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A NUMBER of clinical and environmental situations have been associated

with an increased incidence of leukemia.1 These include congenital ab-

normalities, especially mongolism 2,� and immunologic deficiency states,4

phenylbutazone therapy,5 and exposure to ionizing radiation 6,7 and to

benzene.8 It has been established that viruses can cause leukemia in mice 9,10

and in fowl.” Viruses have been increasingly implicated in human leukemo-

genesis.12� These associations can only be applied to a minority of leukemic

patients.

Retrospective studies have failed to explain the onset of most cases of

leukemia. The preexisting cytogenetic and immunologic status of leukemic

individuals cannot be determined because of changes induced by the disease.

The annual incidence of leukemia is only 6 per 100,000.14,15 Prospective

studies on an unselected population for occult leukemogenic factors are

therefore unlikely to be rewarding. Studies restricted to relatives of sporadic

cases of leukemia are not likely to be more productive.3 Kinships with multi-

pie cases of leukemia suggest a favorable opportunity to search for possible

predisposing factors. This paper reports the results obtained when a battery

of laboratory studies are applied to such a situation.

Leukocyte alkaline phosphatase was stained and scored by the same observer, using

Kaplow’s method.16 Cytogenetic studies were performed on cultures of peripheral blood
leukocytes ( DIFCO culture kits, Cat. No. 5842-32 ). The Denver system of nomenclature17
was used.
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Total serum proteins were measured by a modified biuret method ( Bausch & Lomb

Spectronic 20 Colorimeter Manual). Spinco “procedure B” ( Bechman technical bulletin,
No. TB-6050A ) was used for paper electrophoresis. Immunoelectrophoresis was done by

Lawrence’s modification’8 of Scheidegger’s technic.’9 H-chain specific antisera to gamma
G, gamma A, and gamma M globulins ( Behringwerke AG, Marburg, Germany; Hoechst,

Cincinnati, Ohio) were used. Semiquantitative immunoglobulin ( Ig) titers were obtained
by the radial diffusion procedure of Mancini2#{176} on serial dilutions of sera. The highest

dilution of serum to produce a visible precipitin line was expressed as titer. Serum was

analyzed in a Spinco Model E ultracentrifuge at 20C. and at 59,780 r.p.m. Antibody

titers to polioviruses types 1, 2 and 3 were obtained by the method of Melnick et al.2’
Titers were recorded as the reciprocal of the highest dilution of serum capable of inhibiting

the growth of 100 infectious units of virus.

Nonhemolyzed serum samples were diluted 200-fold, stained with phosphotungstate

( PTA), and examined under the electron microscope ( magnification of 5000 x ) for the
presence of virus-like particles. With the procedure used’2’22 only samples exhibiting
more than 20 particles per field were considered positive.

CLINICAL OBSERVATIONS

Patient I (11-2, Fig. 1 ). This 58-year-old man was hospitalized in February 1963 with

a 10-day history of hematuria and easy bruisability. His hematocrit was 30 per cent;
leukocyte count 8700 per mm.3, differential count (per cent) : 9 neutrophils, 3 bands, 1

eosinophils, and 87 “lymphocytes”; platelet count 12,000 per mm.3 A sternal bone marrow

aspirate was diagnostic of acute undifferentiated leukemia. There was a predominance of

microblasts; many had folded nuclei and cytoplasmic pseudopods. He was placed on

corticosteroids but failed to respond and died from uncontrollable hemorrhage on the
tenth hospital day.

Patient II ( 111-3, the propositus, Fig. 1 ). This 30-year-old son of Patient I was admitted

in July 1964 because of a 3-month history of sciatic pain. His leukocyte count was 10,000

per mm.1; differential count included 59 blasts, 22 neutrophils, and 19 lymphocytes. His
hemogram was otherwise unremarkable. Bone marrow biopsy confirmed the diagnosis of

acute undifferentiated leukemia. The blasts had morphologic features similar to his father’s.

He received cyclic therapy, as outlined by Zuelzer,23 and later vincristine. Four complete

remissions were achieved before he succumbed to pneumonia 14 months after leukemia was

diagnosed.
Family History. The family is of German ancestry and without known consanguinity.

The paternal grandfather ( I-i, Fig. 1 ) of the propositus (111-3, Fig. 1 ) died in 1923 at

the age of 47 years following a brief febrile illness complicated by hemoptysis. Death was
ascribed to tuberculosis. The father ( 11-2, Fig. 1 ) of the propositus died in 1963 from

leukemia, 17 months before leukemia was diagnosed in the propositus. A 33-year-old

paternal uncle (11-4, Fig. 1 ) died in 1939 from a brain tumor. His grandson ( the child

of 111-7, Fig. 1 ) died in 1965 at the age of 4 months frqm aseptic meningitis. A 55-year-old
paternal aunt ( 11-6, Fig. 1 ) died in 1963 from carcinoma of the breast. She had failed

to achieve a term pregnancy during three marriages although she did have two mis-

carriages. A paternal aunt ( 11-8, Fig. 1 ) and one of her daughters have frequent epistaxes

caused by hereditary telangiectasia. The aunt was one of a pair of dizygous twins.
There is no history of malignancy on the maternal (Fig. 1, 11-3) side of the family. Her

three siblings are in good health and have normal hemograms.

LABORATORY INVESTIGATIONS

Hematology. Normal hemograms were obtained on 14 living members of the family

(Fig. 2: lI-i, 3, 7-10; 111-i, 2, 4-7; IV-1, 2). Hematocrits ranged from 37 to 45 per cent

with a mean of 42 per cent. Total leukocyte counts ranged from 3500 to 9000 per mm.’�

with a mean count of 6740 per mm.3 Neutrophils and lymphocytes were normally repre-

sented. Platelets appeared normal on smears. Leukocyte alkaline phosphatase was studied

o�i 12 living members (Fig. 1: lI-i, 3, 7-10; 111-i, 2, 4, 5; IV-1, 2). The scores were well
within normal limits ranging from 38-110 with a mean score of 66.
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Fig. 2.-Mosaicisms found in the mother of the propositus.
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Fig. 1.-Genealogy and positive findings on the family under study.

11-3 (MOTHER) 29 KARYOTYPES STUDIED

GROUP B TRISOMY IN 4 CELLS

Ic k”�� ix,”
t 1.. #{149}�

)f #{149},.�;
% .

GROUP C MONOSOMY IN 5 CELLS

U U U i�I. (I ii I

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/29/6/920/573294/920.pdf by guest on 19 M

ay 2023



LABORATORY STUDIES ON A FAMILY

lmniunoglobulin Studies. The serum proteins of 16 family members ( Fig. 1 : 11-1, 3, 7-11;

111-1-7; IV-1, 2) were studied. The propositus (Table 1 : 111-3 ) had only 489 mg. per

cent total gamma globulin by paper electrophoresis. His immunoelectrophoretic titer of Ig
M was decreased and Ig A was borderline. Both of his daughters (Table 1 : IV-1, 2) had

similar abnormalities. Both children demonstrated cutaneous sensitivity to mumps antigen.

The other members who were studied had normal total gamma globulin levels but seven
had abnormal immunoelectrophoretic titers. A paternal aunt ( Table 1 : 11-1 ) and the
sister of the propositus (Table 1 : 111-1 ) had slightly decreased Ig C titers. The same

aunt had an elevated titer of Ig A. Three other relatives (Table 1 : 111-2, 5, 6) had

borderline elevated titers of Ig A. Ig A was slightly decreased in a cousin (Table 1 : 111-7)

of the propositus. Ig M was moderately decreased in nine of the 16 members who were
studied (Table 1: Il-i, 10; 111-1-3, 5, 7; IV-1, 2). Qualitative immunoelectrophoresis and
ultracentrifugal analysis were unremarkable. The family members who demonstrated im-

munoglobulin abnormalities were not unduly susceptible to infections. They can be

identified on Figure 1.

Antibody titers to polioviruses types 1, 2 and 3 were obtained on 12 family members,

nine of whom had received polio vaccine. Antibodies were demonstrable against at least

one type of poliovirus in all subjects studied, including eight members who had im-
munoglobulin abnormalities (Table 1: Il-i, 11: 111-1-3, 5; IV-1, 2).

Electronnlicroscopy. Serum samples from 12 members ( Fig. 1 : Il-i, 3, 7-9; 111-1-3, 5;

IV-1, 2 ) were examined by electronmicroscopy for virus-like particles. Serum was ob-

tamed from the propositus for this study on three occasions during relapse and remission
of his leukemia. No specimen yielded a significant number of particles.

Cytogenetic Studies. Chromosomal analyses are not available on the propositus or his
relatives who died from malignancies. Cytogenetic studies were performed on 1 1 living

family members (Fig. 1: Il-i, 3, 7, 8; 111-i, 2, 5-7; IV-1, 2). A number of preparations
had a low yield of mitotic figures and cultures from two paternal siblings ( Fig. 1 : 11-9, 11)

failed to grow despite three attempts. Their lymphocytes appeared numerically and

morphologically normal.
Two phenotypically normal family members had cytogenetic abnormalities. Four of the

29 karyotypes that were studied from the mother ( Fig. 1 : 11-3) of the propositus had 47
chromosomes. The extra chromosome belonged to group B ( Fig. 2 ) . Five other cells
from the same individual had only 45 chromosomes. This hypodiploidy was due to a

group C monosomy ( Fig. 2 ). A brother ( Fig. 1 : 111-2 ) of the propositus demonstrated

a group G trisomy in 4 of the 9 karyotypes that were available for study ( Fig. 3 ). He had

none of the facial or palmar features of mongolism and was of normal intelligence.

DIscussIoN

The true incidence of familial leukemia cannot be determined precisely

because of variations in methodology and in the extensiveness of different

studies. One uncontrolled survey yielded only two familial instances of leu-

kemia among relatives of 2448 leukemic patients.24 The accuracy of this re-

sponse to a questionnaire is doubtful. Three smaller but better controlled

studies 3,25,26 elicited 133 cases of leukemia and lymphoma among 6428 rela-

tives of 800 patients who had leukemia, an incidence of 2068 per 100,000.

Preliminary information 26 suggests this greatly exceeds the life expectancy

of developing these diseases in an unselected population. Other malignancies

also occur with greater frequency among relatives of leukemic patients 3,25,26

as demonstrated by the family under study.

A review of familial leukemia yielded 92 cases occurring among 37 kin-

ships.27’42 Monozygous twins, who have a propensity for concordant leu-

kemia,4’ were excluded. Leukemia occurred in five members of two fam-

ilies,28’2#{176}in four members of four families,”’’1 and in three members of three
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924 TWOMEY ET AL.

Table 1 .-Immunoglobulin studies from ten family members who demonstrated

abnormalities. Reciprocals of the immunoelectrophoretic (1EP) and polio

antibody titers are listed.

FAMILY

MEMBER

yGLOBUUN IE P TITER

(mg%) yG yA yM

POLIO ANTIBODY TITER

I II lii

I - 1

II - 10

lii- I

III - 2

Ill - 3

III - 5

III - 6

III - 7

IV - I

IV - 2

1404

876

680

760

489

988

988

828

456

231

100 55 4

256 16 4

100 25 5

150 35 5

200 15 2

175 35 2

150 35 IS

128 8 4

350 IS 5

250 15 5

100 <10 <10*

350 100 >5O�

200 25 25*

,500 70 <10

> 500 40 100 *

40 40 25

100 100 100*

40 350 00*

>600 128-256 16-32 8-16 * Vaccinated

families.141 Leukemia occurred twice in each of the remaining 28 kinships.

The morphologic distribution of the leukemias among 88 recorded cases re-

sembled their incidence in an unselected leukemia population.44 Acute len-

kemia occurred in 60 per cent, chronic lymphocytic leukemia in 27 per cent,

and chronic myelocytic leukemia in 13 per cent. Different morphologic

types of leukemia were reported within individual families.28’12’3� These

families appear to be susceptible to leukemia in general rather than to any

morphologic variety.

The average age at diagnosis was 31 years. Myeloblastic leukemia occurred

in eight of 21 patients less than 10 years of age. This differs from the usual

lymphoblastic preponderance in Caucasian childhood leukemia � but com-

pares with the increased incidence of myeloblastic leukemia among mongo-

bid children � and children exposed to ionizing radiation.”

Environment did not appear to contribute significantly to the pathogenesis

of these leukemias. In one instance, a mother and her child developed

acute leukemia within four years of inhaling an insecticide.35 It is noteworthy

that four of the 37 families were reported from the relatively small area of

Northern Ireland �15,�11� while another family with five leukemic members 29

were of Irish descent.47
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LIE-. 2 ( BROTHER) ‘ I � � � ‘
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Fig. 3.-Karyotype from a phenotypically normal brother of the propositus
showing a group G trisomy.

The significance of occasional clusters of leukemia 4850 has not withstood

statistical analysis of the population incidence of leukemia.51 There had been

no personal contact between members of the family under study who de-

veloped malignancies for a number of years before the onset of these dis-

eases. The brief interval between the onset of leukemia in the propositus and

his father is not a feature of familial leukemia, except between monozygous

twins.41

The presence of hereditary telangiectasia in this family is noteworthy. Con-

genital malformations are associated with an increased incidence of malignant

diseases.1 Vascular anomalies are also part of an immunologic deficiency

syndrome which has a propensity for developing lymphoreticular neoplasms.4

However, members who had this anomaly had no demonstrable dys-

globulinemia.

Immunoglobulin deficiencies can be inherited as sex-linked or autosomal

defects.52 The frequency and pattern of the immunoglobulin abnormalities in

this family suggest an autosomal inherited defect. The most frequent ab-
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926 TWOMEY ET AL.

normality was a deficiency of Ig M. The dysglobulinemias lacked uniformity

and may reflect a genetic instability in the regulation of immunoglobulin

synthesis. The overall significance of these dysglobulinemias to immunologic

integrity is not apparent.

Familial leukemia has not been previously associated with immunoglobulin

abnormalities among apparently normal family members. The increased

risk of lymphoproliferative disorders in inherited immunologic deficiency

states � suggests these occult findings may have leukemogenic signifi-

cance. Caution is necessary in assessing this sequence because lymphoreticular

neoplasms are frequently associated with acquired immunoglobulin abnor-

malities. The time of onset of each may be difficult to determine. It cannot

he determined whether the immunoglobulin abnormalities found in the pro-

positus preceded his leukemia.

The evidence for an immunologic basis for human leukemogenesis remains

speculative. Functionally defective immunocytes may, themselves, be pre-

malignant or unable to control the formation of forbidden clones of cells.

There is experimental evidence to suggest that homologous immunocytes can

induce neoplastic change in the host animal.55 The lymphomas that occa-

sionally follow lymphoreticular hypersensitivity reactions to hydantoin 56,57

may be induced by the preceding immune reaction. The ability of members

of the family under study to resist possible oncogenic viruses cannot be

determined. Their antibody response to polioviruses at least was adequate.

A genetic susceptibility to leukemogenic viruses is evident in certain strains

of mice :is and chickens.59 Although particles resembling animal leukemia

viruses have been found more frequently in leukemic than in normal human

sera,’2”1 a viral basis for human leukemogenesis remains to be proved. The

failure to detect leukemia virus-like particles in the sera of the propositus

could be related to their low yield from adult leukemic sera.13 No significance

can be attached at this stage to the failure to demonstrate virus-like particles

in the sera of 11 other family members; they were examined on only one

occasion.

Chromosomal abnormalities frequently accompany acute leukemia.60’61

It is not possible to determine from such studies whether any of these ab-

normalities precede the onset of leukemia. Chromosomal abnormalities have

been associated with leukemia and have also been found in phenotypically

normal subjects who have had more than one relative develop leukemia. These

include the Philadelphia 62 and Christchurch 62 anomalies and a mosaic

showing a 21-trisomy.64 It is not feasible to determine the population mci-

dence of such anomalies and thereby fully evaluate their leukemogenic

potential.

The association between trisomies of the Group G autosomes and leu-

kemia 2:1 adds significance to the presence of this mosaicism in cells from a

phenotypically normal brother of the propositus. The true incidence of this

mosaicism in his cells cannot be determined from the few mitoses that were

available for study. Normal intelligence has been described in a phenotypic

mongol, 43 per cent of whose cells carried an extra Group G chromosome.66

The same abnormality, present in 27 per cent of another karyotype, was
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LABORATORY STUDIES ON A FAMILY 927

associated with only a mongoloid palmar pattern.67 The presence of the same

trisomy in 10 per cent of another individual’s cells was not expressed pheno-

typically.65 It may be postulated that the percentage of cells carrying the

extra Group G autosome in the brother of the propositus was not sufficient to

be manifested clinically. It remains to be seen whether this mosaicism and

that found in cells from the mother of the propositus have neoplastic po-

tential.

SUMMARY AND CONCLUSIONS

A family was studied in which two members died from leukemia, two died

from cancer, and two others had hereditary telangiectasia. Slight immuno-

globulin abnormalities and cytogenetic mosaicisms were found among their

apparently normal relatives. The neoplastic potential of these findings can

only be inferred from their previous association with similar malignancies.

Their occult nature is compatible with the dearth of information concerning

susceptibility toward malignant diseases. An analysis of the literature mdi-

cates that a possible predisposition toward familial leukemia is directed

toward malignancy in the broad sense rather than toward any specific variety.

Useful information about leukemogenesis may be forthcoming from further

similar studies.

SUMMARIO IN INTERLINGUA

Esseva studiate un familia in le qual duo membros moriva ab leucemia e duo ai� cancere,

durante que duo alteres habeva telangiectasia hereditari. Leve anormalitates (IC immuno-

globulina e mosaicismo cytogenetic esseva trovate inter le apparentemente normal con-

sanguineos. Le potential neoplastic de iste constatationes pote esser suspicite sed non

provate a base de br previe association con simile malignitates. Lor occulte natura CS

compatibile con Ic pauco extense information relative al susceptibilitate pro morbos maligne.

Un analyse del litteratura indica que predisposition familial pro leucemia, si un tat existe,
es un predisposition pro malignitate in un senso inclusive e non pro �in varietate S1)ecific.

Information (le valor pro nostre comprehension del leucemiogenese es possihilemente a

expectar ab studios additional de iste genere.
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