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PREFACE 

Almost 20 years ago, at the Annual meeting of the Society 
for Pediatric Research in St. Louis, the President spoke on 
"Genetics: A Voyage of Discovery" (1). Now there is another 
opportunity for the same person to address the annual meeting 
of the Academic Pediatric Societies. Although the role of the 
APS President is mainly honorific, the occasion can be used to 
transmit a point of view; my theme reflects my own continuing 
"voyage of discovery." 

The fourth Canadian to be President of the American Pedi- 
atric Society is myself, an honor given to me by the member- 
ship. I deeply appreciate it. Between Scriver and the first 
Canadian president, William Osler, in 1892, 103 years have 
elapsed. (The other Canadian presidents were: Alexander 
Blackader and Alan Ross. The latter gave me my first and only 
job; this Address is dedicated to him.) The early Presidents of 
APS themselves assembled the scientific programs for the 
annual meetings and, in 1892, Osler selected 23 abstracts 
submitted by a membership of 50 (2). In 1995, 16 Officers of 
the three pediatric academic societies (APS, SPR, and APA), a 
technically fluent staff of six and two dedicated computers 
assembled the program from 2380 abstracts read and ranked by 
a battalion of reviewers and submitted by a collective mem- 
bership of several thousand. Would Osler recognize this gar- 
gantuan creature? 

The thread that binds us together in San Diego in 1995 is 
"pediatrics" (Table 1); it is the only word common to the 
names of the three organizations sponsoring this meeting. Yet 
most of us have special interests and affiliations which if strong 
enough will sever our attachments to the parent organizations 
and discipline. The President's address in 1995 is an inquiry 
into the choice between federalism or separatism in medicine 
in general, and in pediatrics in particular; an issue recognized 
long ago by Osler (and one rather familiar to Canadians in the 
political context of the relationship between Quebec and Can- 
ada). 

Osler's Language of Disease 

Knowledge of history, even recent history, cannot be taken 
for granted in our present era-when there is so little regard for 
history itself. History is about "questions put to the past that 
resonate in the present (3). A historian writing about the 
twentieth century observes that "the destruction of the past, or 
rather the social mechanisms that link one's contemporary 
experience to that of earlier generations, is one of the most 
characteristic and eerie phenomena of the late twentieth cen- 
tury" (4). Even within the little microcosm of pediatrics, our 
contemporary problems in APS are linked to those of earlier 
generations (5 ) ,  yet we ignore that fact at our immediate peril. 
Although today is the last day of the past, it is also the first day 
of the future. 

The Annual Meeting is a tribal ritual that brings together, in 
our case, three different academic societies each dedicated to 
pediatrics and science. Pediatric science and clinical pediatrics 
are not the same (Table 2). Science is an attack on ignorance, 
and what is not known is more interesting than what is known; 
science is a public activity; it is driven by hypotheses. Medi- 
cine uses what is known in a private relationship with the 
patient, and physicians must make decisions with the informa- 
tion at hand, incomplete as it may be. 

Members of medical research societies tend to be physician- 
scientists and as such are persons inhabited by two contending 
agendas. At this level there is an intrapersonal splintering of 
identity. When the scientist and the physician are different 
persons, there is a further division of identity at the interper- 
sonal level. This problem can be solved by the demise of the 
physician-scientist-an unhappy solution, in my opinion. Al- 
ternatives include making non-M.D. and M.D. scientists and 
their physician counterparts all equal partners in the medicine 
of the molecular era. It can happen if we train ourselves well 

Table 2. Medicine and science: physicians and scientists: diferent 
entities 

ScienceIScientist MedicinePhysician 
Table 1. The word common to the pediatric academic societies Concerned with what Uses what is known 

AMERICAN PEDIATRIC SOCIETY is not known 
SOCIETY FOR PEDIATRIC RESEARCH - A "public" activity A "private" relationship 

AMBULATORY PEDIATRIC ASSOCIATION Driven by hypotheses Decisions depend on facts 
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Figure 1. William Osler, M.D.C.M., a major figure in medicine first in 
Canada, then in the United States and last in England; President of the 
American Pediatric Society in 1892. 

Table 3. Osler's language of disease and its modern contexts 

MANIFESTATIONS + PATHOGENESIS + CAUSE 
Diagnosis 
Treatment 

"Specialism" Cell biology Biology 
[Pathology, Genetic 

histology, epidemiology 
physiology, etc.] 

Table 4. The splintering of medicine 

Profession Specialty Subspecialty Sub-Sub. . . 

Medicine Internal Medicine Cardiology "etcetera, 
Surgery Gastroenterology etcetera, 
Pediatrics Infectious dis. etcetera" 
Obstetrics Nephrology 
Etc. Neurology 

Nutrition 
Etc. 
Etc. 

CONTEXTS 

Medical lo  Care Diagnostic 
model(s) Consultations technologies 
of disease Research Treatments 

Education Training Training 
Boards Boards 

Figure 2. Ludwig Wittgenstein, philosopher, student of engineering, archi- 
tecture, and medicine, one-time elementary school teacher and hospital porter, 
and finally Cambridge don. 

(6,7), and it will happen when we share a common language; 
I will suggest what that language must be. 

The Archives of the American Pediatric Society record that 
it was "founded in 1888 to bring together men and women for 
the advancement of the study of children and their diseases, for 
the prevention of illness and the promotion of health in child- 
hood, for the promotion of pediatric education and research, 

Figure 3. The Leicester Mounted Infantry retreating from Ladysmith, Boer 
War, South Africa, Oct. 26, 1899. (Reproduced with permission from the 
Royal Photographic Society, Bath, UK.) 
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Pediatrics in a Changing World 

Figure 4. The effect on mortality rates of a Parliamentary Act to improve maternal and child health in the United Kingdom following the Boer War. [Taken 
from Forfar (1 I).] 
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and to honor those who by their contributions to pediatrics 
have aided in its advancement" (5) .  The fourth Presidential 
Address, entitled "Remarks on Specialism," was delivered by 
William Osler on May 2, 1892, in Boston to 21 assembled 
members of the Society (2). Osler (Fig. I), the great generalist 
in medicine, opined that there were "no more dangerous mem- 
bers of our [medical] profession . . . than those born into 
it . . . as specialists" (8). The President was not being reaction- 
ary, although the self-identified "pediatrists" of 1892 might 
have thought so. On the other hand, Osler was striving to take 
medicine beyond trade and give it an intellectual foundation 
and a universal language. His approach to medicine (Table 3) 
sought to interpret the manifestations of disease in a vocabu- 
lary of signs and symptoms, so that diagnosis and treatment 
had a logic. Here, he accepted the relevance of specialism (or 
the form of the language in my analogy); diagnoses in pediat- 
rics would of course have particular contexts. Osler knew that 
the clinical manifestations of a disease were reflections of its 
pathogenesis; and, histology, physiology, and pathology (or 
cell biology in today's terminology), provided the grammar 
behind the vocabulary. Cause of disease is the deep grammar 
in my analogy. In Osler's era, disease would have been seen 
largely as the result of external agents doing harm; but better 
understood now in terms of biological paradigms (see below) 
and their partner-genetic epidemiology. 

Osler consolidated his language for medicine in his textbook 
The Principles and Practice of Medicine, first published in 
1892 and still in print in 1947, along with its many emulators. 
The concepts that informed his book filtered into his Presiden- 
tial address to the newly declared, self-identified specialists in 

Figure 5. Medicine adopts the language of war. (Reproduced from Joseph 
children's diseases. They also penetrated Flexner's famous 

Darracott: The First World War in Posters. Dover Publications, New York, report in 1910 on medical education and training in the United 

1974, p. 54.) States and Canada. 
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The future that Osler addressed on that day in May 1892 has DEATHS OF CHILDREN AGED UNDER 5 YEARS 
unfolded as he feared it would. There is a fierce taxonomy AS A PERCENTAGE OF DEATHS AT ALL AGES 
within medicine (Table 4). Specialism is the rule, specialty 
Boards administer it, and subspecialism drives the fracture Percentage 

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 ~  
lines deeper into medicine's tectonic plate-especially into the , , . . . ,  , .  

continent of internal medicine (9) inhabited by our neighbors at NORTHERN 

the 1995 meeting. Osler's unifying language will not prevail 
universally when we stream out later this morning into smaller 

EASTERN AFRICA 
rooms identified by the flags of subspecialism taxonomy under 
which we will speak in our own tongues. WESTERN 

The problems of language and taxonomy are not new. SOUTHERN 

Wittgenstein (Fig. 2) said language "cannot contain an analysis 

fibre runs through its whole length, but in the overlapping of 
many fibres" (Wittgenstein, Philosophical Investigations, para 
67). The philosopher's language and metaphor are transparent 
if the example is collagen and cell biology is the translator. 
Osler's language, at one time so transparent, has been replaced 
by many private dialects in pediatrics and elsewhere in medi- 
cine. And during the past century, there has been an intruder 
using the language of war. 

of the conditions of its own application"; and for taxonomy he 
WEST 

developed a method in which members of a group or class 
MID.  SOUTH would share common characterization without any of these 

being essential for membership of the group or class (10). To SOuTH EAST 

illustrate the precept, Wittgenstein offered an example: "The EAST 

A Language of War for Medicine 

1 ASIA 

1 
I 

Long before the Vietnam War, there was the Boer War (Fig. 
3). Britain sent 450 000 men to South Africa in 1899-1902; 
29 000 were killed or died of their wounds; another 16 000 
died by disease; and Britain was losing the war. As it pro- 
gressed, enlistment of civilians faltered largely because their 
poor physical condition made the recruits ineligible. The shock 
of discovery about the state of health at home provoked a 
response and Britain passed an Act for Maternal and Child 
health (11). Thereafter, the nation's health began to improve, 
and rates of newborn and infant mortality declined dramati- 
cally and consistently (Fig. 4). It was an unexpected benefit of 
the war. 

The Boer War was followed by The World War (now called 
the First World War; what a century we inhabit!). In that 
conflict 4 million European soldiers lost their lives on the 
Western Front alone. To put it in relative terms, had this been 
the year 1914 and this audience had all enlisted or been 
conscripted over the next 4 years, one quarter of us would not 

strength of a thread does not reside in the fact that the same 

Table 5. The language of war in medicine: disease as the enemy 
and medicine as a war 

Killer disease 
Breakthrough discoveryltreatment 
Crush 
Eradicate 
(Cobalt) bomb 
War on cancer/polio/. . . 
Entrenched 

TROPICAL SOUTH 

MIDDLE 

CARIBBEAN 

TEMPERATE SOUTH 

NORTHERN I 
EASTERN 

SOUTHERN 

WESTERN 

NORTHERN 

AMERICA 

EUROPE 

Figure 6. The impact of improved child health, or its absence, on under-5- 
year mortality rates in regions of the world. (From World Health Organization 
Statistics, 1980.) 

return to our jobs. Imagine the effect of that on academic 
pediatrics! Combat itself did not account for all of the lives 
lost. Disease was the other enemy. Two scourges (flCaux) are 
depicted in a famous French poster published in 1917 (Fig. 5); 
one is the Germany enemy, the other is tuberculosis. Both had 
to be vanquished, and infiltration of the language of war into 
the language of medicine was underway (Table 5).  Disease 
became an enemy and the words and phrases of war, such as 
killer, breakthrough, crush, eradicate, bomb, and entrenched 
became current. The words are metaphors and metaphors are a 
conceptual system (12). How we have been thinking about 
human disease for most of the twentieth century is revealed in 
the vernacular language of medicine-as-war. 

War has campaigns and battles. Campaigns for better sani- 
tation, nutrition, and immunization improved collective health, 
notably of infants and children. Wherever these campaigns 
were successful, childhood mortality rates fell below those in 
other parts of the world (Fig. 6). Better child health improves 
life expectancy and life expectancy at birth has increased in 
most parts of the world during the past half century (Fig. 7). An 
obligatory effect of increased life expectancy is an increased 
rate of population growth, a problem we now recognize as one 
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Life expectancy at birth 

Source. UN numan Develooment Reoon I 
Figure 7. Improved life expectancy by country between 1960 and 1990. (Reproduced with permission from UN Human Development Report, The Economist 
Newspaper Group, Inc., 1991.) 

we do not want. One benign way to stem population expansion 
and avoid its Malthusian consequences is to increase the 
interval between births, by voluntary contraceptive practices 
(Fig. 8). This has been called "the fifth freedom" for human- 
kind. Unfortunately, it is widely opposed by strong forces. 

Meanwhile, one might say that child care, through their 
effective wars and campaigns on pediatric disease, has been 
responsible for two major problems in human biology at the 
end of this century: too many people; and an increase in the 
relative importance of the diseases of aging (13). 

The war against disease was assisted by revolutions that 
improved its armaments. The pharmacologic revolution, in 
addition to chemical contraceptives, introduced Ehrlich's 
"magic bullets," vitamins, antibiotics, vaccines, hormones, 
psychotropic drugs, and immunosuppressants. We have no 
magic bullets yet for cancers and germline genetic diseases, but 
"smart drugs," antisense RNA kits, and the like are apparently 
coming. A revolution in imaging methods improved diagnosis 
with x-rays, refinements in microscopy, endoscopy with fiber- 

Increased 
longevity 

*"-r.V. . . 

 mall Population Growth Big 

optics, ultrasound, and several approaches using noninvasive 
computerized scanning and magnetic resonance imaging meth- 
ods. Yet another revolution, this one in surgery, introduced 
ways to extirpate, repair, and replace tissue. A totally different 
type of "surgery" involving genes is on the horizon. 

All of this should be cause for joy. Instead, patients are 
increasingly unhappy because performance does not match 
expectation in the late 20th century. The doctor in Sir Luke 
Fildes' famous 19th century genre painting (Fig. 9) could do 
little for the sick child yet the picture implies he was respected. 
Today, good advice and treatment are likely to make a differ- 
ence for that sick child, yet the physician is not correspond- 
ingly admired-and indeed is fair game for a lawsuit if there is 
the least disappointment in fulfillment of parental expectations. 
This ironic situation calls for both a response and an explana- 
tion. 

Figure 9. A famous 19th c. genre painting depicting a sick child, a parent, 
Figure 8. Relation between increased longevity, contraception ("the fifth and the doctor. The relative importance of the personages in the drama seems 
freedom") and population growth. indicated by the highlights in the picture. 
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The Burden of Disease on Human Productivity 

Communicable diseases 
R Noncommunicable diseases 
i3 Injuries 

" .~ -- 
Sub- ' Latin ' China 'Formerly Established World 
Saharan America socialist market 
Africa and the economies economies 

Caribbean of Europe 

Figure 10. Heritability of diseases in regions and populations of the world (as 
reflected in relative prevalence of "noncommunicable diseases"). They axis is 
"disability adjusted life years," a parameter of productive person years lost by 
early death. (Adapted from various sources, including Science.) 

A response is being initiated by those who are turning away 
from medicine's increasingly mechanistic approach to disease; 
they want a more holistic view taken of themselves. Accord- 
ingly, they seek solace in styles of medicine that are "alterna- 
tive," "complementary," and "unorthodox"; a third of Ameri- 
can adults are said to seek these alternatives (14). In 
recognition of this fact, the National Institutes of Health has 
established an Office of Alternative Medicine; and in the 

morphogenesis 
postnatal 

development reproduction 
post-reproductive 

ageing 

Figure 11. Age-specific mortality rates related to major human life intervals. 
(From Canadian Statistics in the 1980s.) 

Figure 12. Biology is about the next generation and the perpetuation of (any) 
species; pediatrics (child care) is about this generation and protecting the 
prereproductive interval of life. 

~ f i t r r t  s*lbn 
Phenotype 

1- NBturai Ssiwtio* 

t 1 
nmeps Components 

Figure 13. The major paradigms in biology are information transmittal (top) 
and information utilization (bottom). 

United Kingdom, the Medical Research Council has a team 
analyzing back pain, chiropractic, and meditation. The expla- 
nation for public disaffection with conventional medicine (pe- 
diatrics included), is harder to find. I offer a hypothesis. The 
language of Osler improved the practice of medicine; the 
language of war changed its content. As the extrinsic causes of 
disease that overwhelm homeostasis are being brought under 
control, the biologic causes that "undermine" it (there's a word 
from The Great War), remained untouched and became rela- 
tively more important (Fig. 10). Geneticists say the heritability 
of disease has risen. This is not to say that new campaigns to 
control communicable disease such as AIDS and tuberculosis 
are not needed; or that strategies and policies to reduce the toll 
from injuries are irrelevant. Of course not. It only means that 
the intrinsic biologic causes of disease deserve equal recogni- 
tion. 

Sir Archibald Garrod, successor to Sir William Osler at 
Oxford, anticipated the relative importance of biologic causes 
of disease in his extraordinary book Tlze Inborn Factors in 
Disease (15)  and proposed that medicine should take the fact 
into account. Whereas the medical community took Osler to its 
bosom, it largely ignored Garrod because his proposal was 



APS PRESIDENTIAL ADDRESS 

Figure 14. Self as a product of heredity and experience. The history of 
populations and the history of genes are contingent. History is an explanation 
for the nonrandom distribution of diseases. 

premature. Garrod was suggesting that much human disease, 
even tuberculosis for example, reflected inherited susceptibil- 
ity. In the course of time, he has been proven right about 
tuberculosis. Mutation in the Nramp gene in the mouse (natural 
resistance-associated macrophage protein) impairs the macro- 
phage response to mycobacterial infection and confers suscep- 
tibility to tuberculosis disease (16); the homolog of Nramp is 
on chromosome 2q in the human genome. Age-specific mor- 
tality rates for the 1980s in Canada also confirm Garrod's view 
(Fig. 11). The rate is high in early life; it then falls as the 
reproductive years are approached, to rise again beginning in 
the 4th decade of life. Morbidity follows mortality. Disease in 
children now has a high genetic content (17, 18) as does 
early-onset disease of adults (19). If there is a logic of dis- 
ease-and there most certainly is (20, 21)-it follows that it 
will have a language. A language of war is illogical if the 
"enemy" is our own inherited susceptibility. The language of 
biology is called for. 

The Language of Biology for Medicine 

There is but one objective in all biologic programs; organ- 
isms must pass on their genes to save the species (Fig. 12). And 
there is but one objective of child care in all its forms; it is to 
help parents and society to raise children in health to maturity, 
ready to pass on their genes if they can and choose to do so. 

Biology operates under only two paradigms (22). In one 
(Fig. 13), genetic information is replicated and transmitted to 
the next generation; the balance between fidelity and error in 
the transmission is the substrate of evolution. In the other 
paradigm, genetic information is used and translated into phe- 
notypes. The link between one paradigm and the other is a 
central dogma of biology: DNA makes RNA makes protein. 
Since information cannot flow directly from protein to DNA, 
evolution occurs by the algorithm of natural selection; selec- 
tion can act only on phenotype but the object selected is the 
gene for the phenotype. Fitness components are the quantita- 
tive measures of performance in the great game of chance. 
Human beings are special creatures in the evolution of organ- 
isms: they consciously modify the effects of selection. Homo- 
logical evolution is a new venture in biology. 

- von W~llebrand d~sease 

Hemolytic anemia due to triosephosphate 
isomerase deficiency 

Figure 15. A genetic map of loci on chromosome 12 showing the PAH gene 
in region 12q.24.1 (Reproduced with permission from McKusick VA, Am- 
berger JS: Appendix 1-1. In: Scriver CR, Beaudet AL, Sly WS, Valle D (eds) 
The Metabolic and Molecular Bases of Inherited Disease, 7th Ed. McGraw- 
Hill, New York, 1995, p. 121.) 

The neutral algorithm of natural selection, with no Divine 
Planner anywhere in sight, has been one of the most unsettling 
ideas ever produced by humankind (23). The possibility that 
you and I can bypass chance and control selection is, for many, 
an even more unsettling thought. In the midst of our discom- 
fort, perhaps there is solace in George Santayana's advice: 
"There is no cure for birth or death save to enjoy the interval." 

The algorithm and the paradigms of biology tell us that 
every phenotype has two histories (24): one rooted in the 
ultimate biologic memory of our genes, the other arising in 
proximate experience. Accordingly, Self-the person-is 
linked biologically to parents who, in turn, are linked to a 
community and eventually to the species Homo sapiens (Fig. 
14). In our species, the history of populations is very often the 
history of genes. At the same time, the experiences encoun- 
tered in families, among peers, and society and in the physical 
environment also shape us. The public version of our species 
comprises all the private versions of a human life. In pediatrics, 
the public version viewed from a biologic perspective includes 
all the private versions. It is a perspective different from and far 
better than a mere description of the diseases our patients have; 
we are invited to consider the person with the disease and to 
ask- "why does this particular member of the species have this 
speciJic disease at this moment?" 

Ultimate causes of disease are transmitted according to 
Mendel's rules (modified occasionally by non-Mendelian 
events such as imprinting, mosaicism, uniparental disomy, 
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Figure 16. The human PAH gene, its major architecture over 90 kb of genomic DNA, the suite of polymorphic markers, and the mutations. (From PAH Mutation 
Analysis Consortium Database on June 26, 1995: Curators: C. R. Scriver, L. Hoang, S. Byck, and L. Prevost. Internet web address: http://www.mcgill.ca/pahdb.) 

dynamic trinucleotide-repeat expansions, and mitochondria1 modification of DNA sequence, organization, or structure tends 
inheritance) (25). The rate of change in genetic information by to occur at a glacial pace whereas proximate causes of disease 

can change overnight. In this century, the major efforts in 

Figure 17. A visual metaphor for human developments. The infants (bottom 
half of the picture) were rephotographed when they had reached school age 
(top half). (Reprinted courtesy O Eastman Kodak Company.) 

health care have been to change experience and reduce prox- 
imate causes of disease. The inevitable result, as stated above, 
has been to increase the heritability of human disease. Whereas 
one cannot predict proximate experience, it is increasingly 
possible to identify biological risk residing in genetic variation; 
accordingly, hazard of disease can be anticipated in ways 
unknown to Osler or Garrod. [The terms "risk" and "hazard 
are used as described by Hohenemser et al. (39).] Three 
examples illustrate these precepts: 

Phenylketonuria. One of the most widely used genetic tests 
in the world is designed to detect newborn infants with hyper- 
phenylalaninemia, a metrical trait associated with impaired 
cognitive development (26). The test allows early diagnosis 
and treatment to neutralize the major effects of the mutant 
gene. Ninety-nine percent of the allelic variation associated 
with hyperphenylalaninemia maps to a 90-kb sequence of 
DNA on chromosome 12q; the gene encodes phenylalanine 
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PLASMA 
MEMBRANE 

CYTOPLASM 

NUCLEUS 

transcription 

changes in gene expression J 
Figure 18. Pathways link growth factors, membrane receptors, cytoplasmic response mechanisms and the genome. (Reprinted with permission from Park M: 
Oncogenes: genetic abnormalities of cell growth. In: Scriver CR, Beaudet AL, Sly WS, Valle D (eds) The Metabolic and Molecular Bases of Inherited Disease, 
7th Ed. McGraw-Hill, New York, 1995, p. 599.) 

hydroxylase (Fig. 15). Over 230 different proven or putative 
disease-producing alleles at this locus (Fig. 16) have been 
reported by a Consortium of 81 investigators in 26 countries. 
Findings are recorded in a database maintained by myself and 
colleagues (27), and "in silico research" is now complementing 
research done in vivo, in vitro on this disease over the past 60 
years. PAH mutations are a form of molecular prosopography, 
they stratify by geographic region and population history, and 
are proving to be tracers of migration, genetic drift, recurrent 
mutation, and perhaps selection; and of demic expansion and 
radiation. The PAH gene is both an example of biologic 
memory and an explanation for cases of mental retardation. It 
is a "hopeful" gene, and how to deal with its disease-producing 
alleles is an outstanding example of homologic evolution. 

Congenital malformations. Parents hope their offspring will 
be born whole and well; most offspring match expectations and 
develop into healthy adults (Fig. 17). However, 5% of persons 
have a genetic disability by age 25 (28). Hereditary factors play 
a role in many congenital malformations (29), and the affected 

- 
G E NE-~ DNA 

Figure 19. Transcription regulation by trans-acting factors (TF) binding to 
cis elements (CS) to control the transcription initiation complex (TIC). [Re- 
printed with permission of John Wiley & Sons, Inc., from Semenza (31).] 

patients pose important questions: Can the programs for de- 
velopment and differentiation be understood? Can the factors 
that cause them to deviate be anticipated and offset? The 
answers will come from many quarters, for example, through 
knowledge of: 1 )  metabolic traffic (30) mediated by protoon- 
cogene and other gene products, by cellular growth factors and 
their interactions with receptors generating a flow of second- 
messenger information to the nucleus (Fig. 18). 2) Transcrip- 

Regulatory Multifactor Positional Signal 
Hierarchy Tanscription Information Transduction 

Control Pathways 

Figure 20. Four models of cellular programs for differentiation and develop- 
ment. 
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'Normal' Metrical Phenotype 

Figure 21. Idealized frequency distribution of a metrical trait. Within the 
larger population there will be subsets of distributions representing, for exam- 
ple, intraindividual variation, or clusters of individuals whose identity-by-state 
(the trait) reflects identity-by-descent (genetic). Major effects (-XI, x', +xf )  
reflect common alleles and experiences (0,O'); marginal (outlier) effects (-x", 
+xu) usually reflect rare alleles or exceptional experiences (0).  

tion-regulation of gene expression (31), by arrays of cis ele- 
ments and the way they interact with arrays of trans-acting 
factors (Fig. 19). 3) Trajectories of development dependent on 
hierarchical interactions, multifactor transcription control, po- 
sitional information at the cellular level and signal transduction 
pathways (Fig. 20). Congenital malformations will not be 
understood without the emerging language of biologic devel- 
opment. 

The central tendency and birth weight. The principal prod- 
uct of natural selection is homeostasis (Fig. 21). Homeostatic 
systems are metrical traits and they have central tendencies 
representing optimal values for adaptation; outlier values (mar- 
ginal traits) are at increased risk under selection and selection 
acts in the transition regions between order (homeostasis) and 
chaos (experience) (32). "Mediocrity" is the hard currency of 
adaptation; yet only human beings, in their strange ways, give 
prizes to the outliers of their species. There are few Mozarts; 
most of us are Salieris. 

The frequency distribution of weight at birth is a classical 
illustration of central tendency in a human metrical trait (Fig. 
22) and the relationship between birth weight and mortality 
rate is a classic example of homeostasis and stabilizing selec- 
tion (33-35). Pediatricians are now required to make enormous 

1 2 3 4  5 6  7 8 9 1 0 1 1  
Birth weight, in pounds 

Figure 22. Birth weight and mortality rates of human infants at birth illustrate 
stabilizing selection. (Reprinted with permission from Ref. 35, p. 613.) 

Figure 23. The hedgefox: a very special hybrid species. Whether the species 
thrives will depend on the reader. (Drawing by my colleague Tina Martino.) 

efforts both to sustain the infant born too early and too small, 
and to record the high associated risk for neurobehavioral 
dysfunction and poor cognitive performance in later life (36). 
Meanwhile the fertility doctors make heroic efforts to ensure a 
supply of tiny infants, and few predictive factors responsible 
for untimely births have been identified. It is an area with an 
oversupply of questions and problems yet potentially rich in 
answers and solutions. The former presently reside under the 
taxonomy of pediatrics; the latter lie somewhere in biology, 
which means in the interactions between nature and nurture 
(20, 21, 37). 

A Fox or a Hedgehog 

There is a Greek saying: "The fox knows many things but 
the hedgehog knows one big thing" (9, 38). Osler's worry, 
expressed on May 2, 1892, could be restated this way: Pedia- 
tricians are in danger of becoming foxes. 

If the hedgehog in this analogy knows one big thing, I 
suggest it is BIOLOGY. Biology is not categorical; it has the 
blurred edges of homeostastic systems, and it is exactly what 
we need. Wittgenstein knew something like this long ago [see 
Philosophical Investigations, para 71; cited in Stern (lo)]. For 
those who want preordained answers and need to make daz- 
zling clinical diagnoses, the language of biology in medicine 
may prove to be too inconclusive. But if the language of 
biology becomes the language for pediatrics, our discipline 
will survive the strong selection now acting on it. Moreover, its 
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programs for education and training will change to produce, 
not more and better foxes along with the occasional hedgehog, 
but a hybrid natural for a recombinant era in medicine-the 
"hedgefox" (Fig. 23). [See proposals by Goldstein (6) and 
Foster (7) for a successful and adaptive career in the academic 
medical sciences.] 

To close this Address, I offer two quotations: 

"All happy families are alike, but an unhappy family is 
unhappy after its own fashion" (Leo Tolstoy: Anna Kare- 
nina, line 1) [Tolstoy was a "hedgefox" (9).] 
"We shall not cease from exploration 
And the end of all our exploring 
Will be to arrive where we started 
And know the place for the first time." 
(T. S. Eliot: Little Gidding, lines 239-242). 

Abraham Jacobi, in his Presidential Address to the APS in 
1889, offered ideas (5) that should be familiar if we care about 
our history; my own ideas are simply a persistent echo. If we 
know the past, and every good biologist does know it, we can 
celebrate every day as the last of it; at the same time, we can 
welcome fellow explorers to the first day of the future-which 
is every day. The voyage continues. 
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