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Fear, learning, and the amygdala: a personal reflection
in honor of Joseph LeDoux
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In honor of Joseph LeDoux’s retirement from an illustrious career in science, I offer a personal reflection on how my graduate training
experiences in his lab shaped my subsequent career trajectory and the development of my views on human amygdala function and
the scientific enterprise. I discuss the values of openness to scientific exploration and of multi-methodological integration, both of
which distinguished his laboratory over the years. I highlight the unique historical context in which the lab’s foundational discoveries
on the emotional brain occurred and the importance of embracing new technologies to advance an understanding of brain-behavior

relationships in affective neuroscience.
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I write this reflection with great respect for Joseph LeDoux's
esteemed career and with gratitude for taking the chance on
me as a young, naive incoming graduate student at New York
University. [ entered the first recruiting class for the new Ph.D.
program in Neural Science in 1990 immediately upon graduating
from college. After two unfruitful first-year rotations, the LeDoux
lab was my last hope for an inspiring graduate training experi-
ence. Joe assigned me to one of the most daunting challenges in
systems electrophysiology (atleast to me): antidromic stimulation
of neurons in the thalamo-amygdala pathway. For an uninitiated
student like myself, it was like finding a needle in a haystack.
I spent a month on this project and got one successful back-
propagation of an action potential in a neuron connected through
this circuit. A picture of this neuron’s activity remains on my
office desk to this day.

I soon switched to conducting electrolytic amygdala lesions
and examining their impact on behavioral indices of fear condi-
tioning, which I found much more palatable, fun, and productive
(LaBar and LeDoux 1996). I still recall when Joe first took the time
to check on my stereotactic placement of the electrodes. It was
exciting to think of the rodent brain as a three-dimensional object
and to figure out how to navigate the electrode to precisely target
the basolateral complex’s spatial location. This experience of
electrode guidance as well as histological staining and sectioning
of the brain to verify lesion location and extent was good training
for my subsequent forays into functional magnetic resonance
imaging (fMRI)—a methodology that was just about to be discov-
ered—where we digitally rotate, slice, and dice human brains to
view activation in regions like the amygdala. I also garnered much
appreciation for linking brain function to behavior and for the
importance of foundational research being conducted in animal
models.

Yet, my real passion was to understand learning and memory
functioning in humans, and I felt compelled to develop a human

analogue of the contemporaneous work in animals being done in
the LeDoux lab.! I was extremely fortunate that Joe supported this
excursion—he had not previously mentored a graduate student
doing human research, but he had prior experience conducting
behavioral tasks in split-brain patients during his own training
period in Mike Gazzaniga's lab (Gazzaniga and LeDoux 1978). I
received a National Research Service Award (NRSA) predoctoral
fellowship grant from the National Institutes of Health (NIH),
which allowed me to pivot to human research for the remainder
of my graduate training. The grant focused on using early-stage
Alzheimer’s disease as a model of amygdala dysfunction, which
turned out to be a hot mess—literally and figuratively. I spent
a summer tracing medial temporal lobe (MTL) volumes from
structural MRI scans on a computer linked to film archives in
a dirty, seemingly abandoned Bellevue Hospital room without
functioning air conditioning.

This pursuit was not fruitful, but the question was, what
would provide a better translational model? Fortunately, Elizabeth
Phelps was a postdoc in Joe’s lab at the time, and she was en route
to her first faculty appointment at Yale. Liz set up a collaboration
with Dennis Spencer at the Yale epilepsy clinic, who facilitated
access to postsurgical patients with more circumscribed exci-
sions of MTL tissue to relieve medically refractory epilepsy. I
received a Dean’s Award from NYU to travel to New Haven the
following summer to collect data on fear-conditioning and other
emotional memory tasks in these individuals. Liz also connected
me with Greg McCarthy’s lab at the West Haven VA so that I could
conduct similar experiments in healthy subjects using event-
related potentials (ERPs), a methodology not available at NYU at
the time. My dissertation was unusual in that one lesion study
was collected in rats in Joe’s lab at NYU, another in Liz's lab at Yale
in epilepsy patients, and a final ERP study in Greg’s lab in West
Haven, all focused on fear conditioning but using three different
methodological approaches conducted in two model organisms.
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Synthesizing these amassed data was an invaluable lesson in
terms of integrating findings across methods and learning what
the strengths and limitations were of each.

The value of patient-centered research

The research I conducted in temporal lobectomy patients, starting
with my graduate training and extending into my postdoc and
beyond, remains the most rewarding experience of my academic
life. Due to their condition, many of these individuals were unable
to drive. So I often had to drive to test them in their homes
across the tri-state area by myself, with Liz, or with her graduate
student Adam Anderson. Mort Mishkin once told me he had
done the same decades earlier in his career, and I joked that I
was the “last neuropsychologist” to make house calls. Early on I
learned the importance of data documentation and data cleaning.
The uncontrolled environments, in particular, led to blips in our
physiological recordings due to dog barks, phone rings, and a
particularly memorable, loudly cycling refrigerator.

One of these individuals, who we called S. P. in the literature,
had a rare case of gliosis that was fairly restricted to the amygdala
contralateral to the epileptic hemisphere with the MTL resection
(Phelps et al. 1998). We tested S. P. and the other temporal lobec-
tomy patients several times using whatever tasks we could dream
up that might tap into amygdala function, many of which were
based on rodent models being done in the LeDoux lab and else-
where. Little was known about the human amygdala at that time;
patients with Urbach-Wiethe syndrome, who sometimes have
calcifications restricted to their MTL, were just being described
(Tranel and Hyman 1990; Markowitsch et al. 1994; Cahill et al.
1995). Over the years, we created numerous tasks, some of which
were interesting—fear conditioning (LaBar et al. 1995), emotional
memory (Phelps et al. 1997; LaBar and Phelps 1998), and facial
affect recognition (Graham et al. 2006; Graham et al. 2007)—while
others were dead ends (olfactory discrimination).

What was fascinating to me was not the extent of deficits
might be documented with damage to the MTL, but rather the
degree of functioning that was possible in the face of the life
history of medically refractory epilepsy targeting this region and
subsequent surgical intervention. Most of the time, you would
not have any idea that you were interacting with someone with
bilateral amygdala insults, given that S. P. had good insight into her
condition and her affective demeanor appeared unremarkable
(Anderson and Phelps 2000). Hints would come in discourse about
events in her life (her inability to keep a job, for instance) and in
the sensitive lab testing we had to do to reveal modest impair-
ments in tasks such as processing facial expressions (Graham
et al. 2007). One area of inquiry, however, was quite clear—she
never acquired a physiological defensive response to a learned
threat (Phelps et al. 1998).

The cumulative findings from humans with amygdala dam-
age has paralleled quite closely what we and others found in
rodent models, with unilateral damage yielding partial condition-
ing deficits while bilateral damage leads to a more complete lack
of evidence for conditioned learning (Bechara et al. 1995; LaBar
et al. 1995; Ahs et al. 2010; Coppens et al. 2010). This pattern
occurred even when the participants reported awareness of the
stimulus contingencies and despite having intact responding to
the unconditioned threat itself. The LeDoux lab subsequently
showed that more selective lesions to the lateral or central amyg-
dala were sufficient to yield deficits in fear conditioning (Nader
et al. 2001), a finding that has been verified in human cases with

circumscribed damage to the basolateral complex due to Urbach-
Wiethe syndrome (Klumpers et al. 2015).

The value of this body of research has become more apparent
over time, as fMRI research has struggled to reveal a clear role for
the human amygdala on similar tasks (Fullana et al. 2015). Several
explanations have been proposed for this discrepancy, including
the lack of sensitivity and ecological validity of typical condition-
ing tasks, the difficulties of imaging the amygdala using fMRI
due to its small size, low signal intensity, and signal dropout/re-
liability issues, and the possibility that conditioned learning is
more widely distributed in the human brain (Fullana et al. 2019;
Visser et al. 2021). Yet another possibility is that its role is time
limited, which is not captured by most analytical approaches
(Morriss et al. 2018): our first fMRI study found that the amygdala
signal occurred only during the initial trials of both acquisition
and extinction training phases (LaBar et al. 1998), which has been
verified and refined in a recent mega-analysis conducted on 601
participants (Wen et al. 2022). These temporal dynamics are also
evident in some subpopulations of amygdala neurons in rodents
(Repa et al. 2001). The lesson here, once again, is in the value
of integrating findings across multiple methodologies, and of the
importance of a lesion-based approach to identifying the critical
role of brain regions that tend to be co-activated in a functional
network.

The collective work being done in these kinds of patients
and using fMRI has led to a more complex view of amygdala
functioning than initially presumed. As a graduate student, it
seemed straightforward to interpret the amygdala’s role as a
fear or threat detector. However, we and others soon collected
evidence that this was not the case. For instance, we found that
S. P’s processing of morphed fear and anger expressions varied
as a function of task demands (Graham et al. 2007) and that she
exhibited impairments in consolidating memories for emotionally
arousing words that were not fear related (LaBar and Phelps 1998).
While this latter finding suggests that the amygdala may be
particularly sensitive to arousal, a neuroimaging meta-analysis in
healthy participants showed that its contributions to arousal or
valence do not necessarily account for its role in processing fear
given that these constructs elicit distinct spatial patterning within
the amygdala itself (Kragel and LaBar 2016). Thus, the amygdala is
sensitive to multiple facets of socioemotional experience through
its widespread connections to distributed networks in ways that
remain to be fully elucidated.

The excitement of scientific discovery in
historical context

You might think thatI felt out of place or as an outsider in Joe’s lab,
being the only graduate student to study humans and to collect
data on the road. That was never the case. Joe treated me the same
as all other trainees and I felt a bond with the entire lab over our
common goal of understanding the circuit under investigation
using common behavioral paradigms. What was particularly
exciting is that little was known about this brain system at the
time, so every approach that was being utilized in the lab led
to new insights. Liz Romanski was working out details of the
various cortical and subcortical pathways linking sensory input
to the amygdala (Romanski and LeDoux 1992); Moria Morgan
was focused on the role of the prefrontal cortex in extinction
learning (Morgan and LeDoux 1995); Michael Rogan revealed the
relationship among long-term potentiation, sensory processing,
and conditioned learning in the thalamo-amygdala pathway
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(Rogan et al. 1997); Greg Quirk observed how fear conditioning
induced plastic changes in lateral amygdala and auditory cortex
neurons during acquisition and extinction training (Quirk et al.
1997); Russ Phillips conducted seminal studies on the role of the
hippocampus in context conditioning (Phillips and LeDoux 1992);
Jorge Armony developed and tested a computational model of
the circuit (Armony et al. 1995); and many others in the lab
worked on anatomy, pharmacology, etc., including Joe’s long-time
collaborator, Claudia Farb (Farb et al. 1995). I always intended to
replicate this model in my own lab because I saw the advantages
of using so many different tools in the neuroscience toolbox to
approach a circumscribed research topic and brain system. But,
alas, my interests became too broad over the years to focus solely
on conditioned learning as a model system of emotional memory.
I have also come to appreciate the historical context of this
time period in Joe's lab. We were at the forefront of discovery
in affective neuroscience without truly understanding what its
place in history might be. Toward the end of my graduate training,
the term “affective neuroscience” had just been coined by Sutton
and Davidson as a subdiscipline within the broader umbrella of
cognitive neuroscience (Davidson and Sutton 1995). Joe did not
especially like the term, as he felt that emotion and cognition were
not so different in terms of their neurobiological mechanisms, a
view that has since been reinforced by Luiz Pessoa (Pessoa 2013),
among others. Nonetheless, I do think that branding is important
and this term certainly helped galvanize and popularize a field,
as emotion researchers tended to be scattered among various
broader psychological disciplines (clinical, social, cognitive, etc.)
and were relatively isolated in neuroscience. To wit, Joe was the
only emotion researcher at NYU’s Center for Neural Science
for years. Psychological and neuroscientific research on emotion
grew substantially starting around that time (Shiota et al. 2023),
as new societies (e.g. the Social and Affective Neuroscience Soci-
ety) and dedicated journals (e.g. Cognitive, Affective, and Behavioral
Neuroscience and Social, Cognitive, and Affective Neuroscience) formed
on the topic. My advice to young scientists is to pursue a nichein a
relatively unexplored topic—not only is it fun and stimulating, but
you never know how much your efforts might transform a field.
The rise in popularity of affective neuroscience was also partly
attributable to what we in the lab called “the book.” No one in the
lab at the time had any idea how popular Joe’s book (LeDoux 1996)
would become; neither did he, I suspect. The Emotional Brain: The
Mysterious Underpinnings of Emotional Life was a pioneering effort
at explaining the recent neuroscientific discoveries on emotion in
both an accessible manner and one that still conveyed significant
and accurate science. Joe really has a unique gift for writing at this
interface of popular science and serious academic scholarship.
Those of us in the lab at the time were all extremely proud to
have contributed a sliver of the science presented in the book. It
served as a blueprint for many other scientists who followed him.
Another facet of historical context is that the scientific funding
and research oversight climate at the time allowed more lati-
tude for exploring creative ideas. The LeDoux lab discoveries in
memory reconsolidation processes (Nader et al. 2000) and my
own lab’s work on fear generalization (Dunsmoor et al. 2009)
simply would not have been possible without the academic free-
dom afforded by granting agencies along with the doubling of
the NIH budget at the turn of the twenty-first century. Twenty
years ago, you could tweak basic research protocols with minimal
trouble as long as there was not a substantial change in the
research scope or impact on animal/human welfare. Today, this
leeway is lost due, in part, to the 2014 mandate by the U.S. NIH
that most basic human experimental work be re-classified as a
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clinical trial. This designation unnecessarily amplifies the regu-
latory burden and thwarts creativity in the research enterprise;
it creates a fundamental mismatch between the goals of the
research oversight institutions and the goals of basic science.
Along with other pressures, including the publish-or-perish mode
of academic advancement, the consequence is a decline in the
funding and production of big-impact, innovative scientific ideas,
which has been discussed widely in the public health and policy
literatures (Bhattacharya and Packalen 2018). [ was once asked
by a National Science Foundation funding official at the end of a
3-year grant if the work was done “exactly as it was specified in
the grant proposal.” Of course it was not, nor should it be—that
is not how basic science works and you cannot prescribe every
nuance of a complex multiyear project into a dozen pages of a
grant application. I believe that if research funding and oversight
agencies re-commit to allowing academic discretion, big science
can re-emerge without the foibles of shoddy research practices
from the past (small sample sizes, p-hacking, etc.). As a young
scientistin the LeDoux lab, my curiosity was fueled by the liberties
afforded to explore novel ideas—including my ill-fated MTL trac-
ing efforts in Bellevue Hospital. This freedom is very important for
scientific thriving, learning from failures, and the joy of discovery.

Embracing new technologies to advance
scientific understanding

As those of us in the first wave of trainees in the LeDoux lab
wound down our work, Joe redirected the next wave of his research
efforts toward novel research questions that required a more
cellular/molecular approach (Rodrigues et al. 2004). Joe had to
learn these tools as they became available, and he adopted these
new neuroscientific technologies to dig deeper into probing the
neurochemistry and fine-grained synaptic mechanisms at play
in conditioned learning and memory reconsolidation (Johansen
et al. 2011). As my own career progressed, [, too, embraced new
methodologies, such as the incorporation of immersive virtual
reality (VR) to study context effects on conditioned learning (Huff
et al. 2010), machine-learning algorithms to decode specific emo-
tions from brain activation patterns (Kragel and LaBar 2015), and
brain stimulation tools to enhance regulatory control over stress-
ful autobiographical memories (Neacsiu et al. 2022). Importantly,
these technologies must be applied not just for technology’s sake
but must instead address shortcomings of prior work to ask more
intricate research questions.

For instance, Liz Phelps and I wanted to study how context
shifts impact the reinstatement of fear conditioning in amnesic
patients. Because the animal literature indicates that the
hippocampus integrates contextual cues across multiple sensory
inputs, we wanted to implement a multimodal version of a
conditioning task. To do this, we rigged up two adjacent rooms
in her lab at Yale with different olfactory, visual, and auditory
features and physically moved both the research participants and
the physiological recording equipment from one room to the other
to show that the human hippocampus, as in rodents, is critical
for context-dependent expression of conditioned learning (LaBar
and Phelps 2005). Once MRI-compatible 3D VR technology become
commercially available, it was possible to translate a version of
this paradigm into an fMRI study, including simulating egocentric
navigation (another important feature of hippocampal context
coding) through virtual worlds. Incorporating this technology
provided a better bridge to the animal models of contextual
conditioning and yielded insights into how the amygdala,
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hippocampus, and prefrontal cortex interact for the context-
dependent expression of threat and safety memories (Ahs et al.
2015). The 10-year gap between the patient and fMRI study was
due to the need for technology innovation and for building a new
interdisciplinary research team that included software engineers
and VR specialists. [ never imagined earlier in my career that
I would integrate VR or brain stimulation approaches into my
research program, but it is important to be open-minded to these
technological innovations and collaborative opportunities as they
become available to advance science and to periodically infuse
new energy into one’s research career, much as Joe did when
moving his research program to study synaptic neurobiology.

What I learned from my experience in the
LeDoux lab: a summary

As a mentor, Joe allowed us to flourish by not circumscribing
our work and by allowing us to pursue novel, interesting ques-
tions. This freedom was possible not only because of his personal
mentoring style but also the level of funding available at the
time, the success his trainees had in receiving fellowships, and
the historical context of more flexible research oversight. When
we were both in the LeDoux lab, Liz Phelps and I even tried to
“back-translate” human mere exposure research to a behavioral
rodent paradigm. Although this idea failed, it was an important
lesson in the importance of attempting back-translation, which
Liz later wrote about in a clinical context (Kredlow et al. 2022),
and on the importance of developing novel implicit paradigms to
test emotional memory functioning, which my lab subsequently
pursued (Thomas and LaBar 2005). So one never knows when
ineffective studies will be re-visited with greater success along
one’s career trajectory. In today’s more restrictive research cli-
mate, I feel that both trainees and Principal Investigators lack
the same kind of opportunities for exploring big ideas, which
is critical for scientific progress. In the future, a better balance
should be obtained between prescriptive protocol adherence and
creative innovation so that researchers at every level can once
again experience the delight inherent in the scientific process that
I did in the LeDoux lab.

Despite the inherent complexities in managing and funding
his large lab, Joe never complained (at least to me) about how
hard it was to be a successful academic scholar. I am eternally
grateful to him for shielding his trainees from the realities of the
grind that it takes to build and maintain a successful laboratory. I
might not be where I am today otherwise. Joe never discouraged us
from pursuing whatever career we wanted to, and I never felt that
an academic research career could be out of reach—there simply
were no limits placed upon us. Today, I am surprised when I hear
young trainees coming into the field with a stance that almost
precludes success in an academic track. It is true that competition
is fiercer now as neuroscience has increased in popularity; it
might take longer to establish oneself, and not everyone will
succeed. Nonetheless, my own trainees have been able to forge
their own paths regardless of which kind of career they wanted to
pursue—whether it be teaching, research, industry, government,
or in clinical settings. I intentionally strive to realistically encour-
age young trainees when I meet them at departmental colloquia
and scientific conferences in order to counter the negative voices
about potential success in academic or research career paths that
can fuel self-doubt.

As his career progressed, Joe was not afraid to tackle the big
topics in the field—from debunking historical theories of emotion

to theorizing about the self and consciousness—and to write
about them for a variety of audiences (LeDoux 1991; LeDoux 2002;
LeDoux 2019). He is brave in putting his ideas out there and he
has been willing to revise his views with the accumulation of
scientific evidence. One prominent example of this recalibration is
his appeal to the field to better differentiate neural systems that
mediate emotional feelings from those that evolved to manage
survival functions (LeDoux 2012), including a call to distinguish
fearful experience from defensive forms of conditioned learn-
ing which had been conflated in prior writings on the topic
(LeDoux 2014). This latter point is well taken, although I note that
these subjective fear and defensive systems likely overlap: some
machine-learning studies have confirmed amygdala involvement
in coding the subjective experience of fear in non-learning con-
texts (along with other corticolimbic structures) (Kragel and LaBar
2015), and individuals who report experiencing elevated fear/anx-
iety during defensive conditioning exhibit changes in the fronto-
amygdala circuit to cues predicting prior threats (Braem et al.
2017; Graner et al. 2020). Joe's push for better conceptualization
of these and other emotion-related concepts has fueled new
empirical research and scholarly debates that undoubtedly will
improve neuroscience going forward.

Finally, I learned from Joe that you can have both breadth
and depth when building a lab. As a classical pianist, it took me
a long time to appreciate playing theme-and-variations pieces.
They are typically a long slog and require patience, not unlike
the antidromic stimulation project Joe initially assigned to me
over 30 years ago. But now I savor them as they reveal intri-
cacies of musical composition that the ear relishes, and they
allow for a range of performative expression. In a similar vein,
the LeDoux lab’s foundational modus operandi of variations-
on-a-conditioning theme has revealed the diversity and nuance
in how threats impact mechanisms of learning and memory.
Along the way, his lab climate has enabled trainees with various
talents to showcase their unique skill sets to build an incred-
ible body of knowledge that spans cellular/molecular, systems,
behavioral, computational, pharmacological, and cognitive neu-
roscience approaches. Many of these trainees are now paying
it forward in their own research labs and industry work, per-
petuating Joe’s legacy in the field. And unraveling the mysteri-
ous underpinnings of emotional life—forever changed by Joe’s
scholarly vision, venerated research contributions, and life-long
commitment—carries on.

Note

In the spirit of cross-species alignment of outcome measures of
fear conditioning, I even tried a guinea pig model because their
features of cardiac electrophysiology were more comparable to
humans than rats (Joukar 2021. A comparative review on heartion
channels, action potential and electrocardiogram in rodents and
human: extrapolation of experimental insights to clinic. Laboratory
Animal Research, 37, 25). But this initiative was soon abandoned,
given the individual variation in conditioning-induced heart rate
changes in humans (Hodes et al. 1985. Individual differences in
autonomic response: conditioned association or conditioned fear?
Psychophysiology 22, 545-560). The lessons I learned here were:
(1) there are species-typical defense responses and it was OK in
comparative work to use whichever measures are optimal for
that particular species’ behavioral repertoire, and (2) to read the
literature carefully, as the variation in human cardiac signatures
of fear conditioning across individuals were described several
years prior.
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