CHOREA 

PIG~ntNTI INCONTINENTIA 

LA.URENCE-MOON-BIEDL SYNDRCME 

LEUKAEt.riA MONOCYTIC 

MARFAN 1S SYNDROME 

MENTAL RETARDATION FAMILIAL 

1-liCROCAULIA 

MOEBIUS SYNDRONE 

MYELOMAS OF KAHLER MULTIPLE 

NEPHROSIS INFANTILE 

PANHYPOPI'IUITARISM 

PHARYNGEAL PARALYSIS CONGENITAL 

PHENYLKETONURIA 

PIERRE ROBIN SYNDROME 

POLYCYTHENIA 

PRIMARY AMENORRHEA 

PROGERIA 

STEA.TORRHEA 

41. 
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STEINERT~ S SYNDIDME 

STURGE-WEBER SYNDROME 

TAY SACH 1S DISEASE 

TABLE 3 B 

(The following conditions are described as various congenital 
malformations not known as a definite syndrome.) 

Anal atresia 

Arachnodactyly 

Brain defect 

Cerebral hypoplasia 

Craniostenosis 

Cretinism 

Epicanthic folds 

Low set ears, preauricular tags, re
duplication of left thumb and accessor.y 
ossification of right thumb. 

Atrial septal defect, undescended testes, 
pa.ralysis of the soft palate. 

Paralysis of right facial nerve, patent 
ductus arteriosus agenesis of left kidney, 
ureter, renal artery and vein1 patent 
foramen ovale, absence of cartilaginous 
rings of extèrnal ear. Bilateral posterior 
staphylomata. 

Low set ears and high arched palate, 
bread thumbs with triangular terminal 
phalanges and congenital glaucoma. 

And syndactyly. 

And multiple haemangiomata. 

Slanty eyes, mental retardation, hyper
telorism, accessor.y nipples, bilateral 
proximal radio-ulnar synostosis, failure 
to thrive. 

Epider.molysis bullosa hereditaria lethalis Herlitz. 

Familial 

Haemangioma 

Heart defect 

Ulnar polydactyly and mental retardation, 
sometimes assoèiated with a heart defect 
or convulsions. 

With thrombocytopenia. 

Webbed neck and short stature. 



Heart disease 

H:ypertelorism 

Hypogonadism 

Hypotonia 

Imperforate anus 

Lutheran factor 

:Malformed ears 

Hental retarcl.ation 

1-fental retardation 

1-<Iental retarcl.ation 

Hental retardation 

Mental retardation 

Mental retardation 

I-1ental retarcl.ation 

Hental retardation 

Mental retardation 

Microcephaly 

Hicrocephaly 

Hicrocephaly 

Micrognathia 

l'fuscular atrophy 

With simian.crease on one hand. 

Mental retardation, short bread hands 
with one sibling and one paternal steP
sibling showing similar defect. 

Obesity, dwarfism and mental retardation. 

Hypertelorism, epicanthic folds, squint 
small head with premature closing of 
fontanels, mental deficiency and unusual 
hands. 

Polydactyly, aganglionic mega colon, 
failure to th rive. 

Absence of. 
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Imperforate anus, double thurnb, hypo
spadias, bifid uvula, and pilonidal sinus. 

Brachycephaly, non-pitting oedema of hands 
and feet. 

Cleft palate, trilobed tangue, hypertelorism. 

Incomplete clèft palate, hare lip, and co
eliac disease. 

Hypsarrhytmia and ectodermal dysplasia. 

:r.ücrocephaly and hypogenitalism. 

~ücrophtalmia, concussion of the eye. 

Short flat nœ e, mild hydrocephalus, hypo
plastic kidneys, short small intestine. 

Thyrotoxicosis, prognathism. 

:tvialformed ears and face. 

And cleft palate. 

Hare lip, cleft palate, congenital luxation 
of the left hip joint. 

Hare lip with incomplete nasal septum, low 
set ears and large, short neck, convulsions. 

Short neck, premature fusion of metopic 
suture. Polydactyly of hands and feet. 

High palate, short neck; widely spaced 
nipples, kyphoscoliosis. 



Neurodermitis 

Normal parents 

Polydactyl;z 

Sacrum, agenesis of 

Underdeveloped child 

~lebbed neck 

Micrognathia, bird-like face, law set ears, 
infertility. 

Of two children that died early in life with 
micrognathia. 

Hypertelorism, diming of the skin, high 
arched palate, short neck and law set ears. 

Anorr~lies of the ribs. 

v/ebbed neck, mental retardation, cleft 
pala te, undescended testes, 11bat ears 11 , 

congenital ichthyosis and negative sex 
chrornatin in a male. 

Low set ears, slight cubitus val~s, hypo
plastic nipples, high arched palate, epi
canthic folds and anterior displacement of 
anus, short incurved fifth finger. dilater
al complete coloboma. 

H. RATIONALE FOR THE PRESENT STUDY 

In the records of the Departr:.1ent of l~Iedical G:netics of the ho nt real 

Children 1 s Hospital, there are a number of families in which more than one 

child of the same sibship was found to be affected >'lith several malformations 

involving the r:~jcr anatomie systems. ln those faiirl.lies, the incidence of 

miscarriages seems to be high in sorne instances, and as vve vdll see later, 

thia n~y correspor'd to a lethal condition induced by a deficient chromo-

soma.l complement. 1'aking into consideration this possibility, it was 

decided to include in the study not only the families which there was 

more than one affected child, but also cases showing several malformations 

in at least one offspring born to a mother v11ho also ha.d a mis-
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carriage. 

The purpose of this work was to perform cytological studies on 

the patients selected by the above criteria and the parents of the pro

positi in order to determine how effective cytogenetic analysis can be 

as a method of determining the cause of multiple malformations. The 

supplementary examinations included: 

a. a thorough fa.mily history 

b. a physical examination 

c. blood grouping studies 

d. der:tratoglyphic analysis 

e. an electrocardiogram. 

Sorne of the family histories were 

taken several years ago, before anything was known of human chromosomal 

malformations. :t-'Iany patients were already dead, and therefore sometimes 

1...re had to rely on the examina ti on of the parents only, to determine if 

the condition was transr,ri.tted through a chromosome aberration. This will 

not exclude a cytological anomaly that has arisen in the :ratient himself, 

but since we are looking for a cause of familial malformation, one would 

not need to include aberrations not present in the parents. 

With the recent advances in human cytogenetics, it became evident 

that all efforts possible should be made to determine the location of 

the different alleles on the chromosomes, or at least search for evidence 

that specifie genes were present in triplicata by looking for dosage effects. 

A search for autos omal linkage was rra de by Shaw and Gershowithz (1962). 

A total of 793 mongols were studied in comparison with 1508 controls. The 

following systems were used: ABO, MNs, RH, Kell, Duffy, Kidd and ABH 

secretor. The findings were not significant, and the distribution of the 

blood groups did not deviate very much from the expected incidence, but 
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did vary in the direction expected if the ABO locus were on the chromo

some trisomy in mongolism. It will appear evident later in this work, 

that the genotyping of both parents and patients should be done when 

there is a translocation, or fat~lial malformation accompanied by extra 

chromosomal material. 

The physical examination of the phenotypically normal parents may 

help to eliminate the formes frustres of the syndrome not associated 

with a recognizable cytogenetic defect, and which could be due to the 

presence of a gene in triplicata. Any malforll'ation present in the 

parents as well as in the sibs should be noted, or in other ways, any 

congenital defect is of great importance if noted in any member of the 

family. Walker (195S) has stressed the importance of the palmar print 

study in mongolism, and it has proven to be of great value in the diagnosis 

of the disease. 

Penrose (1954), studying the incidence of high triradii in the 

parents of mongoloid children, obtained some resulta that led him later 

to suspect a relation between parents being carriers for a translocation 

and their mongol offsprings. 

l>iore recently, sorne workers (Uchida et al, 1961) found sorne ab

normal dermatoglyphic patterns corresponding to new autosomal trisomw 

syndromes. In the case of the E syndrome, there are a high number of 

arches found on the tip of the fingers. The number may vary, but usually 

it is between six and ten. In the D syndrome or trisomy 13/15, simian 

creases are found, as we11 as high triradtii and an S shape pattern in the 

hall.ucal area of the foot. 

It is often a prob1em to.decide which method of culture to use for 

cytogenetic studies. The chromosomal studies on our patients were done 

by means of peripheral blood andbone mrrow cultures. Facilities for 
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long term tissue culture were not available at the time of the study. 

Discrepancies rBve been noted between blood and tissue cultures by sorne 

workers (Lindsten, 1963; de Grouchy et al, 1963), but mostly in the case 

of sex anomalies. If we take into consideration the fact that we should 

try to make human cytogenetics available to the ordinary clinical lab

oratories, as a method for evaluating the clinical condition of mal

formed subjects, all efforts should be focused on blood chromosome studies 

as the most useful test in diagnosis. Since we are looking here for 

transmitted chromosomal aberrations, there is no reason why all tissues 

should not be of the same type. Of course, even then there is still a 

possibility that a secondary non-disjunction happened after fertilization, 

thus producing mosaicism. 



II MATERIALS AND HETHODS 

A. Y.IA TERIALS 

Phytohaemagglutinin M and P. Difco. 

:Medium Glaxo. (TC 199) • Difco • 

Colcemid Ciba (0.1%) diluted to 0.02% with distilled water. 

Acetic Orcein Gurr 1s. Synthetic. 

Plastic tubes for culture: Falcon, clear tubes. Capacity 

10-15 ces. 

Heparin. Liquaemin Sodium. B.D.H. 1/1000 units/cc. 

B. METHODS 
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The method was described by l"loorhead (1960), and sorne modifications 

came from Doctor D.G. Harnden in a personal communication. A few points 

of the technique have been modified as a result of experimenta carried 

out in this laboratory. An outline of the technique is presented below. 

The technique must be carried out under perfectly sterile conditions. 

i. Blood is drawn from the patient in a heparinized syringe, arrl 2-10 

ces are injected into a plastic culture tube. 0.2 cc of Phytohaem

agglutinin (type M)_, added to the universal container along with 

4 drops of Phytohaemagglutinin (type P), before the blood is injected 

into the tube. 

ii. The blood is left in icy water for 45 minutes. 

iii. The blood is centrifuged at room temperature for 7-9 minutes, at a 

speed of 700-900 r.p.m. 



iv. By this time the red cells have spun dm·m and the majority of the 

nucleated cells are in suspension in the plasma. 
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v. The plasma is removed by inserting a 10 cc syringe and needle, 

gauge 18, through the cap. The culture tubes are already prepared 

and filled with medium 199. Two ces of plasma are added to the 

tubes containing 8 ces of medium. The quantities may be adjusted, 

especially in leukaemic bloods where a white count is indispensable 

before a final concentration is made. The cell count is of the 

arder of 1000 to 2000 WBC per mm 3 of plasma, to give an adequate 

concentration. Smaller aliquots may be prepared by adding 1/4-1 cc 

of plasma to 2-4 ces of medium. 

vi. The different aliquots are left at 37°C, in an incubator for a time 

varying between 76-92 hours. Recently we obtained ranges of optimum 

activity in the order of 90 + or - 9 hours. 

vii. The tubes are shaken once or twice ad~, to prevent clumping of 

the cells at the bottom of the tube. 

viü. The pH should be adjusted in the first 36 hours, when necessa~J· 

But as a rule we avoid adjusting the pH of the solutions. In normal 

conditions, the change of the pH should not affect the normal growth 

of the lymphotic cells. If the medium is acid, the culture turns 

yellow and we then add one drop of sodium bicarbonate at a concentration 

of 10%. If the medium is basic, the culture turns pink and one adds 

HCl 0.1 N. 

Note: The plasma mixed with medium is highly favourable to growth of 

bacteria and fungi. Infection may come from the contact of 

needles with foreign abjects, or from frequently used bottles 

of Heparin and Phytohaemagglutinin. 
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b. Preparation of the cultures 

i. One hour before harvesting, 0.1 cc of Colcemid per cc of culture 

medium, at a concentration of 0.02% is added to the aliquots. For 

non-leukaemic bloods, the optimum time for maximum mitotic activity 

is 3-4 days after the culture has been set up. 

ii. The culture is poured into a 15 cc centrifuge tube, spun down for 

9 minutes, at SOO r.p.m., at room temperature. 

iii. The supernatant fluid is removed, except for one drop in which the 

cells are resuspended. 

iv. Approximately 2 ces of a Sodium Citrate solution, 0.95%, previous~ 

heated to 37°C is added to the clot. The cells are resuspended and 

left in the water bath for 30 minutes. 

v. After centrifugation at 900 r.p.m. for 7-9 minutes, the sodium citrate 

is removed, and the cells are resuspended in one drop of solution. 

Then the fixative is added ver.y slowly (3 parts absolute alcohol to 

1 part of glacial acetic acid). While adding the fixative the tube 

is shaken to prevent clumping of t~e cells. The destruction of the 

red cells will give a brown solution. Enough fixative is added, 1/2-

1 1/2 ces, to obtain a clear solution. The quantity of the fixative 

rnay be relative to the amount of red cells left in the culture. 

vi. Then the fixed material is left in the refrigerator for at least one 

hour. It may be left for more than 24 hours if necessar,y, but it is 

not advisable to leave it for more than 36 hours before making the 

slides. 

vii. The solution is centrifuged again for 9 minutes at 900 r.p.rn. The 

fixative is removed, and replaced with fresh (l/2 - 3/4 cc of fixative 

is added to the resuspended cells). 



c. Preparation of the slides 

The slides may be kept in a jar filled with absolute alcohol, and 

one drop of HCl 5 N, or kept d!"IJ. 

51. 

i. A clean slide is :immersed in icy water for 30 seconds, or left in 

a freezer for a few minutes. Keeping the slide at an angle of 45 

degrees, 2 or 3 drops of the cell suspension is allowed to cover 

the slide, and it is dried by flaming the surplus of alcohol. The 

air drying method has been used and .fuund to be very effective. 

ii. The slide is then left in a staining bottle for 20 minutes. The 

stain is na de af the following ingredients: 

Orcein stain: l gm synthetic Orcein 

60 ces glacial acetic acid 

40 ces distilled water. 

iii. After at least 20 minutes of staining, the excess stained is re-

moved by tilting the slide over a filter paper. ·The slide is passed 

through a solution of acetic acid at a concentration of 45%. Then 

the dehydration phase should include three quick changes through 

2-ethoxy-ethoxy-ethanol. The slide is washed in a mixture of xylol 

and acetic acid 45% (equal parts), for 7 minutes, and finally passed 

through a xylol solution before being mounted with Depex. The slides 

may be examined under oil inrrnersion within 20 minutes. 

Notes: A small quantity of red cells seems to help culturing. For 

leukaemic blood, the culturing time varies between 36-48 hours. 

AB + serum may be used to dilute leukaemic blood, when the 

concentration of White blood cells is excessive (over 30,000). 

The phytohaemagglutinin M has a mitotic activity. The tJPe P 

on the contrary, is rather a strong agglutinant of the red 

cells, and should be used in very small and diluted quantities. 
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(The powder is diluted 10 times, and 4 drops of the solution 

are used for 10 ces of blood.) 

A new method for chromosomal analysis, from small volumes of 

blood has just been published by Edwards (1962). This new 

technique is ps.rticularly useful in children. 

To analyse the chromosomes from a bone marrow specimen, as suggested 

by Tjio and \Vhang (1962), a colcemid solution is prepared tl1a t con tains 

0.000125 mgm of colcemid per cc of TC medium 199. An amount of 3/4-1 cc 

of bone rnarrow is injected into a vial or a conical tube containing 20 

ces of the prepared solution. This preparation is washed with the same 

type of solution to get rid of the red blood clots that may 11ave formed 

at the time of aspriation. The bone rœrrow specimen is kept at room temp

erature for two hours. Then two or more tubes containing the solution are 

centrifuged, depending on the anount of bone marrow aspirated in order to 

dilute the final concentration of white cells. In the case of leukaernic 

patients a white cell count is necessarJ to adjust the concentration of 

the white cells to 10 - 15,000 ïv.B.C. per mm 3 per tube. The remainder of 

the technique is carried out in the same way as the blood culture technique • 

.A.ll the photographie reproductions of llitotic chroaosomes are made at a 

magnification of lSOO times. 
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III RESULTS 

A. OBSERVATIONS MADE ON CELLS IN CULTURE 

Wbat happens to the cells in culture? Once they are in the incubator, 

the cells start a division cycle that has definite phases. For the first 

24 hours there is very little or no change in the Ph. Then on the second 

day, the cellular activity begins and the Ph drops from normal 7.2 to 

about 7.1. These figures are approximate, and do not constitute the re

sult of an accurate study. 

After 24 to 36 hours the cells, if exa;rrined under the microscope, 

using the regular method. for counting white cells, show very little change 

in the morphology compared to their original a.ppearance. They are small, 

and at this stage it is difficult to say what type of cells are going to 

divide. On the third day, or a.fter 60 to 72 hours, an increase in the 

size of sorne of the rnononucleated cells occurs. At least 50% of the cells 

show this feature. Sorne cells ca.n be seen that are in division: the nu

clear membrane has disappeared and the cytoplasrn is filled with organelles. 

The culture may be tennina ted then, or one can wait to the fourth day 

for Ill9.ximum acti vi ty. If the tubes are injected with colcemid in the 

first 48 hours, no division is observed in non-leukaemic bloods. In our 

laboratory, the maximum number of divisions is obta.ined after 90 hours 

of incubation. Many factors are in vol ved in the change of time of the 

optimum activity: the amount of stimulating factor used (Yarshall, 1961), 

the amount of red cells incorporated in the culture tube, liberating sorne 

oxygen and adjust:ing the Ph in the maximum periods of activi ty, and finally 

the condition of the ratient himself. A newborn ha.s polycythemia and an 

excess of il'IIJn9.ture white blood cells (Nelson, 1959 ). Finally certain pa.th-
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ological conditions provoke an increase of the polynucleated cells and 

a decrease of lymphocytes. 

It is interesting to compare those findings with the work of 

MacKinney (1961), who demonstrated by using H3 thymidine that the cell 

division follows a definite cycle described in terms of hours: between 

0 and 24 hours of culture the granulocytes degenerate. The DNA synthesis 

increases slowly for the first 4S hours, and the curve reaches a peak at 

72 hours of incubation. After 3 days, 40% of the cells have some DNA 

radioactivity, and 40% of them are large mononucleated cells. 

In conclusion there is no rigid rule determining the exact time of 

division nor the amount that will undergo cell division. Each patient 

has his own physiological characteristics th.at still apply once his blood 

cells are cultured in vitro. For example, it is noted tmt the patients 

who undergo treatments with salicylates or other antirheuzœ:toia drugs seem 

to have a slower rate of division. But those observations have not been 

verified in vivo, that is no patient has been giyen drugs on purpose 

before the chromosomal examination was done. 

A patient who bas a bacterial infection shows an increase of poly

nucleated cells, and a reduction in the lymphocytes or mononucleated cells. 

In this case one should not expect to have a high number of cells in 

division unless one of the methods described above is used to r~nove the 

polynucJeated leucocytes. A viral infection may on the other band decrease 

the number of white cells considerably as for inst~ce the measles virus 

does. In those cases it is desirable to wait until the infection has 

cleared before any attempt to culture the chromosomes is made. 
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B. CASE REPORTS 

It would be practically impossible at this stage to classify the 

different types of congenital malforma. tians in groups that would identify 

clearly in each of them. But one can divide the patients by criteria 

related to their referral. Such a classification raises many problems 

connected with the essential origin of the physical malformations, but 

one should understand tbat the purpose of the following table is to 

separate as much as possible the various families so that they can be 

more easily identified. In addition to the familial multiple malform

ations are included typical cases which, by the nature of their phenotype, 

may help one to understand the role of the chromosomal aberrations itself. 

TABLE 4 

CRITERIA OF ASCERTAIN.MENT 

a. Blood dyscrasia 

b. Cardio-vascular defects 

c. Cervico-cephalic abnormalities 

d. Central nervous system rralforma.tions 

e. Ga.stro-intestinal malfor.rnations 

f. Genito-urinar"J malfor.rœ.tions 

g. Nongoloid features 

h. Skeleton abnormalities 



a. Blood dys~rasia 

i Family (I) 

Anemia of unknown origin. 

Frank A. (M.C.H. 24663S) was referred to The Montreal Children's 

Hospital for diagnosis and treatment of chronic anemia. The boy was born 

on October 6, 1952. At the time of admission the child presented with 

weakness lethargy and anorexia. He had be en und er treatrn.ent for the past 

three years, receiving blood transfusion, packed cells and steroids. He 

was referred to the Genetics Department for 9iagnosis. 

Family Histo:ry 

The proband was the first child of a family of three. The second 

pregnancy w:1.s a stillbirth and the third child died at birth following a 

severe haemorrhage suffered by the mother who also died shortly after. 

The medical history related that she had a blood disease of unknown eti

ology. The father is now 35 and healthy. There is no history of anemia, 

consanguinity or congenital malformations in the ether members of the 

family. 

Physical examination 

On admission, the patient was pale with a Cushingpid appearance and 

hirsutism probably secondaFf to steroid intake. Liver and spleen were en

larged significantly. A Grade ii/iv systolic murmur could be heard on the 

left sternal border, ·radiating towards the carotid. There was no sign 

of cardiac insufficiency. 

LaboratoEY __ ~minations 

The blood examination showed a low reticulocyte count. The platelet 

count was normal. There was sorne variation in size and shape of the red 

cells. There was a marked leukopenia and neutropenia. The bene rra.rrow 



puncture revea.led a. fair number of megaka.ryocytes. The erythroid pre

cursors were predomina.ntly pre-normobla.sts and ea.rly normobla.sts. The 
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red cell survival curve showed a normal 5o% red cell survival after 20 

da.ys. The radiological examina.tions revealed minor variations of develop

ment of the vertebral arches at the level of 15 and Sl. The kidneys were 

grossly normal though each of them presented foetal lobulation. 

Cytologica.l exa.:mina.tion 

Two different examinations were done on the patient, by mea.ns of 

bone rrarrow a.nd peripheral blood cultures. In the two instances the 

chromosomes were found to be normal in count and appearance. 

Final dia.gnpsis 

A final diagnosis of anemia of unknown origin was ma.de when the child 

left the hospital. There was no reason to suspect that a malignant pro

cess wa.s involved. 

J 



b. Cardio-va.scular 

i Fa.mi.ly { 2) 

Partial E syndrome 

Baby boy c. (M.C.H. 220860) was born on October 17, 1961 at the 
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Catherine Booth Hospital after a. 40-week gestation. The birth weight was 

only 1,650 gm and the child was transferred to The 1\-iontreal Children~s 

Hospital for investigation of a. cardia.c defect and other congenital anom

alies. 

Fa.mi.ly Historz (Fig. §l 
Both parents were French Ca.nadia.ns. The mother wa.s 20 and the father 

23 yea.rs old when the infant was born. They were both in good health and 

not related. The first pregnancy of the mother in 1960 resulted in a 

sponta.neous a.bortion after three months of gestation. A materna.l aunt 

of the mother was sa.id to be a. mongoloid imbecile. One brother of the 

father {I-8) died a.t the age of one week of a hea.rt malformation, and one 

of his nephews (0-5) died of Von Gierke!s disea.se at the age of two months. 

We note in the pedigree tba.t two misca.rriages followed the birth of the 

patient~ s mother. Three mi.scarriages happened when the grandmother was 

over 40 years of age. They were all spontaneous and after 5 or 7 weeks 

of gestation. 

A ca.ref'ul investigation wa.s :rmde of the parents! pre and perinatal 

histor.y to uncover any severe disease which could have affected either one 

of them. But a.part from the usual contagious diseases of childhood, there 

was no histor.y of severe episodes of illness in the grandparents or the 

parents themselves. No physical anoma.ly was found during the physical 

examination of the parents. 
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FIGURE 6 PEDIGREE OF FAlULY (2) 
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Physical e~mination (Fig. 7) 

Several unusual features were noted shortly after the birth of this 

infant. He had a peculiar birdlike facies with a prominent nose, hyper-

telorism, micrognathia, high-arched palate, low set ears and webbing of 

the neck. The first toes were both relatively short and small, with a 

bullous terminal phalanx:, and were somewhat dorsiflexed. The pùlse rate 

was 160 per minute, and the respiratory rate 60 per minute. A Grade II 

harsh, systolic murmur was heard along the left sternal border. The patient 

was maintained in an isolette with an oxygen flow rate of 6.1 lit. per 

minute. A reduction in this flow, or the removal of the infant from the 

isolette resulted in severe cyanosis within 15-30 seconds. 
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The haemogl.obin value, white blood cell count and differentiai cell 

count were within normal limita throughout the period of hospitalization. 

The urinar.y findings were normal until November 27, 1961 when a mass 

became palpable in the region of the left kidney, and at the same time 

red and white blood cells were seen in a voided urine specimen. Culture 

of this urine revealed a moderate growth of Aerobacter aerogenes, sensitive 

in vitro to chloramphenicol. Treatment with this drug Wa.s followed by a 

return to normal in the microscopie appearance of the urine. The electro

cardiogram suggested combined ventricular hypertrophy, and a low P-R seg

ment was noted. Radiographs of the chest revealed findings consistent 

with severe congenital heart disease, a probably left-to-right shunt, and 

pulmonar.y congestion. Radiographs of the skull demonstrated that the 

ma.ndible was sma.ller than nonna.l, the forehead ap:peared flattened and the 

right parietal area appeared larger than the left. Ophtalmological exam

ination was normal. The infant was extreme~ ill throughout its hospital 

stay, and although there was a slight gain in weight (2,250 gm at the time 

of death), the clinical condition deteriorated steadily and the infant 

died on December 4, 1961. 

Post mortem 

At the autops.y the heart revealed a large basilar ventricular septal 

defect, without overriding of the aorta, a biscuspid slightly stenotic 

aortic valve, and an abnormally patent ductus arteriosus. A complete 

double ureter from the right kidney was noted, with stenosis of both ducts 

distal to the ureteropel vic junction and a ureterocele of the bladder 

associated with the upper ureter on the right side. The left kidney showed 

a single ureter, with stenosis distal to the ureteropelvic junction. Both 

kidneys showed minimal hydronephrosis. No chrona. tin rrasses were seen from 
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biopsy specimens. 

Cytological findings (Figs. 8, 9) 

The blood was drawn from the patient for chromosomal analysis 24 

days after birth. Fifty-nine cella were analyzed under the microscope, 

and ten karyotypes were prepared from photographs. Forty-seven cella 

had 46 chromosomes. One member of the 13-15 group was missing and there 

was an unusually long acrocentric chromosome on which satellites could 

sometimes be seen on the short arm. The latter chromosome was inter

preted as being a ~er of the 13-15 group with an addition to the long 

arm. The relative lengths of all ether chromosomes appeared normal. Six 

cells had 47 chromosomes, the extra chromosome being apparently acentric, 

and similar in size to the 21-22 group ( see karyotype of p:t tient). The 

chromosomes of the parents were examined three months la.ter • . • 

The father had a normal karyotype, 44 XY. The mother bad the unusually 

long chromosome, like that ar the patient, in all 50 cells examined. In 

43 of her cells there were only 45 chromosomes, with one member of the 

17-18 group missing (karyotype of the mother). In almost all of these, 

a fragment (not counted here as a chromosome), much smaller than a group 

21-22 chromosome, was also present. 

The unusually long chromosome was interpreted to be the result of a 

reciprocal translocation between a chromosome of the 13-15 group, or D 

group and one of the 17-18 group or E group. The chromosome frag~œnt in 

the mother is presuma.bly the short arm of an E chromosome left behind 

after the transfer of most or ail of its long arm to the long arm of a 

chromosome of the 13-15 D group. The presence of the fragment in most, 

but not all, of the mother1 s cella suggests that the translocation occurred 

early in her developmental history. 
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The origin of the fragment seen in the child rema.ins uncertain. But 

we should mention here that the patient received sorne radiation prior to 

the chromosomal ana.lysis. As we have seen before, the X-rays used for 

diagnosis are sufficient to induce a chromosome breakage in more than one 

cell. Before the blood \'las drawn, the child had a skull, chest and abdom-

inal radiophotography. The infant also recei ved chloramphenicol. There 

is still no evidence that antibiotics can cause chromosome breaks in 

humans but this possibility cannet be excluded. 

The cytologi.cal examination of the materna! gmndparents was also 

done, and both were found to have normal chromosomes. 

Number of 44 45 46 47 4$ poly- Total chromosomes plo id 

Pro band 1 .3 48 6 1 0 59 

I-1other 4 4.3 1 0 0 2 50 

Father 6 2 24 2 0 0 .34 

M.G.H. 4 0 30 0 0 0 34 

M.G.F. .3 .3 24 0 c 0 .30 

Since the cytological examination of the materna! grandparents did 

not reveal any modal abnormality or mosaicism, we assume that the trans-

location is present in the mother only. Furthermore the presence of 

the acentric fragment in the mother is in faveur of a recent accident, if 

we accept t~at an acentric fragment will tend to be lost in two successive 

generations. 

DeRobertis (1960) states that a terminal segment does not survive if 

it la.cks a centromere. The terminal semuent arises usually by the pro-
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duction of a reciprocal translocation involving two non-homolOi:,l'OUS chrom

osomes. The broken ends will fuse; in this case one chromosome of the D 

group and the long arm of one of the E group became attached, and most 

likely the short arm of this 17-18 chromosome remained free in the cyto

plasm. Simple deletions of chromosomes, not involving any translocation, 

are rare in Drosophila, but quite common in ~~ize. In man the incidence 

is low. 

As to the etiology of the aberration, it is rather difficult to 

assume that either the use of antibiotics or X-rays were responsible ,for 

its occurrence. There is no histor,y that the mother has been overexposed 

to X-rays, and she is too old to have been treated by antibiotics in her 

early childhooa. Since her modal cells are all of the abnormal type 1 this 

suggests strongly that the event occurred before or during the first stages 

of her development during intra-uterine life. But her mother has never 

been treated in a hospital, and she is known to have had gpod health up 

to now. Was the translocation purely accidental and due to the pa.iring of 

t'uo non-homologous chromosomes, one 1.3-15 and one 17-18, in the germinal 

cells of the grandmother? Unless we can prove the contrar,y, this last 

explanation stands as the most likely one. 

Relative lengths of chromosome in mother and child 

The relative length of the chromosomes, including the unusual number 

1.3-15, vias calculated for the patient and his mother. The results are 

given in Table 5. As defined by the Denver group (1960), 11 The relative 

length is: the length of each chromosome relative to the total length 

of a normal, X containing, haploid set - i.e., the sum of the lengths 

of the 22 autosomes and of the X chromosome, expressed per thousand. 11 

We can see that in each cell examined, the total length of a number 13 



plus a nwnber 17 gives a relative lcngth longer b; .. - about 10 units , on 

t he average , than the relative length of the unusual nwnber 13 of the D 

group . This is true i n each individual cell, and the numbers cannat be 

interchanged since the absolute value of chromosO!:Les vary greatly i n the 

same individual betHeen hro cells, in any sta(;e of metaphase . The !ilorph

ology of the chromosomes depends on the time of division and also on the 

reaction of the chromosones to the colcemid and the fixative . 

FIŒ.JP..E 7 PICTURE CF PROBAND FA?-!ILY 2 



TABLE 5 

. RELATIVE LENGTH OF CHROMOSOMES IN FAMILY 2 

Chromosome Ce11 Number 
Number ~e 

(Denver) 
Chi1d Mother 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 

1 91 80 88 78 91 80 83 86 89 96 89 91 89 88 79•97 
2 87 82 76 87 83 79 76 90 85 89 89 91 79 88 76 ... 91 
3 15 62 65 72 68 70 66 13 61 n 85 63 15 73 61-85 

4 64 59 66 61 61 56 63 64 15 68 67 63 70 63 51-15 
5 59 55 59 55 56 5.6 56 6o 70 61 56 59 15 59 55-15 

x 55 51 59 52 54 51 56 60 52 61 58 52 61 54 52...61 

6 58 52 54 52 61 51 53 52 52 58 54 59 51 54 51-62 
7 52 50 50 49 48 51 53 47 47 54 54 52 47 49 47-54 
8 44 50 47 43 48 51 50 51 47 50 45 49 47 49 44-522 
9· 44 45 43 46 44 45 43 47 47 46 40 46 42 44 4o-47 
10 43 47 43 46 44 48 43 39 47 43 40 42 47 44 39-49 
11 41 ttg 39 46 41 45 40 39 42 39 45 42 37 39 37-47 
12 38 39 40 41 31 39 34 42 36 40 42 37 39 34-46 

13 29 40 32 35 31 37 36 39 38 32 40 39 33 34 ~~ 14 26 35 33 3'2 ~1 Jh 33 34 38 29 36 28 .33 .34 
15 29 .30 36 32 27 34 .3.3 JO .33 29 31 28.. 28 29 27-36 

16 26 27 29 32 31 31 .30 30 24 25 27 28 28 29 24-.32 
17 26 .30 29 26 24 25 26 26 28 25 27 28 28 29 24-30 
16 26 25 29 23 24 25 26 26 24 29 22 25 28 24 22-29 

19 20 22 22 23 20 25 23 22 24 21 18 25 23 24 18-25 
20 20 22 18 2.3 20 25 20 22 14 18 18 21 19 20 14-25 

21 12 15 18 17 17 17 20 17 9 14 9 14 14 20 9-20 
22 12 12 14 14 14 14 16 13 9 7 9 11 9 15 ·, 1'-16 

TR 13 47 55 55 58 48 51 53 52 56 54 54 52 56 54 47-58 
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FIGURE 8 - KARYOTYPE OF PROBAND FAEILY 2 
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FIGURE 9 - KA YOTYPE OF PROBAlill 1 S I:Ul'!-lE.'C/. FAIULY 2 
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Final diagnosis 

This case represents a partial ...<.. syndrome . The mother was the carrier 

of D/ E translocation and the patient had in addition to the complete geno-

tJ~e , the long ar~~ of an extra number 17/18. 
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ii Case (l) E syndrome 

Doreen B. (M.C.H. 237960) was the product of a full-tenn gestation 

and was delivered after an uneventful prenatal history. She was admitted 

to the hospital for investi~tion of failure to thrive and cyanosis. 

Family History 

Both parents were 26 years of age when the infant was born, and in 

normal heàlth. They had another 16-month old child. There was no con

sanguinity and no history of congenital abnormalities in the family. 

Physical examination (Figs. 10, 11) 

The examination done at the age of two months revealed an 8-week 

old baby in no acute distress. The head circumference was 36.2 ems and 

the length 52.5 ems. Both measurements were below the third percentile 

for that age. The ears >vere low set and the external canals were narrow. 

The palate was high and arched. The inferior IT.andible vms very small. 

The heart rate was 160 per minute and the sounds were regular. A Grade 

II/IV systolic murmur could be heard in the mesocardiac region. The 

liver was one cm below the costal margin. The kidneys were not palpable. 

The second finger was flexed over the third bilaterally. The child was 

hypertonie and both legs were crossed. The big toe was smaller than 

normal and in dorsi-flexion. There was a marked umbilical hernia. Both 

feet were rotated internally, and the abduction of both legs was reduced. 

The electro-encephalogram revealed a non-specifie T wave abnormality. 

At the radiological examina ti on the heart was enlarged; the re .. was a bi

lateral dilatation of the ureters. and a pelv.î:s smaller than normal. The 

child died at the age of 109 days of aspiration pneumonia. 

Post mortem 

The autopsy revealed a prominence of the occipital bone, a small 



umbilical hernia, inter- atrial a nd intzr- ventricula.c com.rnunications -

that i s , a complete form of pe rsistent com'!lon atrio- vcntricular canal 

of Uakai and Edvrards . The le ft kidney Has slig~tly hydronephrot ic . 

The re 1'ras also minimal h;yùronephrosis on the right . Both uretcro

vesieal juncti.ons Here stenotic . There was a side- to- side ileo-coecal 

junction . The surface of the li ver Has herniated through the diaphragn . 

There '\<IB.S also some fatty necrosis of t he liver. 

FIGURES 10, ll PICTG_E0 OF CASE 1 

FIGURE 10 FIGURE 11 
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FI GU"/ZS 1 2 , 13 PICTU:FGS CF FFJŒRS .UD TOSS 0 CASE 1 

FIGU?.E 1 2 

FIGUP.E l3 
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Derrna to_gl yphics 

There vre e arches on all fingers and t oes . The triradius 1.-ras high 

on the right hand . There '.vere no sinian creases. There vm.s an open 

f ield :in t he hallucal area. 

Cytolological exanûnat ion 

The chromosono.a l studies were done by :!leans of peripheral b l ood cult-

ures . Al l t~ e cells examined showed an extr a chromosor.1e identified as a 

member of the group 17-18 . 

Chronos o:ne 
number 

Patient 0 

45 

0 0 

------- -----

52 

Poly-
48 ploid 

0 0 

Total 

52 

------------------------~------------------~--~ -----

The se..'{ chroma tin vias po si ti ve . 

FIGURE 14 - KARYOTYFE OF CASE l 
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Final diagnosis 

A final diagnosis of E syndrome was made. Since the parents were 

ve~J young and the infant did not have a translocation the chances of 

recurrence of the syndrome in future siblings were assumed to be quite 

low. 

72. 
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iii Case (2) E syndrome 

Patricia 1-1. (1>1.C.H. 242560) was born. on September 21, 1962. At 

birth nothing unusual had been noticed during the physical examina.tion. 

She was admitted to the hospital at the age of two and a half months for 

investigation of cyanotic spells and convùlsions. 

Family Histocy: 

The patient had two brothers and one sister in good health. Both 

parents were in their late thirties when the child was born, and unrelated. 

The pregnancy had been uneventful. At the tilœ of admission it was noted 

that one of the mother's sisters was under treatment for seizures of un

l:--..nown etiology, probably of epileptic nature. 

Physical examinat~-~n (Figs. 15 1 16) 

The birth weight was 5 lbs. The head circumference was 33.5 ems and 

the length \vas 49 ems. The skull 1•ras malformed: the occiput was promin

ent and there was a slight depression of the left parietal bane. Though 

it was not mentioned in the medical reports done prior to admission, the 

infant presented a marked fai lure to thrive. She was hypertonie. Her 

ears were low set and the cartilage of the pavilion was thinner than normal. 

The neck was short and a loud systolic murmur could be heard all over the 

cardiac region. There was an umbilical hernia, the big toes were smaller 

than normal, the second finger was flexed and rotated over itself in bath 

hands instead of being flex.ed over the third. The micrognathia \vas present 

but not prominent. The child developed septic~~a and died 82 days after 

birth. 

Dermatog)_YEhics 

There were arches on all fingers and toes. There were no simiancreases 
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or high triradius . There v/Cl.S no pattern i n the hallucal area . 

Labo ra tor:-r: c;tat~ 

il.adiolor;ically the heart was enl:l.rged and both kidneys and ureters 

were dilated. 'l'he electro-cncep:1a lo_:o;ra.1 s ilov.red a diffuse disturbance of 

cerebral Lunction . Ïhe electrocardiograill suogested a probable left ven

tricular hyp:::: rtrophy and a possible right ventricu l:l.r hypertrophy. 

FIGURES 15, 16 PICTURES OF CASE (2) 

FIGURE 15 

FIGURE 16 
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Post mortem 

The autopsy revealed an occipital bone protuberance, a ventral 

abdominal hernia, an abnormal rotation of the cartilage of the distal 

phalange of the second fingers and an hyperextension of the big toes. 

The infant had a pes cavus, a single left umbilical artery and a possible 

Eisenmenger complex. Both the small and large bowels had a common mes-

entery. There was a deficiency of the anterior ends of the first and 

second costa-cartilages on the left and of the second on the right. 

There was a marked right hydronephrosis with a stenosis at the 

uretero-pelvic junction bilaterally. The kidneys were fused and had a 

horseshoe configuration. There was hypoplasia of the ventricular horns 

on both aides. The uterus \vas unicornuate and the left Fallopian tube 

was blind. 

Cytological e~~iog_(Fig. 17) 

The cells found in the blood culture studies had an extra chromosome 

identified as a chromosome 17-18. 

Chromosome 
number 44 45 46 47 48 

Poly- Total 
plo id 

---------· ~·---------------- -· ~-~ ~- .• ,. ·--···--
Pro band 0 1 2 30 0 0 33 

The sex chromatin was positive. 

The chromosomal studies were not done on the parents because the 

child did not carry a translocation. 
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FIGURE 17 KARYOTYPE CF C~SE (2) 
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Final diagnosis 

A final àiagnosis of triso y 17-18 was made . The syndrome is 

typical of the malformations caused by the presence of an extra member 

of' the E group. Hovmver one can note tha t the flexion of the fingers is 

atypical in the sense that the second finger is rotated on itself instead 

of being flexed on the third. 
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iv Falllily (3) E syndrome 

Baby girl St. G. O·i.C.H. 252475) was born on t'Lay 26, 1963 at the 

Catherine Booth Hospital after 40 weeks of gestation. She rias irm1ediately 

transferred to The Nontreal Childrent s Hospital and referred to the 

Genetics Department because she presented multiple anomalies. 

F~l.z History (Fig. 18) 

The father was 43 years old and of French origin and the mother 

41 years old and of English origin, i'{hen the child was born. The mother 

had 8 pregnancies. F'ive boys are normal and alive. She also had one 

stillbirth (0-2) and one miscarriage (0-4). The gestation was normal 

except for the pre..'nature rupture of the membranes five days before the 

delivery. 

FIGURE 18 PEDIG~ OF Io'AlJ!ILY (3) 
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Physical examination 

The head circumference was 12-1/2 inches. The infant birth weight 

was 1, 850 grns. She was cyanotic and had a very poor tone at the time of 

de li very. Her ears -vrere low set, and there -vras a lack of cartilage in 

the helix. 'l'he palate was high and arched. She ha.d marked micrognathia. 

The second fingers on both hands were rotated on themselves and not flexed 

on the third. The fifth fingers were incurved. There was hypertonici ty 

of all limbs and rocker bottom feet. The patient also presented a marked 

failure to thrive. 

The intra.venous pyelogram showed a right hydronephrosis, and a par

tial obstruction at the level of the urethra and the bladder neck. The 

electrocardiogram demonstrated sorne non-specifie T wave changes, with 

a right. ventricular hypertorphy and an extreme right axis deviation. 

The radiological examination also suggested a diaphragm defect on the 

left hand side. The skull radiography showed a narrow sagittal suture 

with no premature synostosis. 

The dermatoglyphic studies showed a high triradius on the right hand, 

a total of five arches on the fingers and no simian creases. 

The patient was discha:rged from the hospital and placed in an in

stitution. 

Cytogenetic stY,dies_(!ig. 19) 

The chromosomal analysis was done from a culture of peripheral blood 

leucocytes. The total count was 47 and the extra member was identified 

as a member of the E grol,l.p or a chromosome 17-18. The child was then 

trisomie for an autosome. 
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-- -- -------
Chromosome 
munber 

45 47 48 Poly
ploid 

--------·---·-------
Patient c 0 0 49 2 0 

---- ------- ·-- -- · 

Total 

51 

The chromos ome s of the parents were not studied since t hey \-Tere 

assumed to be normal . 

FI GURE 19 - KARYOTYFE ûF PROBAîlD rAEILY (3) 
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Final diagnosis 

The syndrome described in this p9. tient typical of an E syndrome. 

Hm•mver the index finger defect differs fror~t the reported cases in the 

literature. The digit is not flexed on the third but rather 

rotated on itself. The number of arches on the fingers is hign, being 

five but seven and more arches are usually seen. 



81. 

v Fa.l!lily (4) Chondrodystrophia calcificans 

Baby girl Pat O•I.C.H. 245017) was born on January 18, 1963 and was 

referred to our hospital shortly after birth for diagnosis and treatment 

of nmltiple congenital ru1omalies, of which the ~ost severe at the t~~e 

seemed to be the heart defect. The baby was born after 28 weeks of gestation. 

The birth weight was 1,600 gms. The deliveXJ7 was spontaneous. 

Farnilv Histoor (Fig. 20) 

Bath parents were thirty-two years of age at the tine of conception, 

and unrelated. The mother had an ovarian dermoid cyst removed when she 

was 25 years old. One of her brothers (I-3) died at birth of anencephaly. 

One of her sisters (I-7) died at 16 days of age and had a cyanotic heart 

condition and club feet. One paternal ~ousin (I-13) died at 16 years of 

age. She had multiple bane a11omalies and a heart defect, while her sister 

has been under treatment for many years for a severe scoliosis. Bath 

mother' s cousins were of average intelligence. The mother had a total of 

5 pregnancies, 3 of vihich result ed in miscarriages and one in a normal 

child. The proband (0-9) described below was the product of the fifth 

conception. 

Physical examir.ation (Fig. 21, 22l 

The patient, a premature b~by girl Y.Tas exa.mined by the Genetics 

Department two days after birth. The child had micrognathia, a short 

neck, flexion of the second toe over the third bilaterally, and a pal

pable mass in the right upper quadrant of the abdomen. A systolic murmur 

could be heard over the mesocardiac region. The derrnatoglyphics revealed 

a total of six arches on the fingers. A part from the fact that the child 

was prerrature, the neurological examination did not reveal anytlùng ab

normal. 
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lLIBliTlMltE LillE 
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FIGURES 21, 22 - PIC'l'URES Œ' Jm-JBAIIJD FAhiLY (4) 

FI GURE 21 

FIGURE 22 



Laborato~ examinations 

All biochemical studies àone >'fere normal. The raàiological exa.rnin

ation of the kidneys revealed that the calices of the right kidney were 

dilated and that the left kidney was hypoplastic. 

Cytogenetic studies 

The chromosomal studies were done on the proband and both parents, 

by means of peripheral blood cultures. No gross abnormality was found. 

Hore than forty cells were counted in each case, and twelve cells were 

analyzed in the proband. 

F:h_rla1:~ di~mosis 

The presence of a total of six arches on the fingers, along with 

the micrognathia, the kidney malformation and the heart malformation were 

enough to suggest an E trisomy. However, the typical flexion of the 

fingers was not present, no herrlia was noted, and the ears viere normally 

set. There vm.s no defonni ty of the skull. The subsequent labo ra tory 

examinations were in favour of a diagnosis of chondrociystrophia calcifi-

cans. 



vi Case (3) Polycystic disease 

Baby girl T. (H.C.H. 227941) was born on Harch 23., 1962 and died 

six days later of multiple congenital anomalies. The parents were seen 

in consultation becnuse they were afraid of having another abnormal child. 

Family Itis~ 

The proband was the second born in the family. The first child was 

normal. Bath parents uere of French Canadia..11 origin and unrelated. The 

mother was 27 and the rather 29 yea.rs old when the child wa.s born. The 

family history did not reveal any incidence of congenital malformations 

in the family. The pregna.ncies were uneventful. 

Physica.l exa.~tion 

The proba.nd vias de:}.ivered by breech after S months of gestation. 

The birth weight was 2 lbs. 14 oz. The baby was cya.notic a.t birth. Her 

head circumference was 12 inches. The skull was abnormally sha.ped. The 

occiput wa.s high and prominent. 1'he ears were low set, the neck wa.s 

short and there vias marked hypertelorism. The abdomen was prominent and 

a ma.ss could be felt in each flank. The arms were webbed at elbows and 

axillae. The fifth fingers were longer tha.n the others. The X-ray 

shovTed a heart enlargement. There was a congenital dislocation of both 

hips. 

The post mortem revealed: 

1. polycystic kidneys 

2. polycystic liver 

3. polycystic pancreas 

4. webbing of the neck 

5. normal female geni talla 
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· 6. heart grossly normal 

The dermatoglyphic studies were normal. 

Cytogenetic studies 

The chromosornal studies were done on the proband and both parents 

and found normal. A buccal smear of the patient was positive and hence 

normal. Ali chromosomes of the patient vtere normal, and there was no 

sign of translocation in the parents. 

-· --~- ~' -·"-'""" _______ ._ ----- "'--.. -
Chromosome 44 45 46 47 48 Poly- Total 
number plo id 

l:tother 0 0 22 l 0 1 24 

Father 0 0 15 0 0 0 15 

Pro band 2 0 35 0 0 0 37 

Final diagnosis 

The syndrome described here and affecting many major anatornical 

systems seems to be a 11 polycystic disease 11 affecting the kidneys and 

other glandular systems of the body. The chromosomes in this case are 

norrœ.l and the transmission of the syndrome is probably due to a recessive 

gene in the congenital type. The parents seemed norrn.al, and there was no 

suggestion that one of them was carrying the disease. The relatives were 

all normal by history. There is probably a one in four chance for each 

subsequent child to be similarly affected (Dalgaard, 1957). 
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vii C;l,Se (4) Eultiple malformations of 

unknown origin 

Denis L. (H.C.H. 240560), was born on September 3, 1962. He was 

admitted to the hospital for treatment of a h.;;art defect and other con-

genital anœnalies. This child was the first born in the family, and 

the parents were referred to the Genetics Depart~ent for diagnosis. 

Family fi.ist_91X 

The motr1er -v.ras 39 and the father 30 years old when the child v-ras 

born. Their racial origin was French Canadian and they were not related. 

The family his tor.f 1.vas not contributory. The gestation lasted 10 raonths. 

Physical ~~ination 

The proband "Lveighed 9 lbs at birth. His head circumference l'fas 16 

inches. He had a congenital right microphthalmus. The heart examination 

suggested a tricuspid atresia. The intravenous pyelogram showed that the 

right kidney was smaller than the left. The dermatoglyphic studies >vere 

normal except for the presence of a loop in the third interd.igital space 

on both hanàs. 

Cytogenetic studies 

The chromosor.1es of the child >vere normal. The se.x chr01natin "ivas 

negative. 

Final diagnosis 

The syndrome seen in this pa tient is apparently not due to a chromo-

somal abnor:mality. 'l'he risk of recurrence of the malformations in the 

ne.xt child is unknown. The parents were not related, and there was no 

indication that it was due to a recessive gene. The possibility of con-

genital toxoplasmosis was considered and subsequently ruled out by negative 

laboratory results. 



viii Case (5) D syndrome 

Baby girl S. (N.C.H. 244307) was born on January 1, 1963 and died 

on l:ta.y 25 of the same year at The l·Iontreal Children1 s Hospital. The 

infant presented many congenital anomalies at birth, and was referred 

to the Genetics Department for diagnosis. 

Family: Histo:r;z 
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The father was 43 and the mother 40 when the child was born. They 

·were both Polish and immigrated from behind the Iron Curtain in the early 

19401s. They have never been in contact with their familias. 

Physical examination (Figs. 23~ 2h1 25) 

The girl was born after an uneventful pregnancy that lasted 40 weeks. 

The birth weight i'tas 2,430 grns and the newborn was noted to bave a poor 

tone, apnea and an irregular respiration. Because of her cyanosis and 

her apneic spells the girl was transferred to the li.C .H. for investigation 

of her heart condition. The physical examination revealed a grossly ab

normal infant with an abnorrœ.l skull presenting large and asy:mmetric 

sutures. There was some telangiectasia of the forehead, nase and neck. 

The ears were low set. The root of the nose was recessed giving the 

appearance of an incomplete forn:ation of the septum limiting the t;.ro 

nostrils. The neck was short. Th~ head circumference was 12-1/2 11 and 

the length 1811 • 

The child presented a dacryocystitis since birth and the ophtalmo

logical ex:amination l'laS delayed due to the formation of a big abcess in 

the inside corner of the right eye. However, some degree of .micro

ophtalmia Y.Tas noted. The palate i'tas high and arched. There were six 

fingers and sL~ toes bilaterally. The extra digit being the fifth one 

on each aide. 



The radiological examinations suggested an abnor 1:al heart condition 

from the enlargem.ent of the ventricles . At b i r th no mumur vras noted , 

hovrever af';t,er 10 days a. systolic murmur coul d be heard at t he apex. The 

X- ray pictures obtained from an intr avenous pyelogram sh m1ed that both 

kidneys were enlarged and seemed to be fused on the medial line . 

li'IGURE 23 PIC1VRE OF CASE (5) 
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?IGUil.ES 24, 25 - PIC'YLJR&S Œ CASE ( 5) 

FIJURE 24 

FIGURE 25 
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The derma.toglyphic studies 1<1ere not typical of mongolism but there 

was a high triradius on both hands, as well as simian creases, and on the 

feet, in the hallucal area, there was a fibular arch pattern. 

The electroencephalog~~ showed sorne epileptiform disturbance from 

the left centra-parietal region and an independant area in the right par-

ietal and postera-temporal region. There was evidence of lack of ma.tur-

ation in the brain. 

The child1 s condition deteriorated rapidly. She had had an eye in-

fection since birth, and soon after birth she developed a renal infection 

which also necessitated sorne antibiotic therapy. She had frequent episodes 

of convulsions ani her blood sugar level was extremely lovl especially in 

her first month of life. The girl died five months later after repeated 

episodes of cardiac arrest. Throughout her hospitalization she had pre-

sented a severe failure to thrive. 

The buccal smear was done and found to be positive and normal for 

her sex. The chromosomal count was 47: the extra member was a chromosome 

of the D group. The infant \'fas then trisomie for a 13-15. 

Chromosome 
number 

Patient 

45 

0 0 

46 47 

1 0 

Poly
ploid 

0 

Total 

43 

All the cells exa;11ined showed the presence of the sam.e extra chromo

some. Also in most of the cells there were alwa.ys three satellited chromo-

sames which suggested that the extra member was one of the 13 pair, if one 

accepta tba. t the satellited chromosomes ahra.ys come first in the classifi-

cation. 



92. 

FI GU fŒ 26 - KAR.YCTYI-Z IL' CASE ( 5) 

A (1 - 3l 8 !4- Sl 

xx c (6- 12) 

o· U3- 1s1 E !16- 18l 

G !21-221 

Final di~1osis 

Patau et al (1960) was the first to describe the trisony 13-15. I':ost 

of the cases report cd so far have be en found to present a severe nulforma ti on 

of t he palate and superior lip. I !l t he present case there was no cleft 

palate or hare lip but the fori~ation of the nose and medial septum seemed 

to have been disturbeà. The ophthalmological e.xamination vvas inconclusive 

regarding the eye condition. It was also L~possible to deterrrJne if the 

child was deaf. I n suillllla.FJ : the telangiectasia , the heart malformation, 

the kidney defect, the polydactyly and the cerebral anomaly are typical of 

the trisomy 13-15. 
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ix Case (6) Turner syndrome 

Anne O. (H.C.H. 254212) was born on June 5, 1955. She was hospital-

ized for the first time at the age of 8 for investigation of adiposity 

and heart defect, and referred to the Genetics Department for diagnosis. 

Family History 

The father was 37 and the mother 31 when the child was born. She 

was the second child of a family of four. Both parents were in good 

health and unrelated. They were concerned about the child~s health bècause 

she had a limited exercise tolerance and was too short for her age. The 

parents stated that the girl was ve~ bright and that her intelligence bas 

developed norma.lly since birth. The patient occasionally complained of 

headaches, especially early in the morning. 

Physical examination 

At the time of admission her weight was 34.2 kg. Her height was 47-1/2 

inches. The blood pressure was 120/80. She looked rather obese and her 

neck was webbed. There was a slight ptosis of the right eyelid. The 

heart ausculatation revealed a loud systolic murmur · radiating towa:rds 

the left sternal borderwith a maximum intensity at the second intercostal 

space. The re wa.s sorne swelling of the hands probably due to lymphoedema.. 

Laboratory data 

The electrolytes and the protein electrophore\is were normal. The 

17 ketos teroids and the 17 hydroxycorticosteroids were also in the noma.l 

limits. The radiological examination of the chest was normal, but the 

picture of the bands revealed a short fourth metacarpal bone, which is a common 

feature of ganadal dysgenesis. 



94. 

Cytogenetic studimJ 

A. buccal smear taken from both sides of the mouth showed no chromatin 

in the nuclei. The chromosoma.l studies were done from a peripheral blood 

cul ture and all cells had an aneuploid count of 45. One chromosome of 

the group C was missing and was believed to be an X member. 

Final diamosi.§. 

The patient was diagnosed as being a Turner syndrome with coarctation 

of the aorta. 
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c. Central nervous system Spina bifida and other anomalies 

i Family (5) 

Baby boy L. (H.C.H. 234419) was born on July 19, 1962, and died in 

hospital 9 days later. Three of his brothers died of spina bifida and 

since the proband presented the same anomaly, the parents were referred 

to the Genetics Department for counselling. 

Family History 

Both parents were French Canadian and unrelated. The mother was 

23 and the father 30 years old when the child was born. They had six 

children: two normal females and four abnormal boys including the proband. 

Of the three other abnormal boys who all died of spina bifida, one was 

born in 1958, and the ether two vrere born in 1961 and were twins. 

Physical examination 

The boy -vas grossly abnormal at birth; his head circumference was 

16 inches, and the fontanelles were largely open. There was from Dl to 

the sacrum a dorso-lumbar spina bifida, plus a meningocoele. The post

mortem examination also revealed a patent ductus arteriosus, an occlusion 

of the posterior end of the aqueduct of Sylvius, a hypolasia of the right 

hemisphere, an agenesis of the right dentate nucleus and finally an 

aplasia of the vermis. There was absence of the adrenal, the kidney, 

the ureter and the testis on the left side. 

Cytogenetic studies 

The cytogenetic studies vTere d one on the proband ard on the parents. 

They all had normal chromosomes, with no evidence of translocation. 



Chromosome 
number 

Pro band 

Eother 

Father 

44 

0 

0 

0 

45 

0 40 

0 20 

0 20 

47 48 

1 0 

0 0 

0 0 

Poly
ploid 

0 

0 

0 

Total 

41 

20 

20 

No other malformation ,,ras described in the first three boys who 

were affected vlith a spina bifida and hydrocephalus. The proband on 

the other hand had a severe heart malfo~nation and an aplasia of the 

left genito-urinary system. 

Four out of six were affected in the family, ail of them males. 

The two living girls were fernales. 

96. 



97. 

ii Case (7) Multiple malformations of unknown origin 

Antonio R. (R. V.H. 204568) vJas born in July, 1961, and he l'l'as eight 

months old when the Genetics Deputment was asked to see hirn. He was 

then hospitalized for treatment of recurrent pneumonias and evaluation 

of his cardiac anomaly. 

Family Historz 

The father was 28 and the mother 24 years old when the child was 

born. They were not related. On either sid.e of the family no one VTas 

known to have died of congenital malformations. The pregnancy was normal 

and the mother had not been under drug therapy at any period of the ges

tation. 

Physical e~n~~~-on (Fig. 27) 

The birth weight of the patient 1·ras 4 lbs. He was underdeveloped 

physically and mentally. The head circumference 1vas 15 inches and the 

length 37.5 ems. The eyes 1.vere bulging. All over the body the skin was 

loose and there were prominent umbilical and inguinal hernias, though 

the last two had been repaired shortly after birth at the same time as 

correction of an imperforate choana. The venous system was ve~J super

ficial and the vessels were bulgu1g loosely at the surface of the skin. 

A faint Systolic mum.ur could be heard when the child was excited, and 

the heart beats were noted to be irregular. There vras a narked hypotonia, 

with no demonstrable pathology of the sensorial or motor nervous systems. 

The patient was extremely irritable. The palate was high and arched. 

Tm boy was edentulous. 

The biochemical and serological tests failed ta demonstrate any 

abnormality which could have been responsible for the clinical condition 



of the chi ld . A skin biopsy shovied that the sl~irl was hyperkeratotic . 

Der;:l.a.to.üyphic studies 

The finc_;er l):i.'ints •.re e studied and the c hild 1:fas found to 1Ja ve a 

hi bh t riraùius on the left :1and. There 1-1erc no sir.Iian c ... eascs . 'l'nere 

vras an arch tioial on t;:e .Left foot in the hallucal a1·ea , &'1d a S'->3.11 

loop distal on the right . 

!:'"IGUi..E 27 PIC'.LU -.~ OF CASE (7) 
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The chronoso·'les -;.;ere an.al,yzed !Jy ;, :ea~ls of t-€ rilJh=ral blood culture . 

All the cells exa!.ûned bad 46 chro:r:-,osor .. es and a normal male scxual comple

:nent . There v1as no sign of tra~slocation . 

Final diagnosis 

The patient àied at the age of nine months . The final àiagnosis 

was : multiple congenital anomalies of unknown origin . 



99. 

d. Cervic_o_ 2_e.P,halic r·iultiple malformations of un.~no-vm origin 

i Family (6) 

Hary S. (l,I.C.H. 172682) a premature fe~:ale bfant vra.s born on Karch 

10, 1959 and ilr.E:edia tely referred ta the Genetics Dep1rtment for diagnosis 

of multiple congenital .. 

Family Hist_g_rzi.Eil~·-H-~ 

The father was 26 and tr1e Jaother 29 \vhen the ch:ild i'!l"a.s born. They 

\vere both Irish in origin. Cne pro band 1 s r..a ternal first cousin ( 0-8) 

was kno\m to rave died of a severe raalforr;ation, probably anencephaly. 

The first pregnancy (0-l) resulted in a rnalformed child Joseph. The nezt 

three children "'flere nom..al. In 1957 the aother deli another mal-

i'ormed boy (James, 0-5) sixth child (0-6) born years later 

vlas the affected proband. T.tJ.e parents ;rere not related thcre vias no 

other a~L'['ected child in the farnily. 

FIGURE FEDIGREE Œ FM~ILY (6) 
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Physical examination (Figs. 22,30,31) 

The physical examination of the proband is smrunarized in Table 6 

with the Lqalformations of the ether two children. 

Skùll anomaly 

Low set ears 

Cleft palate 

Micrognathia 

Tongue retro displaced 

Heart normal 

U rinary system normal 

Ext. genitalia normal 

Mental retardation 

Joint dislocations 

Club feet 

Abnormal vertebrae 

Hydrocephalus 

Spina bifida 

Thyroid 

Short linibs 

TABLE 6 

Joseph (0-l) 
(R.V.H. 48-6461) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

James (0-5) 
(H.C.H. 137028) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Mary (0-6) 
(H.C.H. 172682) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

The postmortem examination of the proband revealed on dissection an 

absence of the anterior cruciate ligament, flattening of the tibial joint 

surface and poor development of menisci in beth knee joints. Beth knees 

>vere dislocated posteriorly. There were club f'eet and sub-lu.xation of tees 

on the left foot. The hands had a sub-luxation and deviation of phalanges 
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radially at the rnetacarpophalangeal joints and ulnël.rly at the proxir.1al 

i ntsrphalangeal joints. The surface of the acetabulum .,,ras nore horizontal 

than normal. 'l'he cortex of the cbvlcle , as Loo thick and the fourth ribs 

;,'fere inc,x:lplete . 

FIGUP..E 29 RAD l.OLOGICùL FIC TURE 0..:' '1'i L2: 1-. 0 r.fD ? . ~ILY ( 6) 
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?IGURE 30 - DIOLOGICA:L ~ ICTUl-12 Gl" 'l',i..!: FRGBA.i.~û FALILY (6) 

FIGURE 30 

FIGURE 31 - PIC'l'UrE OF J OSEPH (0-1) ;:;')ù·IILY (6 ) 

IGU 31 
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The chromoso~,Hl s t.uclies \·rerc done on both parents . The karyotypes 

\·re re fou.nd ;wr .m.l in each case . The child ren had died b e fore the study 

Has begun. 

Chromos ome 
number 

:~other 

Father 

0 

0 

45 

3 56 

0 32 

47 

0 0 

0 1 

Foly
ploiè. 

1 

0 

Total 

60 

33 

FIGURE 32 - iili:tYC/ITFE CF T. ' ·;:umm FAI:ILY (6) 
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FIGURE 33 Yu\RYOTYPE Or T;-L..; FATi-ŒR FAI.IJ:LY (6) 
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li 
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D (13-15) E (16- 18) F (19-20) ,,. •• '"' Il A6 &1 • 1 •• 
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• A tl •• 

Final diagnosis 

The syndrorr.e present in the three affected childr en has a striking 

characteristic : the skeleton is involved as vœll as the ligaments . But 

one should note that the other sy0tems seem to be intact . The cleft 

palate suggested previously since it was accompan ied uith club feet and 

raalformed ears that a nember of the D grou:r:; '"igbt oc invol veà. . novrever 
the cardio-vascular ard benito- urinary systens are 'îùrTiJal and the eyes 

as uell as the internal ears are norr:Jal. 
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ii Family (7) Cleft lip and multiple malformations 

Johanna G. {lJI.C.H. 161019) was born on February 11, 1958 and hos

pitalized at The l·:ontreal Children1 s Hospital for repair of a bilateral 

cleft lip. She was then referred to the Genetics Department because 

of her malformation. 

Family Histoq (Fig. 34) 

Both parents were French Canadian and not related. The father was 

31 and the mother 23 years old vrhen the c!1ild was born. The probardwas 

the third born in this family. The first one (0-3), a boy, was normal. 

The second child, (0-4) a girl, died eight hours after birth and had 

an absence of the nasal bones but was aparently normal othe!'l'rise. Follovt

ing the prob~~d 1 s birth (0-5), the mother had one spontaneous miscarriage 

(0-6) and three years later a no~nal girl. Three paternal first cousins 

had abnorrnalities of the face. A male (0-9) was treated surgically for 

an eyelid opening defect. A.nother boy (0-11) had bilateral cleft lip 

and palate and absence of the nasal bon es. One female ( 0-12) had an ab

norrnally shaped nose and protruding eyes. The father had fifteen brothers 

and sisters who -vrere all normal. The mother 1 s relatives \'lere also ali 

normal. 

Physical ex.arnin.ation (Fig. 35, 36) 

The physical examination of the proband revealed a bilateral and 

complete cleft lip, absence of the nasal bones, and microcephaly. The 

infant had convulsions. The ears were big and abnormally shaped. The 

other systems were nornal. 
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FI:.:;DR.E 34 PEDIGREE CF FAEILY (7) 
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FIGU 1E 35 PIC TU.a.E CF PR B ' ;.,ID FA. ~ILY ( 7) 
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Cytogeneti~ s tudies (Fi g . 37 ) 

'l'he chro:.:osonul ano.lysis of the tHo rarer1t:.:> failed to reveal the 

presence of a trar,slocation or even so;-:,e de0r3e cf ree.rrJ.ncie .. tent in 

their chro tos•xJ.es . 'l'he chilc:_rer'. ùi....d before 1959. 

--- ---- --
Chror::osoue 44 45 46 lâ 48 ?cl;y- Total 
nuraber ploi cl 

------- ,. ___ - .. - .- ---- -- - . ·--- . . 

Father 0 0 55 ù 0 0 55 

.~othcr 0 0 20 0 0 0 20 
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FIGURE 37 1\ARYCTYi--Z Cl :;' Tl-iZR F~-~LY ( 7) 
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Final à.iaœos is 

The s ;yndrone described in t:üs feJr.ale pa tient anà. present also in 
one sib and three first cousi~t s su.:.>,scsted an abncr,<.~.lity or the chromo -
sames of the D group . Hm·Jever both parents viere found to h:we a nor;:.al 
karyotype. Since the s yndrome was not complet e one could not expect to 
find in this case a familial non-disjunction of a deleted c~~omosome. 
Cne is not dealing here vrith a simple case cf cleft lip: t he skull is 
Jaalfor1~cd, t!1e ears are abnor::\3.1 and tl12re is so;.~e de.::;rce oi.' eye r:nl -
formation. The children were also mentally retarded, and convulsions 
and early death were also p3.rt of the picture. 
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iii Family (8) Multiple rnalformations of unknown origin 

John C. {l>i.C.H. Gen. C.P. 236) was referred to the Cleft Palate 

Clinic when he was two years old. At birth the child weighed 4 lbs and 

had multiple bone anomalies. 

Familx HLs.to!Z (Fig. ill 
The proband (0-11) was the result of a third pregnancy. The firsl:, 

child born to the saine parents vias a nonnal girl. The second pregnancy 

terminated in a sudden abortion {0-10) after two months ahd a half gest-

ation. The fourth and fifth pregnancies not shown in the pedigree also 

resulted in miscarriages a.fter respectively two and three months gestation. 

The father was 40 and the m.ather 33 at the tirne of birth of the proba.nd. 

They were unrelated. The physical axamination of the mother revealed a 

mild micrognathia and slight e:x:ophtalmus. The father was normal. One 

paternal first cousin (0-14) died at birth and was said to have a cleft 

palate. 

FIGURE 38 - PEDIGREE OF FAlviTLY (8) 
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Physical examinatipn 

The !lltient had as weil as the cle.ft palate, a dolicocephalic skull, 

antimongoloid slant of the eyes, a depressed nase bridge, wide spaced 

eyes, micrognathia, a sma.ll mouth, and low shoulders. There was a bi

lateral dislocation of the hips, limited extension of the arms, accessory 

nipples and no patellae. The heart wa.s normal on ausculation. The 

psycho-motor test was borderline. The dermatoglyphics were not done. 

Cytogenetic studies 

The .family was moving to another country when the mother was con

tacted .for chromosomal studies. The patient and the .rather were already 

gone. However the studies were do ne on the mother and she was .found. to 

have normal chromosomes. 

Final diaggosis 

At the age of seven the proband was attending school, and was said 

to be .fairly intelligent. The cle.ft palate had been repaired and he was 

still under treatment for his dislocated hips. It is un.fortunate that 

the chromosoma.l pattern of the child could not be determined. According 

to the private physician who treated the mother duri.ng her pregnancy, 

she was given estrogenic and corpus luteum hor.mones since her .first two 

pregnancies resulted in miscarriages. However, those were the only 

medicaments she received. No final diganosis has been reached in the 

proband~s condition. 

-
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iv Family (9) Congenital oataraots and assooiated anomalies 

Wesley I. (1-I.C.H. 218290) was born May 20, 195$ and was hospitalized 

in 1962 for diagnosis and treatment of neurologioa.l disorders. At the 

time of admission the mother sta.ted that the child had frequent episodes 

during whioh he showed no ooordina ti on of his movements. He was referred 

to the Genetios Department for cataraots. 

Famil.v Historz (Fig. .2~1 

The family histor.1 is interesting from a point of viaw of transmission 

of a hereditary trait. The mother had four children, two of which were 

a.dopted by her husband since she had had them before her marriage by an

other man. The first adopted child (0-1) had catara.cts and no other 

neurologioal disorder. From the present marriage she had two children. 

The proband (0-3) is the first one, the other being normal. Both mother 

and father are English and the rest of the family still lives in England. 

But the mother's brother (I-3), her mother (II-4), one unole (II-3), one 

aunt {II-2) and one first cousin (I-2) were ail known to have some eye 

trouble described by the mother as being oataracts. One could not verify 

if they had colohomas as weil. The mother also clairned tha.t during the 

gestation of the proband she had vaginal bleeding during the first three 

months. IncidentalJ:y, she had occasional bleeding at the beginning of 

eaoh pregnanoy, except the first one which also resulted in a. ohild with 

ca.ta.ra.ots. She md not been exposed to infeotious diseases. She her-

sel.f had bilateral congenital ca.ta.racts, colobomas, and some incoordin

ation of her ~ovements. 
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FIGURE 39 PEDIGREE OF FAl1ILY ( 9) 
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The proband, a three-year-old boy appeared mentally retarded and 

quite inactive at the tirne of his exa.mination. The eye ex.amination re-

vealed the presence of bilateral congenital cataracts, and a coloboma of 

the right eye. The palate was high and. a.rched. The microphthalmia was 

apparent and his ears were rather large and lo1-.r set. The heart seemed ta 

be normal from the auscultation. The patient could not stand on his feet, 

and had incoordination of his movenents. He was not agitated during the 

ex.amination. He could recog.üze his mother, and he cried when she left 

the room. His vocabQlary was limited to a few sounds. He had a left 
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inguinal hernia repaired in 1961. 

La.bora.tory: daté! 

The electroencephalogram showed mild diffuse dyscythmia.. The radio

logical examination showed a dilatation of the collecting system. A 

cystoscopy revealed the presence of trabeculae in the bladder. There was 

no aminoaciduria. 

C;fi.ogenetic studi.E!,S (Fi~. 40 2 !tl} 

A total of 30 cells were ana~zed both from the mother•s and from the 

child 1 s peripheral blood cultures. All the cells ha.d a normal complement, 

except one in the mother in which there was a reciprocal translocation 

between a member of the A group, a number two, and a member of the D group, 

a number 13. It is not likely that there is any relation between this 

incidental finding and the phenotypes of the t wo patients examined. How

ever the case is mentioned here, since Hirschhorn and Cooper (1961) re

ported in the Chromosome Newsletter a case in which the phenotype of the 

patient showed an ocular anomaly and had a reciprocal translocation in

volving a member of the B group. If one assumes tha.t the mother may be 

mosaic for the translocation, then the child should present the same anomaly 

in his chromosomes. Further chromosomal studies will be done later. 
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Tili-1.11SLCC.r~.'üG~ F'Ai.:ILY ( 9) 

..,IGU.R.E 41 - Ï\rl.it.YG1'Y!;.:ï.; '? PRO.D.11.i·.W ?A:·lLY ( 9) 

A (1 - 3) B t4 - 5l 

~> ij ' Il JI 46 
x c (6 - 12) 

1 )1 '' ~~ ~~ Il ~' l' 

D U3-15l E (16- 18) F !19- 2 0) 

• ' ' 
..:!_ G 12 1 - 2 2 l 

1 • 



115. 

Final diagnpsis 

A final clinical dia.gnosis of congenital cataracts due to a dominant 

gene wa.s ma.de in view of the typical family history. The associa ted phy

sical anomalies seen in the proband did not seem to be related and were 

not cytologically induced. 
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v Family (10) Branchial cyst 

Peter M. (H.C.H. 227709) was born on January 20, 1962 and ad.m.itted 

ta the Hospital six months later because of a fa.ilure ta thrive. The 

patient had a branchial cyst of the left side, and a consultation was 

sent to the Genetics Department for advice on the incidence of this mal

formation. 

Fani:i.ly Histocy 

Bath parents were of English origin, unrelated and young at the time 

of birth of the proband. The. math er had been operated for a branchial 

cyst w.hen she was only a few years of age. The proband was the first 

born in the family. There ~s no miscarriage. 

Physical examinatio~ 

The child was premature and weighed only 5 lbs. 12 oz. at birth. 

His head circumference was 1511 • He had a patent ductus arteriosus, a 

branchial cyst and a left hydronephrosis. The intravenous pyelogram also 

demonstrated a slight uretero-pelvic obstruction. The electroencephalo

gram was borderline normaL The finger prints were normal. 

CyYogenetic studies 

The chromosomes of the mother and those of the child were normal. 

Thirty cells were counted in each case and five were analyzed. 

Final diagnosis 

A diagnosis of familial branchial cyst was made. 
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vi Family (11) Cleft lip 

Stephen D. (M.C.H. Gen. Dept. CIL 349) was born on Septernber 17, 

1957. The patient was referred to the C1eft Palate Clinic of the Hontrea1 

Children 1 s Hospital and to the Genetics Department. 

Famil;r History 

The proband was the first child born to a young mother of 22 and a 

father of 25 years of age. They were Irish and English respectively, in 

origin. The mother had a norrral pregnancy. One mother 1 s sister also had 

a daughter affected with a cleft lip and palate. 

Physica1 examination 

The birth weight of the child was 9 lbs. He was delivered normally 

after an uneventful pregnancy. The child was perfectly normal except for 

the c1eft in the left lip. The dermatoglypic studies showed the presence 

of a loop in the 4th interdigital spa.ce on the le ft hand. He had no high 

triradius. 

Cytogenetic studies 

The chromosomes of the mother were examined and fo'und to be normal. 

Fifty cells were examined. They ali had a normal dip1oid count of 46 

chromosomes. 

Final diagnosis 

The cytogenetic studie s were done on the motl1er in order to exclude 

any possibility of translocation. Since the two affected chi1dren were 

mental1y normal and showed no other physica1 anoma1y, the mother was given 

a 5% risk of recurrence in future pregnancies. The etiology of the cleft 

lip seems to be multifactorial. The chromosoma1 defect, trisomy 13/15 
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causing the same malformation is accompanied by many otmr sonatic mal

formations. In this case the p;~.tient was perfectly normal otherwise. 
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vii Case (8) Partial autosomal trisomy 

P. Bou. (M.C.H. 230669) a female infant was born on ~hy 5, 1962, 

and admit ted to the Mont real. Children 1 s Hospital 6 mont lm la ter for re

pair of a cleft palate and clinical evaluation of other congenital 

anomalies. The treating physic1an referred the patient to the Genetics 

Department because of her cleft palate. 

Family Histo:rz 

Both parents were French Canadian and unrelated. The mother was 28 

and the father 35 years old when the girl was born. The,y previously had 

3 normal boys and 2 nonn.al girls. There was no family history of congen

ital malformations. 

Physical examination and laboratory data 

The proband was fairlywell developed, considering that she had been 

fed with sorne difficulty because of her palate malfor~~tion. She had low 

set ears, a patent ductus arteriosus and an umbilical hernia. An I.V.P. 

revealed a kidney malformation described as left side hydronephrosis and 

uretero-pelvic constriction, and a left accessory artery. The skull was 

flattened on the right. The hemogram showed sorne degree of anemia second

ary to the inadequacy of her diet and to the chronic kidney malformation. 

There was no sign of mental retardation: on the contrary the girl seemed 

alert and was responding with a smile to the attention given by the medical 

staff. The finger prints were normal. 



Cytogenetic studies (Figs. 42, 43, 44) 

Chromosomal count 

Blood culture (1) 

Blood culture (2) 

44 

1 

0 

1 

45 

0 

0 

0 

46 

6 

20 

26 

47 

17 

8 

25 

0 

0 

0 

Total 

24 

28 

52 
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The extra chromosome found in half of her cella was an abnormal small 

acrocentric, comparable in size to a number 21 and in shape to a deleted 

number 13/15, as seen on the karyogra.m. The possible explanations of this 

abnorma.lity are of three types: 

1. The deleted chromosome may beleng to another chromosome of the higher 

groups, and may have arisen from 2 broken chromatids that rejoined 

to form an extra member. The patient had a chest X-ray before the 

blood was taken for chromosomal analysis, and this may have been the 

breaking agent. But it seems unlikely that a chromosome may duplicata 

without a centromere. 

2. The patient may have been trisomie for a. member of the D group or the 

E group, and what one sees now may be the result of the deletion a.ffect

ing the long arms of this extra chromosome. 

3. Finally the abnorma.lity may have taken place in one of the parents. If 

the event took place during gametogenesis, one could not detect any 

abnormality in the somatic cells of the parents. But if a reciprocal 

translocation toek place early in the development of the mother or the 

fatœr, than a chromosomal analysis should reveal the origin of the 

aberration. 

j 
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Peripheral blood cultures were done on beth parents, and ail the cells 

were found to have 46 chromosomes, and there wa.s no siffl of chromosoma.l 

rea.rrangement. 

FIGURE 42 - KARYOTYPE OF PROBAND CASE 8 
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FIGURES 43, 44 - KARYOTYPES OF PROBAND CASE 8 
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Final diagnosis 

This patient represents a case of partial trisomy. The extra ab

normal chromosome could be a deleted 13/15 or a. de1eted 17/18. The 

physica1 a.bnormalities suggest that a m.ember of the D group is invo1ved. 
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viii Case (9) Partially deleted E chromosome. 

Sandra T (M.C.H. 220457) was bom on August .30, 1961, and hospital

ized one month later for investigation of multiple congenital anomalies 

including a cleft palate. 

Family Historz 

The proband was an illegitimate child of a 19-year-old English mother 

and a 21-year-old French Canadian father. Very little was known of the 

two familles since the patient was under the care of a foster mother. 

The mother was an epileptic who ha.d been controlled by anticonvulsive drugs 

for some time. Bath parents were apparently physically normal otherwise, 

and the re was no his tory of familial defects. 

Physical examination 

The proband was born after a 12 hour labour. Her birth weight was 

.3 kg. At six weeks of age ·the weight of the patient was .3.6.3 kg. Her 

head circumference was 14 1/211 • Her length was 2111 • The infant had 

oblique palpebral fis sures, crooked li tt le fingers and one c rease only on 

the left, a protuberant anterior fontanelle, a ptos.is of the right eyelid, 

a haemangioma in the back of the neck and a cleft palate. The foster mother 

stated that the infant had a poor sucking reflex, and had frequent twitch

ing of the face and l:imbs. The sagittal suture was one inch wide. At 

the age of 18 months she could not tum over by herself. She could smile 

and hold objecta in her hands. 

Dermatoglypbic studies 

The patient had arches on all fingers, high triradius on both hands 

and equivocal simian creases. There was no tibial arch in the hallucal 

area of the feet. There was a loop distal on the left foot and a whorl 
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on the right. The log. index was -2.25, this being considered as the 

noriTal limit for mongolism. 

Special examinations 

The electroencephalogra.m was abnorma.l. There was diffuse irreg-

ularity of low amplitude, with sorne epileptiform activity. The skull X-

ray showed some immaturity of the vault and definite bulging of the 

anterior fontanelle. The pneumoencephalogram showed assymet~ of the 

lateral ventricles suggestive of sorne atrophy of the right cerebrum or a 

space occupying lesion on the left side of falx. The cerebro-spinal 

fluid was normal. 

Cytogenetic studies (Fig. 45). 

The chromosomal studies were done on three occasions and the same 

resulta obtained each time. 

Chromosome 
number 

Proband 1 

2 

44 

0 

1 

0 

45 

0 

0 

0 

46 

4 

5 

47 

47 

0 

0 

0 

Poly-
48 ploid Total 

0 0 4 

0 0 6 

0 0 47 

It seemed that one of the E chromosomes 17/18 had a deletion of the short 

arm. The finding was not typical for every cell analyzed and it was very 

difficult to make a definite diaghosis. Buccal srnears were done on two 

different occasions and found normal in both instances. 

Final diagnosis 

If the cytological findings represent the true genotype of the patient, 
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one can state that t he patient had a.n a.bnor ml k:.ryotype . Partial de-

letions of the autosm::al chromosomes ha ve not been described v ery often 

in the l iterature, and the case will be discussed later . The loss of 

chromosomal mat erial seen in t his pg. tient rr.ay be responsible for t he 

described phys ica l abnorr:alities . 

FI GURE 45 KH.RYOTYFE Œ' C. SE 9 
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i Fami1y (12) Hirschpr~~g's disease 

lvfario B. (1'1.CH. Gen. CD 137) was born on September 23, 1962. His 

parents were referred for counse11ing because the boy presented an in-

testina1 agang1ionosis and a kidney ma1forma.tion, and there were two sibs 

simi1ar1y affected. 

Family History (Fig. 46) 

The parents were French Canadian and unrelated. 'l'he father vias 36 

and the mother 28 v.rhen the chi1d was born. The proband (0-7) ivas the 

third boy born in the far;Jily. The first two (0-5, 0-6) died of intestin-

al obstruction. Two paternal cousins \..,rere sa id to be mongoloid. No in-

formation is a vailable on the:n. The pregnancies 't'fere uneventful. The 

mother however stated that she had severe episodes of constipation in the 

past. 

FIGURE 46 PEDIGREE OF FA11ILY 12 
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Phzsical examination 

The birth weight of the first child was 9 lbs 10 oz. The second 

weighed 8 lbs il oz. Finally the proba.nd 1 s birth weight was 9 lbs 9 oz. 

Theywere all full term and delivered noni~lly. They were all diagnosed 

as having Hirschprung 1 s disease. The proband also had a renal anomaly. 

The first boy died after one month and the second died after 18 days of 

life. Apart from the gastro and genito anomalies the presented no ether 

obvious physical anomalies. 

Cytogenetic studies 

The chromosome studies were done on both parents. On the first ex-

amination the father was found to be normal. The mother however pre-

sented sorœ chromosomal breaks in a high percentage of her cells. 

-~·---------

Chromosome Poly- Cells 
number 44 45 46 47 48 plo id with Total 

breaks 

Jvlother 1 0 0 60 0 0 0 15 60 

J:.:i:other 2 0 0 15 0 0 0 0 15 

Father 1 0 0 5 0 0 0 0 5 

Father 2 1 0 24 0 0 1 0 26 

However, the second blood culture done three months later was normal 

in both parents. No breaks were seen in the mother's cells. The second 

analysis v-œ.s done 2 months after the first one and 6 months after the 

mother had a radiological examination to look for an intestinal anomaly. 

The origin of the chromosomal breaks may be due to the X-rays or less likely 

to the culture technique itself since the control tubes did not yield any 
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chromosomal aberration under the same conditions. 

There was no sign of mosaicism or translocation in either one of the 

examined parents. 

Final diaroosis 

The condition of the children in this family was described as Hirsch-

prung 1 s disease. The chromosomal studies done on the parents ruled out 

the possibility of a parental chromosomal translocation, which could have 

been responsible for the transmission of the disease. The breaks found 

in the first culture of the mother 1 s leucocytes were probably caused by 

external factors since they had disappeared on the second examination. 



ii Family (13) Abnormal G chromosome 

Yves T. (M.C.H. 245011) was born on January 16, 1963 in Moncton, 

New Brunswick, and immedia tely transferred to the No nt real Children 1 s 

Hospital because he had an imperforate anus and many other congenital 

anomalies. He died 21 deys la ter. 

Family History_ 

130. 

The proband was the first born of a very young mother. She was 20 

and her husband 22 when Yves was delivered. The parents were unrelated, 

and of French Canadian origin. The mother had two sisters who were 

married. One was 35 years old and had 3 miscarriages and the second was 

29 and previously had 4 miscarriages. The father was the only n~rried 

man in his family. 

Physical examina~i.'?l! 

The following abnormalities were found throughout the physical ex

amination and during the post-mortem: the boy ha.d a malformed skull, micro

gnathia, low set ears and an haemangioma of the face covering the base of 

the nase and the forehead. There was marked hypertelorism. The fissures 

between the lobes of the lungs were abnormally formed. There was a septum 

primum defect. There was a stenosis of the left uretero-pelvic junction 

and a right hydroureter and hydronephrosis. The meatus was constricted. 

The anus was imperforate. The feet showed bilateral talipes equine-varus. 

The testes were undescended. 

The patient had apparent mental retardation and marked failure to 

thrive. His fïnger prints showed a high triradius on the left hand, sim-

ian creases on beth hands but no abnormal pattern in the third interdig

ital space. The feet were covered with correcting casts at the time of 

examination, and the soles could hot be examined then. 
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Cytogenetic studies (Figs. 47, 48, 49L· 

The chramosomal studies were done on the patient and the culture 

shovTed an abnorma.lity of the karyotype. The total number of chromosomes 

was 46, but there was a member of the G group or the Y chromosome from 

which a segment appeared to be deleted. On the other ha.nd one member of 

the G group carried on its short arms some extra material equivalent to 

half the length of a nurrber 21/22. AU the cella analyzed showed the 

same abnormality of the chromosomes. 

Chromosome 
number 

Pro band 0 

45 

0 

46n 

0 

46 abn. 47 Total 

60 1 0 61 

The parents lived far away and did not accompany their child when he 

was admitted to the hospital. Their chromosomes should be analyzed in 

the near future. This may give the answer t o the problem seen in the 

patient, in reference to the origin of the translocated piece. 

In most of the cells 2 chromosomes of the G group had satellites. 

The deleted member has never been seen with satellites. None of the cells 

had 4 satellited chromosorœs, which would have been the only way to prove 

that the translocated chromosome: was the y chromosome. vii th the cytolog-

ical information available so far the following conclusions are drawn: 

1. The partially deleted chromosome may be a Y chromorome or a member 

of the G group 21/22. 

2. The translocated piece is attached either to a Y chromosome, or a 

number 21/22. 

Vaharu (1961) reported a case of partial Y delation in which there 
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was an imperforate anus and talfor.wtions of the genito- urinary tract . 

Since one can identi.1.y the Y c hromoson e wi thout too P.Juch difficulty by 

its general appearance (the Y is bigger and its long arms are closer to-

gether than a number 21/22) in the prese~t case one can suggest that the 

deleted chromosor:le is the Y chromosome because none of the ether four small 

acrocentrics have the same peculiarity . But variations in size of the Y 

have been nentioned before and one lrtay be dealing here with a nor mal vari-

ation of a small Y male sex chromosone . If so, the only abnormality left 

in the karyotype l'lon le:. be the translocated p ieee from sente large chromo-

sorne onto a member of the G group, \vhich would be responsible for the pheno-

type described . 

FIGURE 47 KARYOTYPE OF PROBAND FAr,ŒLY 13 
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FIGURES L.S , 49 - KARYO'i'YFES OF PROBA11JD FAf:IILY 13 
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Final diagposis, 

The final diagnosis at death was multiple congenital anon~ies of 

unknown origin. Cytologically the patient had an a.bnorma.lity which 

could be described as a translocation which could have originated from a 

transfer of material from the Y chromosome to a member of the G group. 

However, it is possible that an unknown chromosome donor was re~ponsible 

for the presence of extra material on a small acrocentric. 
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f. Ge ni to-urin~,Œ 

i Family (14) Familial sexual anonalies 

Helene T. (R.V.H. 222511) was born on June 30, 1932. She was re-

ferred to the Genetics Deputment for C01L.'1selling because she ha.d a 

large number of miscarriages. 

The proband (I-8) vTa.s the eighth child of a family of ten children. 

The parents 11'lere unrelated. One brother (I-5) died accidently at the 

age of four months. Five brothers and sisters had a malformation of 

the genito-urinary system, as described in Table 7. The patient had 5 

rniscarriages, each after at least 15 weeks of pregnancy. She also had 

one ectopie pregnancy that lasted 12 weeks and one hydatiforrn mole that 

was removed after 4 1/2 months of evolution. 

FIGURE 50 PEDIGREE OF FAl.ULY 14 
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TABLE 7 

LEGEND OF PEDIGREE OF FAMILY (1!1:) 

I-1 Female wi th infantile uterus. Ha.d three miscarriages 

I-2 Normal male 

I-3 Female w:i th double uterus and vagina. Ha.d two children 

I-4 Normal female 

I-5 Male died at 4 months of age, accidentally 

I-6 Male with abnonnal sexual orga.ns 

I-7 Male abnormal: has three kidneys 

I-8 Proband: had 3 miscarriages, one ectopie pregnancy, one 

mole, and two more miscarriages 

I-9 Normal female 

I-10 Male with hypospadias 

Physical examination 

The patient was perfectly normal except for a bifid uterus. 

Cytogenetic studies 

The chromosoma.l studi.es were done on the proband because of the 

histor.y of familial sexual dysgenesis. The chromosome count was 461 

137. 

and both XX chromosones were found to be normal, as far as one can tell. 

Final diagnosis 

This unusual family, in which both males and females had a dysgenesis 

in the development of their genito-urinar.y system strongly suggested at 

the time of study that E>ne X chromosome could have been involved. But 

with the actual techniques used f0r the analysis of the chromosomes many 

sma.ll aberrations of the chromatids may be unseen, and therefore be class-
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ified as norna.l. It may also be a developm.ental trouble or the result of 

one rare recessive gene. 



ii Family (15) Familial nephrcpathy 

Jean-Claude T. (M.C.H. 100019) was born on February 6, 1949 and 

hospitalized more than once for treatment of a nephrepathy that seemed 

to have a familial cha.racter. The parents were then referred to the 

Genetics Department for counselling. 

Family Histor;y 

139. 

The father was 27 and the mother 20 years old when the child was 

born. They were both French Cana.dian. The entire family is now under 

thorough study from a genetic point of view. Many relatives are affected 

and the mode of transmission of the disease appears to be autosomàl dom

inant. One older sister presented sorne hematuria. 

Physical exarnination 

The proband presented with polyuria since the age of 5 months. He 

has had persistent albuminuria and hematuria. The physical exa.mination 

was entirely negative. 

Laboratory data 

The audiogram was normal. The radiological exa.minations revealed 

that the left kidney was smaller than the right. A renal biopsywas dona 

and the reports read as follows: 11Subacute or recurrent proliferative 

glomerulonephritis, and a pathological condition determined by the presence 

of a glomerulonephritis. 11 

Cytogenetic studies (Fig. 51) 

A peripheral blood culture done on the patient showed that the cells 

in division had a modal count of 46 chromosomes. 



x -
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Chromosome 
number 

Pro band 

44 

0 

45 46 

0 50 

Poly-
47 ploid Total 

0 0 0 50 

FIGURE 51 - KARYOTYPE OF PROBAND FANILY 15 
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Final diagnosis 

The cytogenetic studies were done on the above patient because a 

report from Gagnon (1963) s howed that in sorne patients of the same family 

there was sorne evidence of mosaicism in the peripheral blood cultures: 
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sorne cells in a percentage varying from 8-15% had an extra chromosome 

of the F group. Not all the patients had this mosaicism, and an increase 

in the abnormal cells was seen in more severely affected patients, or in 

patients in acute crisis. 

The proband being normal, the same studies were done on an 18-year

old girl, cousin of the proband, who presented the same symptoms. The 

results were also normal. Unfortuna.tely the same patients have not yet 

been examined by Dr. Ga.gnon. It would be interesting to note if the 

mosaicism is due to the technique or if the abnormality is present only 

in a low number of affected people. In this case one could suspect the 

presence of a familial mosaicism not due to the nephropathy. 
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iii Family (16) 1-Iultiple malforrrations of unknown origin 

Gilbert L. (H.C.H. 193704) a male, was born on October 21, 1959, and 

admitted to the hospital 7 months later for diagnosis. On admission his 

condition was named pseudohermaphroditism and his parents were then re

ferred to the Genetics Department for counselling. 

Family History (Fig. 52) 

The father was 27 and the rnother 20 years old when the proband was 

born. They were bath French Canadian and not related. Gilbert was their 

second child, but the product of a third pregnancy. The first gestation 

in 1957 resulted in a miscarriage and the second in 1958 resulted in a 

normal boy. Following the birth of the patient another malformed boy, 

Rejean, was born in 1961. Finally a normal boy vas born in 1963. The 

mother stated that never during any of her pregnancies had she taken other 

drugs than common vitamin and mineral pills. One sister of the father (I-

6) was mentally retarded and had a mental age of 10, with no mongoloid 

sti@Ilata. Two first cousins of the proband (0-10, 0-12) were also mentally 

retarded and one of them was known to be mongol. 

Physical e~nination (Fi~s. 53, 5~2 

The proband was born by breech. His birth weight was 5 lbs, he was 

mentally retarded and presented failure to thrive. His head cirawmference 

was 14 l/2 11 at 7 months of age. He had a micrognathia, his skull was ab

normally shaped, his neck was short, his ears were big and law set. His 

palate was high and arched. The heart was normal on auscultation. 'l'he 

scrotum wa.s underdeveloped. There was a hypospadias at the base of the 

penis. One testicle could be felt in the left inguinal canal. No intra

venous pyelogram was performed but the treating physician felt tha.t an ab-
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norr:ality of the urinary- tre.ct would be suggested as well. There was a 

syndactyly of the second and third toes on bath feet. 

Rejean 1. (E.C.Ii. 216287) 1.'ias born in 1961. Eis borth weight was 

5 lbs 3 oz. His head circumference \'las 12 1/211 • a1so had fai1ure to 

thrive, a microcephalic skull and a high arched palate. 'l'he patient was 

very irritable and ,nentally retarded. His neck 1r'as short. 'l'he tleart \'las 

norrral. Uver was slightly enlarged. ïüs ears were normally set. 

His scrotun Has underdeveloped and the right testicle vras not descended. 

There l"iàs a hypospadias. On both fe et the second and third toes were 

fused. There were simian creas es on both hands. Unfortunately no inform-

ation is available on the finger prints of the fi"Oband. I. V .F. showed 

dilatation of the calices and constriction of tho bladder neck. lîejean 

had a bilateral flexion oi' the second fingcr over the third. 

FIGURE 52 PEDIGREE OF FAJi.ILY 16 
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FI::RJRES 53 , 54 - PICTU1-ŒS OZ PA TIEi~T ( 0- 6) ? i:-J:LY 16 
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Cytogenetic studies 

A buccal smear was done on bath patients and found to be chrornatin 

negative. The chromosomal studies done on the patient (0-6) shortly 

before death yielded only 4 mitoses which had 46 chromosomes. The studies 

were done twice on the parents to rule out a translocation. The results 

were norrnal in both instances. 

Chromosome Poly-
number 44 45 46 47 48 plo id 'l'otal 

PatiEnt 0 0 4 0 0 1 5 

1-Icther 1 1 0 10 0 0 J 14 

Hother 2 0 0 25 0 0 1 26 

Father 1 0 0 5 0 0 0 5 

Father 2 2 0 26 0 2 J Jl 

Final diagnosis 

The syndrome can be summarized as follows: 

1. Prematurity 

2. Failure to thrive 

J. l·Iental retardation 

4. Hicrocephaly 

5. Ab normal and low set ears 

6. High arched pa la te 

?. Genito-urinary malformation . . ' 
8. SJZ!ldactyly. 

Since the sex chroma.tin studies were negative, one could not suspect 

a sex chromosoma.l anoma.ly of the Klinefelter type. Hoï-;ever, a Y deletion 



could have been present. On the contrar;y the Y see:ned qui te large both 

the patient (0-6) and the father. In counselling the parents viere told 

that they had a 25% risk of having another li1éÜformed child, on the grounds 

that the abnor.::ality could be due to a recessive gene. 

The typical ·flexion on the second finger over the third seen in the 

pa tient ( 0-6) suggests a re la ti on wi th tr1e trisomy 17/18. The re was no 

record available on the number of arches on the fingers. However, one 

is struck by the failure ta thri ve, the micognathia and the malformations 

of the genito-urinary tract. The syndactyly is usually seen in the D 

syndrc;:,e. 

The cell count so low un the (0-6) it is c.liff:i.cu1t ta 

re,ly on the c;ytological exa.rdnation for a defini te diagnosis. Assuming 

that both parents had normal chromosomes, the children may have had a 

partial trisomy or sorne degree of mosaicism for a D or more likely an E 

chromosome. 



iv Family (17) Triple X female 

Phyllis I. (M.C.H. 254058) was born on October 10, 1955. She was 

admitted to the hospital with her older sister for investigation since 

both of them were developing too slowly though the proband bad preco

cious secondary sexual characteristics. 

Familz History 

147. 

Both parents were in their twenties when their only two daughters 

were born. They were not related, and there was no history of malform

ations or retarded growth in the family. Both gestations were uneventful. 

Physical examination and laboratory data 

The proband' s sister (M.C .H. 254057) wa.s born on January 1, 1954. 

They were hospitalized at the same time and the following was noted at 

that time. Celia was eight years old and Phyllis sevan when the physical 

examinations were performed. 

Ce lia P:h,yllis 

Age 8 years 7 years 

Birth weight 6 lbs .3 oz 6 lbs 8 oz 

Present wé:ight 16.2 kilos 17.4 kilos 

Hèight 44 inches 42 inches 

Albumin 4.54 gpl.S % 4.,32 gms % 

alpha 1 0.26 " 0.19 Il 

alpha 2 1.40 Ir 1.31 Il 

be ta 0.56 11 0.85 Il 

gamma. 0.53 Il 1.254 " 

17 ketosteroids 1. 0.3 5 m.g:J.Dj day 1.254 mf!JR/day 

17 hydroxyketo 5.670 tt 5.950 " 
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Xylose test normal no mal 

Fat absorption test normal normal 

Bone age 9 years 5-6 years 

In the laboratory findings it was noted that the albumin and alpha 

globulin was ab ove normal in both cases. The beta and gamna. globulin 

were below the normal in Celia. The variation in the bone age is not 

too significant. The phosphorus values were low in Celia. 

The physical examination reveil.ed tha. t both children were small and 

generally underdeveloped for their age. 

Cytogenetic studies (Fig. 551 

The chromosomal studies were done on the two sisters at the same 

time. The youngest one, the proband, was found to have an abnormal karyo-

type, with an extra long submetacentric chromosome. The sex chromatin 

studies were normal in Celia but showed two chromatin masseS in a high 

percentage of cells of the ::r;roband. It was then assumed that the extra 

chromosome was an X chromosome. 

Chromos omal 
number-

Phyllis 

Celia 

44 

0 

0 

45 

0 

0 

Poly-
47 48 ploid Total 

0 48 0 0 48 

55 0 0 0 55 

The parents were not available for chromosamal studies. 
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FIGURE 55 SEX CHRD rATIN OF PROBAND FAMILY 17 

Final diagnosis 

A final diagnosis of Triple X was made in the case of the proband. 

The investigations were not completed at the time of this study and it 

had been suggested doing chromosomal analysis of more tissues, to rule 

the mosaicism in both sisters, though the results are quite convincing 

so far . The normal sister may have been a mosaic in the early stages of 

her development and may have lost the abnormal trisomie cells, as her 

sister may have been a true triple X. 
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v. Case (10) Sexua.l mosaicis.m 

Deborah D. (M.C.H. 2299.58) was born on April 201 1950 and a.dmitted 

to the hospital a.t the age of twelve for investigation of a persistent 

pain in the left groin • During a previous admission a.t the age of 9 

months she ha.d a bilateral inguinal hernia.l repair. 

Family Histo;rz 

There were two other normal sibs in the fa.mily. The parents, who 

were not rela.ted, were well a.t the time the patient was seen and were in 

their thirties when the patient was bom. The fa.mily history is negative. 

Phl!ica.l examina.tion (Fig. 56) 

The weight of the patient was 50.6 kilos when she left the hospital. 

The physica.l e.xa.mina.tion did not revea.l any gross abnormality. She had 

a small tumor on the right foot which was described pa.thologically as a 

benign neure-epithelial naevus. A vaginal exa.mi:nation was perform.ed: a 

ha.lf inch canal was found ending in a blind end with no eervix. The ex

terna.l genita.lia were in the normal limita. During the laparotomy same 

gona.dal tissues were found in the right abdomen and in the le.ft inguinal 

canal. Both tissues were described as being immature testicular tissues 

a.fter study of the biopsies. No uterus wa.s found. The testes were left 

in place. 

La.borato;rz data 

The ra.diological examina ti ons, which incl. uded an intra.venous pyelo

gra.m were normal. The FSH was positive a.t 13 mouse units per 24 hours, 

it wa.s negative a.t 52 mouse units, that is considered a high value for 

her age. 
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Cytogenetic studies 

A buccal smear \vas do ne and found ne ga ti ve. The chrornosomal studies 

revealed two types of cells: there was a low pere en tage of XO cells and 

mainly XY cells. 

FIGURE 55 PICTURE OF CASE 10 

Final diagnosis 

A clinical diagnosis of testicular ferninization was made. Cytologie

ally the patient is a mosaic XO/XY. The symptoms and physical anomalies 

found during the different examinations performed, conf irmed the fact that 

the patient was originally a male, but due to the loss of a Y chromosome 

probably by late non-disjuncti on, she had severe disturbance of her sexual 
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development. 
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vi Case (11) Pseudohermaphroditism 

Mark G. (M.C.H. 231173) was born in England on December 20, 1954. 

The child presented multiple anomalies at birth and he was immediately 

placed under investigation, and treatment. Four years later the patient 

came to America with her parents and subsequently was referred to the 

Montreal Children 1s Hospital for further assistance. He was seen in the 

Genetics Department for a sexual anomaly. 

Family History 

The English parents were unrela ted and young at the time of birth 

of the patient. Mark was the only child born in this family. There was 

no history of congenital malformation in the other members of each family. 

Physical examination 

At birth the child presented many anomalies of which the heart mal

formation seemed to be the most severe. On the other band the patient 

also had rnalformed external genitalia. The medical report obtained from 

the English hospital states that the sex chromatin of the child was pos

itiveand tha.t they made a boy out of him because it is easier for a ma.n 

to earn his living. The clitoris was enlarged and opened at the base. 

There were no testes. The clitoris was transformed into a male urethra 

and the hypospadias was c.orrected. No heart surgery was done. 

'fhe investigations done in Hontreal revealed that the patient had 

a Fallot tetralogy. The intravenous pyelogram showed a mild hydroneph

rosis on the left side. The radiological ex.a.mina.tion of the chest con

firmed the diagnosis previously made clinically: the heart was enlarged 

on the X-ray picture. The boy had a fema.le stature and manners. There 

was no webbing of the neck and the skeleton structure was normal. His 



heart defect was corrected ~rtially. The endocrinological tests con

firmed that the boy had a female constitution. 

Cytogenetic studies 

154. 

The chromosomal studies showed that the boy had an XX sex constitution. 

The karyotype was normal otherwise. No XY cells were found. No other 

investigation was done on other tissues to determine if the child was a 

mosaic. The chromatin studies however, were done on different tissues 

and were all positive. There was a high percentage of drumsticks in the 

polynuclear cells. A total of thirty two cells in mtotic metaphase were 

analyzed and found to have 46 chromosomes and an XX sexual pattern. 

Final Diaggosis 

The cases of pseudohermaphroditism are always very difficult to deter

mine accurately. In this case it is obvious that the child is a female. 

No testicular tissue was found. It was said previously that the Y chromo

sorne is strongly male sex determining. The absence of male sax tissue 

seems to prove that if the child is mosaic, there was no XY cells in the 

development of the sexual organs. 
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vii Case (12) Sexual rnosaicism 

F.X. Des. (Q.M.V.H. 67420) a 66-year-old man was born on June 29, 

1896. Both parents were French Canadian. He was hospitalixed for cardio

vascular troubles and found ta have marked hypogonadism. 

Family Histor.;y 

The patient had three normal sisters and one brother also treated 

for heart trouble at home. One unma.rried sister died at the age of 57 of 

uterine cancer. As far as the patient can recall everyone on bath sides 

of the family seemed to live a norrri8.1 life and no one was known among the 

relatives to have congenital malformations. The patient's parents died 

of heart attacks. The father 'lias 31 and the mother 27 when the patient 

was born. 

Physical examination and medical history 

The patient stated that he started ta shave when he was 20 years old. 

Five years later, at the age of 25 he started to gain weight very rapidly 

and his breasts enlarged markedly. claimed that he had sorne genital 

activity described as libido and nocturnal emissions, as well as short

lived erections. He worked hard all his life, and never worried about 

getting married or about the fact that he might have been abnormal. 

His blood pressure \'fas 170/100. His weight 186 lbs. The head to 

toe length t'l'as 66 inches. His skeleton was of the male type, and he had 

a marked trunk obesity. The hair distribution was feminine on the pubis. 

He bad none on the thorax. The hair was sparse on the face and he used to 

shave once a tveek. His voice was normal, as well as his manner.. The in

gu:inal canal was clear on both si des. The penis was infantile, and a 

hypospadias could be noted at the base of the urethra. There was rrarked 
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gynecor.aastia and the prostate seemed ver"'J srœ.ll if present at all. His 

thyroid was enlarged. 

Laboratory findings 

The hemog~, urine examinations and ESR were normal. The uptake of 

r~?* was low at 14.6% in 24 hours. The 17 ketosteroids were 16.5 mgms per 

24 hours (normal 9-22 mgms/24 hours). The 11 hydroxycorticoids were 4.1 

per 24 hours (norrr~l 6-15/ 24 hours). 

The radiological examinations revealed that the kidneys were normal, 

as well as the skull. The radiography of the chest showed a mass in the 

right upper mediastinal region due to thyroid enlargement with displace

ment of the trachea. 

Cytogenetic studies (Fig. 57) 

A buccal smear \vas done on two di îferent occasions. CeB.s from both 

sides of the mouth were exanuned. Sorne 25fo of the cells were found to 

have a chromatin mass at the peripher,y of the nucleus. This was inter

preted as a positive sex chromatin. The following counts vrere found in 

the cells in division: 

Proband lst culture 

Proband 2nd culture 

xo 

5 

2 

7 

XXY 

30 

14 

44 

XY 

65 

25 

90 

Total 

100 

41 

141 

From cultures made from peripheral blood only, the patient was diag

nosed as being a mosaic of type XO/XXY/XY. 
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FIGUH.E 57 SEX CH!{)I.' TIN CA3E 12 

Final dia_gnosis 

'l'he phenotype of the patie'l.t seeliled to b e t he result Jf at least one 

n n - disju.n.ction that took place en ly in his development . It is also 

possible t hat t his kind of mosaicism arise"' by the fusion of abnorr.al 

parental gametes . The low 11ercenta;_se of XO cells sugGests ti'Jat they may 

be due only to rritotic cell non-dis~unction . 
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viti Case (13) Sexual mosaicism 

Camille H. (1•1.C.H. 218394) was born on October 15, 1945. He was 

referred to the Genetics Department during his last hospitalization in 

1962. Camille had an abnol"J.U3.1 development of the sexual organs, and had 

been in hospitals many times for investigation and treatment of his con

dition. 

Famil;z Historz 

The parents, who were of French Canadian origin, were third cousins. 

Camille was the sixth eldest of a family of fourteen. The father was 31 

and the mother 23 years old lihen he v.ras born. No one in the family had 

a condition resembling the patient•s. 

Physical examination (Fig. 58) 

The patient was an obese and tall 15-year-old boy, ve~ cooperative 

and alert. His voice was not completely masculine. His head was normal. 

His breasts were enlarged, but the nipples were srrall. There was a sma.ll 

phallus, and an opening posterior to the phallus which admitted a small 

finger to a depth of one inch on ei the r side. A mass could be felt in the 

left scrotum, which incidental~y was bigger than the right. The pubic 

hair had a female distribution. Both the pubic and axillary hair started 

to develop early, that is around the age of 11. Sorne brown pigmentation 

was present at the upper region of both thighs. The hair was present on 

the legs but sparse and fine on the rest of the body. His skin was smooth. 

The bone age was of a normal male. 

An exploration of the lower abdomen revealed the presence of a right 

ovarian tube and ovary and a hemi-uterus, wi th a s:ma.ll cervix protruding 



159. 

into the anterior vaginal wall. Pathologically there was a stenosis of 

the Fallopian tube and failure of luteinization of maturing Graafian 

follicles. 

Laborator;y; data 

An atypical cholinesterase with high activity was demonstrated after 

the patient had presented prolonged apnea to an ordinary dose of succinyl-

choline. Studied at the University of Toronto the :r:atient 1s serum showed: 

the following values: cholinesterase value ...... 146 units 

dibucaine number •••••••••• 17.4 units 

sodium fluoride ••••••••••• 11.3 units. 

The excretion of 17 ketosteroids was normal for 24 hours: 10.47 mgms/day. 

Cytogenetic studies 

The blood was drawn twice for chromosomal studies. The count of chromo-

semes varied from cell to cell. There were cells with 45 chromosomes and 

sorne with 46 and 47. The cells with a norrnal count -vœre of the XY type. 

The ethers 1-rere of type XO and XXY. 

Chromosome 
nu.mber 

Patient 

Patient 

44 

0 

0 

45 

10 

5 

46 

15 

12 

47 48 

6 0 

9 0 

Poly
ploid 

0 

0 

Total 

31 

26 

The presence of t'WO X! s in sorne of the cells was confirmed by the sex 

chrorna.tin which was positive. The three different cell lines may have 

arisen in the development followlng a simple or a double non-disjunc-

tien of one cell line. 
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HC'.~.'lUE F C' SE 13 

?inal diap;nosis 

The patient "\·ras a true hennaphrodyte in the sense that he had the 

t1:ro types of gonads p resent at birth. Cytologically he Has a n~osaic , 
1:li t~1 at least three d nonst ra·o le cel l li nes . 
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ix Case (14) Triple X female with unusual features 

O. Ren .. (H.G.H. 204231) was referred to our Department when she was 

29 years old for cytogenetic studies. Her case was taken into consider

ation since she presented with unusual features and ïnainly a complex 

sexual and gastro-intestinal pathology. 

Family His1;,o!;! 

The patient was interviewed on bro different occasions. She stated 

that her father left home \vhen she was very young and did not get to know 

hir.1. She was now living with her nother. She had five sisters and one 

brother all normal and alive. There was no history of consanguinity, or 

of malformed or retarded relatives on either side of the family. Her 

mother stated that while she was pregnant and carrying her daughter she 

felt chronically urMell but denied any specifie infectious disease. She 

pointed out that the delivery was norœal after 40 weeks gestation, and 

that the proband did not show any sign of anoxia. The mother added that 

during infancy the patient was frequent1y kept at home because of respir

atory infections and general \veakness. She was 11 thin and frail 11 • Her 

vision was very poor and she a1so had to take private lessons. 

Physica1 examination_([~gs. 59, 6ül 

The proband \"fas born in 1934. She had ber first menstruation at the 

age of 14, but they have been irregula.r in recurrence and duration through

out her life. In 1955, she 1tras then 21 years old, she complained frequently 

of headaches and falls that she attributed to her poor eyesight. 

In 1942 she bad a tonsillectomy. 

In 1955 she had a tendon transplant for the correction of a hammer toe. 
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Her left ovary vm.s removed since it 'IVa.s cystic. A right pa.ra

ovarian cyst \vas also excised. The appendix was removed. In a 

subsequent operation her coccyx was removed for coccydinea. 

In 1956 the patient was hospitalized for sacral infection, and la.ter for 

neurosis. 

In 1957 the patient received psychotherapy. The medical report stated 

that the patient ha.d a hysterical personality. She w·as then com

plaining of low back pain. 

In 1958 the proband had her first operation for congenital bilateral 

cataracts. There were 5 operations in all of the same type between 

1958 and 1962. 

In 1959 a bone cyst was re~oved from her left axilla. 

In 1960 hospitalization was required for the investigation of persistent 

headaches. During the sarœ year she had a la.parotomy following 

a sub-acute abdominal episode. The umbilicus was removed. Sub

sequently she was treated for a mucomembranous colitis. 

In 1961 the patient v1as treated for tracheal bronchitis and sciatica. A 

few months later a discoidectomy was performed between 14 and 15. 

In 1963 she t'fas finally admitted to ·t,he Nontreal General Hospital with 

complaints of wea..tmess and general malaise of 6 months duration. The 

physical exa.mination revealed a 29-year-old fenJale whose height was 66 inches 

and weight 87 lbs. The crown to pubis measurement wa.s 31 inches and the 

pubis ta heel 35 inch es, so tha t the upper segment of the body was smaller 

than the lower segment. Her arm span was 67 inch es. She had a prominent 

forehead, lmi set ears and no teeth. The face and mandible were asymetrical. 

Her left pupil was irregular. The fundi could not be visualized clearly 

because the anterior tissues were cloudly: this was mainly due to the fact 
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that she had bilateral congenital cataracts, and that the surgical pro

cedures did not remove all the deteriorated tissues. The heart sounds 

were normal. There was a mià.line incision on the abdomen. The pubic 

hair v.ras normally present and there was no gross abnormality of the ex

terna.l genitalia. The vagina could not be visualized, but the uterus 

seemed very small on rectal exa.mination. Apart from a mild hypoesthesia 

on the right side below the groin, and on the left side of the skull, the 

neurological exa.mination was negative. She was allergie to penicillin, 

chloromycetin, novocaine and atropine. 

Laboratory data 

The cholesterol, calcium, phosphorus, total proteins, albumin, gamma 

globulin and alkaline phosphotase values were all normal. There were no 

uri.nary porphyrins and bilinogen. The hemogram was normal. 

Radiology 

The X-ray of her skull showed sorne calcification of the Falx cerebri. 

The radiological exa.mination of her hands was normal and there was no sign 

of arachnodactyly. 

Dermatoglyphic studies 

The log. index obtained by the Walker method for the determination of 

mongolism was normal at - 5.19. There viere no high triradius, simian 

creases or abnormal configuration of the hallucal area of the foot. 

Cytogenetic studies (Figs. 61, 62) 

The peri.pheral blood culture \vas done on two occasions. The first 



exarnination revealed the presence of 47 chromosomes. But the poor quality 

of the cells in division raised a doubt about the true chrornosomal coraple-

ment of the patient. The second culture was done two weeks Ja ter and at 

the same time a buccal smear was taken. 

Chrouosome 
number 

Culture 1 

Culture 2 

44 

0 

0 

45 46 

0 0 

0 0 

47 

7 

15 

0 

1 

Poly
ploid 

0 

0 

Total 

7 

16 

The extra chromosome was identified consistently as being one member 

of the C group. 'rhe sex chromatin studies obtained from the Feulganization 

of the buccal cells revealed the presence of tvro rnasses in 11;;; of the cells. 

The rema.ining number was mostly made up of a sir.gle rra.ss at the periphecy 

of the nucleus. 
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?IGURE 59 - FIC'IUtl!!: G/ CASE l/+ 
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?IGURE 60 SE 14 

'I8U9..8 61 S& CL.IlG Tii~ Œ CASE 14 



l1GURE 62 Kh.RYu'l'Y.t '.J: Ci.ï' •::;_· E 14 
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ne can argue i 1 this case Lmt t he phenotype of' Lw patien.t is not 

in a gree:r.2n.t 1·Jic: 1 tfw IJ r eviotcsly d.:::scribcd cas es o Triple A. fe:~ales , so-

called super fe~ tales . The fB'tie::.t Nas hovrever selected for chromosorr.al 

studies on t .1e gr mmè s ti1a t she li<'l.d ovarian troubles acconpat.i ed by uhat 

seemed to be a c or.ibine.t i on of congenital nalforr;ations irrelevant to each 

otner . This is >Ii~t ~"rooab ly b :-::mght t he physicians i n 1959, 1·rhen she \·;as 
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25, to make a diagnosis of l·Iarfan 1 s syndrome. But the clinical aspect of 

the picture does not fit the criteria of dislocated lenses, heart malform

ation and arachnodactyly. The patient showed cataracts of both eyes vlith

out dislocation, her heart was norrnal and though her arm span vias longer 

than her body height1 l:ier extremities, hands and feet vïere perfectly normal. 

The ruultiple operations she underwent are quite significant. She had 

a hammer toe, repa.ired by a tendon transplant, one ovary remov.ed and a cyst 

removed on the other one. She also had bilateral congenital cataracts and 

multiple alveolar cysts so~e of which e~ered the sinus cavity. 

On the cytological grounds the patient can be called a super-:f-ema.le, 

presentin~ with atypical features. 



x Case (15) XO female 

Nancy H. (J:J:.C.H. 18962.3) a 12-year-old girl, born on February 21, 

1952, was sean in consultation because in the past and still occasionally 

she had vaginal bleeding of unknown origin. 

Family Historz 

The proband was the first child of a family of four. She had one 

brother and two sisters. The rather was 26 and the mother 24 at the time 

of her birth, they were unrelated. The pregnancy was complicated by oederna 

of bands and feet and vascular hypertension after the 6th month. The same 

swelling of the extremities was noted in the three subsequent pregnancies. 

Both parents were in good health and had normal color vision. The family 

pedigree did not show any relative suffering from congenital rnalforrrations. 

Physical examination 

The patient was previously exaxnined under anesthesia in another 

hospital because she vras presenting 1dth vaginal bleeding. The vagina, 

uterus and avaries were des~ribed as beh1g present and of normal size. 

She was seen in the Endocrinological Clinic of the Hont real Children' s 

Hospital for a follow-up and she was found to have a short neck and short 

stature and to be rather obese. The examination also revealed the pre

sence of moles or naevi on her back, arrns and also irregularly on the 

thorax and lower l:imbs. The rest of the physical exam:i.nation was negative, 

except that she had red-green color blindness. 

Laboratory data 

There was a rnarked thronibocytopenia. The urine gonadotrophins '\.·rere 
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high a.t plus 26 mouse units per 24 hours, and the urine estrogens were 

negative a.t 10 mouse units per 24 hours. The creatinine wa.s in the normal 

limits a.t 0.5 gms per 24 hours. The 17 ketosteroids >·mre normal a.t 3.465 

mgms per 24 hours. The FSH value was positive a.t 105 mouse units per 24 

hours, which is very high. 

Cytogenetic .studies 

The buccal smear done on the child wa.s found to be negative. The 

chromosomal a.na.lysis revea.led that the patient had only 45 chromosomes. 

One menlber of the C group wa.s missing and it wa.s believed to be an X 

chromosome. 

Chromosome 
mnnber 

Patient 

Final dia.gnosis 

44 45 46 

1 27 1 

47 

0 0 

Poly
ploid 

0 

Total 

29 

The final diagnosis in this case >vas XO female with àtypical fea tures. 

Norr:ally in cases of Turner 1 s syndrom the internal sexua.l organs are rudi-

mentary. The report on the patient seemed to inà.icate that the uterus, 

avaries and vagina. were nornel. The presence of a.bnormal pigmentation 

consisting of naevi was noted. This sign will be discussed later. 
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xi Case (16) XO female 

Therese H. (f.1.C.H. 239090) was born after 8 months of gestation in 

Ne1v Brunswick. 'l'he infant l'vas transferred to the N:ontreal Children' s 

Hospital because of failure to thrive, and recurrent vomiting. She was 

referred to the Genetics Dep1rtment oecause of abnorrna.l physical develop

ment. 

Famil;y: Histo:q 

Both p1rents 1-rere of French Canadian origin and not related. The 

father was 28 and the mother 24 when the child was born. There were two 

other sibs the family, both normal. The mother had had no miscarriage. 

The re 1r1as no history of malformation in the family. 

Phzsical exa.mination (Figs. 6,3, 64) 

At the time of exa.mination the patient wa.s lying flat in her bed. 

At 7 1/2 months of age she could not stand or sit alone. Her scalp vè.ins 

vrere dilated. Her neck was short and some webbing could be noted. The 

palate was high and arched. There was sorne pitting oedema of the feet 

and hands. Sorne degree of limitation existed in the arms. The external 

genitalia were apparently normal. The head circumference was 17 1/2 inches 

and the length was 26 inches. The hair line at the base of the skull was 

straight. 

Laboratory dat,! 

The radiological exa.mination of the skull and chest revealed no ab

norrnality. The electroencephalogram showed sorne epileptifonn disturbance 

in the left occipital region. 



The ?SH was nositive at 6 m. u . (nor .. a1 

2 . 5 micrograrns/2h hours (norrila1 =0) . 

172. 

0) . 'l'he cstrogens were at 

The Cattel 1 s test for I:l.ental .::J.ssessr.tent revealed that the child ·m.s 

at the upper 1init of the defective range . 

FIGURES 63 , 64 PICTUrhlS C1• CASE 16 
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Cytogenetic stuiies (Fig . 65) 

A buccal smear revealed that the sex chro. a tin '>'.JaS negative . The 

chro-nosoml studies done .lror:t culture of peripheral blood leucocytes 

shovred that t he patient had only 45 chromoso r:tes in her kar.1otyt1e . 'fhe 

missing member sesined to be of the size uf' the C group, and since the 
ch ro,re.tin was negative the c:ytodiagnosis vias XO fe~1ale . ?ifty cells ·mre 

counted an eight of them analyzed . 

FIGURE 65 l\ARYOTY?:;!; OF CAS~ 16 
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Final diagqos~~ 

Usually an XO fema.le will not present anytlling more than sorne oedema 

of the feet at birth, unless the syndrome is accompanied by a severe 

heart rœ.lformation of the coarctation type which, according to Lindsten 

(1963) is not as common as one would e:x:pect, and actually would represent 

only 10% of the cases. 

In view of the cytogenetic findings, this girl representa a case of 

Turner syndrome and is believed to have in her cells only 45 chromosomes, 

one se:x: chromosome being lost most likely in the parental gametes. 
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g. 1·1ongoloid 

i Farnily (18) Trisomy 21 

Gisele St. P. (I'I.C.H. 118952) was born on December 4, 1954. She had 

mongoloid features, and she was referred with her parents to the Genetics 

Depa.rtment for counselling, because of the history of nalformation in the 

family. 

Family History; 

The mother was 37 and the father 34 years of age when the proband 

(0-5) was born. The father vms of French Canadian origin and the mother 

of English. The first child born in the family (0-3) died of pneumonia 

at ll months of age. The post mortem done at the Royal Victoria Hospital 

(R. V.H. 21-1-729), revealed a transposition of the great vessels. There 

was no other apparent congenital anœnaly. His birth weight was 9 lbs 10 oz. 

The mother had sor;Ie vaginal bleeding during the first fe\v months of her 

pregnancy. The second child, (0-4) a boy, born on October 12, 1952 weighed 

7 lbs at birth, and the pregnancy had been uneventful. His physical exam-

ina tion revealed a reduplication the 5th finger wi th webbing of the 

third and fourth fingers of the same hand, and fusion of the nails. The 

boy is now 11 and in good health. On her fourth delivery on February 18, 

1956, the mother gave birth to a of 7 lbs 10 oz. Lorraine, who is 

still alive and weil. Both parents were in good health at the time of 

e.xamination. One maternal cousin the father was a mongol. The father 

ha.d worked as an X-ray technician between 1944 and 1949. 

Phy;sical examination 

The proband had oblique palpebral fissures, a steep narrow palate, a 
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furrowed tongue, a flat nose br:i.dge and epicanthal folds. Her irides 

were blue, she had abnormally shaped ears th.at were lm<T set, short hands, 

fingers and tees, a simian crease on the left hand, a crooked fifth finger, 

a wide-spaced big toe and a heart defect. There was a rnarked flexibility 

of the joints, a decreased muscle tone and hoarseness of the vo:Lce. The 

second boy had a crooked lit.tle finger on the left hand, short, bread hands, 

malformed digits and a narrow palate. 

Dermatoglyphics (Table 8) 

The finger prints revealed that the mother had a loop pattern in both 

third interdigital spaces. Lorraine had a loop on the right hand. The 

proband had loops on both hands, but was the only one to have a high tri-

radius. 

FIGURE 66 PEDIGREE OF FAl\ITLY 18 
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TABLE 8 

DERl-rATOGLYPHICS OF FA.lvULY 18 

3:rd 
I II III IV v ±40 inte:rdigit Plant ar Score 

spa.ce a. rea. 

R L R L R L R L R L R L R L R L 

Mother w w w UL UL UL w w UL UL - - Loop Loop SLD SLD -0.73 

Garry w w w w w w w w w w - - - - AF SLD -3.95 
0-4 

Gisela w UL UL UL UL UL w RL UL UL + + Loop Loop SLD SLD +4.28 
0-5 

Lorraine w w UL UL RL UL w UL UL UL = - Loop - LID LID -2.70 
o..;.6 

--
LID - large loop distal w - whorl 
AF - arch fibular UL - ulna.r loop 
SLD - sma.ll loop distal 

l-' 
-..J 
-.J • 
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Cytogenetic studies 

The chromosomes of both parents were found to be normal, fifty cella 

were counted in each case. No cell was seen in ei ther of them with an 

extra member of the G group that could suggest a state of mosaicism. The 

chromosoma.l pat te rn of the proband was typical of mongolism with an extra 

small acrocentric for a total c ount of 47. 

Final diagnosis 

The cytogenetic studies suggest that one is dealing with a simple case 

of nondisjunction. No relation is seen between the fact tha t the proband 

had an extra chromosome and the presence of two other children in the fam

ily presenting with entirely different anomalies. It was noted that the 

rather had worked as an X-ray technician in the past for a period of fi ve 

years. Sorne mutations or chromosomal aberration could have been induced 

then, but no one has yet demonstrated thisf,vpothesis in man. 



ii Fa.mily (19) Familial mongplism due to a 
21/21 translocation 
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Jean P. (M.C.H. 191928) was the youngest child of a family. He was 

born on October 13, 1956, and was referred for diagnosis to the De_r:artment 

of Genetics of the Montreal Children 1s Hospital because he had mongoloid 

features and the history of several similarly affected sibs. 

Family History (Fig. 67) 

The father was 42 and the mother 36 at the time of birth of the 

patient. Theywere both French Canadians and unrelated. Their first child 

(0-5), a stillbirth, was said to be a male with a mongoloid appearance. 

The second pregnancy (0-6) resulted in another mongoloid boy. The third 

pregnancy (0-7) was a spontaneous miscarriage at three months of pregnancy, 

and the last three (0-8, 0-9, 0-10) were mongoloid males. Al1 pregnancies 

were uneventful, except the third one which resulted in a sudden miscarriage 

after a period of one week during which the mother was kept in bed for 

severe bleedli1g. The mother was fo11owed regular1y during each pregnancy, 

did not present any excessive vomiting and had no b1eeding. There was no 

history of ma1formed children on either side of the family. 

TABLE 9 - BIRTH ORDER 

1. B.B. Boy (0-5) 9 2 1938 Weight 7.4 Stillbi rth. }'Iongo1oid 
features 

2. Normand (0-6) 10 10 1940 9.0 Alive. Mongol. 

3. Miscarriage (0-7) 1945 

4. Gaston (0-8) 13 1 1950 8.8 Died 2 d. Heart ma.1form-
a ti on. Mongol. 

5. Raymond (0-9) 16 5 1955 11.0 A1ive. Mongol. 

6. Jean (0-10) 13 10 1956 7.0 Alive. lviongo1. 
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FIGURE 67 PEDIGREE F FA ilLY 19 
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Physical examination (Fig. 68) 

Head eireumference 

Height 

Ears abnormal (low set) 

Brushfield spots 

Hypotonia 

Epieanthic folds 

Depressed nose bridge 

Aroheà. palate 

Short fingers 

5th finger erooked 

# ereases 5th finger 

Simian creases 

Vestigial nails 

Tongue protruding 

Mental retardation 

Normand 

51 ems 

155 ems 

No 

Y es 

Y es 

Y es 

No 

No 

Y es 

Y es 

2 (R) 2 (1) 

Y es 

Y es 

Y es 

Y es 

Ra;ymond 

50 ems 

114 1/2 ems 

No 

Y es 

Y es 

Y es 

Y es 

Y es 

Y es 

Y es 

1 (1) 2 (R) 

No 

Y es 

Y es 

Y es 
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Jean 

47 3/4 ems 

100 1/4 ems 

No 

Y es 

Y es 

Y es 

Y es 

No 

Y es 

No 

2 (1) and (R) 

No 

No 

Y es 

Y es 

The analysis of the finger prints in the parents and the ehildren re

vealed that neither of the parents had mongoloid patterns, and that the 

three living ehildren were all in the mongol range exeept one who was at 

the lower limit (see Table 10). 

The blood group studies are summarized in Table 11. 
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Electrocardiograms 

Electrocardiographie studies were done on the three living children; 

th~ showed that Normand has a severe left ventricular hypertrophy, 

Raymond a normal heart and Jean a left ventricular hypertrophy also. 

Cytogenetic studies {Figs. 69, 70, 71, 72) 

The chromosomal studies were done on both parents, on the three 

living children and on four paternal brothers. The father was found to 

have only 45 chromosomes including one extra metacentric member, the size 

of a 19/20, and two chromosomes missing in the G group. The mother was 

normal. All three children had 46 chromosomes one of the G group rnissing 

and one extra member like the father 1 s. All four paternal brothers had a 

normal chromosomal complement. 

Chromosome Poly-
number 44 45 46 47 plo id Total 

.Hother I-5 1 0 25 0 0 0 26 

Father I-9 2 60 1 0 0 1 64 

I-7 0 0 5 0 0 0 5 

I-ll 0 0 7 0 0 0 7 

I-13 0 0 13 0 0 0 13 

I-ll~ 0 0 9 0 0 0 9 

Normand 0 0 47 0 0 0 47 

Raymond 0 0 50 2 0 0 52 

Jean 1 0 60 0 0 0 61 



TABlE 10 

DEID1A.TOGLYPHICS OF FAJ:t.1ILY 19 

3rd 
I n rn IV v ±40 interdigit Plantar Score 

spa. ce a rea 

R L R L R L R L R L R L R L R L 

Mother w UL w TA UL UL UL UL UL UL - - Loop - -2.32 

Father UL UL w w UL UL w w UL UL - - - - Loop Open 
Tibial Field -5.48 

Patient I w w UL UL UL UL RL w RL w + + Loop - Large loop +5.90 
Jean distal 

Patient II 
Raymond UL UL UL A w A w A RL RL + + Loop - Whorls +6.11 

Patient III 
Normand UL UL UL w UL UL UL w UL UL + + Loop - Large loop +0.94 

distal 

m. - radial loop w - whorl 1-' 
A - arch TA - tented arch & 
UL - ulnar loop • 



TABLE li 

BLOOD GROUPING FAMILY 12 

ABO MNS CDE Duffy Kell Diagn. 
Ce llano 

Â B Al M N c D E c e Fy K k 

:Ho th er - - - + + - + + + + + - DcE/dce 

Fa.ther - - - - + + + - + + + - DCe/dce 

Normand - - - + + - - - + + + - dce/dce 

Raymond - - - - + - - - + + + - dce/dce 

Jean - - - - + - - - + + + - dce/dce 

+ Positive (+) Questionable Positive 
- Negative (-) Questiona.ble Negative 

t-' 

~ • 
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Final diagnosi s 

It is obvious that in the family presently described, the father 

has a simple translocation involving two members of the G group. Further

more, since all the children were mongoloid and all three examined had 

the same chromosomal anomaly, one can assume that the translocation that 

arose in the father either in his early development or in one of his parents 

sexual gametes, involved two chromosorœs of the same type: that is, two 

22 or two 21. It is commonly believed that the chromosome number 21 when 

present in triplicata, is responsible for the production on mongoloid traits. 

Another proof of this assumption is based on the fact that all paternal 

brothers and sisters have normal children, and that the four examined brothers 

have normal karyotypes. But unless one day one can distinguish for sure 

the two chromosome pairs of the G group, sorne doubt will remain concerning 

the validity of such a statement. In counselling the parents should be 

aware of the fact that they may never ha.ve normal children if one of them 

is found to have this type of translocation. On the other hand if one 

normal child was born the chromosomal rearrangement involves one member of 

each pair and, if segregation were random, the chances of having an abnormal 

infant would be approximately 25%; there would be 25% chance: that the child 

be a carrier, 25% chance that the child be perfectly normal and 25% chance 

that the egg would lack one chromosome and not survive. 

The blood group studies did not bring any light into the problem o.f 

location o.f the blood group alleles on the autosomes. 

Atkins (1962) revie"vved the li terature on translocations in mongolism 

and presented a. family wi th three a.ffected children. 



iii Family (20) Familial mongolism due to 
non-disjunction 

Mrs. K. l.fa.c. (M.C.H. Gen. Dept.) was referred for counselling by 

her private physician because she had three boys and all of them were 

mongoloid. 

Family History (Fig. 7)) 

188. 

The mother was 28 and the father 30 years of age when they had their 

first child ( 0-5). Thei r racial origin was Irish a.11d they were unrelated. 

Two years later they had another boy (0-3) also a mongol and the following 

year another mongol boy (0-4) was born. None of the parents suffered from 

any congenital disorder, or had been treated in hospital for serious phys-

ical disorders. The mother first menstruated at the .age of 13 and has 

always had a very regular cycle, lasting 6 days and occurring every 28 days. 

The mother stated that she did not feel well throughout the gest-

a tiens. While pregnant she had to stay in bed for long periods of time, 

ranging from three to five months and was hospitalized for a few days for 

the last two pregnancies at the third month of pregnancy for severe 

uterine bleeding. She was on a severe low calorie diet during each preg-

nancy around the third month because she used to gain toc much weight. The 

diet consisted of 1,000 calories for the third to the seventh month and 

800 calories for the last two months. The three children were born after 

8 months of pregnancy. The family history was negative otherwise. 

Physical examination (Fig. 14) 

The birth weight of the children was as folloli-s: Nichael 6. 7 lbs, 

David 5 lbs 8 oz., and James 8 lbs. They all had typical mongoloid features: 



brushfield spots, a wide spaced big toe, short fingers and toes and a pro-

truding tangue. The back of the skull was flat. All three of the;n had 

mongolian spots on the back. Their necks were short and the skin v.as 

loose in that region. There was a rrarked hyperexter..sibility of the joints. 

;dchael and David had epicanthic folds. Nichael and James had a Grade II 

systolic murmur heard ali over the cardiac region. David also presented 

a heart murmur heard in the left axillar.r region. They \vere all mentally 

retarded and frequently affected with colds an.ù upper respiratory tract 

infections. The finger print index showed tm t they were in the 

mongoloid range (Table 12). The parents were normal. The blood group 

studies vlere not contributory (Table 13). 
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TABLE 12 

DERMATOGLYPHICS FAMILY 20 

3rd 
I II III IV v ±40 interdigit Plantar Score 

space a rea 

R L R L R L R L R L R L R L R L 

Mother UL w UL tl UL UL w w w UL - - - - Small loop -1.12 
distal 

Father w w RL UL UL UL UL UL UL UL - - - - Whorls -5.66 

Michael UL UL A UL UL UL UL lL w UL + + Loop Loop Small loop 3.33 
distal 

David UL UL UL UL UL UL UL A UL UL + + Loop Loop Arch tibial 7.39 

James UL UL UL UL UL UL A UL UL UL - - Loop Loop Arch tibial 4.56 

UL - ulnar loop 
A - arch 
w - whorl 

1-' 

'8 • 



'l'ABLE ·13 

BLOOD GROUPING FAHILY 20 

ABO MNS CDE Duffy J:\ell Diagn. 
Cellano 

A B ~ !:-1 N c D E c e Fy K k 

Hother - + - + - - + - + + + - + Dce/dce 

Father - - - + - + + - + + + - + DCe/dce 

1-lichael - - - + - + + - + + + - + DCe/dce 

David - - - + - + + - + + + - + DCe/dce 

James - + - + - - + - + + + - + Dce/dce 

+ Positive (+) Questionable Positive 
- Negative (-) Questionable Negative 

1-' 
j:S 
• 
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FIGURE 74 - PICTURE OF CHIWRE •AHILY 20 

Cytogenetic studies (Fig . 75 , 76 , 77) 

Chromosomal stuà.ies were done on the three abnorn1al children and on 

the t;-m parents. The boys all had an extra small acrocentric chro ~t,oso ue, 

and the parents nad normal kar.1otypes . There was no sign of translocat i on 

or II.osaicism i n the parents . 

Chronosome Foly-
i~wnber 45 46 47 48 plo id otal 

hüther 0 0 75 0 l 3 79 

Father 0 l 52 l 0 l 55 

~~ichael 0 0 0 39 0 0 39 

David 0 0 0 40 0 l 41 

James 0 l 0 40 0 l 42 
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FIGURES 75 , 76 - KARYOTY hS OF C ·-rrLD&.:N FAElLY 20 
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FIGURE 77 KARYOTYPE OF CHILD FAI·1ILY 20 
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Final diagnosis 

This family r epresents a case of familial non- disjunction involving 

a small acrocentric chromosome, and thus producing mone;olism. The origin 

is unkno~m. The rarents of the children have been told after the first 

and the second pregnancies , by ::,tedical people , tm t the chances of ba ving 

a normal child \vere more than excellent . 

If the chromosomes had been exarnined when the first c hild was born, 

the same advice would i1ave been given since none of the parents carried a 

translocation , and they vere relatively young at 'Lhat tir::e . 

One should r,ot forget tha t the nother v-ras confined to bed durliig all 

t œee pregnancies . It seer~ts (assuming the tllerapy was effective) that she 
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would have haà three :miscarriages instead of three viable infants if such 

a preventative therapy had not been applied. The diet ha.d no influence 

on the fact that the three boys had an extra chromosome. 



iv Family (21) Partial translocation 

Jean Mc. (M.C.H. 235740) wa.s born on February 26, 1960. Being 

retarded she wa.s admitted to the N:ontreal Children 1 s Hospital for evalu-

ation and diagnosis of her condition. Since she had a mongol brother, her 

parents were referred to the Genetics Department for cotU1selling. 

Family HistoEY (Fig. 7$) 

The father was Irish in origin and the mother Scottish. They were 

both 31 years of age when the proband was born. Their first child wa.s a 

normal girl (0-4) who is still alive. The second pregnancy (0-5) re

sulted in a mongoloid child. The proband (0-6) was the third arrl last 

born in the family. One father 1s sister had two children (0-8, 0-9) who 

died shortly after birth and had multiple malformations. 

FIGURE 78 - PEDIGREE OF FANILY 21 
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Physical ex.amination (a) 

The proband who had no mongoloid features, but was a severely 

mentally retarded was found to have an absence of the corpus callosum. 

She had been slow in developing since birth, and was hypotonie. She 

could not recognize her parents. No other abnormality could be detected 

throughout the physica.l examination. The mongol boy was operated on for 

an oesophageal stenosis at birth. He died of interna! haemorrhage six 

months after birth. 

Electro-encepha.logram 

The E.E.G. done on the proband showed evidence of diffuse, slow 

dysrythmia, the pattern of which was quite suggestive of poor celebra! 

maturation. No epileptifonn activity was noted. 

Dermatoglyphic studies (Table 14) 

The finger prints showed that the mongol chlld ha.d a.bnormal patterns 

chara.cteristic of Down's syndrome. However, the proband and both parents 

had a normal print configuration. 

Physica.l examina ti on (b) 

In the father 1s sister 1s family the first child (0-9) was born in 

1960 a.t the Catherine Booth Hospital. The weight of the non-viable female 

was 2 lbs 7 oz. She had a double spontaneous footling breech. The in

fant was an anencephalic monster with a meningocoele and a large hematoma. 

The second child (0-S) was born after 34 weeks of gestation, and 

had multiple skeletal anomalies: there was an absence of the 4-12 ribs on 

the left, and absence of the 8-12 on the right. There was an extreme 
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kyposcoliosis, and hyperplasia of the pel vic and shoulder blades. There 

was a massive umbilical hemia, hepatomegaly and a neopla.sia of the post-

erior fessa of the skull. 

Cytogenetic studies (Fi~. 79, 80, 81, 822 

The cytogenetic studies were done on the proband and on the parents 

of the two different fa.milies. The proband was found to have a partial 

translocation of a member of the D group. One cell was found in which 

there was no extra ma.teria.l on the D member but on the ether hand it con-

tained a srnall acrocentric believed to be the translocated piece detached 

from its recipient. The size of the extra chromosome wa.s slightly smaller 

than a number 21/22. This is in faveur of the real presence of extra. 

chromosomal material on a long a.crocentric. All parents were normal. 

Chromosome Poly-
number 44 45 46 47 48 plo id Total 

Mother a 50 0 0 50 1 0 2 53 

Father a. 55 0 0 55 0 2 0 57 

Pro band 0 0 76 1 0 3 80 

Mother b 30 0 0 30 0 0 0 30 

Fa.ther b 34 0 0 34 0 0 0 34 

I-5 20 0 0 20 0 0 0 20 

I-8 20 0 0 20 0 0 0 20 
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TABLE 14 

DERMATOGLYPHICS FAMILY 21 

3rd 
I II III IV v :t40 interdigi. t P1antar Score 

spa. ce a rea 

R L R L R L R L R L R L R .L R L 

Mother w w w w UL UL UL w UL UL - - - - Whor1 -5.71 

Father UL UL RL UL UL UL RL UL UL UL - - + + Tibial +0.04 
arch 

Joan UL UL w UL UL w w w UL UL - - - - Small 1oop -1.16 
0-4 distal 

Jean w w UL UL UL UL w w UL UL - + - - Whor1 -2.72 
0-6 

-
w - whorl 
UL - ulnar 1oop 
RL - radial 1oop 

1-' 

~ 
• 
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FIGURE 81 - KARYOTYPE OF FATHER 
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Final diagnosis 

The chromos omal abnorma.lity found in the proba.nd 1 s cells ha.s been 

described by Patau (1961) in a case of Sturge Weber syndrome. Lejeune 

(1963) found a fa.mily in which one child was mongoloid and the other one 

was mentally retarded and ha.d a.n absence of the corpus callosum. This 

last patient also had a partial translocation to a D chromosome. 

Since the anoma.ly could not be t raced in the parents, one can only 

guess the origin of the extra material. Since one of the s:ibs was mong:>l, 

the translocation may involve a deleted number 21. The deletion may have 

taken place in the ea.rly developm.ent of the child or in sorne of the par

ental ga.metes. 
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v Family (22) Mongolism and other anomalies 

Baby girl G. (M.C.H. Gan. Dept. CD84) was born on November 3, 1955 

at the Jewish General Hospital with multiple congenital anomalies. The 

problem was brought to the attention of the Genetics Depa.rtment of the 

l-ion treal Children 1 s Hospital, because the first born of the family was 

mongoloid. 

Family History (Fig. 83) 

The father was 28 and the mother 30 years of age when the proband 

was born. One father 1s brother (I-7) died at sevan months of age: he 

was premature, deaf and severely retarded. Both proband 1s parents were 

physically normal. The pa.ternal ancestry was Roumanian and the maternai 

Polish. The first pregnancy of the mother resulted in a spontaneous mis

carriage (0-3). The following year they had a mongoloid boy (0-4) who 

died three months la ter. Their first normal child was a boy. The fourth 

pregnancy was the proband ( 0-6) and the fifth a normal child. During the 

proband•s pregnancy she had intermittent bleeding and mild swelling of 

hands and feet. 

Physical examination 

The proband died a few hours after birth. The autopsy report stated 

that the child had an atresia of the upper third of the oesophagus, fatal 

pulmonary atelectasis and hyperemia of the leptomeninges. The proband bad 

no mongoloid features. 

Cytogenetic studies 

The chromosamal studies were done on both parents and found normal. 



Forty cells were counted in each case. Ten cells were analyzed in the 

rr,other and four in the father. 
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The possibility for the parents to be carriers of a chromosornal 

translocation has been ruled out. But since the chromosomal studies on 

the proband and the mongoloid child could not be done, one cannat assume 

that the rnalformed children had normal chromosomes, though one can be quite 

certain that the mongol child had an extra member of the G group. The co-

incidence of mongolisrn and oesophageal atresia should be noted here. 



vi Family (23) Hongolism following several 
miscarriages 

Baby boy B. (R.V.H. 307221-l) was born on April 10, 1961, and 

died tvm months later. He vJas referred to t.he halforna tion project 
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the Royal Victoria Hospital because he had an imperforate anus and r.10ngol-

oid features. 

l''ami1y History (Fig. 84) 

:;tother had seven pregnancies. one (0-1) is 

and we1l. Five gestatj_ons (0:2, 3, 4, 5, 6) terrrinated in 

niscarri;:1,ges. 'l'he fathers are unknovvn, except the first one to \"Thom the 

motlJ.er vras lega narried and vtho sired oer on1y nori;al child. 'l'he rr:other 

was on1y 24 when the prob&J.d, the pro:iuct of the last pregnancy >·ras born. 

FIGURE 84 PEDIGR.:EJL OF FAHILY 23 
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Physical exarnination 

The proband's weight at birth was 7 lbs. He had an imperforate 

anus and typical mongoloid features. His dermatoglyphics vrere in the 

mongol range. The mother was physically normal. 

Cytogenetic studies 

206. 

The chromosomes of the mother were examined and found to be normal. 

All the cells bad a total c ount of 46 chromosomes, and there was no trans

location present. The pro band died a few hours after birth and chromo

somal studies could not be done on: him. 

Final diagnosis 

In view of the important history of miscarriages and the fact tha.t 

most likely none of the fathers was tre same for any of the pregnancies, 

the cytogenetic studies were done to rule out the possibility of a trans

location present in the mother. Her chromosomes being normal, the cause 

of the abnormal pregnancies remains undetermined, though it is still poss

ible that one is dealing here with a predisposition to non-disjunction 

which would make the foetuses unviable. Unfortunately the chromosomes of 

the proband could not be examined. 



vii F&~ily (24) 
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Kongolism and abnorrnal derma to
glyphics in members of the family 

Denise R. (~-f.C.H. Gen. Dept. 41) -vm.s born on October 27, 1943. .::ihe 

\vas ciagnosed as a at birth and the >vas referred for counsel-

to the Genetics Departr:1ent because sl1e also bad hvo ;lliscarriages and 

one other nentally retarded child. 

l<'amily Listory (Fig. 85) 

The r;tother vra.s of French Garo.dian origin and she ~·ms only 24 

old wh en t:1e proband ,~·as born. She had he r ch by three different 

One 

During t!1e 1 s pregnancy the mothdr stated that occasion-

she md svmllen an:i fect ar1d also severe headaches. The 

ter:rd.na ted a breech delive:rJ and weighed 6 lbs 8 oz. 

(0-6) vlas to [)e i'1ental1y retarded. 

FIGJRE 85 

li 

I 

0 

D NORM!L MAL!; CI!ROMOSOMES NOT DORE E3 NOJ:I.!AL,· NOJ:I.!AL Mn>nuM""""' 0 ~......., NORM.U.; SEI liNKNOWN 

~ AllNORIIAL1 CIIRQ.IOSOMI!S NOT DORE 

Il AB!IO!MALJ AllNO'lt{AL CH~ 

~~~ AB!IOJ:I.!AL; NORMAL CHilOMOSOMl!S <> 
[!]CAIL'IIER ~ 

MISCA:m:IAGE 

I4LEGITD!AT& LillE 



208 . 

The proband was a typical mongol child . The log . index in the 

dermatoglyphic score ws.s + 7. 51. Her mother vras p: ysically nonnal but 

had a high triraui us on both hands . 'l'he :.1other 1 s sis ter also haà one 

high triraLlius (Table 15) . 

Cytogenetic studigs (Fig . 86) 

The chror.~oso;nes of the nother -vrere exaLuned by means of perlpheral 

blood culture, and found norc1al. Fifteen ce:~ls vfe ee anal yzed . The child-

ren ltfere not available for chro;.'losœ;lal stadies . 
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TABLE 15 

DERMATOGLYPHICS FAMILY 24 

3rd 
I II III IV v :t40 interdigit Pla.nta.r Score 

spa ce a rea. 

R L R L R L R L R L R L R L R L 

Mether UL UL A RL UL UL UL UL UL UL + + Loop LID LT -1.85 
I-2 

Denise UL UL UL UL UL UL UL UL UL UL + + Loop AT AT +7.51 
0-1 

Lillia.n UL UL w UL w UL UL UL UL w - + Loop LID AF -1.48 
0-l 

Helen UL w UL UL UL UL UL w UL UL - + Loop LF LF -1.71 
0-4 

UL - ul:nar loop AT - arch tibial LF - loop fibular 
RL - radial loop LID- large loop distal 
w - whorl AF - arch fibular 

1\) 
0 

"' • 
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Final diagnosis 

The cytogenetic studies were done on the mother because she had one 

mongol child, one mentally retarded child and two miscarriages. Her 

dermatoglyphic studies shawed that she also had a high triradius on bath 

hands. Penrose (1954) previously stated that there was a correlation be

tween the location of the triradius in the mongols and tha t of the mother, 

and had reported (1960-61) a family vfhere several heterozygus translocations 

had elevated triradii. In this case the mother had normal chromosomes. 

The proband '\•Tas not available for chromosomal studies, but one may conclude 

that the mother was not responsible if the child was a translocated mongol. 
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viii Fam.ily (25) Familial multiple malformations 

Mark B. (M.C.H. 216252) was born on July 4, 1961. His parents were 

referred for counselling because child bad a ventricular septal defect 

and they were afraid of having another abnormal infant since one of his 

first cousins was known to be a mongol. 

Family Historz (Fig. 87) 

Both parents were young when the child (0-2) was born. The father 

was 28 years old and the mother 18. The mother presented some vaginal 

bleeding, like menstruations at the 8th and 9th months of her pregnancy. 

One :pa.ternal uncle ;-Tas mongoloid and so was a first cousin of the patient. 

Ph;[Sical ~nation 

The child weighed 6 lbs 11 oz. at birth. The physical examina tion 

revealed a young infant handicapped by a heart malforrnation described as 

a ventricular septal defect, but with no other congenital anomaly. His 

finger prints were normal. On the other rand his first cousin (0-4) was 

an atypical mongol, presenting with no epicanthic folds, low set ears, 

mental retardation, crooked little fingers, simian c reases on one band and 

no brushfield spots. The proband was hypotonie. The log. index of the 

dermatoglyphic studies was + o.so. There was no information available on 

the uncle. 

Cytogenetic studi.e.s 

The chromosomal sutdies were done on the father and the mother of 

the child affected with a heart malforrœ.tion, and ; both of them bad a 

normal karyotype, with no apparent translocation. 
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Chromoso :ne Poly-
nu:nber 44 45 46 47 48 plo id Total 

----. --... ~"--·-···- --- ... ----""' .. 

Father 0 0 20 0 0 0 20 

hother 0 0 25 0 0 0 25 

·---------··- .. --,. .. ......_._.,... ........... 
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Final diagnosis 

The parents of the monr;oloid child objected seriously to having 

their chromosorœs studied, since at the they were expecting another 

child, who turned out to be a nor:nal infant. At least the pos ility of 
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a translocation was ruled out in the family seen in consultation. As far 

as one can be sure, the re seems to be no correlation between the two ma.l

formed children. The risk of recurrence of a hea.rt malformation is not 

well known, but it seems to be very low. 



214. 

ix Family (26) A case of mongo1ism \vl t,b a 21/13 
translocation 

Baby boy Des, (E.C. H. 244107) was transferred to the Eontrea1 

Children 1 s Hospital one month after birth for diagnosis. His mongoloid 

appearance on one hand and a severe heart defect on the other led the 

attending physician to suspect that the child had a Dm·m 1 s The 

deliveFJ was uneventful after an unconplicated pregnancy that 

vleeks. 

Famil;y: I-!istory (Fig •. 8_81 

The boy 1-.ras the second to a mother aged 25 and a f'ather of 28, 

both in very good health, unrelated, and not carriers of any c 

anomaly. The first pregnancy bad given a norLal girl. On the mother 1 s 

side one matemal cousin (I-l) believed to be menta.lly retarded, while 

the father's sister (I-6) shortly after birth. She had a heart de-

fect and •rfas premature. One maternal cousin (I-5) is said to be 
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Physical examination 

The birth weight of the pro band was 5 lbs 7 oz. The :ra tient was 

receiving oxygen almost constantly at the time of hospitalization. His 

reflexes >·mre present but of reduced intensity. His tonus was poor. 

His skin v~s marbled. had brushfield spots, low set ears, and a wide 

s:race between the first ar:d second toes. Auscultation revealed the pre

sence of a Grade II systolic murrrrur irradiating tov-rards the carotid. rl'he 

finger prints revealed a mongol score of + 3.g for the prdband. Neither 

of the parents had abnormal dermatoglyphic patterns. 

Cy}ogenetic studies (Fig. g9) 

The peripheral blood culture made on the probar:d showed tlnt ali 

the cells analyzed had a total count of 46 chromosomes; however the kar-<:JO

type was abnormal since there were only 5 members :Ln the D group and an 

extra member of the C group. This was interpreted as beine; the result 

of a G/D translocation. The parents viere then eXai1lined and both found 

to have normal chromosomes, and no sign of mosa.icism. 
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Hhen a patient is carrying a translocation and also has extra chromo-

somal na terial, Ne suspect tm t one of the paren ts is carrying the trans -

location . In the presen t case one paternal cous ln vas mongol, and the 

father 1 s sist er died at birth of an undiagnosed cardiovascula r malfor ;nation . 

She v-ras also premature . Since that chilà was born at home and in the 

country we cannat verify the statement that she vm.s mongoloid . Ho\-.rever, 

since both parents have normal chromosorœ s the translocation may have taken 

place during gametogenes:i_s of one of them, or less likely, shortly after 

conception , th us gi vlng rise to t\•ro cell lines of which one failed to develop 

since it was monosomic. 
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x Family (27) Absence of corpus callosum 

Carol T. (M.C.H. Gen. Dept. CD32) was referred to the Genetics 

Deps.rtment with her sister Gail because they both had an absence of the 

corpus ca.llosum, and were menta.lly reta.rded. 

The mother was 28 and the fa.ther 35 yea.rs of age when Carol wa.s born. 

They were both English in origin. The first pregnancy resulted in a. spon

taneous misca.rria.ge. Carol wa.s then born on March 18, 1952. The next 

child Terry \vas norrna.l. Gail was born on Na.rch 31, 1947. Finally the 

last pregnancy termina.ted norma.lly and the mother gave birth to a norwal 

girl Colleen. One paternal uncle was hospita.lized in a mental institution 

for psychotic troubles. Both parents were physica.lly normal alli not re

lated. 

Ph~ica.l ~nation 

The proband weighed 3 lbs 4 oz. at birt~. She md a pyloric stenosis 

trea.ted medically. Her sternum -was depressed and she looked retarded in 

the first months of life. Further investigation revealed at the time that 

the girl had an enlarged clitoris, a deep voice and an absence of the 

corpus callostL"'l. Her sister was mentally reta.rded but apart from the ab

sent corpus callosum had no ether striking anomaly. 

C~ogenetic studies 

The chromosome studies were done on the proband and found to be 

norrna.l. More than forty cells were counted and ten of them a.nalyzed. A 

special attention was paid to the presence of enlarged satellites on the 



long acrocentrics, or the existence of small fragments in the cells in 

metaphase. 

Final diag~osis 

A final dia.gnosis of absence of corpus callosum was :nade. 

218. 
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xi Case (17) Atypica.l mongol with mosa.icism 

JoyW. (M.C.H. 232008) wa.s born on May 28, 1962, a.fter a normal 43 

week gestation. The patient wa.s seen by the Genetics Deputment because 

she ha.d atypica.l mongoloid features. 

Fa.mily Histo:cy: 

The 30-yea.r-old mother previously h:l.d 4 normal children, two of which 

required exsanguino transfusions at birt.h. There was no family history of 

mongolism. The father was 28 years old and unrelated to the mother. 

Physical examination 

The birth weight of the child was 3.4 kg. Her bilirubin was 3.25 mgm 

at birlh ani went up to 22.8 mgm 96 hours later. She then had an exehange 

transfusion due to Rh incompa.tibility. Her head cireumference was 33 1/2 

ems., her length 51 ems. She had slanted eyes, epieanthie folds, small but 

norrrally set ears. Her firth fingers were short and incurved. She had no 

brushfield spots. Her heart was normal. At the age of two months the 

infant seerœd retarded. She would not follovt a light nor smile. She was 

hypotonie. She was taken back to the hospital a.t the age of 6 months, 

beca.use the mother feared tta t she could not see, but the ophthâl.mologicâl. 

examination revea.led tha.t everything seemed to be in order. At the age of 

15 months she ha.s made great progress, but was still hypotonie. Her intell

igence level has improved greatly and the mongoloid signs seemed to have 

faded. 

Cytological exa.mination 

The chromosorœ.l studies were done on three separa te occasions. The 



220. 

first time, shortly after birth, the results obtained from the peripheral 

blood culture showed three types of cells: sorne cells bad 46 chromosomes 

with a sex p:~.ttern of XY, seme cells had an XX pi.ttern and finally sorne 

had a female constitution plus an extra small acrocentric. 

The second culture gave only two types of cells: both of them vrere 

female like but sorne had an extra sms.ll acrocentric. It was then believed 

that the first time sorne of the cells folh~d in the culture came from the 

blood donor who was found to be a male on investigation. Those cells had 

disappeared two weeks after the exchange transfusion, and only the patient 1s 

cells were analyzed. But the infant was found to be a mosaic mongol, with 

a relatively high proportion of aneuploid components. Three months after 

birth 70% of the cella counted had a normal diploid count and 3o% of them 

were trisomie for a small acrocentric. 

Final diagnosis 

The final diagnosis was made with reserve and tœ p:~.rents were told 

that the child would have to be followed very closely since it may happen 

that her development would be abnormal. Further chromosoma.l analysis will 

be done in the near future to check the existence of those abnorrnal tri

somie cells. 
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h. Skeleton 

i Family ( 28) 

Daniel B. (M.C.H. 149515) was born on November 5, 1957. Multiple 

anomalies were found at birth and the parents were referred to the Genetics 

Department for advice since he was the third child in the same family born 

with multiple malformations. 

Family History (Fig. 90) 

The racial origin of the parents was French Canadian, and they were 

not related. The rather was 28 and the mother 26 when Daniel was born. 

Up to 1963, the mother had had 11 pregnancies, three of which resulted in 

spontaneous miscarriages (0:8, 101 11), three in malfor.med children (0:4, 

6, 9) and five normal sibs. Apart from the miscarriages the periode of 

gestation were uneventful. One father 1 s sister had two children who died 

at birth of congenital anomalies (not shown on the pedigree). One had a 

pyloric atenosis and the other one had a patent ductus arteriosus accomp

anied by a cleft palate and webbing of the second and third toes. Both 

parents of the proband were physically normal as weil as the parents of 

the last two children described. 

Physical examination (Figs, 91, 92, 93 1 94) 

In Table 16 the physical exa:m.ination of the three ma.lformed children 

is summarized along with a similar case described by Jennings (1961). 

Pauline was born in 1950 and died 14 months later. Jeannette was born in 

1953 and was only 9 months old when she died. The proband died in an in

stitution apparently only a few months after birth. Only the proband was 
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hospitalized at the Montreal Children 1 s Hospital. The other two children 

were born and treated in out-of-tovm hospitals and a post mortem was done 

on only one of thail. 
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FIGURES 91, 92, 93, 94 PICTURES OF PROBAND FMITLY 28 

FIGURE 91 

FIGURE 92 
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FIGURE 93 

FIGURE 94 
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TABLE 16 

PHYSICA.L EXAMINATION OF CHILDREN FA.t-ŒLY 28 

Anomalies Jennings Pauline Jeannette Pro band 
(1961) 

Birth weight ? 7 lbs 4 oz 6 lbs 8 oz 6 lbs 6 oz 

Head circumference ? ? 12 1/2" 12 1/211 

Prematurity + + + + 

Mental retardation + + + + 

Epicanthic folds + + + ? 

Optic atrophy ? + + + 

Hearing loss + + + + 

Malformed ears + + + + 

Cleft palate + high + very high 

Webbed neck + + + + 

Hypotonia + + + + 

Polydactyly ? + + 

Fusion of vertebrae + + 

Narrow shoulders + + + + 

Divarication of recti + ? + + 

Micrognathia ? ? + + 

Urinary tract normal + + + + 

GI tract normal + ? + + 

Malformed genitalia + ? + + 

Normal heart + + + + 

Webbed toes ? + + + 

Crooked fingers ? ? ? + . 
Talipes equinovarus + ? ? + 

Skull X-ray normal + ? + + 

Poor osseous development + + + + 

Umbilical hernia ? + + + 
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Cytogenetic studies (Figs. 92• 96, 97) 

Since the children died well before chromosoma.l studies were avail-

able, the èytogenetic studies could be done on the parents only. The 

father wa.s found to have a normal karyotype, as weil as the matemal grand-

mother. The mother . however, md 46 chromosomes and an abnormally long 

number 16 of the E group. The studies were repeated on three separate 

occasions, and the same resulta were obtained each time. It was estima.ted 

that 60% of her cella had this unusual chromosome. The relative length, 

centromere index and arm ratio were calcuJa ted by the same method used by 

the Denver group (Table 17a-17b) and the measurements were also made on 

normal cella of the same moUler. In a few cells in which the length of 

the numben 16 was normal, enlarged satellites were noted on one mernber of 

the D group. The relative length of the abnormal chromosome placed it 

,, within the lower limita of the range of the C group. The chromosome choaen 

as being the abnormal one was always the smallest found in the C group. 

The chromosomes of the last child born in this family were exa.mined and 

found to be normal. The unusual 16 could not be round in any cell. 

Chromosome 
46* 

Poly-
number 44 45 46 47 plo id Total 

Mother 1 0 36 78 0 0 0 ll5 

Father 0 1 30 0 0 0 0 31 

Child 0 0 30 0 0 0 0 30 
0-13 

MGM 0 0 40 0 0 1 1 42 
II-1 
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FIGURE 97 - KARY01'YPE OF lv10THER FAMILY 28 
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TABLE 17 

RELATIVE LENGTH OF CHROMOsœES IN MOTHER FAMILI 28 

Chromosome Cell number 
Number 

{Denver) 
·Abnormal 

1 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 1 2 

1 87 88 93 85 80 84 83 86 80 84 80 85 87 92 85 78 80 85 
2 83 79 86 77 80 84 80 84 80 81 87 81 83 80 85 85 81 85 
3 66 69 73 64 69 71 71 72 68 66 70 66 69 78 60 70 66 71 

4 70 69 63 64 63 63 63 60 64 70 63 66 67 74 60 66 72 68 
5 66 59 63 64 63 63 63 55 64 62 63 55 58 68 6o 59 72 61 

x 58 56 57 57 63 59 60 62 56 59 62 62 55 62 60 55 57 57 

6 54 52.47 53 59 55 56 53 56 59 52 55 53 57 51 51 57 54 
7 54 49 47 53 49 50 48 48 56 48 49 51 51 48 51 47 45 47 
8 46 46 43 46 49 50 48 48 48 48 49 48 47 48 51 51 48 44 
9 50 49 47 42 45 46 48 46 48 48 45 44 45. 44 51 43 42 47 
10 50 46 47 42 45 42 40 46 44 48 45 44 44 44 51 47 42 47 
11 46 46 43 46 42 42 48 43 44 40 42 44 44 40 47 43 42 47 
12 42 39 43 42 38 38 39 43 40 43 42 44 40 40 43 43 42 44 

13 32 40 33 32 35 35 36 40 36 33 35 37 34 35 34 31 36 34 
14 29 33 33 32 31 34 32 31 32 29 31 33 30 31 30 27 30 30 
15 25 26 27 32 31 29 32 26 28 29 28 29 27 21 25 27 27 27 

~-···~-----.. ------.,. -~-~ ---- ~~ 

16 29 29 27 31 35 29 32 29 28 29 28 29 25 26 30 31 33 30 
17 25 26 27 32 31 29 32 26 28 29 28 29 33 21 25 31 27 28 
18 21 26 23 28 28 25 24 26 24 22 24 29 29 21 30 31 27 24 

19 21 23 23 25 24 21 24 24 24 22 24 22 25 21 25 27 24 20 
20 21. 20 20 25 21 21 24 21 24 22 21 18 24 17 21 23 24 27 

21 16 16 17 18 14 17 16 17 12 15 17 15.18 13 13 16 18 17 
22 12 13 13 14 10 13 8 14 16 11 14 11 13 13 13 16 12 10 

37 39 33 39 42 38 36 41 36 40 38 40 40 39 43 39 

Normal 
3 4 5 6 

90 88 87 81 
75 75 87 88 
67 67 71 73 

59 67 66 66 
63 60 66 63 

63 60 58 60 

55 53 58 57 
47 53 5Q 51 
47 49 46 47 
51 46 46 44 
43 46 46 47 
43 49 46 44 
39 39 37 41 

31 32 32 31 
31 28 32 32 
31 28 29 25 

35 35 29 28 
31 28 25 28 
27 28 25 28 

19 25 21 22 
23 18 21 19 

16 14 12 13 
12 ll 8 10 

7 8 

92 86 
82 86 
69 67 

69 67 
55 62 

55 57 

51 48 
51 48 
46 48 
46 43 
42 43 
42 43 
41 43 

-
32 38 
32 34 
32 24 

37 -24 
28 33 
28 24 

23 19 
23 19 

14 14 
9 14 

Range 

78-93 
75-88 
64-78 

59-74 
55•12 

55-63 

47....,9 
45....,6 
44....,1 
42-51 
4~1 
4o-49 
37-44 

31-40 
27-34 
21-32 

"24•37 
21•33 
21-31 

19-27 
17-27 

12-18 
8-16 

33-43 

N 
N 
\() 

• 



TABLE 18 

CENTROMERE INDEX, ARM RATIO FAMILY 28 

Centromere Index Arm Ratio 

16 42 16 NR 

1 36 42 1.5 1.6 

2 35 27 1.9 2.6 

3 50 25 2 3 
AB NORMAL 

4 46 35 1.1 1.9 

5 50 28 2.0 2.5 

CEIL 6 41 38 1.4 1.6 
NUMBER 

1 35 1.9 

NORMAL 2 29 2 

3 47 1.3 

RANGE 29-50 25-42 1.1-2 1.6-3 

DENVER RANGE 31-42 1.4-1.8 

JENNINGS RANGE 1.8-3 

Final diagnosis 

Jennings in 1961 and Carr in 1963 reported similar cases in which 

there was':an unusually long chromosome of the E group, identified as a 

number 16. Jennings (Table 16) found the same abnormal ity in a 13-year

old girl. Carr1 s case is sti11 under investigation (1963 P.C.), but the 

author found the same abnormality in normal sibs, which seems to indicate 

that the presence of the abnormal chromosome may be compatible with a 

normal phenotype. 



The folloiving explanations are considered in the explanation of 

the abnormally long chromosome: 

l. A normal variation of one of the members of the homologous 

pair involved. 

2. A duplication of the long arms of the chromosome. 

230. 

3. A reciprocal translocation between a member of the D group and 

an E chromosome which took place late in the development of the 

mother and was transmitted to sorne of the children. 

It is merely a coincidence that similar abnormalities of the pheno

type were found in a patient in Austral ia and that the same chromosomal 

aberration was present in the patient as well as in our case where the 

mother is mosaic for the aberration and gave birth to three abnormal 

children. Jennings (1962) had not yet located the parents of the insti

tutionalized child in order to do cytogenetic studies on them. 

If the chromosome 16 is really involved in a duplication or a re

ciprocal translocation, the risk for the mother giving birth to an ab

norrnal child or a rniscarriage may be as high as 50%, or less if the 

abnormality is compatible with a normal life as demonstrated by Carr, 

assuming that the abnormality has the same origin. 
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ii Family (29) 

Vincent B. (C.l·i.H. 95057) vms born on April 16, 1950 after 28 to 32 

weeks of gestation. It was a breech delivery and the birth weight was 

2,150 gms. The probanà had r:mltiple malformations. Ile was then referred 

to the Genetics :Oepartment for diagnosis. 

Family History (Fig. _9.~ 

The father was 27 years old and the mother 22 when the child (0-1) 

\>JaS born. 'I'here was at the time no family his tory of congenital malfor.m-

a ti ons. .t3oth parents were of Italian origin. The parents were related, 

the mother ha vine married her nephew. The pregnancy ,,Jas uneventful ex-

cept for severe vomiting experienced b2r the mother especially in the first 

trimester. 

FIGURE 98 PEDIGREZ OF FAlviiLY 29 
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Ph~sical examination (Figs. 92. 100) 

The physical examination revealed at the time of birth marked cyan

osis of the extremities. The child had blond hair, a depressed nose 

bridge, a pigeon chest, dislocation of the elbows, finger, hips and knees. 

The sclerae were clear, and the eyes found nonnal on ophtalmological exam

ination. The fontanelles were normally open. The tangue was protruding. 

On auscultation a harsh systolic murmur could be heard which suggested 

a severe heart ma.lforma ti on. The re wa.s some he pa tomegaly. The child was 

hypotonie. The finger prints were nonnal. 

Dentition 

The dental exa.mina.tion revea.led congenitally rrdssing lower cuspids. 

The teeth were proportiona.l in size to the general development of the 

oral structure. The mandible wa.s overdeveloped or the prernaxilla. under

developed. 

Radiologv. 

The X-rays showed no evidence of any dwa.rfing or increase in width 

or shift of ends of bones. The muscles were underdeveloped. The long 

bones were long and thin. There was radiological dislocation of elbows, 

shoulders, hips, ha.nds and knees. The X-ray of the hands demonstrated a 

rudimentary sixth finger between the index and middle finger of the right 

hand. 

Laboratocy data. 

The usual labora.tory exa.mina.tions were done and no abnorma.l results 

were noted. The blood Kahn was negative. 
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The proband's sister (0-3) v.ras oorn at the Royal Victoria Hospital. 

She àied four hours after birth . She was described at birth as being a 

premature newborn . The delivery \·Jas nor1.lal. The child had mongoloid 

feature s , clubbing of feet and nands , a pate_t foramen ovale and an inter

ventricular septal defect. 

The proband 1 s sister (0-5) was also born at the Royal Victoria Hospital 

and li ved only one \veek. The cause of dea th was unknmm. 

FIGURES 99, lOO PICWRE OF PROBAND FA'· ILY 29 
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The proband ' s firs t cousin , J . B. (0- 9) was born on April 2 , 1956 at 

the Royal Victoria Eospital . The mot her had a norrral delivery after an 

uneventful pregnancy tha t lasted l~O weeks . The rnother had no misca r riages 

previously, and this was her first pregnancy. 

Physical examination (Figs . 101 , 102) 

The physical examination a t the tir:te of bir th r evealed a short neck, 

f l attening of the right occipital bane, defor~~ties of hands and f iQgers , 

s ub - luxation and aislocation of hiFS and knees . Both feet were in equino

cavo-varus positio 1 . The eyes a nd ears were norr:J8.1. There was no evidence 

of heart defect . The hair and eyes had a nor :,J8.l pgimen ta tlon . An elect ro

encephalograJ;. done at the age of 5 l/2 months of a r:;e shovred minimal evidence 

of focal abnonr,ality in the right temporo- par ietal area . A psycnological 

test revealed that t he chi ld 1 s intelligence Has in t he nor,nal range . 'l'he 

finger prints were nor ual . 

FIGURE 101 PICTlJRE Ol ATU; T (0- 9 ) FAt.fiLY 29 
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Radiol2,bY 

The radiological examination revealed shortening of t he l ong bones , 

with proxitllal radio ulnar dislocati on bi l aterally ana subluxation at the 

distal radio ulnar j oint, with ulnar deviat i on of the wrist and joint. 

There was absence of the lower femoral epiphysis bilaterally. The infant 

had bilateral talipes equinovarus wi th metatarsus adductus, and b i lateral 

subluxation of both hips . 

FIGURE 102 RADIOLOGICAL PICTURES OF PA'ITENT 0- 9 

Cytogenetic studies 

Blood was taken for chromosomal studies in 1962 from the proband , 

and the same analysis "~'ra s repeated a gain after thr ee onths to exclude 

any pos sibility of mosaicism. All the cells eY..arllined hc'là a normal diploid 

count of 46, i ncluô.ing nor;;tal sex chromosomes of .J(Y t ype . The re was no 

evidence of translocation or deletion . 



Final diagnosis 

A final diagnosis of uultiple malforrrn ti ons of unknown origin was 

made. The case will be discussed later. 

236. 



237. 

iii Fami1y (30) 

Jacques L. (L.C.H. 147412) \vas born on February 12, 1957. The proband 

vra.s the third the same fa,11i1y born lPJith :nultip1e bone anomal 

The parents were referred to the Genetics Vepartraent for counselling. 

F'amily History (Fig. :L.Q.ll 

Both r;arents vrere I<'rench Canadians and quite young at the time of 

oirth of the the father was 24 and the m.other 21 years Cne 

rratemal une le (I-l) had a cleft pala te. .i3oth parents v<ere physically 

normal and of intelligence. They were not related. The mother 

had nine pregnancies one of vJhich resulted in a spontaneous ge 

(0-5). Six children had malfor1œ.tions of the skeleton. 'l'he proband (0-4) 

had a breech delivery. 
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Physical examination and medical history (Figs. 104, 105) 

(0-l) 

(0-2) 

(0-3) 

(0-4) 

(0-5) 

Francine (M.C.H. 116905) was born on April 4, 1955 and placed in 

an institution where she died six months later. She had long 

curved fingers, a cystic lesion of the left pinna, an absence of 

the uvula, bilateral dislocation of the hips, a lumbo-sacral 

lordosis and hypoplasia of the left thoracic pedicles. The preg

nancywas uneventful. 

Jean-Pierre O·I.C.H. 148566) was born on January 4, 1956. The 

pregnancy was complicated with severe vomiting that lasted 7 

months. The patient had no physical anomalies but an electro

encephalogram done after an episode of convulsions revealed sorne 

subcortical disturbance. One shou1d note that the child was born 

after only 8 months of gestation, and the birth weight wws 3 lbs 

9 oz. 

Proband. The physical examination at birth revealed that the 

patient had crooked fingers, a flat facies, very short bones, 

hypermobility of the joints, a torticollis and limited motion of 

the fingers and toes. 

Andre (LC.H. 161690) was born on July 1, 1958. His birth weight 

was 3,080 gms. His head circumference was 34 ems. The patient 

had a club foot and was suspected of being mentally retarded. In 

the following months the bone anomaly was corrected and the child 

seemed to develop slm·rly. At the age of fi ve the mother clairred 

that her child was norrœl. However, a physician saw the patient 

and thought that the boy was at the lower limit of normal intell

igence. 

Hiscarriage. 



(0-6) 

(0-7) 

(0-9) 
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Baby boy (Ste. Jeanne d'Arc Hospital) died 5 hours after birth. 

The patient was premature, being born after only 30 Heeks of 

gestation. The :ralforrrations were not described at the time. 

There >·;as a mention that the child was anophthalmic. 

Baby girl died shortly after birth in 1961. 

Francine (l.f.C.H. 242794) v,ras born in 1960, and lived only a few 

days. Her birth weight was 1,644 She had an haernangiorna 

of the left 1id and left thigh. ï3oth feet were clubbed, her ears 

were law set and abnarrrally farrned. She also had a cyst on the 

left ear that was filled >vith sero-sanguinous fluid. Her palate 

was higp and arched. 

The symptoms described in these patients may be sumrnadzed in a broad 

way since a.ll the sibs did not have exactly all the same malforna.tions at 

the sa.me time: 

1. Flat facies 

2. Droad nase bridge 

3. Ealfor~::ed ears 

lt.. Nultip1e skeletcn anomalies :~ne::. 

hip dislocation, and crooked fingcrs. 

:;>. Apparent mental retardation 

6. l~:icrognatilia 

7. Palate malfor;.œ. tian 

shortening of the bones, 
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Laboratocy data 

The laboratory investigations were ail in the lirn.its. 

Cytogenetic studies 

The chromosomal studies viere done on patient (0-9) on two different 

occasions and the results were considered normal. There was no extra rnat

erial and the chromosomes did not show any sign of translocation. A total 

of 90 cells were counted and more than 20 were analyzed. 

Final diagnosis 

A final diagnosis of multiple malforira tiens of unknown origin was 

made. 
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C. PATIENTS ~flTH ABNüfllViAL PHENO'l'YPE AND NORMAL KARYOTYPES 

Fifty patients who had physical anomalies of unknown origin no 

farnily his tory of congenital malfo rma ti ons were found to ffi ve normal karyo-

types. 19B the anomalies of 

1ation to the anatomical system. For 

patients are described in re

prognathism or micrognathia 

will go under mandible~ cataracts or brushfield spots are entered under 

eyes. 

In Table 19A the main syster:1s involved are given in arder of importance. 

An average of l4--l different types of systems viere affected for all p3. tients. 

In only one patient out of 50 as many as nine systems were invo1ved. The 

significance of these findings will be discussed later. 

TABLE 1_2A 

Patients 

l. l:•lental impairment 21 

2. Ears 18 

3. Skeleton 18 

4· Height 15 

5. Cardio-vascular 13 

6. Eyes 12 

7. Geni ta-urina. ry 12 

8. Weight 12 



DEFECT 

Cardio-vascular 

Central nervous system 

Derma toglyphic s 

.!:!.ars 

Endocrine 

Epicanthic fo1ds 

Eyes 

Face 

Failure ta thrive 

Gastro- intestinal 

Ge ni to-urinary 

Hae:rnangioma 

Height 

Hematopoietic 

Hernia 

Hypogonadism 

l-landib1e 

Mental i mpairment 

Muscle 

Neck 

Pa1ate and Lips 

Skeleton 

Skin 

Skull 

Wei ght 

TO'rAL 

TABLE 1:& ___; PATIENTS OF PRESENT STUDY ~VITH ABNORVJAL PHENOTYPES AND NORI-:fAL KARYOTYPES 
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3 

18 
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0 
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4 

1 

12 

5 

15 

6 

7 
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6 

21 

3 

3 

8 

18 

3 

7 

12 
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IV DISCUSSION 

A. STUDY OF CHROMOSŒ-fAL ANOMALIES 

a.. Blood. dyscra.sia 

In the present study, one familial type of blood. dyscra.sia. was in

vestiga.ted in Fa.mily 1 and no chromosorna.l a.noma.ly wa.s found. Though the 

patient presented soma miner physica.l anomalies, th~ were not present 

in the other affected relatives and one should not expeet to find a chromo

somal defect responsible for the s,yndrome. Special attention wa.s paid to 

partial deletions of chromosomes and mosa.icism. Two other familles With 

more than one member a.ffected with a simila.r type of anemia were studied 

and also found to have a normal chromosomal pattern, as suspected. 

No familial anemia ha.s yet been found to be ca.used by an inherited 

chromosomal rearrangement. One could however mention the abnormally long 

X chromosome described byElves and Isra.els (1962) in an haemophiliac 

patient who also ha.d other physical anomalies. Bottura. et al (1961), 

German et al (1961) and Bernirschke et al (1962) described pa. tient s pre

senting a syndrome called Waldenstrom!s ma.croglobulinemia., of which one 

feature is a severe anemia. Their cases independently showed'the presence 

in a. low percentage of the cells of an extra long chromosome, having a 

variable position of the centromere, but longer than members of the A 

group. It is still not clea.r whether the biochemical abnormality is a. 

cause or a result of the chromosama.l aberration. It does not appear to 

be familial. 

Various chromosoma.l aberrations have been described in cases of mal

ignant diseases, but the only consistent chromosoma.l anoma.ly seems to be 
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the one related to the chronic myeloid leukaemia (Nowell and Hungerford, 

1960). 

b. Cardio-vascular 

l. The E syndrome 

In the group of cardio-vascular defects, four cases of E syndrome are 

described, one of which is a partial trisomy inherited through a materna1 

D/E translocation, (Brodie and Dallaire, 1962). 

The clinical picture associated with the trisomy for an E chromosome, 

as described by Smith et al (1962), includes mental retardation, hyper

tonicity, flexion of the second finger over the third, low set and malformed 

ears, small nandible, failure: to thrive, dorsi ... flexi.on of the great toes, 

patent ductus arteriosus, interventricular septa1 defect, umbilica1 and/or 

inguinal hernia. Crawfurd (1961) and German (1962), also reported cases 

of the E syndrome confirming those findings. 

The E group comprises the chromosomes nos. 16-17-18, but so far only 

one of the last two has been found to correspond to the above picture when 

present in triplicata. Which one is still amatterr of dispute. This rel

atively new syndrome ha.s been fairly well documented in the pa.st three years, 

despite the fact that the affected children die very early in life and that 

the incidence of the syndrome is quite low. 

In the present study the following anomalies were noted as being un

described yet: in Case 2 and the proband of Family 3 the s~cond finger is 

rotated on itself instead of being flexed. The pa.tho1ogical examination 

revealed an abnonna.l rotation of the cartilage of the terminal pha.la.n,x •• 

In CàSê 1 there was a side-to-side i1eo-caecal junction, in Case 2 both 

the sma.ll and the large bowels had a common mesenter.y, there was a deficiency 



in the costo-cartilages of the first ribs, the uterus was unicornuate and 

the Fallopian tube was blind. 

The dermatoglyphic studies revealed in Cases 1 and 2 a total of 10 

arches on all fingers and on the toes as well. The proband in Family 3 

had a total of 5 arches on his bands. These findings are in agreement 

with Uchida and Soltan (1963) report on the abnormal dermatoglyphic patt

erns found in autosomal trisomies. 

Out of the three cases due to a primar,y non-disjunction one mother 

was 26; the ethers were over 37 years of age when the patient was born. 

Hecht (1963) in a review study of the E syndrome found tba. t there was a 

marked increase in maternal age. Ferguson-Smith (1962) noted that the 

mean age at the time of death is 90 days; in this study the mean age was 

83 days for three patients, no fo~precord is availahle on the fourth 

one. 

Hecht (1963) found that the sex ratio was 2.7:1 in favour of females. 

In our study the three cases of non-disjunction involved females only, 

while the E syndrome originating from a translocation was a boy. No explan

ation is apparent far the disturbed sex ratio in this autosomal trisomy. 

The proband of Family 4 was discharged from the hospital with a diag

nosis of chondrodystrophia calcificans and a normal karyotype. The high 

number of arches on the fingers (6), the flexion of the second toe over 

the third bila.terally as well as the micrognathia and the kidney anomaly 

were suggestive of an E syndrome. However, in chrondrodystrophia calcifi

ca.ns, the skeleton anomalies are numerous, and may be associated rTith other 

congenital defects: Fraser and Scriver (1954) reported tha.t heart malform

ations, mental deficiency, cataracte, shortening of the limbs and contract

ures of the major joints have been found to accoinpa.ny the syndrome, which 

according to the authars is probably due to a recessive gene. 



245. 

2. The D syndrome 

The D syndrome as mentioned in the introduction, can be duè to a prim

ar.y non-disjunction or a translocation. In Case 5 there was an extra mem

ber in the D group. The patient had no cleft palate or hare lip, but an 

abnormal configuration of the root of the nostrils. The other features 

were ail typical of the syndrome as reported by Ellis and Marwood (1961), 

Lubs et al (1961), Patau et al (1961), Conen et al (1962) and Northcutt 

(1962). In addition to our case and the ones cited in the introduction, 

Ferguson-Smith (1961) and Townes (1962) described :rntients }rlth normal 

palate and lips. Smith (1963) reviewed the syndrome and stated that vari

ations may exist between cases but usually one finds: mental retardation, 

deafness, seizures, an eye anomaly, maldevelopment of the nose and mouth, 

abnormal finger nails, pQlydacty1y, haemangioma and heart ~.:..anomaly. lvliller 

and co-workers (1963) described one patient with absent o1factory bulbs 

and tracts, a nd hypoplasia. of the optic nerve and eye. The au thors con

elude that there is some evidence that the D trisomy is an important etio

logie factor in arhinencephaly. 

c. Central nervous system 

The proband in Family 5 had a spina bifida àperta and multiple mal

formations. Three sibs also ha.d a severe a.nomaly of the spine. Sorsby 

(1953) states that spina oifida is often a.ssociated with other defects and 

may also be familial. Miller and co-workers (1962) have found that the 

frequency of vertebral and rib anomalies was no }tigher in JS.rents of chi1d

ren with spina bifida than that in controls. On the other ha.nd Fraser (1961) 

had previously suggested tha. t spina bifida aperta is not determined by a 

single mutant gene but is etio1ogica.lly heterogeneous, and tm. t the re is an 



increased incidence of related ma.lformations among sibs of affected people. 

The multiplicity of defects found in the proband of Family 5 suggested a 

chromosomal anomaly. However, the resulta were within the normal limits. 

In Case 7 no definite dia.gnosis J::as been reached in the course of 

hospitalization, and the post-mortem unfortunately could not be done. 

d. Cervico-cephalic 

In Families 6, 7 and 8 the formation of the median face is involved. 

One should suspect the presence of an-extra D chromosome since the children 

also had ether skeleton anomalies. However the chromosomal studies done 

on the parents did not show a translocation. One can then assume tha.t 

either there is a partial translocation which is unrecognizable because of 

its aize and its location, or that the children were trisomie for an extra 

member of the D group due to a familial non-disjunction. One fact arguing 

against this possibility is that the ma.jority of the children did not sutfer 

from a hea.rt defeet, arrl as far as one can tell, the re was no eye anomaly. 

The fact that the clinieal features are somewhat dissimilar in the three 

fa.milies raises the question of whether they represent variations of the 

same syndrome or etiologically different anomalies. 

In Case 8 the presence of extra chromosomal rœ. terial in a high pro

portion of the cells analyzed brings up the problem of partial trisomies 

and mapping of the chromosomes. In 1961, Patau preposed a method for ma.pp

ing the E and D chromoso:tœ s. This was based on the assumpti on of a linear 

order of loci which in triplica.te would produce individua.l features of the 

syndrome. If so, it should be possible to arrange the features themselves 

in an order auch tha t in cases where two or more features were missing, 

they would always be adjacent ones. In Table 20 the anomalies involved in 
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the syndrome are listed by order starting below the centromere. So far 

most of the partial trisomies have been cited in relation to translocations 

of acrocentric chromosomes i.e. 13/15 and 21/22. Very few translocations 

were reported that involved one acrocentric chromosome and a non-a.crocentric 

or two sub or metacentric members. 

In Case 8 as mentioned above there is an extra chromosome believed to 

be paritally deleted comparable in size to members of the G group that 

could be either a partia.lly deleted 13 or 17. The patient ha.d a cleft 

palate, abnormal ears, a ma.lformed skull, a kidney and a heart anomaly. 

Since the cleft pala.te is usually seen in the D syndrome and the kidney 

anomaly is a feature of the trisomy 17/18, while the other anonruies are 

common to bath autosomal defects, one cannat be sure of the origin of the 

aberrant chromoso:rnal na terial. The patient described in this work has ha.d 

surgical correction of her heart defect and seemed to develop fairly well 

on her discharge from the hospital bath physically and mentally, though ahe 

showed a narked delay in her general developmen t. A turther assessment may 

prove tha.t she is mentally normal and tha.t the extra chromoso:rnal material 

being either a deleted D or E is lacking a major portion of the short and 

long arm responsible for the mental impairment. 

The chromosomal ma.p suggested by Patau is a step forwa.rd towards the 

need for identification of the different anomalies caused by abnormalities 

in specifie chromosomes. One notes however, that in the D chromosome de

scription the polydactyly which seems to accompany most of the 13/15 tri

somies, is missing; in the E chromosome map syndactyly of the second and 

third toea is included though it is rarely seen in that syndrome and the 

kidney d~feot is not mentioned though it is nearly a constant featu~ of the 

syndrome. In Family 1 one bas reason to believe t:ta t the short arma of a 



TABLE 20 

PROPOSED MAP OF D AND E CHROMOSIDMIS (AFTER PA TAU) 

13/15 
CENTROMERE 

SEIZURES 

DEAFNESS 

Hypertonicity 

Hemangioma.ta 

MENTAL RETARDATION 

Retroflexion of thumbs 

Simia.n creases 

High axial triradius 

EYE DEFECT 

Cubitus valgus 

CLEFT PALA TE 

CHROMOSOMES 

17/18 
CENTRCMERE 

FLEXION OF FINŒRS 

I.v. septal defect 

HYPERTONICITY 

Dorsiflexion of big toes 

Short sternum 

Sma.ll pel vis 

FAlLU RE TO THRI VE 

Patent ductus arteriosus 

Prominent occiput 

MENTAL RETARDATION 

Loose skin folds 

Syndactyly 2nd and 3rd toes 

Inner epie. folds 

Eventr. of diaphragm 

SVJ.ALL MiNDIBLE 

Ing. and/or umb. hemia 

EA.RS LCl'i SET AND MALFORMED 
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17/18 are missing in the child: the flexion of the second finger over the 

third is not present either in the patient. In Table 20 the locus for the 

flexion of the fingers is located very close to the centromere. Our case 

therefore supports Patau~s hypothesis, if one assumes that not only the 

short arro but a small segment of the long arro of the translocated 17/18 

is missing. 

However, in Case 8 the syndrome cannet be applied to any of the two 

maps: which suggests that either the ma.ps are not correct or that the 

extra chromosamal material does not come from D orE members. Uchida (per

sonal communication) found a partial trisomy 13 or 17 in a child who had 

a cleft palate and other anomalies. Gustavson et al (1962) found an abner

mal small acrocentric chromosome in two sisters who were mentally retarded, 

had a severe motor impairment hypotonia, microcephaly hearing trouble, a 

cleft palate, low set ears, micrognathia and flexion of the fingers and 

hands. One of the patients also had an anal stenosis. In the D syndrome 

the ijala.'t:e is usually involved and it is tempting to attribute the extra 

chromosomes to that group in those cases, but unless there was a consider

able rearrangement in the D chromosome preceding the delation, the syndromes 

described would not be compatible with the map. 

In Case 9 the patient, a female infant, was found to have a partial 

de let ion of the short arros of one of her chromosomes 17/18. Thieffry et 

al {1963) reported wha.t they thought was the first case of an autosomal 

deletion causing malformations in the patient: the boy had mental retard

ation, hypertelorism, strabismus, low set ears, antimongoloid slants of 

the eyes, incurved fifth fingers and syndactyly of the third and fourth 

tees. His finger pr.ints were normal. Ivliller (personal communication) is 

now studying a child presenting hydrocephalus, cataracts, congenital dis-
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location of the hips, retarded bona age, abnormally placed toes, prominent 

scalp veins and a heart malformation. The syndrome described here corresponds 

quite well to the syndrome described in Case 9. The mongoloid appearance 

of the children and the intracranial pressure seem to be part of the corn-

plex syndrome, and it is interesting to note that r-Iiller' s patient also has 

a delation of the short arms of a 17/18. 

This chromosomal abnormality, not involving extra ma.terial but rather 

a loss of chroma tin, seems to have a response in the phenotype of the carrier, 

and more attention should be focused on the relatively short chromsomes in 

the future in order not to overlook such features, which may beoome very 

important in the study of congenital rœ.lformations related to cytogenetic 

aberrations. 

e. Gastro-intestinal 

In Family 12 three male children died in early infancy. All three of 

them had Hirschprû.ng 1 s disease, involving most or all of the large bowel. 

There was no family history of the disease and the parents were not re-

lated. The cytogenetic studies done on the father and mother on two separ-

ate occasions fai1ed to show evidence of a constant chromosomal abnor.mality. 

The genetics of Hirschprung's disease, a rare condition, has been re-

viewed by Sorsby (1953). There was no indication of an increased incidence 

of associated malformations. The preponderance of boys was 12.3:1 in a 

group of J.j(J. There is a familial tendency for the disease to occur more 

frequently in sibships where there is one affected sib already~ No mechan-

ism of transmission has yet been described. 

Yntema and Harrunond (1954) have suggested that pathologically Hirsch-

prung's disease is caused by sorne interference with the migration of neuro-. . 
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blasts from the loi"ier cranial and upper cervical neural crest to the gut 

v.ra.ll. Bodian and Carter ( 196 3) have provided more relia ble figures from 

a large farnily study. They classified the pa.tient~t into those having a 

long affected segment of bowel and th ose with a short affected segment. 

The incidence of the disease for all varieties was between 1/2000 and 

1/10,000 births, and the se:x: ratio v.ra.s 3.6 in favour of males. The mat

ernal age and the birth order seemed to have no effect in their 203 fam

ilias. The associated malforuations Nere analyzed and found to be more 

or less coincidental. They were: mongolism, pyloric stenosis, occipital 

encephalocoele, mental retardation, cleft palate, deafness and cataract. 

The consanguinity rate -vras not elevated. The authors mentioned that there 

was still no satisfactory hypothesis concerning the genetic factors pre

disposing to the disease. It was interesting, however, that the familial 

tendency was strongest in the long group. 

In Family 13 the proband bad multiple rœ.lformations involving the 

cardio-vascular and skeleton systems, as well as the gastro-intestinal 

tract. His karyotype showed a partially deleted Y and abnorma.lly long 

short arms on a member of the G group. One of these chromosomal aberra

tions described in this case bas been partly reported by Van Wijck (1961) 

vbo found in a mentally retarded child the presence of extra ms.terial on 

the short arms of a 21/22 considered by the author to be the short ar.ms 

of a 17/18. Carr (1963) also reported the presence of long short arms on 

a chromosome 21 of a patient. Vaharu (1961) described a girl who had an 

enlarged phallus, was mentally retarded, had low set ears and micrognathia. 

Rer feet were pronated. The sex chronatin was negative and she had 46 

chromoso:::œs including one X chromosorœ and one fragment interpreted as a 
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deleted Y chromosome. Conen (1961) found a girl with an enlarged clitoris, 

a negative sex chromatin and mosaicism in her chromosomes. She had cells 

with 45 chromosomes (XO), and 46 including a srnall fragment also interpreted 

as being a deleted Y chromosome. 

Muldal and Ockey (1961) reported a familial transmission of a deleted 

Y chromosome in males having hypospadias and low gonadotrophin level. In 

the present case bath abnormalities: the Y deletion and the G translocation 

are found. The hypothesis of an attached portion of the long arms of a Y 

chromosome onto a 21 or 22 is compatible with these observations. If the 

s:ma.ll size of the Y chromosome represents a normal variation of that gono

some, then we may have a duplication of the short arms of a G chromosome 

or less likely an inversion since the long arma of the aberrant chromosome 

do not seem ta have lost any material. 

Schmid (1962) recently reported a familial abnorrnality of one of the 

G chromosomes found in a study of families with a high incidence of mis

carriages. The father was a carrier of the elongated G chromosome and had 

a norms.l karyotype othe:rwise. One ether manber of this family was also 

a normal carrier of this abnormal chromosome. One has then good reasons 

to regard this cytogenetic abnormality as a possible cause for familial 

malformations. 

f. Genito-urina!7 

Among the patients ascertained through a suspected raalformation of 

the genito-urinar,v tract, eight out of eleven ha.d an abnor.n~l gonosoma.1 

configuration among which the re were three XO indi viduals (Cases 15, 16, 

and Case 6 described in tpe cardio-vascular defects). There were also 

two XXX individua1s {Proband Family 17 and Case 14), two mosaics (Cases 
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11 and 12) and two patients presenting a sex reversal, whose phenotypes 

did not correspond to their genotypes. It was stated in the Introduction 

that various anomalies of sex chromosomes may happen by single or double 

non-disjunction in the gametes or the foetus itself. The x:t..Y, XXXY, and 

XXXXY patients were described. 

One is struck in the XO and XXX patients by the lack of obvious anom-

alles. In the infant the Turner syndrome characterized by sorne oedema 

of the lower limbs, a failure to thrive, a cubitus valgus, and a straight 

hair line in the back of the neck. The heart anomaly is seen in only 20% 

of the cases (Lindsten, 1963). In the super female or triple X the physical 

signs are usually less pronounced though Case 14 is exceptional in this 

regard. Normal growth development is one of the chief signs which also 

present in many syndromes not related to sex chromosome anomalies. Jacobs 

(1961) had found a high percentage of X chromosome anomalies among women 

with prirnary amenorrhea. The minimal frequency was as high as 43% in a 

selected group of patients presenting with primary amenorrhea. 

The study of sexua1 anoL~ies constitutes a chapter in itself which 

is beyond the terms of reference of this thesis. The lack of obvious anom

alies in sorne syndromes (Cases 15, 16), the complezity in others (Cases 13, 

14), the undefined roles of X and Y chromosomes place these sexua1 anomalies 

in a group quite different from the autsomal syndromes G, D and E. The 

random inactivation of one X chromosome in the normal female, the a ppearance 

of sonJatic anonJalies when one X is missing in the XO fema1e, and the sma11 

differences existing between the XXY, XXXY and XXYY syndromes rnake one won

der if the expression of the abnormal genotype is not related to unknown 

mechanisms regulating both the X and Y chromosomes. 

Doctor Barr conc1uded a paper (New York, 1963) on the properties of 

the sex chromoso:rœs by stating that the X chromosome has several special 
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characteristics, and that the understanding of these characteristics is 

essential for the recognition of their role in the production of congenital 

malforrra.tions. 

g. l•1ongoloid 

1. Dawn t s syndrome 

Dawn (1866) published a classification of the idiots and described 

a syndrome in which the affected members had a mongoloid appearance. Today 

the term mongolism widely used while referring to patients with the extra 

chromosomes 21, but there is a tendency to encourage people to mention 

Down's syndrome instead of mongolism. As previously stated, mongols have 

an extra small acrocentric chromosome, either separate to give a total numb

er of 47 chromosomes, or fused onto another chromosome (tra·nslocation) to 

give a total of 46 chromosomes. 

In Familiesl8, 20, 22, 2.3, 24, 25 and in Case 17, non-disjunction of 

a member of the G group was responsible for the syndrome produced. In 

Families 19, 21, 26 a translocation was present. 

The case reported (Hall, 1962) as being a mongol with a norrra.l karyo

type did not have all of the typical mongoloid features; even if clinically 

the patient can be considered to have Down•s syndrome, it is most likely 

that he has sorne extra chromosomal material translocated to a larger chromo

some and hence unrecognizable. Richards (1962) and Schmid et al (1961) also 

referred to cases of mongolism with normal chromosomes, but here again the 

information was not convincing. 

Fraser, as reported by Warkany (1960), ~posed the theory that a chromo-

somal rearrangement may produce sorne minor stigmata of mongolism and also in

crease the probability of non-disjunction of the chromosomes involved {No. 21). 
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the trisomie condition producing the full blown syndrome. This would ex

plain why miner stigmata appear in the near relatives of mongoloids (if 

this is indeed the case). 

Cummins (1943, 1950) opened the door for the use of finger prints in 

the diagnosis of Down 1s syndrome. The method used for dermatoglyphic studies 

(Walker, 1957), has proven to be accurate in ten cases of mongoloid children 

reported here and nine ethers not included in the study, who had an extra 

chromosome. The high number of ulnar loops on the fingers, the high tri

radius, the simian crease, the third interdigital space pattern and also 

the hallucal area configuration were found to be typical of mongoloid child

ren and to be present in most of the cases. 

Penrose 1 s (1954) suggestion that the mothers of mongoloid children 

have a high triradius more often than ether mothers has been contradicted 

by Carter (personal communication) and Fraser (personal communication) who 

recently completed a large study of prints of parents and mongoloid children. 

However, one should not forget that if the mother is mosaic for the extra 

member of the œ group that causes mongolism, she may present abnormal prints. 

On the ether hand since one believes with reason that the abnormal print 

figures found in Down 1 s syndrome cri gina te from the extra chromos omal mat-

e rial, then the accidental non-disjunction of an acrocentric in a sexual · 

gonad or even in the first cleavages of the egg itself, should not in any 

circumstances reflect on the parental palm prints. 

In Family 24, the mother and two ether relatives of the affected child 

had a high triradius but the chromosomal pattern of the mother was normal. 

The position of the triradius may then be inherited as a mendelian trait, 

unrelated tc the trisomy. In Family 19 the father is a carrier but his 

hand and foot prints were normal. In Family 20, none of the ps.rental prints 
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suggested the presence of an extra chromosome, or sorne etiologie relation 

with the children 1 s condition. 

The blood group studies were done in two large familias (19 and 20) 

and have not brought any light on the location of the ABO locus. Shaw et 

al (1962) and Shaw (1962) had previously proposed that the locus was near 

the centromere of chromosome 21 but Chown and Lewis (1963) have soma evidence 

that this hypothesis may not be correct, the discrepancy in blood types being 

due to selection from cultural groups where women tend to continue having 

children relatively late in life. 

In this study the mongoloid children were selected because of familial 

recurrence, and the mean age of the mothers is not over 30 years of age. In 

cases of translocation one should not expect an increase in maternal age. 

The occurrence of mongolism and other anomalies in members of the same 

family has been described by Bernirschke et al (1962). The tendency to non

disjunction of non-specifie chromosomes in the same family has been verified 

in the past by Therman et al (1961) who found a D syndrome and XO female in 

the same sibship,byWright et al (1963) who described a trisomy 21 and a 

Klinefelter, and Ellis (1963) who found a mongol and a Turner syndrome • 

Leukaemia has not been found in the frunilies deseribed in this work. 

The association of leukaemia and mongoloid children is wall known however. 

Before the discovery of the extra chromosome in mongolism, Kiwit (1959) and 

Merrit (1956) found an increased incidence of leukaemia among mongoloid 

children. German et al (1962) reported a family in which the mother was a 

carrier of a D/G translocation and one mongoloid child had leukaemia and a 

total of 46 chromosomes. 

The problem of risk of recurrence of mongolism in a given family depends 

on many factors. Among these factors one should consider first of all the 
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mechanism of production of the syndrome, the age of the mother and incid

ence of other malformations due to non-disjunction in that family. 

Carter and Evans (1961) in a. large study of 642 index patients found 

that for mothers under 25 yea.rs of age the risk is 50 fold the one for the 

general population, that it decrea.ses to 25 fold for mothers between the 

ages of 25 to 34, and that it is the sa.me a.s tha.t in the general population 

for mothers over the age of 35. Hamerton and co-workers (1961) in a. cyto

genetic study of familias in which there was a. familial incidence of the 

syndrome, showed that for mothers under the age of 25, translocations are 

responsible for a. large part of the recurrence of the syndrome, and that 

in cases of familial primary non-disjunctiom there must be an inherited 

predisposition to non-disjunction or the occurrence of trisomy 21 mosa.icism 

in one or other of the parents. 

Sergovich (persona.l communication) is presently studying cytogentic

a.lly a. group of mongoloid children especially selected beca.use of the young 

age of the mother and/or for the high incidence of recurrence of the syn

drome or misca.rriages in the fa.mily. The findings show tha t in mongols of 

young mothers a. translocation is present in 5% of the patients and,tha.t:.!only 

once in a hundred patients is one of the parents found to be a. carrier. 

In Fa.mily 20, the mother was in her ea.rly twenties when the first two 

mongoloid children were born. At that time without chromosomal fa.cilities 

the physicia.n could not suspect a translocation and since the mother was 

young she was told tha. t the chance of recurrence of the syndrome was very 

low. The third child born when the mother wa.s still in her twenties a.lso 

ha.d mongoloid features. All three of them had a.n extra. small acrocentric 

for a total count of 47 chromosomes. Both parents had a normal karyotype. 

No explanation for this unusual occurrence is apparent. 
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In Family 19, even if chromosomal studies had been available, one 

could not have been sure whether the translocation involved a 21/42 or a 

21/2J., since there is no way of telling the difference between the two by 

the usual methods. But the parents c auld have been a wa.re of the high risk 

of recurrence of the syndrome in subsequent offspring. They had five mon

goloid children and one miscarriage, and this is why a 21/21 translocation 

is the more 1ikely interpretation. 

Is it possible to find a Down 1s syndrome with apparently normal chromo

somes? Clarke (1961) stüdied the case of an intelligent girl presenting 

some mongo1oid features who turned out to have a normal chromosoma.l count 

in her lymphocytes, but two types of cells in tissue culture. Fitzgerald 

(1961) reported a case of mosaicism in a 51-year-?ld man having normal cells 

and cella with an extra sma.ll acracentric. Shortly after, Gustavson (1961) 

also reported a case of mosaicism in a mongoloid child who had three types 

of cells: some with 46, sorne with 47 and ethers with 48 chromosomes. In 

the last karyotypes a member of the F group was extra as well as a sma.ll 

21/22. 

Nichols (1962) pub1ished the case of a child presenting typical mongol

oid~i features and h.a.ving a:,high proportion of cella with 47 chromosomes, with 

trisomy 21, in bath his b1ood and tissue cultures. Blank (1962) studied 

the chromosomes of a mother who gave birth to a mongo1oid child. The mother 

had some abnormal trisomie cella whi1e her chi1d was fully trisomie for a 

member of the G group. 

In Case 17 the fema.le infant had two types of cella some trisomie for 

an extra 21 and sorne normal, on the second blood exma.ination: the first cul

ture yie1ded cells of three different categories. The third type of cella 

found probably originated from the male blood donor, who gave his blood for 

the exchange transfusion. The clinical pi ct ure is in favour of a case of 
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mosaicism: the patient bad sorne mongoloid features but lacked many stig

mata specifie to mongolism. 

The chemical disturbances in mongoloid children have been studied in 

the past few years. Sobel et al (1958) in an extensive study and review 

of the literature reported that the absorption of Vitamin A is slower in 

mongoloid infants. The au thors also described low serum calcium values, 

decreased serum albumin and increased gamma globulin in these patients. 

Nelson confirmed (1961) the elevation of gamma globulin protein and de

creased albumin in these children. The author also found an increase in 

the lipop:rrotèin fraction except in the second decade of lite. 

Trubowitz et al (1962) and Alter et al (1962) found high levels of 

alkaline phosphatase in leucocytes of mongoloid children. King et al (1962) 

repeated the experimenta in individuals of both sexes and of various ages 

and his results confirmed the previous findings. 

A short latter by Brandt (1962) mentioned the possibility that the 

genetic locus of the galactose-1-phosphate-uridyl-transferase activity may 

be on the chromosome 21 since mongols have a higher mean value than norma.l 

controls. Lawler in the same issue nl.lliÙ:ler criticized the previous reports 

attributing the alkaline phosphate locus to the chromosome causing the 

Down' s syndrome when present in triplicata, since there is evidence that 

the high levels of enzyme found in mongols may be attributed to the fre

quent occurrence of infections, and the lower levels in chronic granulo

cytic leukaemia to the presence of immature cells. 

2. Absent corpus callosum 

The literature on absence of the corpus callosum has been reviewed by 

Carpenter and Druckemiller (1953). In the same year Van Epps reported 
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twelve cases, two of which bad a cleft palate and lip. Bell and Van Allen 

(1959) described a case of absence of corpus callosum associated also with 

a cleft lip and palate, absence of the nose, proptosis and low set ears. 

Michaux et al (1959) also reported the histor,y of a child that had absence 

of the corpus callosum, a short neck, a ma.lformed skull, microophthalmia, 

polydactyly of feet, severe mental retardation, hypospadias, absence of 

the scrotum, hypotrophy of the penis, supernumerary nipple on the left, 

short fingers and simian creases. Bonvini and Kehgayan (1960) reported a 

mentally retarded child, with a malformed skull and absence of the corpus 

callosum. 

Since the report by Naiman and Fraser (1955) of two cases of agenesis 

of the corpus callosum in sibs, no mention bas been made of the possible 

genetic factor involved in the production of the syndrome. It seems evi

dent that the abnormality is often associated with other somatic anomalies, 

mainly of the skull. Gruneberg (1952) described in the mouse a mechanism by 

which the hydrocephalus is responsible for the defect. Hicks (1953) demon

strated that irradiation may induce the defect in the offspring of treated 

rats. 

In huma.ns, the problem is complex: the cases reported by Michaux have 

the features of a D syndrome, others may be partial trisomies. It would 

be valuable in the cases of autosomal trisomies to determine the incidence 

of agenesis of the corpus callosum. In Family 21 the first child was mongol-

cid, and the second was severely retarded and had an absence of the corpus .callosun, 

The cytogenetic studies showed a partial translocation to a D chromosome. 

On the other hand one of the patients reported by Fraser and Naiman was 

studied cytogenetically (Family 27) and no demonstrable chramosomal abnormal-

ity was found. However, this does not exclud.e the possibility of an extra 
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chromosome material undetectable by our present means. Lejeune (personal 

communication) found a family in which the first child had mongoloid features 

and the second had an agenesis of the corpus callosum and a partial trans

location to a D chromosome, which supports the present findings. 

h. Skeleton 

In Family 28, two girls and one boy presented similarities in their 

malformations: they all had malformed ears and skull, haemangioma, a heart 

defect, poly- and syndactyly, an eye anomaly and a palate abnormality. They 

were also mentally retarded. The mother had three miscarriages. None of 

the patients were still alive at the time chromosomal studies could be done. 

The la st child born in the family had a normal karyotype and chromosome 16 

was of normal length. The syndrome as described previously in this work 

has many of the D syndrome abnormalities. The mother being mosaic for an 

abnormal member of the E group (no. 16), she still may have a normal pheno

type, like the mothers who have an extra chromosome in sorne of their cells 

and can produce full mongols. Until more information is published, one 

cannet be sure whether the chromosomal aberration is related to the clinical 

diseasa, but it seems likely that the mother is carrying a 16/13 transloca

tion and tha t she has a high risk of having another malformed childe 

In 1959, Larsen described a new syndrome present in six cases studied 

over a short period of years. This syndrome seems to involve the major 

joints of the upper and lower extremities, the feet, hands and face. The 

following features seem to be frequent components of the disease: 

a - bilateral anterior dislocation of the tibiae on the femora. 

b - antenatal dislocation of both hips. 

c - bilateral equinovarus and equinovalgus. Deformlties of the feet. 



d - bilateral dislocation of the elbows. 

e - long and cylindri?ally shaped fingers. · 

f - thumbs usually spatulated. 

g - hypertelorism. 

h - flattened nose bridge. 

i - occasional association of heart and palate defects. 

j - normal dentition. 

k - occasional failure of spinal separation. 

1 - normal intelligence. 
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In the six different familles reported by Larsen ail the sibs were 

normal. Furt:.hermore the muscular biopsies done on the patients were ail 

normal. Since Larsen's publication on the syndrome involving bone and 

joints the literature did not mention instances of those anomalies again. 

Assuming that the two familias (29, 30) reported here are variants of 

the same condition, one can state that the syndrome is familial, can affect 

both males and females and does not seem cytogenetically oontrolled. 

Though there is sorne degree of consanguinity in one of the familias (29), 

it does not seem responsible for the occurrence of the malformations since 

one of the affected cousins was not related to the proband. With sorne de

gree of variation Larsen1s description of the syndrome seems to be quite 

complete. 



CYTOŒNETICS OF MULTIPLE aâ.LFCRHA'fiONS 

1. Discrimination of cases with chromosomal aberrations by clinical features 

On theoretical grounds it is to be expected that when a whole chromo

some or section of chromosome is present in excess, or missing, the result

ing phenotype will demonstrate widespread anorn:~.lies involving many organ 

systems. To investigate this question, tables have been prepared listing 

the types of anomalies and systems involved in·the present series of cases 

with autos omal anomalies (Table 22) or sex chromosome anœn.a.lies (Table 2.3) 

or normal chromosomes (Table 19) as well as cases selected from the liter

ature with multiple malformations and normal chromosomes (Table 21). Table 

2.3 also includes selected cases of sex chromosome aberrations from the liter

ature (Jacob and Strong, 1959; Carr, D.H., 1961; Ferguson-Smith et al, 1960; 

Carr et al, 1961; Barr et al, 1962). 

It seems evident that both in the present study (Table 19) and in the 

literature (Table 21) all the cases with no chromosomal anomaly have a low 

number of systems affected, that is, less than 10 out of 25, or less than 

40%, while most of the sexual and autosomal anomalies are above this average. 

The fo1lo~ng means and ranges were found for each category. 

Mean ~nge 

1. Cases of present study with normal chromosomes 4.0 1-9 

2. Cases from literature with normal chromosorœs .3.7 l-7 

,3. Patients with anomalies of gonosomes 11.5 8-1.3 

4. Patients with anomalies of autosomes 15.4 12-20 

5. All cases with normal chromosomes .3.85 1-9 

6. Ali cases with abnormal ka~Jotypes 13.45 8-20 

It may be argued that the cases from the literature were not exarnined 

as carefully for certain relevant features ( e .g. dermatoglyphics) as those 



TABLE 21 CASES vliTH NORMAL KAmYOTYPES FROM THE LITERATURE 264. -,... 

DEFECT 1 2 3 4 5 6 7 8 9 10 12 13 14 15 19 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 TOTAL 

l 
5 Cardio-vascular + + 1 + .. + + 

Central nervous system + + + + 4 

Dermatoglyphics + 1 

Ears + + + + + + + + + + 10 

Endocrine + 1 

Epicanthic folds + + 3 

Eyes + + + ·+ + 5 
• ~ 

Face + + + + + + + + + 9 

Failure to thri ve + + + 3 

Castro-intestinal + + + + + + + 7 

Ge ni to-urinary + + + 3 

Haemangioma + + 2 

Height + + + 3 

Hematopoietic + + 2 

Hernia 0 

Hypogonadism + + + + + + + 7 

Mandib1e ;- . + + + 4 

Hental impairment + + + + + + + +: + + + + + + + + 16 1 

1 

:Husc1e +: + 2 

Neck + + + + + + 6 
., 

12 Pa1ate and Lips + + + + + + + + + + + + 

Ske1eton + + + + + +1 + + + + + + + + + + + + + 19 
! 

Skin + + ' . 
+ 6 1 + + + 

Sku11 + + + +, 
1 

+ + + + 28 
j 

Weight + + 2 

TOTAL 3 4 2 3 2 8. 4 5 2 2 7 5 3 1 3 6' 3 4 4 3 4 2 2 3 1 5 2 1 6 3 4 3 6 5 4 3 5 7 140 

x· 3 ? . . . 



DEFECT Fl8 Fl9 Fl9 Fl9 
G G G G 

Cardio-vascular + + 

Central nervous system + + + + 

Dermatog1yphics + + + + 

Ears + + + + 

Endocrine + + + + 

Epicanthic fo1ds + + + + 

Eyes + + + + 

Face + + + + 

Fai1ure to thri ve 

Gastro-intestina1 

Genito-urinary 

Haemangioma 

Height 

Hematopoietic 

Hernia 

Hypo gonadism + + + + 

Handib1e 

Henta1 impairment + + + + 

Husc1e + + + + 

Neck + + + + 

Pa1ate + + 

Ske1eton + + 

Skin 

Skull + + + + 

·.-ieight 

TOTAL 13 13 1h 14 

TABLE 22 . AUTOSOMAL ~DERRATIONS 

F20 F20 F20 F26 
G G G G 

+ + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ 

+ + + + 

12 13 12 14 

F2 
E 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

..., 

Cl 
E 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

19 1 20 
l 

C2 
E 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

20 

E3 
E 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

20 

C5 
D 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

17 

TOTAL 

9 

13 

13 

13 

13 

9 

9 

13 

4 

4 

4 

1 

4 

0 

5 

11 

4 

13 

12 

13 

8 

7 

1 

13 

5 

201 X: 15.4 

265 • 



'l'ABLE 23 SEX CI-li~ . .Ol·.l03) HE ANült.AUES 266. 

DEFEC'I' -c6 Cl5 Cl6 Fl7 Cl4 l 2 3 4 5 6 7 
xo xo XO xxx xxx XXY XYY XX.YY XXXY xxxx XXXXY XXXX.Y TarAL 

Cardio-vascular + + + 3 

Gentral nervous system + + + + 4 

Dermatoglyphics + + + 1 
3 

Ears + + + + + + + 7 

Endocrine + + + + + + + + + + + + 12 

Epicanthic folds 
i 0 
1 

Eyes + + + + + + + 7 . 
Face + + + + + + + + + + 10 

Failure to thrive + l 

Gastro-intestinal + + 2 

Genito-urinary 
, 

' 
+ + + + + + + + + + 10 . 

Haemangioma 
1 

0 

+ + + + + + 

l' 
9 \+ + + 

Hematopoietic + \ l 

Hernia + + + 3 {: '·. 
Hypogonadism + + + + + + 't + + + 10 

Iviàndible + + ti 2 
'\'( ., 

Mental impairment + + + + 1: + + + + 8 

l·î:uscle + + + 
1 + 

+ + + 7 

Neck + + + + + 7 ! + + 

Palate arrl Lips 1 2 + + 1 

Skeleton + + + + + + 
1 

+ + + + 10 
i 

Skin + + 1· + + 4 

Skull + + + + + + If.'+ + + + 10 

11eight + + + + + 

' 
+ + 7 

1 

TOTAL 10 10 il 8 13 13 9 13 12 12 15 13 139 X: 11.5 

·-
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in the present study. Nevertheless, the values obtained are not signif-

icantly different (3. 7 vs. 4.0) and any bias of this kind must therefore 

be srnall. It can therefore be concluded tm t a patient who ha.s less than 

9 of the selected abnormal characteristics is unlikely to have an autosoma.l 

trisomy, and that a patient lvith more than 9 abnormalities is likely to be 
• 

chromosomally abnormal. 

There is some suggestion that mosaics, cases of partial trisomies and 

partial deletions of chromosomes fall between the values for cases with 

normal chromosomes and thœ e with abnorrr.al karyotypes. In Case 8, who was 

mosaic for a ]:B.rtial deletion, the pa tient showed some delay in her soHa. tic 

and psycho-motor development. She had a cleft palate, rralformed ears, a 

kidney malforrœ. tian, an umbilical hemia and a malformed skull. Approxi-

mately eight systems were affected, a value intermediate between the two 

means 4 and 13. '7. 

In Family 28 one suspects tha.t the malforilled children (who had multip~·} 
sorra tic anomalies and could not be exarnined cytogenetically) ha.d a chromo-

.'· 1 

somal anonaly transmitted by the mother, who had a high proportion of ab-

normal cells and was no rual. They ha.d more than 10 affected systems. Even 

the proband of Family 13 who had a possible r:artial deletion of the long 

arm of the Y chromosome and a translocation onto a G group, has a score tm t î 
1 

falls in the chromoso~l ano:;naly group. In Families 6, 7, and 8, wi th normal 

r 
chromos arnes and cervico-cephalic defects, less than 8 systems were affected ,..- · 

.ti l ·; 
and the possibility of mosaicism is ruled out on the grounds that more than d 
one child ha.d a typical syndrome in the same fanûly; mosaicism for one chronio-.. 
sorne in the parental gametes should have induced a full trisomy in the off-

spring and hence over 40fo of affected systems. 

Values for the se.x chromosome anomalies are sornew.ha t lower than those 

for autosornal anomalies. This is not surprising; the X and Y chromosomes 
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are mainly sex determining though they contain sorne loci involving som

atic tissues: it is then expected that the nalformations induced should 

in volve mainly the gonadal functions. This is most evident in Xü and XXX 

cases where a diagnosis is rrade qui te often on the grounds of primary 

amenorrhea in Turner females (XO) or abnormal growth development in super 

feœles (XXX). 

In autosomal trisomies it appears that the presence of extra ma.terial 

will produce mental impairment if all the cells of the body contain an 

aneuploid complenent. In sexual ano1;1alies of type .XXXXY the genetic im

balance is probably more severe ti1an in cases of XO women arrl hence may be 

responsible for a greater variety of malformations in the individual, as 

in the autosomal defects. 

2. Discrimination of chromosomal aberrations from normal variations 

In the study of cytogenetic aberrations two questions arise that are of 

great importance: first how one recognizes a variation of the norm:ü karyo

type as being an aberration and second how ;nany subjects are carriers of a 

chromos omal anoma.ly tm t rema.ins unknown because of lack of exa.mination? 

One should face the fa.ct tha.t wi thou!:; proper knowledge of the normal vari

ations in human genotypes it is qui te difficult to be always sure of their 

significa.nce. For ex.anple, shortly after the discovery of the first chromo

sornal anomaly, DeCarli (1960) reported a trisomy for an autosome of the 

group 6 to 12. Toda y this report is considered as being a triple X . case, 

presenting witp- a low double chrorœ.tin rrass count, which is not unusua.l. 

Dob3on (1961) described two sibs affected with convulsions and presenting 

abnorma.l secondary constrictions proba.bly originating from reciprocal trans

locations. These seconda.ry constrictions however, are currently seen in 

normal subjects, and have been described in the past as normal configuration 
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of chromoson~s (Ferguson-Smith et al, 1962). 

As mentioned before, simple translocations or reciprocal translocations 

may be present in a subject and cause very little disturbance in the pheno

type since there is very little loss in the chromatin ma.terial. The diff

iculty in diagnosing these cases cornes from the fact that it is impractical 

to do chromosomes etudies routinely, and since the patients present very 

few malformations they are not likely picked up as good candidates for chromo

sorna.l studies. }.foorehead (1961) found a family in 'Which the mother had 45 

chromosomes and a D/G translocation. Four of her children were also carriers. 

A fifth child was a trisomie mongol. The carriers all turned out to be re

tarded and have a speech defect. The author discussed the probability that 

the small loss of ma.ter.ial originating from the translocation zna.ybe respons

ible for the mental impa.irment seen in the children. But if so, why is the 

mother not similarly affected? 

Vislie (1962) found an interesting familial transmission of a D/E trans

location in a mother of two rnentally retarded children who bad an extra 

chromosome. of the size.'of the G group for a total count of 47, including 

the translocated chromosome. The mother had a D and an E missing and two 

new chromosomes resulting from the rearrangement: one of the size of the 

C group and one sma.ll acrocentric. The mother herself was normal. Jt,Iercer 

(1962) studied a 12-year-old boy ;-;ho presented with a speech defect, abnorrna.l 

ears and a short neck. He found 45 chromosomes in the child and a D/A trans

location (13/2). The problem of cytogenetically induced malforrrations then 

seezns very complex.. In sorne cases the loss of chromatin Jiaterial seerns to 

affect the carrier while many instances the carriers are found by accident, 

or because one offspring had a translocation and enough extra chromosomal 

ma.terial to produce a full syndrome. 
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3. Chromosomes of abortusses 

Finally one can mention tha t studies are nmv uncier way to determine 

the incidence of chromosoma.l abnorrna.lities among cases of spontaneous 

abortions. Carr (1963, and personal communication) has found as many as 

20% abnormalities in the culture tissues of rejected embryos. The chromo

somal abnorHalitie s found in Carr' s work are minly trisomies of E and D 

group and XO embryos. Twotriploid cases were found. If one assumes tha.t 

t;1e trisomies for larger autosomes are not viable and occur at the same 

frequency as the ones for the smaller chromosones, the incidence of cyto

genetic aberrations in spontaneous abortions from the first day of con

ception to the end of the second trimester could be as high as 507b. In 

this type of study one should then expect to find also cases of monosomy 

produced by carriers of translocations. 

C. ROLE OF CHROl:-IOSOMAL ABERRA'l'IŒ~S IN FA1'1ILIAL HALFOID'.iA.TIONS 

A total of thirty farnilies in which there wa.s more than one child 

affected with multiple rnalforrrations or one affected child and at least 

one miscarriage were studied. Seventeen cases presenting multiple malform

ations of unknown origin were also studied cytogenetically since they had 

syndromes resembling the familial anomalies, and hence could bring some 

light to the understanding of the me·chariilllllof production of congenital mal

formations. 

Out of the thicyy farnilies six presented a chromosomal rearra.ngement 

that could oe transmitted through a carrier and therefore be familial. 

Those families were: 2, 5, 19, 21, 26, 28. In one family (20) in which 

there were three mongoloid children, no translocation could be found, but 

mosaicism in the gonads could not be ruled out. Alternatively it may be a 
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case of genetic predisposition to non-disjunction. In our Families 7, 

8, 9 and 22, as the children vfere already dead anionly the parents were 

examined, one cannet rule out the possibility of partial trisomy or trans

location in the affected children or that a translocation may ha. ve taken 

place in the gonads and not be seen on routine tissue exruninations. 

The proportion of rearrangerœnts is then six out of 30, or 20% of 

the frunilies that showed a chromosomal aberration not resulting from the 

primary non-disjunction. In two cases the relation of the c.bromosomal 

aberration to the children's defects was doubtful: they were Fa.milies 21 

and 28. In F'a.mily 21, the same abnormality has now been described in the 

literature (Jennings, 1961 and Carr, 1963). The patients have multiple 

Skelata.l an orna lies, mental retarda tion, eye and ear defects. One could not 

be sure of the importance of the unusually long number 16 unless another 

child born with the malformations were found to have the sa.me chromosoma.l 

defect as the one found in a certain proportion of the mother 1 s cells. 

Gagnon (personal communication) claims that he has also found an affected 

boy with the same autosomal defect and unusual malformations of the skeleton 

and mental retardation. 

It would seem, therefore, that translocations are an important cause 

of frunilial multiple malformations. 

No systema.tic studies ha.ve been done in the past a.Bong a series of 

fa.milies presenting with the criteria used in this survey. It appears that 

this way of screening for chromosomal anomalies seems to be fairly good. 

Seventy more families will be studied in our laboratory in the next few years 

to get a more reliable figure of incidence, by bringing the total number of 

families to 100. 

One ca.n then state that certain criteria are of great importance in the 

study of chromosomal aberrations in fa.milial and isolated types of ma.lform-
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ations. These are: 

1. The number of anatomical systems affected 

2. The specificity of the s.yndrome in autosomal aberrations. 

It has been demonstrated without too much doubt by the reported cases 

and the controls from the litera ture tha t the numb er of systems affected 

in known chromosomal anone.lies is large and that affected children with a 

normal karyotype fall into a group almost entirely separable from the cyto

genetic aberrations by the number of systems affected. 

Each of the well known syrx:irome~ 1trisomies 21, 13 and 17, have very 

specifie characteristics. The problem of mosaicism however, may produce 

results in conflict with the principle: that is, in the case of mosaicism 

in mongolism and possible mosaicism in the otl1er two trisomies which are 

not well documented yet. The dennatoglyphic studies have proven to be of 

great value in the diagnosis of those syndromes and should be considered 

as one of the most important factors in the diagnosis of trisomies. Suggest

ions have been rra.de in the past two years tha. t D and E syndrorœs may have 

normal karyotypes but in many instances the cases studied were net t ypical; 

that is, they lacked one or more anoJra.lies or bad normal print configurat-

ions. 

In sexual anomalies as one has seen, the patients (XO or XXX) may look 

quite normal in the pre-adolescent period. They are picked up now since 

medical people are more aware of the fact that aberrations are almost always 

linked with an abnonnal growth development. The sex chromatin is a very 

useful tool for diagnosis and is used more frequently than heretofore in 

clinics. The rarity of the XX.XX and J::I.XXY types of anomalies bas made the 

study of these syndromes more difficult. However, when present they should 

be diagnosed more easily since they present more severe anomalies.in XXXII. 

The mœt conunon sexua.l anomalies, XO, xr:t., XXX and the mosaics as well 
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as XY fenales with abnormal sexual development and males with XX sex 

chromosomes are compatible wi th a fairly normal life compa.red to E and D 

syndromes for which the average life ex.pectancy is below four months of 

age. 

The reported familias will be followed as well as the isolated cases 

described in this work. When available, biochemical .and additional cyto

genetic studies will be done. The problem of mosaicism will be given more 

attention and use will be made of the clinical and laboratory findings in 

the screening of patients for chromosornal studies. 
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SUMNARY 

Since the discove:ry of an extra chromosome present in Down 1 s syndrome 

(mongolism), chromosomal aberrations have been recognized as an important 

cause of multiple Inalfonations. l•Iore recently it was discovered that 

translocations rnay result in familial trisomy syndromes. This study was 

undertaken to investigate the linportance of such translocations as a cause 

of familial multiple malformations. 

Fa.milies ascertained through the files of the Department of Hedica.l 

Geœtics or on the 1r.ra.rds of The .Hontreal Children 1 s Hospital, where there 

was more than one member affected with multiple rralforma.t:Lons, or one 

affected individual and a high incidence of miscarriages, were studied 

cytogenetically. 

Among the thirty fa~lies ascertained by these criteria, there were 

six families in which a chromosomal rearrangement l'las fou..'1d in the proband 

or in one of the parents stu:lied cytogenetical2.y by means of peripheral 

blood cultures or bone marrow cultures. Thus, in about 20% of the cases 

a chromosomal aberration other than a primary non-disjunction may be re

sponsible for the familial syndrome. 

The families as well as isolated contributory cases were divided into 

eight groups referring to the main physical anomaly for which they were 

referred to the Depa.rtment of hedical Genetics. 

F'rom the study of these cases nev-I findings in human cytogenetics were 

described. The se include the ma ternal transmission an Z syndrome, a 

child trisomie for part of a D or E chromosome, a case of partial deletion 

of short arms of chromosome 17/18, two cases of partial translocation to 

acrocentric chromosorœs (T/13-T/21) and an unusual syndrome believed to be 
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related to an abnormally long E chromosome number 16. 

The clinical variations within the known trisomies were considered and 

ne>'i' features were described; namely the rotation of the index finger and 

the side-to-side ileo-caecal junction in the E syndrome. The importance 

of the dermatoglyphics has been discussed as part of the syndrome due to an 

aberrant kar,rotype and not present in the normal carrier who has very little 

or no change in his phenotype. 

It was possible to draw up a list of abnormal features that would dis

criminate patients with chromosomal aberrations fran other types of multiple 

malfornations; patients with an autosomal abnonnality ha.d an average of 15.4 

abnormal features, '~.-thile those with normal chromoso;nes had a mean of only 

It is demonstrated that familial multiple malfornations accompanied or 

not by a high incidence of miscarriages should be studied cytogenetically, 

since an appreciable percentage of thent are likely to be parental in origin 

and hence be of great importance in counselling. 
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