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ABSTRACT

Possible etiological factors of congenital malformations, as

well as of human triaomles are considered. We discuss the evidence that

hyperthermia in particular may be an etiological factor for trlsomies in

humans.
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1. INTBODUCTION

(a) On the possible etiologtcal factors for congenital malformations.

The effect of thermal exposure ( hyperthermia ) and anomalous base

rate metabolism ( BRM ) on human embryonic development is a problem that

deserves attention, particularly since very extensive research on ani -

ma Is has shown that around the time of gastrulation, heat may Interfere

with normal development ( Miller, Smith & Shepard, 1978; Smith, Clarren

& Harvey, 1978; Fraser & Skelton, 1978; Clarren et_ al_, 1979; Pleet,

Graham & Smith, 1981; Webster, Germain & Edwards, 1985 ).

During gastrulation, namely during the first trimester of preg -

nancy in humans, a three-layered embryo is formed and at the same time

various components of the organism are induced:

( i ) The central nervous system ( CNS ).

( 11 ) Ectodermal placodes of the head that contribute to the sense

organs and elements of the peripheral nervous system.

A substantial amount of research has been devoted to ascertain -

ing the etiology of neural tube malformations. In this context, hyper-

thermia has been shown to be a possible teratogenic factor, whose effect

depends on the time and Intensity of the heat Insult.

On the other hand, it has also been shown that heat may be an anti-

mitotlc teratogenic factor. In fact, a gentle rise in the core temper-

ature of a pregnant guinea pig { i.e., a rise of 1.5 C ), tends to

stop cell proliferation in the embryo, whereas the most common abnormal-

ity in guinea pigs exposed to IB to 25 days' gestation is microcephaly,

arising from hyperthermia, which it responsible for disrupting mitosis

of developing neuroeplthelium ( Edwards, 1967; Edwards, 1969 ).

Some clinical evidence Is available that suggests that hyperthermia

may be an etiological factor in anencephaly ( Miller, Smith & Shepard,

1978 ). This follows from a study of 63 affected pregnancies, out of
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which five had fever with a maximum recorded temperature ranging from

38.9 to 40.0 C. Another two cases had been exposed to hyperthertnla

following sauna bathing. This 11X of anencephalic births contrasts

sharply against 0.17., or less, In control groups.

It must, nevertheless, be kept in mind that first trimester pro-

longed states of fever leading to completion of gestation are not

common, as a study of more than fifty thousand pregnancies demonstrates

(Clarren et al.. 1979); but, in the cases where there is some

evidence of hyperthermic malformations in humans, there is a striking

similarity with dysmorphogenesis caused in experimental animals, in

which the malformations were induced by prolonged hyperthermic periods.

< b ) On the possible etioloftical factors for trlsomies In humans.

For over sixty years thyrotoxicosis has been considered by some

researchers to be a risk factor for trisomies In humans. There have

been some documented cases reported In the literature with emphasis on

the Down's syndrome, rather than the less frequent trisomies ( i.e.,

13 and 18 ). In fact, high levels of BRH, such as those observed In

hyperthyroidlsm during the first term in pregnancy ( Have & Francis,

1962 ), Indicate a risk factor for trisomies ( Ek, 1959; Coppen * Cowie,

1960; van wljck e£ a_l, 1961; Fialkow et a U 1965; Nilsson, Hansson

& Nilsson, 1975 ). The observation that some of the reports have not

been confirmed later ( such as the work of Ek on 41 mothers of Down's

syndrome children ), may be due to longer time intervals allowed between

the birth of the affected children and the examination of the

mother as has been pointed out by some authors ( Nitsson, Hansson &

Nilsson, 1975; Vogel & Motulsky, 1986a ).

( c ) A clinic case of phenotyplc coincidence of congenital

malformations possibly Induced by hyperthermia.and the

symptoms of a trisomic patient.

In a specific clinical case It has been remarked that an infant
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with tnicrophthalmia, mlcrognathia, and microphallus had a normal carlo-

type, in spite of the fact that the specific symptoms of multiple con-

genital malformations suggested a trlsomy-18 patient ( Edward's syndrome ).

The pregnancy was remarkable for a flu with high fever for four days

between the four and fifth week of gestation ( Fleet, Graham & Smith,

1981 ).

This observation raises the question of whether there may be

common etlological factors for trisomy In humans and congenital mal -

formations. In the present work we shall attempt to formulate a hypo-

thesis in this respect. In order to do so, we develop further the

useful presentation of gene expression in eukaryotlc cells. Thus, in Sec.

2 we formulate the first hypothesis of anomalous development in humans

as evidenced in, for instance, mongolism and anencephaly. In Sec. 3

we clarify and extend the repressor hypothesis ( Chela-Flores, J987 )

to include the variable time, so as to address the questions of develop-

ment which are Intimately related with genetic expression of eukaryotic

cells. In Sec. 4 we discuss possible ways of testing our work, and are

led in the concluding Sec. 5 to formulate-a somewhat sharper version of

the hypothesis of anomalous development.

2. THE FIRST HYPOTHESIS OF ANOMALOUS DEVELOPMENT

In order to address the question of the etiologlcal factors of

conditions that may arise from anomalies during the gestation period

in humans, we consider the implications of the following hypothesis:

Different insults to the embryo ( such as, for Instance, anomalous

BRM or hyperthermia ) during or before gastrulatlon or neurulation, may

lead to similar anomalous phenotypes in the newborn5.

The arguments in the next two sections will force upon us an

improved second version of this hypothesis. For the moment we proceed
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CO consider one type of inault to the embryo, namely an elevation of the

BRM during pregnancy. Trisoraic patients may arise from chromosomal

aberrations that are Induced at an early stage during gestation. The

most frequent case Is the Down's syndrome ( trlsomy-21 ). Other observed

aneuploldles In humans are the Edward's syndrome ( trisomy-18, already

mentioned ), and the Patau's syndrome ( trlsomy-13, slightly more fre-

quent than the Edward's syndrome, the Incidence of the former being

about 1 per 5000 live births, while the Incidence of the latter is not

well known, but is presumed to be about 1 per 10,000 newborns ( Ayala

* Klger, 1984 ) ).

Thyrotoxlcosis, which has been suggested as a possible factor in

the induction of trlsomy-21 ( cf., Sec. l(b) ). when it occurs during

pregnancy, may lead to an elevation of the BRM. Hence, It nay be

considered as a significant insult to the embryo. In fact, the higher

levels of metabolism are known to occur in euthyroid mothers from

the middle trimester onwards: Readings of + 20% are expected towards the

end of the last trimester ( Hawe 4 Francis, 1962 ). However, the BRM

rises above normally high pregnancy values when hyperthyroidlsm com -

plicates the gestation ( Herbst 4 Selenkow, 1965 ). The clearest tndi-

eator of this condition is represented by the circulating levels of the

free thyroid hormone thyroxlne { T4L ), which may be determined by

radioimmunoanalysls ( Stein, 1983 ).

We believe that the above mentioned information gathered on this

specific Insult to the embryo, supplemented with the additional work

on hyperthermla ( cf., Sec. l(a) ), may allow a clear confrontation of

the hypothesis of anomalous development with a significant corpus of

clinical information. In order to do so, in the next section we shall

develop a little further the very convenient and simple formulation

of eukaryotic gene expression in terns of total activation energies of

the multiple processes that may contribute to the normal translation

of the genes.
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3. EXTENSION OF THE REPRESSOR HYPOTHESIS TO INCLUDE EHBRV0CENES1S

We would like to clarify the range of applicability of the

conjectured common etlological factors of the anomalous phenotypes

described in the preceedlng sections. This may be done In terms of

an improved formulation of the repressor hypothesis ( Chela-Flores,

1987 ):

There is a threshold >^ defined by the total activation energy

in homeostatic ( H ) equilibrium that is required by all the catalytic

processes leading up to gene expression In eukaryotic cell, beneath

which gene expression Itself Is Inhibited.

We r-ai I S\ the represser parameter in homeostatic conditions,
H

and assume it may vary in proportion to:

(I) The BRM,

(II) Thermal shifts from homeostasls, and

(ill) The time after fertilization In the case of the human embryo.

In a very elementary functional notation we may express the above

hypothesis as follows:

.*. t) (1)

This mathematical formula should be taken to signify that the repressor

parameter will vary In proportion to the BRM ( which has been shortened

to the single letter R ), to the core temperature of the mother T, and

to the time t after the fertilisation of the ovum.

Continuing with this simple notation we may interpret the hyper-

thermic Insult to the embryo *• alterations in the repressor parameter

from its original value to a new value '
H H

(2)
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••*•*«»•;

where the symbol S/\ ' should be Interpreted as the thermally induced

variation from homeostatlc equilibrium of the total activation energy

of the various enzymes, hormones, and other proteins that may contribute

to gene expression.

Alternatively, we may state more simply:

. •• (3)

In other words, the repressor parameter /2k takes a new value &.'
H n

as the hyperthermic insult raises the value of the core temperature

T of the pregnant mother to the higher value T t i t .

The evidence summarized in Sec. l(a) suggests that the shift from

homeostatlc equilibrium indicated in Eqn. (3) nay lead to congenital

malformations.

To summarize, we nay say in a precise and simple manner that:

(1) In homeostatic equilibrium the repressor parameter depends on

the variables R, T, and t ( cf., Gqn. (1) ), but that under thermal

exposure at the time of gastrulation ( t ):
G

A H -* A'H = A „ < «• T T> t
c >

(il) Under the insult of higher BRM, as in thyrotoxicostst

<4>

A"H
(5a)

or equivalent"ly, that

A „ -» A"H (5b)
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From the above mentioned simple formulation of the insults to the

embryo, we may appreciate the convenience of writing the hypothesis of

anomalous development ( cf., Sec. (2) ) as follows:

A"H H
(6a)

or, alternatively, in terms of the changes in the repressor parameter

induced by the different insults ( hyperthermta and higher levels of

BRH )i

(6b)

4. HOW CAN WE TEST THE HYPOTHESIS OF AHOMALOUS DEVELOPMENT?

One possible way to teat the hypothesis formualted in Sec. 2 Is to

proceed in two stages;

(1) First consider the substantial evidence that trisomy in humans may

be due to changes in the BRH in patients of hyperthyroidlsm, as referred

to in Sec. l(b). This may be formulated as in Eqn. (5b).

(ii) We next consider the induction of congenital malformations by

hyperthermic Insults. This may be formulated as In Eqn. (3).

From the previous two stages (i) and (ii), we are led from the

hypothesis of anomalous development to the possibility that,

A H H
T •

or in words, that hyperthermic Insults may induce changes in the repres-

sor parameter that may be analogous to the changes in the repressor pa-

rameter that are induced by insults characteristic of those that lead to

t r 1 somy.
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From the standard clinical procedures known to us, we find no

evidence that in the questionnaires presented to mothers of Down's syn -

drome individuals ( the most frequent case of trisomy ) , any Information

has been gathered on possible etlological factors which may specifical-

ly include prolonged lever states ( up to several days ) , as well as the

effects of sauna baths during the first trimester of pregnancy.

A second possibility for testing the hypothesis may be to search

for clinical evidence that changes in BRM ( for example those that occur

in hyperthyroldism ), may Induce changes characteristic of gene expres-

sion that lead to congenital malformations. In our simple symbolic

notation we may express this possibility as follows:

A H H -» R + 6 R (8)

We find that this prediction of the Hypothesis of Anomalous Develop-

ment may already be supported by some clinical data. For Instance, in

the more severe cases of human trisomy, as In the Patau's syndrome, we

find amongst its symptoms ( Vogel & Motulsky, 1986b ):

(a) Mlcrognathia,

(b) Mental deficiency, and

(c) Low set and deformed ears;

whereas amongst the symptoms of Edward's syndrome we find,

(d) Microcephaly,

(e) Mental deficiency, and

(f) Cleft U p and palate.

This should be compared with the retrospective epidemiologies 1

data that suggests an association between maternal hyperthernia in early

pregnancy and the above symptoms (a) - (f) ( Pleet, Graham & Smith,

1981 ).

-9-

Finally, the clinic case in which phenotypic coincidence of the

symptoms observed In a patient of the Edward's syndrome and those of

thermally Induced congenital malformations, further support our conjec-

ture ( c£., Sec. l(c) ).

5. DISCUSSION AND CONCLUSION

The main proposal to be tested that has been put forward in the

present work is that hvperthermia may be an etiological factor for

trisomy in humans. We feel that this possibility deserves further

attention. It may serve,at a later stage,as a basis for a discussion

on the possible effects of lower doses of heat for more extended periods

during gestation. For example, it remains to be seen what are the ef -

fects, if any,of exposition to the thermal effects of millimeter waves

throughout the whole of the first trimester of pregnancy. We feel,

therefore, that If our Hypothesis of Anomalous Development is further

supported by abundant clinical data, an interesting problem to under-

take is the question of spilling over of millimeter waves from high

concentrations of satellite communication antennas. Our work would

suggest that statistical studies amongst the populations residing near-

by, should be considered so ai to investigate whether higher Incidence

of the most frequent trisomy is detected ( i.e., birth of Down's

syndrome children above the standard levels of about 1 per 700 live

births ( Ayala & Kiger, 1984 } ).

Since we have seen throughout the present work that some clinical

data support our Hypothesis, and that there are several ways in which

it may be further supported or falsified, we feel that it may be use-

ful to attempt to provide a second formulation of the Hypothesis

of Anomalous Development:
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Several factors, or parameters, may play a key role in the

regulation of gene expression In humans, such as hypertherntia. or

the elevation ot the BRM. The variation of these parameters, either

individually or collectively, may induce Identical anomalous pheno -

types, independent of the etiologies! factor Itself.

Considering the viability of Down's syndrome patients, who may

live up to forty years of age, it seems urgent to clarify the possi -

bility pointed out in this work, In the sens* that prolonged fever

states during the first term of gestation ( or equlvalently, the

occurrence of sauna baths during the same period ), may be a risk

factor in the induction of trlsomy.

At the same time, we suggest to extend the questionnaires sub -

mltted to mothers of Down' syndrome individuals, to include the

possibility that prolonged fever states, or sauna baths may have

occurred during the first tern of gestation. These modified question-

naire* may contribute to support the above mentioned hypothesis,

or to reject it.
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