
3

Th e beauty of fi eldwork is its unpredictability. What one will discover, if 
anything at all, cannot be known in advance. Th e challenge is to submit to 
the outside, to become part of a foreign milieu, to drown in it—and to stay 
alert to the unforeseen story that is gradually emerging.

Th e unforeseen story that has been emerging in the course of my fi eldwork 
among Parisian neurobiologists, that intrigued me and involved me and car-
ried me away in unexpected directions, was the story of what I came to call 
plastic reason—the story of the sometimes intensely contested eff ort by peo-
ple such as Brigitte Lesaff re and Alain Prochiantz to prove that was a “silent 
embryogenesis” keeps the adult human brain plastic.1 In this introduction I 
trace how I became a part of this story, this eff ort, and to provide a fi rst 
sketch of what is at stake in it.

U N F O R E S E E N

I had never planned to do work on the brain, let alone its retained embryoge-
netic plasticity. When I arrived in Paris in early 2002, I wanted to study 
French biology. To be more precise, I had prepared to inquire into the belated 
emergence of French—as compared to American or British—biotechnology. 
Why was there this delay in France? I had wondered whether it had something 
to do with the late and controversial French institutionalization of molecular 
cell biology. Could it be that the belated emergence of biotechnology was a 
refl ection of the predominance, in France, of a diff erent, a nonmolecular biol-
ogy? Diff erent not just in its conception of the living but also in its practice?2

 O N E

Entry

Il s’agit de prouver que les phénomènes du développement n’existent 
pas seulement dans l’ état embryonnaire, mais qu’ ils se poursuivent 
dans l’ état adulte.

C L A U D E  B E R N A R D
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In addition, I hoped to explore the relationship between two things oft en 
said to have no relationship at all: life and science. “Science,” Max Weber 
famously quoted Tolstoy in the early twentieth century, “is meaningless 
because it gives no answer to our question, the only question important for 
us: What shall we do? How shall we live?”3 What, I wondered, is the relation-
ship between life and science a century later? How is life lived where life 
itself, in the form of biotechnology, has become the object of scientifi c knowl-
edge and intervention? How do organisms living their life relate to new 
knowledge about living organisms?

Once I arrived in France, however, things developed in unforeseen ways. 
Gaining access to biotechnology centers turned out to be arduous and slow. 
Weeks passed, and I made little progress in securing a site for my research. 
But while my frustration with biotechnology labs grew, an unexpected 
opportunity opened up. I was off ered the chance to work in the laboratory of 
Alain Prochiantz, located at the École Normale Supérieure (ENS) and con-
cerned with the evolution and development of the nervous system.

In conversations with Alain, I learned that he had a plan.4 “Until 
September,” he explained, “you will work in the lab and learn how to practice 
at the bench. From October onward, you will then participate in a DEA, a 
yearlong program in neuropharmacology, and conduct your own research 
under my supervision.”5 I could thus gain a practical and conceptual under-
standing of neurobiology, he went on, and that would allow me, perhaps, to 
do better anthropological research. Was I interested?

I was overwhelmed by this unexpected opportunity—and felt ambivalent 
about it. Not only was I unsure if I actually wanted to learn how to dissect 
and experiment on brains, but more important, my visits to the lab made 
clear that the work of Prochiantz’s group did not speak to the curiosity I had 
so carefully fostered. I wanted to learn about biology, about biotechnology, 
and about life and science in France. What would I do in a developmental 
neurobiology lab? I had never read any article, let alone any book, about the 
brain. I knew nothing about neuroscience.

If, despite my severe concerns, I soon began working in Alain’s lab, it was 
because I quickly became enamored of the intensity that radiated from it—
by the movement that seemed to grip everyone who came near it. I could not 
make sense of this movement, of this intensity, but it intrigued and engaged 
me, and it carried me further and further away from the questions I had set 
out to study.

I began, if still hesitantly, to do fi eldwork in neurobiology.
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A N  U N L I K E LY  S T O R Y

Th e lab was located on the seventh fl oor of the nine-story Science Building 
of the ENS, in the Rue d’Ulm, in the Fift h Arrondissement of Paris. I began 
working in the lab in March 2002, and my fi rst few months were dominated 
by practice. I learned how to dissect brains; how to distinguish shapes of 
neurons taken from diverse brain parts; how to grow neurons in cultures and 
how to feed them, infect them, and crash them with a centrifuge. In parallel, 
I began to make sense of the movement that had attracted me to the lab in 
the fi rst place. Gradually, I could reconstruct the following, somewhat 
unlikely story.

In the late 1980s, Alain began experimenting with homeotic genes. At 
that time homeotic genes—and the proteins they code for, homeoproteins—
were known to coordinate the formation of the basic body structure in ani-
mal development. Alain’s idée fi xe was that homeoproteins, transcription 
factors that regulate which part of DNA is activated and when, might also 
be involved in the cellular formation of the central nervous system.6 Perhaps 
homeoproteins determine whether a cell becomes part of the gut or of the 
brain? Perhaps they even coordinate whether a cell becomes a hippocampal, 
rather than, say, a striatal, neuron?

In experiments Alain Prochiantz conducted with Alain Joliot, a graduate 
student who had become a senior researcher in his unit by the time of my 
fi eldwork, he made three observations: that homeoproteins, at least in vitro, 
appear to slide between cells; that this sliding seems to cause a powerful mor-
phogenetic outgrowth even in already diff erentiated neurons; and that 
homeoproteins are found not only in the embryonic but also in the adult 
human brain.7

To Prochiantz and Joliot these observations were exhilarating. 
Quickly they went public and informed their peers that they might have 
identifi ed a not yet known developmental mechanism—the cell-to-cell 
migration of homeoproteins—that is active not just in the developing but 
also in the adult brain, where it appeared to engender embryogenetic-like 
processes.

Perhaps, they speculated, drunk by the possibilities opened up by their 
experiment, the adult human brain is the locus of a “silent embryogenesis.”8

To their colleagues, both suggestions were absurd. First, at the time, it was 
held that cells are strictly autonomous, that each cell acts according to 
the genetic information it carries in its nucleus. Th at there could be a 
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protein-based, rather than a cell-based, organization of embryogenesis, that 
is, a non-cell-autonomous mechanism was at best fantastic. Second, it was a 
well-established experimental fact that transcription factors exist somewhat 
exclusively in the nucleus and that, should they ever travel across the cyto-
plasm and cell membrane, they would degenerate. Th at homeoproteins 
would slide from cell to cell, whether in the embryo or in the adult, was 
utterly absurd. Th ird, generations of histologists had shown that the birth, 
migration, and diff erentiation of neurons occur exclusively in the course of 
embryogenesis and that, once adulthood is reached, the myriad connections 
that build up between neurons during development hardly change. Th e adult 
human brain was known to be a fi xed and immutable structure, with synap-
tic communication as the only true dynamic element.9 To claim, as Prochiantz 
and Joliot did, that homeoproteins would keep up basic embryogenetic proc-
esses in the adult was a ridiculous idea to be laughed at, the statement beyond 
the scope of (neuronal) reason.

Alain’s reaction to the laughter of his colleagues was seriousness. With 
cool restraint he insisted that he and Joliot had indeed discovered a little-
understood developmental mechanism—the cell-to-cell sliding of homeo-
proteins—that is critical for the embryogenesis of the nervous system as well 
as for a silent embryogenesis occurring in the adult. Plasticity, he maintained 
in talks, radio shows, articles, and popular science books, is the very perspec-
tive from which one has to think the brain.10

With his staggering suggestions, Alain outraged his peers. In the eyes of 
many of his Parisian colleagues, he had gone too far, beyond what a good 
neuronal researcher could reasonably say about the brain. When, despite his 
colleague’s severe protests, he decided to devote his lab exclusively to the role 
of homeoproteins in the developing and the adult brain, French neuroscience 
had its scandal, and its enfant terrible.

Th e consequences were severe. Alain—his lab—was increasingly isolated, 
with no collaborators to speak of. If he and his researchers had not been 
in France, where the budget for civically funded research is (almost) inde-
pendent from the actual research being done, their lab would have 
disappeared.

And then the unexpected happened.
In the late 1990s, aft er Alain’s lab had worked in isolation for almost a dec-

ade, two American groups published reports documenting the birth of new 
neurons in diverse parts of the adult primate (1997) and the adult human brain 
(1998).11 Th ese reports established decisively that at least some embryogenetic 
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processes continue in the adult human brain. And they reinforced the spec-
tacular possibility that Prochiantz and his co-workers had sought to elaborate 
for almost a decade: that the adult human brain is a plastic organ.

For Alain’s lab, the discovery that new neurons are born in adult brains 
marked a turning point in the reception of its work. It now seemed conceiv-
able that he and Joliot had indeed made an important discovery—that 
homeoproteins are plastic forces active in the mature nervous system. For 
isn’t it precisely the role of homeoproteins during embryogenesis to trigger 
and then organize the birth, diff erentiation, and migration of neurons? 
Could it not be, then, that this is also their task in the adult? Perhaps the 
cell-to-cell migration of homeoproteins is a kind of signal that regulates adult 
neurogenesis? Perhaps they provoke the birth of new cells, which they then 
shape and guide?12 Perhaps the adult human brain is plastic.

It was as if Alain and colleagues had elaborated an answer to a question 
that was only now becoming conceivable. What had seemed ridiculous had 
become avant-garde.

In France Alain’s sudden international recognition as an avant-garde 
thinker and most prominent voice of the newly emerging fi eld of plasticity 
research caused an intense revival of the polemic that had surrounded his 
work since the late 1980s. Many of his colleagues angrily insisted that a trans-
fer of homeoproteins is impossible, that plastic changes occur only in minor 
centers of the brain, that the brain, aft er all, is an immutable chemical 
machine, and that Alain was a postmodern out there to destroy science. At 
home, Alain was not a genius, but a provocateur, and his work on plasticity 
not a breakthrough, but a scandalous attack on science.

When I traveled to Paris in 2002, I arrived amid these debates about Alain 
and his work. Hence, the intense motion that surrounded him, his lab, and 
almost everyone who came close to it.

O F  M O T I O N

Once I understood that the motion that surrounded the lab in which I had 
accidentally arrived was provoked by a possibly far-reaching metamorphosis 
of the neuronal conception of the brain, and once I understood that Alain’s 
lab was an exemplary site for thinking about the brain from the perspective 
of its retained embryogenetic plasticity, I became incredibly excited by the 
possibility of an anthropology of knowledge—of thought—in motion.
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Th e distinct beauty of the situation I found myself in, or so it seemed to 
me, was its openness, its no-longer-not-yet quality—aft er fi xity, yet on the 
way to plasticity.13 I was thrilled by the idea that a new, not yet fully elabo-
rated way of thinking and knowing the brain was emerging, one that would 
likely change what the brain “is.” In addition, there was the clear sense, con-
veyed by countless conversations I had in the course of my fi eldwork, that 
what was at stake in the turmoil surrounding me was less the brain per se 
than the brain as the locus of the human.

What was at stake was a shift  from a conceptualization of the brain—the 
human—as a neurochemical machine largely determined in its basic design, 
fi xed in its being, toward a conceptualization of the brain—the human—as 
a ceaselessly emerging cellular organ, an organ that never stands still, that is 
defi ned by an irreducible openness. At stake was a shift  from neurochemistry 
to plasticity.

Gradually, I began to recognize the opportunity: as anthropologist of 
Alain’s lab, a lab that many of my interlocutors held responsible for the scandal-
ous advent of plasticity, I could study the conceptual and experimental work 
that goes into the formulation of a new way of thinking and knowing the brain 
(and the human). And as an anthropologist of the Parisian neuroscientifi c 
community, with its intense reactions to Alain’s work, I could study the rela-
tional, conceptual, and institutional motion that paralleled the emergence of 
plasticity—the battles, the debates, the gossip, the affi  rmations, and eventually, 
if plasticity would stabilize, the gradual transformation of the institutional 
landscape, including the emergence of new grants for plasticity research and the 
subsequent establishment of new research groups, new journals, and new 
prizes. In short, it seemed to me as if there were the exhilarating possibility to 
document and analyze a profound metamorphosis in the neuronal order of 
knowledge while it was taking place, a metamorphosis in which the brain, and 
with it the human, was changing its form and becoming plastic.

And so I let go, if still hesitantly, of my preconceived questions about life 
and science (and about biology and biotechnology in France) and began to 
follow the story unfolding around me, which in many ways, if only in retro-
spect, turned out to be a story of life and science.

I wanted to be the anthropologist of the sweeping and multifaceted 
motion initiated by plasticity.14

Th is book is the result of my endeavors. It is a fi eldwork-based analysis 
composed of anecdotes, observations, and anthropological trouvailles, inter-
spersed with historical excursions and philosophical refl ections of the gradual, 
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tentative, continuously contested eff ort by Alain and his colleagues to think 
and know the brain from the perspective of its retained embryogenetic, 
homeoprotein-induced plasticity. It is an anthropologist’s account of the 
emergence of plastic reason.

O N  F O R M

Finally, a word on form. As I had never prepared to study neuroscience and 
hence had no concrete research question to guide me when I entered Alain’s 
lab, my research assumed a somewhat curious form. Ultimately, my time in 
Paris was one long and at times frustratingly nonlinear discovery process. 
Literally everything about “my” lab’s work, and about past and present brain 
research, came to me in the form of fi eldwork-based discoveries.15 It is only a 
slight exaggeration to say that every day of fi eldwork put things in a new 
light, changed my understanding, and added an insight or prompted a ques-
tion that had never before occurred to me.

I initially found this contingent, emergent quality of my fi eldwork rather 
disconcerting. All too frequently, my will to fi nd a topic was undermined by 
yet another observation that changed my comprehension of what my fi eld-
work was or could be about. At one point, however, my perception of fi eld-
work began to change—when I fi rst realized, about seven months aft er I had 
begun working in the lab, that plasticity was potentially a major event in the 
history of brain research and that Alain’s lab was a key site of this event.

Was this my topic, plasticity?
Reading through my fi eld notes, I realized that the overwhelming major-

ity of the fairly dispersed and contextually unrelated observations and asso-
ciations I had collected in my notebooks related in one way or another to 
Alain’s eff ort to document that the brain is an organ undergoing a continu-
ous, ceaseless morphogenesis. Gradually, I was gaining confi dence. And the 
more confi dence I gained, the more I fell in love with the idea that anthropol-
ogy could be a radical fi eld science. And by “fi eld science” I not only mean 
that a kind of data production happens in the fi eld. Rather, I mean a practice 
directed by the outside, a practice at the core of which are accidental encoun-
ters, chance observations, and contingent events that eventually give rise, as 
if by themselves, to an unforeseen, always tentative, emergent story.

In my case, the emergent story my research brought into being coincided 
temporally and locally with the emergent eff ort to know the brain from the 
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perspective of its plasticity. It was as if my fi eldwork and plasticity literally 
coevolved.16 I still marvel at the fact that what had at fi rst seemed a chaotic 
assembly of anecdotes gradually gave rise to a coherent if multifaceted story 
utterly impossible to foresee, a story that, without providing closure, gained 
stability and a certain equilibrium even as I was still, every day, making new 
discoveries. At the end of my research, fi eldwork had become much more 
than a data-producing method for me. It had become an intellectual as well 
as aesthetic practice that allowed contingency to give rise to a form where 
before there was none.

While writing this book, I wanted to capture at least some of the beauty 
of the emergent quality of my fi eldwork—and of the emergent story of plas-
ticity. My ambition (if that is not too ambitious a term) was to involve the 
reader in the spectacle of the emergence of a form (or story). For that reason 
I have composed Plastic Reason in fi ve chapters, each of which is organized 
around one or several fi eldwork scenes that have been shaping my under-
standing of the neuronal sciences in general and the emergence of adult 
cerebral plasticity in the work of Alain’s lab in particular.17

Plastic Reason, then, is organized around the surprises my research pro-
duced. Th e (kind) reader should, thus, not expect coherence, but surprise.18

I title the chapters “Relational” (a relational account of plastic reason); 
“Conceptual” (an eff ort to sketch the conceptual challenge at stake in plastic-
ity research); “Nocturnal” (Alain’s work on the possible); “Experimental” 
(the challenge of inventing plastic experiments); and “Ethical” (the diff erence 
an ethos of plasticity makes). Every chapter is followed by a digression (at 
times short and at other times not so short).
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Let’s begin in 1948. That year Sien-chiue Yu, a graduate student in genetics at 
Caltech, found a fruit fl y mutant whose antennas had been replaced by legs. 
Aptly, he called the mutation Antennapedia.1

Yu’s supervisor, Edward “Ed” Lewis, was an expert in fruit fl y mutations, 
specifi cally those in which one body part appears in place of another, structur-
ally similar one.2 Over the years, Lewis had learned to use these so-called 
homeotic mutations to give experimental contours to the initially somewhat 
abstract concept of a gene—to defi ne what a gene is, how it functions, how it 
evolves.

In the late 1950s, prompted in part by Yu’s discovery of Antennapedia, 
Lewis had an idea. Wouldn’t it be possible, simply by studying homeotic muta-
tions, to identify at least some of the genes that control the developmental for-
mation of a fruit fl y?3 Over the following twenty years, Lewis identifi ed eight 
genes that control the development of the chest and the wings. He called these 
homeotic genes regulator genes and, in a 1978 paper, wondered aloud if not all 
homeotic genes, including the most famous of them, Antennapedia, have such 
a regulatory function.

Were homeotic genes “master control genes” of fruit fl y development?4

Inspired by Lewis’s question, Christine Nüsslein-Volhard and Eric Wie-
schaus, then at the European Molecular Biology Laboratory in Heidelberg, Ger-
many, launched a large-scale experimental effort. They began to collect 
all known fruit fl y mutants in the hope that such a collection of curiosities 
would allow them to systematically identify those genes that, when mutated, 
alter the usual segmental arrangement of the fruit fl y larva. (Each body part 
emerges from a single segment.) Were their efforts successful, they could 
identify the proper function of each gene and would eventually be able to list 
all the genes necessary to build the body of the insects. Already by 1980 they 
published a fi rst draft of a list that affi rmed Lewis’s speculation: all genes 
involved in building a fruit fl y body are controlled—regulated—by homeotic 
genes.5

 Observation

Rees - Plastic Reason.indd   11Rees - Plastic Reason.indd   11 19/03/16   4:45 PM19/03/16   4:45 PM



12 •  D I G R E S S I O N

The discovery that Antennapedia & Co. are indeed master control genes of 
fruit fl y development gave rise to a new question: how exactly do homeotic 
genes control development?

At the time Nüsslein-Volhard and Wieschaus published their fi rst draft list, 
their previous supervisor, Walter Gehring, was busy transforming his lab in 
Basel, Switzerland, into a fruit fl y gene bank.6 The plan was to sequence all 
known fruit fl y genes and to thereby facilitate understanding of how the insects 
get built. In 1983, while sequencing Antennapedia, Gehring, together with his 
postdoc William McGinnis, noted that it shared a DNA sequence with a home-
otic gene they had sequenced before. Further experiments followed and 
showed that in fact all homeotic genes of the fruit fl y share one almost identi-
cal, 180 base pairs long DNA sequence. They called this highly conserved 
region the homeobox and later discovered that the homeobox codes for pre-
cisely that part of homeoproteins that makes them transcription factors; that 
is, that allows them to attach themselves to DNA and thereby control when 
which part of the genome is activated. They called this part of the proteins 
their homeodomain.

Gehring and McGinnis’s work suggested that it is the homeobox that makes 
homeotic genes master control genes of drosophila development. And it 
opened up a spectacular possibility: as homeotic variations were reported for 
a large number of animals, could it perhaps be that each one of these muta-
tions was due to a mutation of—homeotic genes? Could it be that all of these 
animals actually have genes containing a homeobox?7

The possibility seemed spectacular because up to this point it had been 
assumed that the development of a mouse, a fruit fl y, or a human had very lit-
tle to do with one another—each animal had its separate, individual line of 
development. Now there was the possibility that the development of all these 
animals is related, that all known animals are descendants of one single ances-
tor, and that the evolutionary emergence of different animal forms results 

 When mutated, the Antennapedia gene causes the growth of a leg in 

place of an antenna. Courtesy of Rudi Turner, FlyBase.org.
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from mutations of homeotic genes and their activation patterns. Only a 
year later, in 1984, Gehring and his co-workers established that indeed all 
animals have genes that contain almost exactly the same DNA sequence—
the homeobox.

Homeotic genes, it turned out, control the body building not only of fruit 
fl ies but of every known animal, including humans.

At this point, in the mid-1980s, Alain enters the story. He was interested in 
whether homeotic genes play a role in the embryonic formation of the cellular 
brain. If homeobox-containing genes are body-building genes, if they control 
the formation of body parts, then could one not assume that they are also 
brain-forming genes? Perhaps homeotic genes tell cells what kind of nerve cell 
they should become, which kind of brain center they should build up?

Prochiantz asked Gehring if he could have a copy of the plasmid he had 
used to clone the Antennapedia gene, and then he recruited Alain Joliot and 
asked him to study, on the one hand, up until what time in the cellular emer-
gence of the organism Antennapedia is expressed and, on the other hand, the 
impact of Antennapedia proteins on not yet differentiated neurons in vitro. 
Imagine their surprise when Prochiantz and Joliot found that Antennapedia is 
expressed throughout life, in the developing as well as in the already mature 
brain—and that the Antennapedia protein slides between neurons and causes 
a powerful morphogenetic outgrowth.

The questions opened up by their experiments gripped them. What are 
these proteins doing in the adult brain? What is it that these powerful form 
producers—these plastic forces that form or deform entire organisms—are 
doing in the mature nervous system? Is there some kind of developmental 
process going on? In the form of a cell-to-cell sliding of homeoproteins? Is the 
mature nervous system undergoing some continuous, never ending formation 
process? Is the brain a form in motion? The locus of a silent embryogenesis? 
Could it be that the brain is plastic—and embryology the science adequate to 
the adult human brain?

Add that brain researchers had known for over a century that the adult brain 
is devoid of developmental processes, that it is an essentially fi xed and immu-
table structure; and add that Prochiantz and Joliot next found that homeotic 
genes are also expressed in the adult human brain—and their sense that they 
had made a sweeping observation becomes tangible.
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