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Mosaicism, Cbimerism and Sex-Chromosome Inactivation

By RAYMOND L. TEPLITZ AND ERNEST BEUTLER

T HE MULTICELLULAR organism is usually thought of as consisting of

a large number of cells with the same fundamental genetic endowment.

There are situations, however, in which all the cells of a multicellular organism

do not have identical genomes. These have been referred to as “mosaicism”

and “chimerism.” Mosaicism is the concurrent existence within an organism

of two populations of cells, differing in genotype, but arising from a common

original zygote. Chimerism (and gynandromorphism ), on the other hand, is

that situation in which the two populations of cells arise from different zygotes.

These two conditions not only have separate origins, but their effects may

differ in kind and magnitude.

MOSAICISM

Mosaicism may vary from changes involving only one or a few genes to

those involving whole chromosomes. It is generally considered to be rare;

however, its true frequency is unknown and difficult to assess, for a new clone

of cells having a diminished survival potential may be lost without ever being

detected. Furthermore, the phenotypic effect of the altered genome may be

inapparent, since the change may arise in a tissue in which the gene is in-

active. For example, if a gene determining hemoglobin structure is altered in

a skin cell, no evidence for the occurrence of this change would be manifest.

Mutations in germ cells are detected only in the progeny; if these are non-

viable, they too will be undetected. In some instances, however, a change in

the genome of a cell results in marked changes in the organism. These include

mongolism, Turner’s syndrome, Klinefelter’s syndrome and certain malignant

disorders. Appreciation of this relationship between mosaicism and human

disease represents, in our view, one of the major, recent advances in the basic

understanding of clinical disorders.
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INTERPHASE NUCLEUS NUCLEUS AFTER CROSSING OVER IN- RECONSTITUTION OF

HOMOLOGOUS CHROM- DUPLICATION (DNA VOLVING A AND A1 CHROMOSOMES FOL-
OSOMES, ALLELES A SYNTHESIS)OF ALLELES LOWING CROSS OVERHOMOLOGOUSAND A1 CHROMOSOMES
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CENTROMERES SPLIT LONGI- TWO CELLS RESULT, EACH NOW
TUDINALLY DUPLICATED HOMOZYGOUS�AA AND A1A,

CHROMOSOMES MOVE TO RE-

SPECTIVE POLES AT DIVISION

Fig. 1.-Somatic crossing over. Through this mechanismn a cell, heterozygous
for A and A1 alleles, gives rise to daughter cells, each of which is homozygous for
A and A1, respectively.

Mosaicism in Nonmalignant States

Important genetic phenomena often have been first illuminated iiy work

with the fruitfly, Drosophila melanogaster. So it has been with the occurrence

of mosaicism. In heterozygous flies, Ster& observed patches of eye color

ordinarily requiring homozygosity for expression. The mechanism of this

change in the genetic constitution of cells, somatic crossing over, is illustrated

in figure 1. The frequency of this process has been found to be influenced by

genetic factors2 and environmental factors, such as temperature changes.2’1

In man, an analogous example is provided by a case reported by Goudie,4 in

which an individual of blood type AB produced a clone of type B cells. Al-

though this result may be interpreted in several ways, somatic crossing over

was regarded as one of the more satisfactory explanations. In this instance,

one would suppose that the BB clone of cells survived but that the AA clone

perished.

Crossing over of chromosomes in mammalian germ cells during meiosis

occurs regularly; on the other hand, somatic crossimig over, common in insects,

is not well established in mammals. Occasionally, mitotic figures which sug-

gest that crossing over may occur are seen in tissue culture preparations.�#{176}

However, these cannot be accepted as proof of somatic crossing over in mam-

malian cells. Evidence of actual rearrangement of chromcsomal material (re-

combination) would require biochemical or chromosomal markers, and such

evidence is not yet at hand.

Although crossing over is an important potential mechanism leading to

somatic cell mosaicism, mutation is more frequently cited. For example, the

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/27/2/258/572745/258.pdf by guest on 19 M

ay 2023



260 TEPLIYZ AND BEUTLER

use of chemical mutagens in Drosophila7 resulted in mosaicism with wide-

spread effects. Clones of cells with various mutant phenotypic expressions

were found. In the case of the gonads, as many as 41 per cent mutant gametes

were produced. Goudie’s case, which has sometimes been interpreted as a

possible example of somatic crossing over in man, might also represent an

instance of somatic mutation ( in this instance, the deletion of the gene for

the A-antigen in some red cell precursors ) . Other examples of point muta-

tions giving rise to mosaics in man also appear to exist. Reed and Falls8 have

described a kindred in which four of seven children had aniridia ( congenital

absence of the iris ) . Since neither parent expressed this dominant gene, it

seems likely that a mutation had occurred at the locus for normal iris forma-

tion in the gonad of one parent, and that a large segment of this gonad car-

iied germ cells with the mutation. Atwood#{176} has demonstrated that some in-

dividuals who have blood type A1 have a small proportion of red cells lack-

ing this antigen. It is possible that a somatic mutation had occurred at the A

locus, resulting in a mosaic.

A formidable example of somatic mosaicism was proposed by Burnet.10’11

He suggested that immunocytes with literally thousands of different genet-

ically determined protein synthesizing potentials arise by a process of somatic

mutation during fetal life. This system would require a highly mutable cell

line and would eventually develop an enormous degree of mosaicism. If,

as has been suggested by Burnet, autoimmune disease is due to proliferation

of a “forbidden clone,” then disorders such as autoimmune hemolytic disease

might be the result of a somatic mutation giving rise to a mosaic. The pos-

sibility that another hematologic disorder, paroxysmal nocturnal hemoglob-

inuria, might also represent the result of somatic mutation giving rise to a

mosaic has been suggested because of the evidence that two red cell popula-

tions may exist in this hemolytic state.12’�

Mosaicism is not limited to circumstances in which a single gene or the

arrangement of genes in a somatic cell is altered. Entire chromosomes may

be involved. Chromosomal mosaicism in man was first reported in 1959,14

not long after the coichicine hypotonic pretreatment of mammalian cells had

rekindled interest in human cytogenetics. The first report concerned a case

of Klinefelter’s syndrome in which some cells contained 46 chromosomes,

others 47 (a 46/47 chromosomal pattern). Apparently some cells contained

two X-chromosomes; others contained two X’s and a Y (XX/XXY mosaicism).

The mechanism believed to account for this and most other subsequently re-

ported chromosomal mosaics was that of nondisjunction (fig. 2). In other

instances anaphase lag or other events may result in uneven distribution of

chromosomes in dividing cells.

Compared to the mosaicism involving only a single gene, rather large-

scale phenotypic abnormalities are often associated with chromosomal mo-

saics. This is probably an attribute of the error of chromosome number

and its cytokinetic, as well as genie and metabolic impact. The patient who

is a chromosomal mosaic is often less disturbed than one in whom all cells

have a chromosomal error. This may be expected, because a mosaic is com-
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CHROMOSOME AT NORMAL MECHANISM NON-DISJUNCTION
METAPHASE LONGITUDINAL DIVISION OF ONE CELL RECEIVES BOTH

CENTROMERE OCCURS, CHRO- CHROMOSOMES

MOSOMES MOVE (VIA SPINDLE)
TO THEIR RESPECTIVE POLES
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Fig. 2.-Nondisjunction.

prised of 1)0th normal and abnormal cells. The variations of phenotype in a

mosaic are, however, unpredictable. The cytogenetic abnormality may be

present in one tissue, but not in the others. Even when multiple tissues are

involved, the proportion of mosaic cells can diverge among them.

Triplo-diplo mosaics emphasize the remarkable range of phenotypic ex-

pression among mosaics. Such mosaics have some cells containing three

complete sets of chromosomes ( triploid ) , as well as cells containing the

normal two sets ( diploid ) . Although there may he some disagreement over

the modus operandi producing triploid cells in these cases,15�17 abnormal

fertilization (polyandry, polygyny or aneugamy ) 18 is held to be the most

likely cause. Thus, the triploid zygotes may undergo reduction to the diploid

state through sextaploidy and multipolar mitosis. Those reported cases of

triploidv include multiple, congenital malformation,19 an aborted embryo or

portions thereof,20-21 a diploid individual with cleft palate, triploid cells

bemg found from tissues of cleft palate origin,22 and a case of body asym-

metry.23

CHIMEIUSM

Natural

Homer told of a fire-breathing female monster with the head of a lion,

the body of a goat and the tail of a serpent. This monster, the Chimera, laid

waste to the lands of Lycia and Caria until it was killed by Bellerophon rid-

ing the winged horse, Pegasus. Modern chimeras, organisms containing cells

derived from more than one zygote, are named after this mythical monster.

Chimerism of blood cells was first detected in dizygotic twin cattle by
Owen.24 Erythropoietic cells had evidently passed from one fetus to another

through chorionic anastomoses. Significantly, these animals accepted skin

cross grafts. These findings provided a major impetus in the investigation of

immune tolerance. As was shown later, the presence of germ cell chimerism

in twin cattle25 indicates that the chorionic anastomoses permits the cross

circulation of more than red cells, probably of all mobile cells.

It is of great interest that in a freemartin (the female of fraternal cattle

twins) chimera followed for several years by Stone,2� a predominant cell
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262 TEPLITZ AND BEUTLER

( 99 per cent ) having the red cell antigens of both twins suddenly appeared.

This new cell was diploid and probably arose by fusion of red cell precursors

of both twins, with subsequent segregation of the recombinant through tetra-

polar mitosis.#{176}

The most common form of chimerism in man probably occurs with the

passage of fetal cells into the maternal circulation,27 a common mechanism

of ABO and Rh immunization. Dunsford et al.28 detailed the cytodynamics

of another type of human chimerism. The patient, a prospective blood donor,

had a mixture of types A and 0 red cells in her blood. This might have oc-

curred as the result of transfusion of 0 cells into an A recipient, but she had

never been transfused. Recalling the work of Owen with bovine twins, the

patient was asked if she were a twin. A twin brother had died 25 years he-

fore at the age of 3 months. This female patient was type 0 and the twin

assumed to be type A ( from typing studies of the parents ) . The patient’s

husband was type 0. With each pregnancy, the type A cells decreased and

anti-A, formerly absent, appeared in her blood.

Still another type of chimerism results from double fertilization of an ovum

( mono or binucleate ) 29,30 This is difficult to differentiate from a fused zygote

( gynandromorph ) in which cellular mixing occurred. Although the cells of

such a chimera are derived from different zygotes, they fail to “recognize”

each other as foreign; therefore, expression of their separate genotypes take

place side by side and often produces unusual results. In the case described

by Zuelzer et al.,3#{176}pigmentation was different for each of the genotypes in-

volved, resulting in alternate regions of light and dark. The erythrocyte anti-

gens also differed, a circumstance which fortuitously led to the analysis and

interpretation of the case. Chimerism has been produced experimentally by

means such as transplantation31 and parabiosis.32�5 These studies have been

extended into the relationship between allogenic leukocytes�#{176}’37 and fibro-

blasts.38 Some references are given for the convenience of the interested

reader, hut further discussion will be omitted from this paper.

Mosaici.siiz and Chimeri�sm in Malignant States

The numerous cytogenetic investigations of malignancies of various mam-

mals may be summarized as showing aneuploidy. Even before chromosome

changes could be demonstrated in solid tumors, many theories of carcino-

genesis supposed that the genotype of the malignant cells was altered and in

effect a state of mosaicism was established. Interestingly enough, the best

known and most thoroughly documented chromosomal deviation is that found

in chronic granulocytic leukemia-the Philadelphia chromosome39 (fig. 3).

This represents a partial deletion of the long arm of one of the members of

the twenty-first pair of autosomes. The diagnostic importance of the Phila-

delphia chromosome cannot be overstated. When present, the disease has SO

far proved to be chronic granulocytic leukemia. Whether it is ever absent

in the disease may he a matter of definition. In our experience with 30 cases,

#{176}Thearrangement of a tetraploid cell into 4 poles at nwtaphase and subsequent separa-

(ion into 4 diploid cells.
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Fig. 3.-Chronic granulocytic leukemia prepared directly from bone marrow.

The arrow indicates the Philadelphia chromosome, a partial deletion of the long
arm of one member of the twenty-first pair.

no instance of typical chronic granulocytic leukemia has failed to show the

presence of this cytogenetic abnormality.

Of major importance is the fact that the Philadelphia chromosome is found

in all or almost all dividing cells of the marrow in chronic granulocytic leu-

kemia. This finding, first reported by Trujillo and Ohno,4#{176}has been confirmed

by others.4’ These data may be interpreted to mean that a single stem or

precursor cell is the source for the granulocytic, erythrocytic and megakaryo-

cytic series. The alternative is that simultaneous cytogenetic events have

taken place in each of the three purportedly separate systems in patients with

chronic granulocytic leukemia. Such a series of coincidences is less likely,

leaving the former alternative plainly preferable. During the course of

chronic granulocytic leukemia, cells without a Philadelphia chromosome may

appear, establishing a new bone marrow mosaicism. Such cells may arise

through double nondisjunction involving the twenty-first pair of chromo-

somes resulting in the formation of two homozygous cells, OflO with two

Philadelphia chromosomes and one with normal chromosomes-21. Diploid

cells with two Philadelphia chromosomes have not been described, pre-

sumably because this represents a lethal state for the cell. Fusion of diploid

cells, each with one Philadelphia chromosome, resulting in tetraploid�, fol-

lowed by recombination and segregation could result in the same state of

affairs. In addition, a circumstance may arise in which one normal chromo-

some-21 is accompanied by two Philadelphia chromosomes. This may occur

through nondisjumiction.

The fact that leukocyte alkaline phosphatase (LAP) is decreased in chronic

granulocytic leukemia and increased in mongolism, in which triplication of
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264 TEPLI-rz AND BEUTLER

chromosome-21 is found, has given rise to the suggestion that the structural

gene for this enzyme may be on chromosome-21.42 The subsequent demon-

stration that normal43 or even elevated44 LAP levels could be found in tile

presence of Philadelphia chromosome can now be regarded as strong cvi-

dence against this concept. Furthermore, it has been shown that other en-

zymes, even g-6-pd which is X-linked, are increased in mongolism.4�

An equally intriguing instance of mosaicism in a malignancy is that of

teratoma testis.46 Except for the loss of X-chromosomes from the cells in a

tumor of a female,47 this is the only tumor known in which the sex-chromatic

constitution may differ from that of the host from which it arises. Approxi-

mately one-third of these tumors contain cells with female sex-chromatin

bodies. The status of the X-chromosome does not normally alter once hetero-

chromatinization#{176} occurs.48 Therefore, no amount of duplication of the X-

chromosome in a tumor of a male can induce condensation and the produc-

lion of a sex-chromatin body. The formation of sex-chromatin in a tumor

of a karyotypically normal male must therefore represent a new cytogenetic

event. The possibilities inducing it include fusion of spermatogenia and fusion

of haploid spermatocytes. Considering the haploid products of spermatogonial

meisois and subsequent fusion, the four possible chromosomal combinations

are two-2AXY ( two sets of autosomes plus XY ) , one-2AXX, and one-2AYY.

Assuming the 2AYY lethal, one-third of the tumors would be 2-AXX and be

sex-chromatin positive. This is the ratio obtained in an analysis of 13 cases.49

Chromosomal analysis needs to 1)e accomplished for confirmation.

Malignancy developing within a population of cells in an individual already

chimeric has been considered as a possible etiologic factor in teratoma testis.

Sex-chromatin positive cells in a teratoma testis might have been contributed

by a female twin (known or unknown to the patient). Several cases of tera-

toma were analyzed by peripheral blood culture and no female cells were

found.5#{176} The peripheral blood leukocytes of chimeric origin may have failed

to survive and this could explain the lack of XX cells.

The concept of malignancy involving one or both of the two populations of

cells of a chimeric individual may seem odd indeed. Yet, every transplacental

spread of tumor with subsequent survival of metastatic cells may represent

just such an event. There are rare cases of malignant melanoma of the mother

which have spread to the infant51 and cases of congenital leukemia from leu-

kemic mothers.52 Choriocarcinoma represents malignant chimerism of op-

posite direction. In this disease, the malignant tumor is of fetal origin and

often kills the mother. It is curious that a fetal tumor, containing as it does

some paternal antigens should be tolerated by the maternal parent. It is

possible that as part of the malignant process, the malignant cells may lose

their antigenic uniqueness. Another view, that the fetus and mother have

essentially the same histocompatibility antigens in these cases, was tested by

Robinson et al.53 Their studies revealed that there were no strong histoconi-

1)atihihty differences between the parents in several cases of choriocarcinoma,

so that husband-to-wife grafts were well tolerated.

#{176}Precocious condensation of a chromosomt--in this case, one of the two X-chromuosomes.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/27/2/258/572745/258.pdf by guest on 19 M

ay 2023
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SEX CHROMOSOME INACTIVATION

As has been pointed out, genetic mosaics may arise through a number of

mechanisms which lead to a change in the genome. However, another type

of mosaicism may also be observed in which the genetic blueprints in each

somatic cell are identical, but in which a mosaic effect is produced by a

selective inactivation of a portion of the genetic apparatus.

The fact that all genes are not active in all cells is self-evident. The genes

which regulate the synthesis of hemoglobin, for example, are active only in

red cells and in their precursors. Liver cells do not produce collagen and

leukocytes do not synthesize myoglobin. Yet, the genetic “blueprints” for

these proteins are present in all cells. In this sense, the process of genetic

inactivation is fundamental to the problem of differentiation, which cannot be

considered here. Another type of genetic inactivation, not so directly con-

cerned with differentiation, is of considerable interest. This is the inactivation

of one of the X-chromosomes of the normal female.

Appreciation of this phenomenon arose as a result of studies of the origin

of the chromatin body. Barr and Bertram54 discovered sexual dimorphism

in the nerve cells of cats, and this was soon found in many other body cells.

The nuclei of female cats have a basophilic body, which is not found in the

nuclei of cells from males. For some time the origin of this sex chromatin

body was in dispute. However, cytogenetic studies demonstrated that the

sex chromatin body of mammals is a result of condensation of one member

of the X-chromosome pair.55 In a sense, this was not surprising since allocyclic

condensation of the X-chromosomes is known to occur in some insects.56

Other differences between the two X-chromosomes of the female were soon

shown. Studies with tridiated thymidine demonstrated that one of the X-

chromosomes underwent replication asynchronously with all other chromo-

somes of the cell.57’58

Heterochromatin is known, in some insect species, to he genetically inac-

tive. For example, in the mealy hug, Planococcus citri, an entire chromosome

set in the cells of males is heterochromatic and genetically inactive.59 The

possibility that the heterochromatic X-chromosome of mammals might he

genetically inactive was independently proposed by several groups of in-

vestigators.6062 The first to clearly state this view was Lyon. According to

the “Lyon Hypothesis,” one of the two X-chromoosmes of each female cell

becomes heterochromatic, forms a chromatin hody,� and becomes genet-

ically inactive early in embryonic life.t4-05 From that time, this X, although

being replicated during each cellular division, ordinarily is tightly coiled,

heterochromatic and generally inactive during interphase. In this way, the

amount of active X-chromosomal material in each cell is the same in males

and females. Such a mechanism would explain the fact that the quantity of

gene products whose production is controlled by genes on the X-chromosome

is the same in males and females. For example, the amount of antihemophilic

globulin. plasma thromboplastic component, and glucose-6-phosphate de-

hydrogenase does not differ greatly between the sexes, and even in abnormal

states in which three or more X-chromosomes are present.”’

It follows then, that if a female is heterozygous for a sex-linked gene, one
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266 TEPL!VZ AND BEUTLER

allele will be expressed in some body cells, while the other allele is expressed

in the others. Thus, the normal human female shotd4 be a mosaic of X-chromo-

some activity. Since the inactivation of an X-chromosome appears to occur

randomly and quite early in embryogenesis, the marked variability in the

pression of sex-linked traits in the female are understandable. Some heterozy-

gous females are fully affected and indistinguishable from the affected male,

while others display the normal phenotype. Classical hemophilia in females

and female carriers of the hemophiliac trait are examples of this process.

However, different proliferating potentials of one or the other clone of cells

can also explain why a heterozygote might manifest only one of the two

phenotypes.

Lyon6� used X-linked coat color genes in mice to test this hypothesis. It

was found that female mice heterozygous for sex-linked coat color genes pre-

sented a variegated appearance, which could readily be interpreted as

patches of normal coat alternating with patches of mutant coat color. This

means that each coat color gene was expressable when the other was mac-

tivated. Studies have also been carried out on autosomal coat color genes

translocated to one of the X-chromosomes. Under these circumstances, varie-

gated coat colors were also observed. Furthermore, elegant cytogenetic

studies by Ohno and Cattanach#{176}7 showed that in one such translocation,

patches of skin in which the X-chromosome carrying the translocation was

condensed showed no activity of the translocated gene, while patches in

which the X-chromosome with the translocation was extended showed pheno-

typic expression of the translocated autosomal fragment.

The sex-linked gene most suitable for investigation of this hypothesis in

man is that controlling the production of glucose-6-phosphate dehydrogenase

(g-6-pd). If one of the two X-chromosomes in each female somatic cell is

inactive, then the red cells of a female heteroz�vgous for g-6-pd deficiency

should be of two types: deficient red cells and normal red cells. A consid-

erable body of evidence indicates that this is, indeed, the case. If the rate of

reduction of methemoglobin or of oxidation of glutathione in red cells from

a female heterozygous for g-6-pd deficiency is followed for several hours, it

becomes apparent that two distinct components are present. The results

closely resemble those obtained in artificial mixtures of cells taken from normal

and g-6-pd deficient males.#{176}� The separation of g-6-pd deficient cells from

the blood of heterozygous females has been accomplished.9 The application

of sensitive microspectrophotometric technics to individual red cells have

also shown that two red cell populations are present with respect to methemo-

globin reduction.7#{176} The use of the less quantitative cyanmethemoglohin elu-

tion technic to demonstrate the presence of two populations of ervthrocvtes

has also been reported,71’72 hut its validity has been �

A hypochromatic anemia which appears to be transmitted in a sex-linked

manner has been described by Rundles and Falls.75 Female heterozygotes for

this state have peripheral blood findings suggestive of X-inactivation. Most

of the red cells are normal, hut occasional hypochromic cells are found. How-

ever, the percentage of abnormal cells is very small-much less than would

he predicted, even if the life span of the affected cells were substantially de-
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creased. Furthermore, a dimorphic peripheral blood picture has also been

observed in acquired sideroblastic anemia.7t’ Other loci on the X-chromosomc

of man, including that for choroideremia, ocular albinism, ectodermal dys-

plasia and sex-linked agammaglobulinemia also may undergo inactivation. The

evidence in choroideremia is far from convincing since the heterozygote does

not show patches which are comparable to the retina of a fully affected male.77

It has not, thus far, been possible to demonstrate inactivation of the protan

( color blindness ) 7871k In the case of the Xg�1 blood group, studies

using hemagglutination8 and fluorescent antibody8�M� failed to demonstrate

evidence of mosaicism. It is possible that in these cases the inactivation is

incomplete, or that the “patches” are so small that the mosaic pattern is not

evident. Gartler and Linder84 have recently studied the distribution of the

A and B phenotypes of glucose-6-phosphate dehydrogenase in the uteri of

heterozygous females. Uterine myomata generally showed only a single

phenotype, which would be expected if myoma represented a clone of cells

arising from a single myometrial precursor. When a normal uterus was cx-

amined, however, patches as small as 1 cu. mm. always showed the presence

of both electrophoretic types.

Inactivation of one of the two X-chromosomes of the human female pro-

vides her with a considerable potential selective advantage. She has two

genetically different types of cells from which to select. Thus, a

heterozygous for g-6-pd deficiency may “have her cake and eat it too.” If

she is exposed to malaria, one-half of her erythrocytes may he relatively

immune, since g-6-pd deficiency may confer some immunity against this

disease. On the other hand, if exposed to hemolytic agents, the normal frac-

tion of her red cell population will protect her against the development of

severe anemia. It is quite possible that natural selection of one or the other

clone of cells in female heterozygotes may account, at least in part, for the

marked difference in expression of sex-linked traits. Thus, female carriers of

nonspherocytic congenital hemolytic anemia due to g-6-pd deficiency often

are found to have entirely normal peripheral blood enzyme activity.55 In

this instance, the affected cells are so short-lived that they are only scantily

represented in the peripheral circulation. But it is not necessarily the gene

under study which determines the proportion of each type of cell present

in the adult. Other genes on the same X-chromosome may alter the prolifera-

tive potential of the cells, resulting in a marked deviation from the 50-50 dis-

tribution present at the time of inactivation. This, as well as the random

nature of the inactivation process, may largely determine the female pheno-

type.77’84

The possibility has also been considered79’8#{176} that autosomal inactivation,

analogous to inactivation of one of the two X-chromosomes, may occur. There

is at present little evidence to support such a concept. Indeed, there are

many genetic abnormalities affecting the red cell in which it is abundantly

clear that the heterozygote does not have a population of red cells which

resemble that of a homozygote. Such abnormalities included congenital

methemoglobinemia, pyruvate kinase deficiency and congenital spherocytosis.

On the other hand, it has been suggested that the fact that myeloma cells
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produce only one immunoglobulin type might be interpreted as activity of

only one locus in each clone of plasma cells. Obviously, it is hazardous to

draw sweeping conclusions regarding gene action from the behavior of ma-

lignant cells. The process of malignancy itself may arise from abnormal

cytokinetic events such as somatic mating and recombination, resulting in

homozygous clones of cells from a heterozygous parent.

An understanding of mosaicism, chimerism and sex-chromosome inactivation

is of obvious importance in hematology. Variability of the phenotype, an ex-

planation of which may involve any of these three phenomena, is often a

central problem in the practice of medicine. That the cause for such diverse

situations as atypical serologic reactions, patchy skin pigmentation or other-

wise inexplicable hemolytic response to drug administration may lie within

this field often escapes the notice of the clinician. More important, deeper

understanding of these phenomena promises to make possible manipulation

of cell populations within the individual which may eventually alleviate

certain disease states now resistant to successful management.

SUMMABJO IN INTERLINGUA

Le comprension de mosaicismo, chimerismo, e inactivation die chromosomnas

de sexo es de importantia evidente pro le hematologo. Variabilitate del pheno-

typo-Ic explication del qual pote interessar le un o le altere del tres men-

tiomiate phenomenos-es frequentemente un problema central in le practica

medical. Le facto que le causa pro multo diverse situationes, como per

exemplo atypic reactiones serologic, maculose pigmentation cutanee, e altere-

mente inexplicabile responsas hemolytic al administration de pharmacos, se

trova hen possibilemente in iste dominio es frequentemente ignorate per le

clinico. Plus importante ancora, un approfundate comprension de iste phe-

nomenos promitte render possibile le manipulation de populationes cellular in-

tra le individuo con Ic prospecto que in Ic curso del tempore on va apprender

a alleviar certe statos pathologic que es currentemente resistente a omne

modalitate therapeutic.
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