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SUMMARY

This report presents two different strategies for
monitoring increased mutation rates resulting
from exposure to an environmental muiagen,
both of which are based on the detection of
biochemical variants of polypeptides. Using the
first strategy, one monitors a defined population
continuously for the rate at which children with
such a variant are born to normal parents. An
increase in this rate implies increasing exposure
to a mutagen. With the second strategy, one
contrasts the findings in the children born to a
control group or groups with the findings in the
children born to an exposed group, however
this is defined. An example of each strategy
is included. The alternatives to mutation which
must be considered when a child with a variant
is found to have nonaffected parents are
considered. The numbers of individuals necessary
to detect an increase of a specified magnitude
are discussed.

INTRODUCTION

This presentation will assume that there is no
need here to justify an intense interest in the
possibility of monitoring human populations for
mutation rates. Rather, we will consider whether
such monitoring is feasible at the present time.
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The word “feasible” is a relative term. What is
not feasible with a small effort may often be
feasible with a larger effort. It is inevitable that
under these circumstances we are drawn into
“cost-benefit” analysis. Before we proceed to
consider two protocols for monitoring human
populations, and become involved in discussion
of “cost,” it might be well to say just a few
words about “benefit”.

Opinions among geneticists concerning the
mutagenic effects of current and future exposures
to a variety of environmental contaminants vary
widely, but it is the more pessimistic opinions
that tend to be heard, Whereas the earlier
concerns were primarily directed towards the
intrusion of ionizing radiation into our lives,
more trecently in the U.S. the emphasis has
been on the possible impact of chemical
mutagens.! It must be admitted that there is
room for considerable uncertainty concerning
the nature of the problem, and this uncertainty
has created a great deal of concern in the minds
of informed lay persons, concern which under-
standably often finds expression in resistance to
developments which virtually promise to increase
future exposures to potential mutagens.

It is important at this juncture to recognize that
there is no such thing as a “free lunch” in nature
— if we introduce mutagens at any level of
exposure into the environment, the result, as
the matter is understood today, will be an
increase in mutation rates. The question is
whether with industrialization we have increased
mutation rates by 1% (which most geneticists
would find tolerable) or by 100% (which would
disturb most geneticists).

Elsewhere we have presented calculations, under
carefully stated assumptions, of the magnitude of
the program required to detect a 50% increase in
mutation rates (see below).? It is a very large
program by current standards. To detect as little
as a 10% increase requires an almost inconceivably
large program. Now, there are two possible
oufcomes to a monitoring program, Either, at
some stated statistical level, we detect no increase,
or we do detect an increase. In the case of the
latter, the question of the appropriate govern-
mental response has yet to be addressed. In the
case of the former, the alarmist can maintain
that a program resulting in the exclusion of an
increase of 50% or greater really does not meet
the public need, which is to say, he might not be
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satisfied with any program which it is feasible
to mount at this time. Thus at present the
“benefit” from the ‘“cost” of a monitoring
program is not nearly so clqarcut and non-
controversial as in many other undertakings. In
the final analysis the necessary judgements will
be reached by the political rather than the
scientific process.

In what follows, we will briefly present two
different approaches to the monitoring problem.
These are both illustrated by studies now in
progress, out of which will presumably emerge
the experience on which future, improved
programs will be based. The technology in this
field is evolving very rapidly. An approach which
may be appropriate for one country may, for
logistical and sociological reasons, not be appro-
priate for another. Thus, we present these two
protocols as preliminary proposals, certain to
undergo modification in the future, and with no
thought that they should be taken as the models.

PROTOCOL ONE

CONTINUOQUS MONITORING BASED ON
PLACENTAL CORD BLOOD SAMPLES

Both of the protocols which we present stem
from the conviction that recent technical develop-
ments enable geneticists to carry the study of
mutation to the level of protein phenotypes.
The first, the effort which we have recently
initiated at the University of Michigan, is designed
to provide base line data on the mutation rate of
the loci encoding for some 25 proteins present
in erythrocytes or blood serum. It is not at
present a2 monitoring effort per se, since it is on
far too small a scale, but clearly the experience
gained in this study could be of great value in
designing a monitoring program aimed to detect
changing mutation rates. Furthermore, in
addition to contributing useful data on the
design of a more comprehensive effort, the data
to be accumulated on spontaneous rates will
be basic to estimating how large a monitoring
program is required to detect an increase at
some specified level.

Sampling and Sample Processing

The present protocol calls for the collection of
placental cord blood samples from all infants
delivered at the University of Michigan Hospital
and venous blood samples from both their
parents. The QObstetric Service of the University
Hospital is relatively small, encompassing some
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TABLE 1. ANALYSIS OF RESULTS
#1 BROSHK
An analysis of results of the attempt to collect blood samples from placenta of new born
infant plus mother plus: father during the period July 1976 — February 1977 at Women’s

Hospital, The University of Michigan.
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SUCCESESES & v v v v v v v v e s st m s v mn

Failures

Refusal by one or both parents . . . . .
Father unavailable . ...........
“System failure” . .. ........ ..
Miscellaneous other reasons for failure

Reason for failure unknown . ... ..

1500 deliveries annually, with a disproportionate
representation of high-risk pregnancies, including
unmartied juveniles. We limit our program to
samples for which informed consent for the use
of their blood for research purposes has been
obtained from both the parents, and from the
parents on behalf of their child. During the first
7 months of the program we have completed the
trio of samples in 65% of deliveries. An analysis
of the causes of failure is given in Table 1. Note
the r1ole played by “father unavailable,” so
characteristic of the young unmarried mother.
Note, also, the refusal rate of 15%, probably
higher in an academic town like Ann Arbor than
in most American cities, We believe that under
more favorable circumstances, the collection
1ate could be 80%, a belief we propose to test
in the near future with the extension of the
study to several other obstetric services.

Cells and plasma from complete trios are
processed into 1 cc aliquots for storage at —80C
and in liquid N5. The child’s specimen stored
at —80C is analyzed first. In the event a variant
is discovered when the sample is processed, the
full battery of testsis applied to both the parental
samples. With the observed average variant rate
(exclusive of polymorphisms} of approximately
2/1000 tests and a battery of 25 systems, about 1
in 20 children will be found to have at least one
variant. Thus in 19 out of 20 instances, the
collection and processing of parental blood will
have been unnecessary. Nevertheless, we feel this

BrRRElt ABHLE, SRR 1,500 o HIPER M- T B
f B AL OTHY, REORMNEFELLEHTRE
BEOEVWEEHOHSFEFITV. FHE 7O
FIAOMNEEE, DFELIMEENIARATSZL
LowTRAROEER2G, L2012 T
GRECRENERhALOIIEEL A RO
SITAORDD T » HEIZ, FEHEOE%IZ20T
IM3EHSERFBESRE B, BEEAFL
ERLAFRE#ATLALOTHS. ZOPTHED
RIEFEOBIICHE L [LBES AR oEORIZEH
Liw, $A-ETFEROI%LERIIH TS DR,
Ann Arbor M &) A FEWMH CEREOMD EL B
WAL Io(EmvweEEbha. &N vkl
OhETIHIRNRE20%ICFCT 2TEEF S,
FEVRRATEREABOV 22O ERHEICE T
HALTZOEEERHAAZCEEITY 3.

CEOMEFREILESE L5, TOMFELT
Mm#Es, leefFomRIzBIT, —HNTOHBME
LUtk EEh el Y s, £ F, 80T 1yl &
NEFHOEFRIPLSBELIT). BEOERERKE
FRAaNLIBEAE, BROEFIZODVTLTRT
NBEELT). SECLHBBshAERFOLHEE
($RMETRFELZBEOEN L0 RELS LY 24T
HY, BEOEATEHRET 5561, FH20AY
LA DE LY —2oDEREKIBOLNEC
FiiBh A, LEAST, 0[FI9FTE, MRONM
ORI UVNBEARSETH» L LIS 5.



approach is less time consuming than attempting
to contact the parents 1 or 2 months after delivery
in the event the child is found to have a variant,
and the approach certainly results in a higher
proportion of successful family studies than
would delaying the collection of parental blood
samples until the presence of a variant in a child
was established. Furthermore, with the rate at
which additional systems suitable for this type of
study are becoming available, and given the labor
involved in processing the samples, we believe we
have in storage an important resource against
future developments.

Laboratory Strategy

The backbone of the effort to detect variants of
these proteins is currently electrophoresis,
utilizing starch gel or acrylamide as the supporting
medium. Recently, we have been relying
increasingly on polyacrylamide gels in view of
the many techniques which increase the resolving
ability of electrophoresis using such gels.>*
Several of these techniques, including the utili-
zation of acrylamide gels of differing pore size
and electrophoresis with several buffer systems,
have been employed to detect variant protein
species not previously demonstrable.5™7 Table 2
lists the proteins which are currently being studied
or for which methods for electrophoretic analysis
are currently being developed in our laboratory.
Additionally we will soon be initiating for these
purposes an effort to utilize those enzymes of
the leukocyte not present in the erythrocyte.
The erythrocyte and plasma proteins genecrally
include those with which ‘our laboratory has had
extensive experience by virtue of its studies of
Amerindians.

In order for a variant enzyme to be detectable
with electrophoretic techniques, the structural
alteration must result in a net charge change and
the altered protein must retain functional
properties. An unknown percentage of amino
acid substitutions will result in loss of function,
and it is to be expected on theoretical grounds
that about two thirds of the substitutions involve
no net charge change. Thus most of the amino
acid substitutions are not detected by electro-
phoresis. Also most genetic deletions will result
in loss of functional protein. Accordingly,
electrophoresis probably detects less than one
quarter of specific locus mutations.

The extensive lists of metabolic errors associated
with loss of enzyme activity which have been
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TABLE 2. PARTIAL LIST OF PROTEINS
#2 EAAO—HIAL
A partial list of proteins of the erythrocyte and blood serum which can now be satisfactorily screened
for electrophoretic variants. Relatively little has thus far been done with the proteins of the lenkocyte;
this appears to be an imporfant field for investigation. Proteins indicated by a (1) are not present in
sufficient quantities in cord blood for reliable studies; those indicated by a (2) are currently included
in the program for screening cord bloods described in the text.
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BLOOD SERUM
Albumin
aq-Antitrypsin
Ceruloplasmin (2)
Haptoglobin (1)
Pseudocholinesterase
Transferrins (2)
Group specific component (2)

ERYTHROCYTE
Acid phosphatase (2)
Adenosine deaminase (2)
Adenylate kinase
Aldolase
Carbonic anhydrase 1 (1)
Carbonic anhydrase 11 (1)
Catalase
Diaphorase
Diphosphoglycerate mutase
Enolase
Esterase A (2)
Esterase D (2)
Galactose-1-phosphate uridyl transferase (2)
Glucose-6-phosphate dehydrogenase (2)

ERYTHROCYTE (Continued}

Glutamate dehydrogenase

Glutamic pyruvate transaminase
Glutathione reductase
Glyceraldehyde-3-phosphate dehydrogenase
Glyoxalate (2}

Hemoglobin A (2)

Hemoglobin Ag (2)

Hexokinase (2)

Isocifrate dehydrogenase {2)

Lactate dehydrogenase (2)

Malic dehydrogenase (2)

Nucleoside phosphorylase (2)
Peptidase A (2)

Peptidase B (2)

6-Phosphoglucose dehydrogenase (2)
Phosphoglucomutase 1 (2)
Phosphoglucomutase 2 (2)
Phosphohexose isomerase {2)
Pyruvate kinase

Triose phosphate isomerase (2)
Glutamic oxalacetic transaminase (2)

compiled by other investigators are indicative
of the range and prevalence of mutations resulting
in loss of activity.® ' These reports plus the
studies of the first degree relatives of persons
with various deficiency states involving such
enzymes as glucose phosphate isomerase, pyruvate
kinase, and iduronidase indicate that the
heterozygous individual is distinguishable from
the normal population.!”™® In none of the
reports quoted above could the variant enzyme
be detected by electrophoresis in the hetero-
zygous individual, which is as expected if the
protein did not retain enzymatic activity. This
type of genetic damage is often observed in the
offspring of irradiation-treated mice, a finding
paralleling the earlier interpretation on other
grounds that most of the X-ray induced mutations
of the mouse are due to gene inactivations or
small deletions.!5™
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TABLE 3 LIST OF ERYTHROCYTE ENZYMES
#3 mmMEREFEROY A b
A list of erythrocyte enzymes which should be amenable to the search for mutants
which when heterezygous result in half-normal levels of enzyme activity.

BHESKTHABOLEEEE LT REC 2 3 RATEboSRICEAT

x 3 hrmBREEO—HE

Adenylate kinase

Pyruvate kinase

Triose phosphate isomerase
Phosphoglucokinase
Phosphoglucose isomerase

Glucose-6-phosphate dehydrogenase
Glutathione peroxidase

Lactate dehydrogenase

Glutatione reductase

The erythrocyte enzymes we are currently
studying for genetically-conirolled deficiencies in
activity are listed in Table 3. These enzymes
were chosen because they have levels of activity
which are readily detectable by conventional
methods, because the enzyme protein is almost
exclusively the product of a single locus, and
because our preliminary estimates suggest a
between-individual coefficient of variation of less
than 15%. If individuals with a “null” allele at
any of these loci have a level of enzyme activity
of approximately 50% of normal, they should be
quite distinct from the normal population in
enzyme activity. Genetic diseases associated
with enzyme deficiencies have been reported for
each of these enzymes® The frequencies of
these diseases are still very poorly defined, but
even if they are as rare as 10_6, heterozygote
frequencies should approximate 2 X 1073,

A technique which is often capable of distin-
guishing between proteins with similar catalytic
capabilities but small structural differences is
heat stability. Many examples of electrophoretic
alterations being associated with changes in the
heat stability of a protein have been noted.?®™*
Genetic variants which cannot be detected by
electrophoretic analysis may be demonstrated
by differences in heat stability profiles.?*25
Studies utilizing heat stability as the detection
method have an advantage over electrophoresis
in that alterations of heat stability do not require
that the mutational event results in a net charge
change. Our initial efforts in utilizing heat
stability as a method for detecting variant
enzymes will involve those listed in Table 3.
Variants of many of these enzymes have been
reported to exhibit altered heat stability profiles.
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The instrumentation to be utilized for the studies
based upon kinetic measurement of enzyme
activity is the Miniature Centrifugal Fast Analyzer
developed by Oak Ridge National Laboratory.?®
Enzyme assays with this instrumeéntation usually
require hemolysate from less than 1 ul of packed
cells, This analyzer has excellent operating
characteristics and the coefficient of variation
for within-sample repeatability is less than 2%
for most of the nine erythrocyte enzymes
currently being examined. An additional asset of
this instrumentation is the availability of
programs for its PDP8E computer, facilitating
data acquisition and manipulation, including the
calculation of K|, K, and V.. .

One of the practical problems in a study of this
type is the occurrence in a particular system of
a specific electrophoretic variant in relatively
high frequency — say 3-5/1000 determinations.
If all such variants are truly identical, then the
probability is very, very high that they all have
descended from a common ancestor rather than
that some of them arose in the preceding
generation from a mutational event, Detailed
family studies of each variant are not apt to be
rewarding with respect to mutation. If, on the
other hand, this electrophoretic class shelters a
variety of variants due to different amino acid
substitutions resulting in the same change in
the net charge of the molecule, then the
probability that any one variant arose in the
preceding generation from a mutation is greater
(but still small), and family studies should be
pursued vigorously. Recent studies on eleciro-
phoretic variants in Drosophila and Colias have
revealed the feasibility of demonstrating hetero-
geneity in electrophoretic classes by a combi-
nation of electriophoretic techniques and the
study of physical and kinetic properties.ﬁ’"’”'28
It is our plan to devote considerable effort to the
search for heterogeneity in electrophoretic
classes; we expect the Miniature Fast Analyzer to
be especially useful in this context.

Data Storage and Retrieval

In any program designed to detect a difference
in mutation rate between two groups of — say
50%, the volume of the determinations to be
processed will by our current standards be
enormous (see following section on Sample
Size). It is imperative that data storage and
retrieval be made as efficient as possible. In our
operation this challenge is under the supervision
of Dr. Charles Sing and Mr. Ronald Griffith. The
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laboratories supporting this project intérface
through terminals with the Departmental DEC
11/70 computer, The on-line time-sharing
capabilities of this machine permits multiple
members of the laboratory team simultaneous
access to the data base.

Identifying information concerning each sample
is entered into the computer shortly after sample
collection. As laboratory determinations become
available, they are fed directly from the laboratory
books into the computer. All data initially go
into “temporary storage”. After verification of
the results against the laboratory records, plus
any further studies necessary to remove
ambiguities in the findings, the data are trans-
ferred into “permanent storage’. The program-
ming permits one at any moment either to review
all the information on a given individual or group
of individuals as it exists at any point in time, or
to retrieve all of the data on any particular
system. We hope in the future to place the
Miniature Fast Analyzer and other suitable
equipment ‘“on-line” with our current computer
configuration. While much of this is standard,
current computer strategy, the fact is that it has
not often been applied to the management of
laboratory data of this type. In our case, it not
only eliminates the laborious hand transcription,
collation, and coding of the data which has
characterized past operations, but also provides
a vastly more flexible retrieval of the data
according to specific needs than was previously
possible.

Some Considerations of Sample Size

A protocol of this sort if implemented on a
sufficient scale and extended over a sufficient
time span could detect secular changes in
mutation rates. The degree of implementation
necessary depends on the baseline rate of
mutation of this type (still very poorly defined),
the magnitude of the change one would not wish
to see go undetected, and the time span on which
one is satisfied to operate. No two statisticians
will proceed in quite the same way with their
calculations of the number of observations
necessary to achieve the stated objectives. On
the assumption that the initial detectable
mutation rate was 0.5 X 10~ /gene/generation,
we have previously calculated that to demonstrate
a 50% increase in mutation rate with the
confidence implied by an a value of 0.05and a g
value of 0.20 would require two samples of
approximately 300,000 persons each typed for

RERF TR 4-77

hTwsd, COWEREOE L TCERIEL-TY
5 EMEREL, URBODECIL, N2 ra—-5—1*L
WARERFBUTHBL WS, 20T ¥ ¥a—-¥—
¢ on-line time-sharing & #12 k-, WRIERH
HALFRFICEBREEZAAT I LHFTE S,

FHRRICMT 3 S BEOARIE, BIFERET <
TV ¥a—#—1ANSE. FHEECH, BERSE
BHLEVZND CERERE, ST v P25 —
ANEEF— S RANS. BAWIE, BRETAT
[EER#]IZADL. MEEORBLIBEL THERY
WREh, THHAHELEMT 0L ELRE
EmL %, FOEEN DRARE] IZARS. RA
DTATFTIVITIE, WHrAABATORED
—EAAZAREACEYITRCOEREHRETL2
Ly, BENEABCHMT AT RTOEHEMET
2ZrHTE 5. IF%(E Miniature Fast Analyzer
ZHUTIZOMOEL LB ERENI V25—
L online "THALEVWEELITWS., Th50
ZE@ELEBREN D Y Y 2 -y — FIRBETIFHE
fMEcethsd, COMOMREEEHOERIIG
FHEHTHHVSATVEVEVIDFEFETHS.
IoFEICE Y EHRETIE, AT IR
BHMTho BN EFBEICLAERE BE, B
Va—54 v 75 EBLEFTEZNHZRLT, BE
OEBORBILUMNEINBEIHAIIERBIIES NS,

BEEROREFEICETIETOER

IOHOFREHE A L RREMBEERMMIZH
RotElgesnhtuowid, BEEILbLESTHEISE
REBRBOELEENT AILHFTELY. TO8
BAEEREG, BEOE A SENICTNEL
COMOEMERBEOREH, RENLZEVE
ftokes, a5 ERCSEEL P LA
hoTwid. RBOEMERIIAELBESORE
FHFHERE P RAHE, ZAELTELELA
HERATILOIEVWE W, BVOEMIELEMR
FHRREHF(.5XI05 /BEFMETH 272 D{K
im%a?.amﬁm%,ﬁmﬁ&mmﬁﬁg&f
A% 50F, ERTRBIIS0%OMINEEDNT 321,
—FE# 300,000 A Z0 N EHTHAEOBEAED
BREETIZEPFURETHIEUMIBL TR



RERF TR 4-77

some 20 different proteins.? If one is content
to operate on a 5-year cycle, this requires the
analysis of 60,000 samples per year plus the
necessary follow-up studies. Based on the
standards of prior biomedical® research, this
requires a most unusual effort and organization.
Clearly an undertaking of this magnitude requires
the most serious consideration. But while it may
be dismissed as a larger undertaking than the
circumstances warrant, it is already clear that it
cannot be discounted on technical grounds
alone,

PROTOCOL TWO

DISCONTINUOUS MONITORING,
INVOLVING PERIQODIC CONTRASTS OF
HIGH-RISK AND LOW-RISK GROUPS

An alternative approach to continuous moenitoring
is, whenever a group suspect for an increased
mutation rate emerges, to conirast the rates in
such a group with the rates in a suitable control
group. This constitutes a sort of ‘worst case’
analysis, from which one can presumably
extrapolate to the more usual circumstance.

The most important opportunity for thisapproach
to date has undoubtedly been the situation
existing in the wake of the atomic bombs at
Hiroshima and Nagasaki. Shortly after World
War II an extensive study was undertaken of the
children born to parents exposed to a greater
or lesser extent to the radiation spectrum of the
A-bombs, as well as the children born to a suitable
control group. This study employed what we
may term the morphological approach, involiving
such potential indicators of an increased mutation
rate in the parents as the frequency of congenital
defects, birth weight, infant and childhood death
rates, physical growth and development, and the
sex ratio. In 1954, after an extensive analysis,
the detailed examinations of infants at birth and
9 months later were discontinued but data
continued to be collected on two indices, namely,
the survival and the sex-ratio of the children born
to the survivors of the bombs and to the controls,
and these continuing studies have been the subject
of several reports. ™2 A preat deal of very
laborious investigation can be summarized with
the statement that although clear-cut resulis of
the parental exposure have not been established,
there are very borderline findings with respect
to the sex-ratio and survival which are compatible
with the findings in experimental systems.
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The study on survival has involved the establish-
ment of two cohorts of children, one born to
what are termed ‘proximally exposed’ parents,
whose mean conjoint exposure to whole-body
radiation has been estimated at 115 rem, and one
born to ‘distally exposed’ parents, whose mean
conjoint exposure is estimated at less than
1 rem. Each cohort is comprised of some 17,000
children. Periodically (on a 5-year cycle) the
survival of each child in the cohort is determined.

This population is clearly one of great interest,
with the results of the studies not only of
immediate pertinence to those concerned but to
a variety of scientific and governmental groups.
Surely it is the responsibility of the scientific
community to ensure that the maximum useful
information can be extracted from this
unfortunate experience, the discussion being
reopened from time to time as the techniques
available to the study of the problem evolve.
This thought led to the initiation in 1967 of
cytogenetic studies on the two groups of
children. 33738

Although the desirability of such studies had
been recognized when the first follow-up studies
were initiated in 1946, the necessary techniques
were of course not at hand. More recently,
under the auspices of RERF, an effort has been
launched to extend the study of the potential
genetic effects of the bombs to the biochemical
level. This effort has been preceded by a 3-year
pilot study which has demonstrated that the rare
protein variants on which one would base the
quest for mutational events, have about the same
frequency in Japanese as in Caucasian popula-
tions, a frequency whose magnitude makes 2
study of this type feasible.®®® The new study
should be regarded as additive to our previous
studies in Japan, the ultimate objective being
a synthesis of all these studies.

The proteins being investigated for evidences
of mutational events and the technigues by
which they are being and will be scrutinized are
essentially similar to those included in the
description of Protocol One. This is scarcely
surprising in view of the close working relationship
between the group at the University of Michigan
and the group in Hiroshima and Nagasaki.

Although the battery of indicators of mutation
is thus far quite similar in the two undertakings,
the practical problems are quite different.
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Whereas in programs of the first type the
potential study population is quite large, in
programs of the second type, as in Japan, the
study population will usually be quite limited.
It is of the utmost importande that maximum
participation be achjeved, and that the data be
collected in such a fashion that the results of
various studies can be combined. In Japan there
are of course some losses from the cohorts
through death. A much more important source
of loss is emigration from Hiroshima and
Nagasaki. Japan now has a relatively high internal
mobility, and the oldest children of survivors
conceived since the bombs are now entering their
30’s and so are well into the job market. It has
not seemed feasible to pursue these children
beyvond the confines of the two cities (although
we do attempt to contact them when they
return on festival occasions!). Finally, these
‘children’ are now independent adults, not all of
whom wish to participate in a study which
reminds them of a very traumatic event in their
family history.

A further set of practical difficulties arises when
a variant is encountered, which, with a battery
of 25 protein indicators and the variant frequen-
cies in Japan (2/1000 determinations, exclusive
of polymorphisms), is the case for approximately
1 in each 20 subjects. We are finding that for
almost one-quarter of persons with a variant,
one or both parents are deceased, which of
course in any strict sense invalidates the use of
the family in a mutational context. Furthermore,
if both parents are alive, they may not wish to
participate in such a study,

It is still too early for reliable figures concerning
sample attrition, but it is clear it will be relatively
heavy. While the situation in Japan perhaps
presents a rather extreme example of sample
attrition, a similar problem will arise whenever
and wherever an attempt is made to contact
the children born to a cohort of particular
interest. Under these circumstances, consider-
ation must be given to maximizing the
information to be gained from each sample
through an increase in the number of systems
studied — but this places added stresses on the
laboratory (to be discussed later). Furthermore,
most of these populations of unusual interest
will fortunately be relatively small. It will be
highly desirable to be able to pool the results of
different studies, a goal that immediately raises
questions of standardization.
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Some Considerations of the Power of the Study
Since (it is to be hoped} the cohort of children
born to proximally exposed survivors of the
A-bombs will constitute the largest identifiable
sample of humans whose parents have been
exposed to a well defined mutagen in the world’s
history, we may inquire as to what might be
demonstrated with such a sample.*’ We have
made three assumptions: 1) as before, the detect-
able spontaneous mutation rate is 0.5 X 1075/
locus/generation; 2) the average conjoint parental
dose is 115 rem of atomic radiation; and 3) it will
be possible to study 10,000 children (and their
parents when necessary) from each cohort.
Under these conditions, if 115 rem is the doubling
dose for mutation of the type this study will
detect, there are 12 chances in 100 of obtaining a
between-group difference using an «=0.05 test.
This probability increases to 35% if the doubling
dose is 57 rem and to 59% if it is 38 rem. It is
clear that on these assumptions, even this
extensive study may well fail toyield a significant
result, The probability of significance is of
course increased if the spontaneous rate is
higher and decreased if it is lower.

STUDIES ON SOMATIC CELL MUTATION
RATES

It is clear that studies on germinal mutation rates
in man will need to be laborious and extensive if
they are to serve a monitoring function. Studies
on in vivo somatic cell mutation rates in control
and exposed subjects offer an appealing short-cut,
since now for any enzyme system each person
offers, as in a blood sample, the possibility of a
million or more locus tests, rather than the
number defined by his or her reproductive
performance. It is to be hoped that efforts to
develop such tests will proceed vigorously. Our
faiture in this presentation to devote more time
to this development (which we are pursuing on
a small scale) stems solely from limitations of
time. However, at some stage in developing our
monitoring strategy, before reliance for guidance
could be placed on an in vivo somatic cell
approach, there must be one study that simul-
taneously measures, on a large scale, somatic and
germinal mutation rates, so that we can establish
the necessary conversion factor. A mutation in
a germ cell must pass a transmission test which
one in a somatic cell need not. Once the
implications of somatic cell mutation rates for
future generations have been established, then
monitoring through observations on somatic

13

RERF TR 4-77

BEORENCRATIETOER
WO R BEEEICEE A TFEHEIB LW IR

R, POMASHELRATRBERECIEK

BLTVAHRPT EEADAHERTAHZOEN
(GBI LEOLDAD>TRHESLZVERST
wa), FOkIEHCro LI aMAFRDL R
ZTHBIP.Y FITROZONDEHEFEL £:
VREREED, FEMTROEREMATRIE0.5X
1075 CEEfL /%, 2) Mo TR & FF R O R
it 115rem, 3) &4 O REWDS 10,000 A0 F
M (BELZBAE, OoHHAL) *HETEE. 20
Lan&Eod T, 1brem &Y, ZOWETEH
BN AEOEMERIIA L THINGRE &% 5881,
« =0.05EEF MO S e TLEEMIEIRHSH
ARERIZ L0 NI BI12TH 5. IOFEEIE, ENE
B A57rem ¢ H 1 1E35% 2, 3Brem TH i‘LIi’SQV% {z
WIT 5. CAGOERENLET, ZOARMBELIEE
RELTLEBRABEN B AV ILLTRIZS
N3IEZ-LBWMeA»THE. BELEOMEE, L5
LA BMBEERNECMSREML, BB
SF 3.

AR AEREICHAYT IHAE

AMOERMaOZERERRIZT 5HESF, BER
BRE RO ABICE, TOWEE, RETABESL
LOUEAZLEWATH S, WL ARER
OEATERREREL AT I HAr B HOLEE L
BarEiILhE, FOBHERAETIE, EHRE
PEBLRABERCIDVTE, OEELTES R
Z0ERHIZ100 FLLEL GBIz T oA
ERETE SUMEEASY, ThEZEOERENC
Lo THESh 3L I EHTE LI LHTHSE. O
DEIEMELTMRET IS HIBEAMIRT LIS
ZEHEF L. RAHPPREIOREL TS
ZOMEIZDVT, AHETL oL 2 DEERE S
BTHMTE 0D, U ICEHMRNEAICE S
f;&bfi) B, LaL, FroEREMEDH 5B
Tk, ERPIOFRTC & ARG S ERT S8,
fRifias & ORI n A TR LA L AWK
BMItEELT, SELEREXLGIADO—DD
HEESF s AERS v EMAIRIZET S
WBERE, FRIZEETI,PEL L IEEEE
DI R RIEL S v AEHROEGSIIEI AR
SHBEEIXLE. wHEYETD LD OFEAERER
HOBFRAIAELE N6, FHRERERED



RERF TR 4-77

cell rates can be expected largely to replace
germ cell monitoring.

SOME DECISIONS WHICH A MONITORING
PROGRAM BASED ON BIOCHEMICAL
VARIANTS MUST FACE

We have presented in bare outline two different
programs designed to serve as prototypes for a
particular approach to moniforing. It is obvious
that a variety of technical and philosophical
problems remain to be solved. Some of these
have already been alluded to. Let us briefly
consider some of the issues more commonly
raised in discussions of monitoring programs.?*2*3

The Problem of Discrepancies Between Stated
and True Parentage

Any study of mutation of this type must deal
with discrepancies between stated and actual
parentage. Such discrepancies may arise not
only from what is usually termed ‘non-patemity’
{a poor expression) but also, in a program using
cord blood samples, from mislabelling of samples
in the delivery room, and, in a study of an
identified cohort, from the presence of adopted
children whose status is not revealed by the
parents. We propose to investigate the accuracy
of parental assignment in all instances of apparent
mutation, through the use of stored samples.

Let us assume that it will be possible to bring to
bear the standard battery of genetic tests on the
detection of what we will call *‘parentage
discrepancies” and that this battery can detect
90% of such discrepancies. Then if “parentage
discrepancies’” characterize 5% of the children
under study, and if for any system the frequency
of the electrophoretic class of which the putative
mutant is a memberis 10~ 3, then the probability
that the presence of a variant in a child of normal
parents may be attributed to an undetected
“parentage discrepancy” is 107! X5 X107?
X107% = .5 X107 5, If this is also the frequency
of spontaneous mutation, then half of all the
apparent mutations in the control sample would
be the result of these discrepancies. While a
‘dilution’ of the mutation rate of this magnitude
is disappointing, allowance can be made for it in
any analysis. Incidentally, it seems generally to
have been overlooked that the same problem
arises in the study of mutation resulting in
*“sentinel phenotypes’ (i-¢., dominantly-inherited
syndromes), in which it has not been customary
to conduct parentage checks.
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If mutation rates are more like 10~ °/locus/
generation, then there is a real danger that a
purported study of mutation is in fact one of
undetected errors in the assignment of parentage
and confusion in the labelling of samples. With
respect to the latter, one would wish to reexamine
all the samples from the parenis of children born
on the same day as an apparent mutant, to check
on labelling error. With respect to the former,
in addition to striving to increase the power of
the exclusion tests, we believe we can also begin
to develop probability functions for the chance
the alleged father will have a particular genetic
constitution — given the genetic findings in
the mother and child. This is a type of
Vaterschaftsbestimmungs. The extreme case is
represented by the situation in which the child
and father both possess a particular rare variant.
This is of course not proof of paternity but it
certainly is circumstantial evidence.

Despite strict observance of the doctrine of
informed consent in such studies, it is clear these
studies may result in very sensitive unanticipated
by-products. Clearly the precautions to preserve
anonymity of participation must be extreme.

Fewer Observations on More People or More
Observations on Fewer People?

A dilemma already emerging in these studies is
the optimum number of observations to
undertake on each participant in the study.
Given the expenditure of effort in obtaining a
specimen and preparing it for analysis, it is
obviously desirable to extract as much infor-
mation as possible from that sample. On the
other hand, every additional system which must
be maintained at the requisite level of technical
excellence imposes an added burden on the
laboratory, and, depending on the size of the
operation,
maximizes return on effort. Where, however,
sample size is clearly limited, and the sample
is of exceptional interest, as in the previously-
described situation in Japan, there seems no
alternative to a vigorous effort to increase the
number of observations per sample.

Detection vs Characterization

There is inherent in monitoring studies a genuine
scientific conflict of interest. The monitoring
function must place maximum emphasis on the
efficient detection of variants in subjects and
their parents. The precise characterization of
the variants, and their comparison with omne

there is surely a trade-off which -
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another, and with the variants present in other
populations (so dear to the heart of the bio-
chemical and population geneticist) is really not
essential to monitoring. On the other hand,
herein lies much of the scientifit interest. As a
practical matter, to maintain the interest and
enthusiasm of competent scientists in the
program, some compromise must be struck
between these two functions. This compromise
will not be easily reached.

Assessing the Impact of Mutants of this Type
Concern over a possible increase in mutation
rates stems from the belief that such an increase
would be detrimental to human health. But to
reach any cost-benefit analysis, one must be able
to quantify the issue. In this connection, it must
be admitted that whereas the biochemical
approach appears to be the most precise available,
genetically speaking, the health significance of
this kind of mutation is far less clear than that
of the dominant syndromes whose frequency in
the population is maintained by mutation: for
example, multiple neurofibromatosis, retino-
blastoma, aniridia, Marfan’s syndrome. It is an
article of faith that in time we will understand
the biomedical significance of these enzyme
mutants much better than at present. As
indicated earlier, already some of them,
accompanied by severely decreased levels of
enzyme activity, have been implicated in human
disease. Furthermore, it is a reasonable working
hypothesis that a doubling in the mutation rate
leading to enzymatic variants would be
accompanied by a doubling in the rate leading
to more serious entities.

Cost of Monitoring Programs of this Type

Sconer or later in discussions of this type we
come to questions of cost. Both of the programs
we have described are in the developmental
stage, so that unif costs are highly speculative.
However, it is clear that a program which seeks
to follow up a highrisk group will, relatively
speaking, be far more expensive than a program
dealing with consecutive births. This is because
of the extra effort in locating the members of
the study population. But it will also be more
informative per person studied. We hope that
within another year we will have initial cost
estimates for the cord blood program. However,
in considering these costs, which will seem high
to some, we must consider the costs of not
monitoring. Rather than be faced with uncertainty
concerning the genetic impact of industrialization
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and its atiendant pollution, surely it is worth a
considerable expenditure to have the facts at
our disposal when the need arises to make
critical decisions concerning the directions of
our society. '

Organization of a Collaborative Study

Finally, let us point out the obvious, that a
monitoring program of this type eminently lends
itself to an international collaborative effort.
The problem is clearly so large that it should not
be entrusted to any one laboratory or any one
country. Perhaps we can begin to explore how
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such a collaborative effort could be organized.
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