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This narrative review charts my unconventional path to becoming a social neuroscientist and describes my
research findings — some baffling, some serendipitous, some pivotal - in the field of neuropeptide biology. I trace
my childhood as a Bell Labs “brat” to my adolescence as a soccer-playing party girl, to my early days as a
graduate student, when I first encountered oxytocin and vasopressin. These two molecules instantly captivated —
and held - my attention and imagination. For more than 25 years, a core goal of my research program has been to
better understand how these neuropeptides regulate social functioning across a range of species (e.g., meadow

voles, mice, squirrel monkeys, rhesus monkeys, and humans), and to translate fundamental insights from this
work to guide development of novel pharmacotherapies to treat social impairments in clinical populations. I also
discuss my experience of being a woman and a mother in STEM, and identify the important people and events
which helped shape my career and the scientist I am today.

1. Early adventures with emerging technologies and conflicting
identities

Mine was a peculiar and magical childhood, growing up a Bell Labs
“brat.” My dad had earned a PhD in electrical engineering from the
University of Michigan in 1969, and began his career at Bell Telephone
Laboratories, then in its halcyon days of innovation [1]. In 1979, when I
was seven years old, my dad purchased an Apple II plus home computer.
He also brought home a work terminal and taught my brother Drew and
me how to telnet into the Bell Labs mainframe. Dad frequently presided
over coding lessons (in which Drew and I grudgingly participated), and
as a reward for suffering through them, we were allowed to play games
on the mainframe. This included “Adventure” (played on a dot matrix
printer) and a primitive version of Space Invaders.

We also had home access to Bell Labs’ newest innovations, including
call waiting and three-way calling. Drew and I spent many entertaining
hours surreptitiously connecting “unsuspecting victims” through three-
way calls. Because the technology was relatively unknown to the gen-
eral public, the two parties would inevitably bicker over who had
initiated the call, and, when the experiment succeeded, we could
eavesdrop on their ensuing conversation. Our favorite targets were
feuding neighbors, romantically-inclined classmates, and McDonald’s
and Burger King, then at the height of their 1980s era marketing wars.

We were shameless. (For the record, our dad did not approve of these
activities, and vehemently rejected our defense that they were a valu-
able “use case” for three-way calling.) Later, our dad stashed brick-like
cell phones in our cars and introduced us to email, which he had been
using for decades. Although I did not become an engineer, I attribute
much of my early interest in science to these childhood interactions with
emerging technology.

My childhood passion instead was animals, which my mother fueled
both at home and in our frequent outdoor adventures. I grew up sur-
rounded by pet birds, dogs, cats, gerbils, and goldfish. We caught tad-
poles in local ponds, befriended a backyard grasshopper that we named
Eek, brought hermit crabs home for “sleepovers,” and adopted a calico
cat that had been abandoned at my grandparents’ Midwestern poultry
farm. I talked to wild animals, mimicked their calls, and endeavored to
understand their behavior. I entertained becoming a veterinarian,
because I loved caring for and helping all living creatures.

In high school, I was captivated by anatomy and experimental
chemistry, and grew passionate about becoming a physician and treat-
ing human disease. This interest was kept relatively secret, however. I
had an active social life, and being labeled “smart” in my suburban
Chicago high school was decidedly uncool. I often felt there were two
Karens: one studious, one fun-loving. To fit in with my less
academically-inclined peers, I lied about the number of Advanced
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Placement (A.P.) classes I was taking. I also cultivated an outward image
as a soccer playing, Cosmopolitan magazine-reading, boy-crazy party
girl. I did not fool everyone, however. I have a clear memory of my A.P.
US history teacher, Mrs. Linder, pulling me aside after I received the top
grade on an exam in her class. In an exasperated tone, she told me that
she hoped I would one day choose a profession that used my brain rather
than becoming a “mindless princess.” Another important influence was
Dr. Hollman, my English teacher. She, too, saw promise in me,
encouraged me to take school seriously, and nominated me for a na-
tional writing award. Both of these teachers, in their own way, were
rooting for “Academic Karen.” Although at the time I recall being
annoyed by their “meddling,” I am now grateful for it. Their encour-
agement unequivocally contributed to me choosing a more fulfilling
career path than I may have otherwise. (Thank you, Kathy and Marilyn!)

Growing up, my relatives often said that I was “genetically pro-
grammed” to attend the University of Michigan. My parents had been
raised in Ann Arbor and both had attended the university, as had
assorted uncles, aunts, grandparents, and even great grandparents.
Because my dad’s job had taken us all over the country, for stints in
Colorado, New Jersey, Connecticut, Michigan, and Illinois, it was Ann
Arbor, where our extended family lived during my itinerant childhood,
that became my heart’s home. Additionally, throughout much of my
childhood, my family attended Michigania, a University of Michigan
Alumni Association family camp (or, a “propagandist cult,” as my future
husband would come to affectionately call it). Truth be told, there never
was another school for me and, fortunately, I had performed well
enough in high school to matriculate to the University of Michigan in
1990, where I would remain for 10 glorious years.

2. College: the doctoral fork in the road

My intention was to pursue a premed path, but life had other plans. I
had tested out of inorganic chemistry on a college placement test, and
poor advice from a college guidance counselor, combined with my 18-
year-old hubris, had me taking organic chemistry my first semester,
while pledging a sorority, attending Michigan sporting events, and
largely carousing. This “overcommitment” was worsened by the fact
that I despised the rote memorization of “orgo,” which so differed from
the exciting experiments I had previously conducted in my high school’s
A.P. inorganic chemistry class. I was a miserable student, and I was
fortunate to pass the class. Mercifully, that semester I was also taking
introduction to psychology, which I loved for its every day relevance and
emphasis on the mind and discovery. This interest was reinforced by
spending time with my aunt, Holly Craig, a professor at the university.
Aunt Holly had earned a PhD in speech language pathology, and was
then director of Michigan’s communicative disorders clinic and a prin-
cipal investigator (PI) on several NIH-funded human subjects’ research
grants. I loved seeing the arc of discovery through her eyes: from an idea
she conceived and empirically tested, to her reflection on what she had
learned. Her enthusiasm was contagious, and a career in academia
became an abiding goal.

The silver lining to my freshman year organic chemistry debacle was
that I now had room in my schedule to take non-premed courses, and I
cherished the opportunity to receive a broader education. This enabled
me to explore “Big Why Questions”: Why are we here? Why do we do
what we do? In search of answers, I took memorable courses in religion,
bioethics, poetry, history of the holocaust, “abnormal” psychology,
linguistics, and anthropology. When I took an evolutionary biology
course from the peerless Richard Alexander [2], I found my first aca-
demic love. I did not realize it at the time, but Michigan was then one of
the best places in the world to study evolution and behavior. I am deeply
indebted to my undergraduate professors Richard Alexander, Bobbi
Low, and David Buss for cultivating my developing academic mind. I
decided to remain at Michigan to pursue a PhD.
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3. Graduate school: finding neuropeptides

In the early to mid-1990s, game theory was a core framework [3]
that (mostly male) evolutionary scientists were using in a “zero-sum”
manner to study human mating and other behavioral interactions. I
found this approach limited, as in our own species, biparental care is
essentially obligate, and we form deep, abiding ties that bind. I was also
skeptical of the just-so stories spun by many evolutionary academics,
and I became increasingly interested in studying something more trac-
table: the proximate neurobiological mechanisms that had evolved to
produce mating and parental care attachment behaviors that increase
fitness. As luck would have it, I met and began interacting frequently
with three University of Michigan psychiatrists through Michigan’s
Evolution and Human Behavior program. They included Randy Nesse,
co-founder of the field of Darwinian medicine [4], Elizabeth Young, a
well-regarded stress neurobiologist, and Israel Liberzon, then a newly
minted assistant professor. They were the first to introduce me to
oxytocin and vasopressin, the former of which Israel and Elizabeth were
then studying in the lab [5-7]. Randy and Elizabeth also invited me to
attend what would prove to be a life-changing conference: The New
York Academy of Science’s 1995 Integrative Neurobiology of Affiliation
meeting in Washington, DC [8]. There I was introduced to Sue Carter
and Cort Pedersen, luminaries of the oxytocin universe, whose publi-
cations I had been ravenously consuming for months. I was starstruck.

Randy, Elizabeth, and Israel had learned about oxytocin and vaso-
pressin’s classic physiological roles during medical school. However, the
more recent neuroscience findings implicating oxytocin and vasopressin
in the regulation of mammalian affiliative behavior and attachment
bonds [9-13] had us all contemplating the roles they might play in
human relationships, as well as in neuropsychiatric disorders. I once
again felt the pull of medical school, which intensified when I took a
neuroanatomy course from the incomparable Sarah Winas Newman. But
it was also clear that even practicing physicians lacked satisfying an-
swers to the questions I was most interested in, and I figured that my
efforts were likely to be better spent seeking them at the bench. This
matched the collective advice I received from my mentors, which was to
train as a basic neuroscientist, and circle back to human research later in
my career.

A growing interest in comparative approaches (fostered by Bobbi
Low and Warren Holmes) led me to my PhD advisor, Theresa “Terri”
Lee. Terri had completed her dissertation on the biological basis of
maternal care in Howard Moltz’s lab at the University of Chicago and
her postdoctoral studies on circadian rhythmicity in Irv Zucker’s lab at
the University of California (UC), Berkeley. She was everything anyone
could want in a mentor: A clear thinker and writer, an excellent
experimentalist, and an absolute mensch. Terri treated her trainees as if
they were her children. My own mother, with whom I maintain a close
relationship, referred to Terri as my “second mom.”

Terri was then conducting two lines of circadian research in rodents,
one involving Chilean degus (Octogon degus) and one meadow voles
(Microtus pennsylvanicus). Despite her current research focus on circa-
dian biology, Terri had maintained an interest in the neurobiological
regulation of social behavior. We soon came to an arrangement: I could
conduct oxytocin and vasopressin research under her supervision, so
long as I studied a species she already had in the lab and included a
circadian component. Terri also mandated that I get up to speed in the
premed curriculum, which I had assiduously avoided after organic
chemistry. During the next two years, I dutifully enrolled in or audited
nearly ten natural science courses to fulfill my promise to Terri. Once
sufficiently motivated by their relevance to my research questions, I
excelled in them.

I was disappointed that we did not have socially monogamous prairie
voles (Microtus ochrogaster) in the lab, because they were then the
“poster child” for neuropeptide regulation of social behavior [9,11,12,
14-16]. However, I soon became fascinated by the closely related, but
non-monogamous, “asocial” meadow vole, and its sensitivity to light. I
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was surprised to learn that, when housed in the lab under short, winter
photoperiods, meadow voles became highly social, and males sponta-
neously engaged in appreciable paternal care. Intriguingly, this lab
observation was supported by evidence from radiotelemetry studies in
the field, indicating ecological relevance [17]. I soon learned that
intraspecific variation in mammalian social organization is common
[18], and many “non-monogamous” species in fact display facultative
social preferences and paternal care under certain environmental con-
ditions (i.e., the ones that maximize reproductive success). While the
evolutionary origins of facultative social behaviors associated with
alternative social systems were already well studied [19], no research
had examined the underlying neural pathways that mediated the
expression of social behaviors when they were facultatively, rather than
constitutively, initiated. I hypothesized that characteristically
non-monogamous meadow voles evolved the ability to express faculta-
tive partner preferences and paternal care in response to certain social
and environmental cues routinely encountered under free-living con-
ditions. I then sought to determine whether the previously described
neurobiology that regulated partner preferences and paternal behavior
in a characteristically monogamous species (i.e., prairie voles) was
similar to the neurobiology that regulates these behaviors in charac-
teristically non-monogamous meadow voles, when they facultatively
exhibit social behaviors associated with monogamy. This plan satisfied
both Terri and me: I was fulfilling Terri’s circadian mandate by studying
circannual rhythmicity, and I was able to study neuropeptide regulation
of social behavior within an evolutionary framework.

I soon became proficient at measuring mating, affiliative, and
parenting behaviors in voles, and gained expertise in central pharma-
cological and receptor autoradiographic methods, which I used to
investigate the roles that oxytocin and vasopressin play in regulating
these behaviors. Behavioral data from my dissertation showed that
meadow voles readily develop selective partner preferences and
paternal behavior under a variety of ecologically relevant circumstances
in the lab [20-23], and do so using the same social cues (e.g., mating,
cohabitation) as prairie voles. My neurobiological data substantiated
these finding, as the neuropeptides previously implicated in the regu-
lation of partner preference formation and paternal behavior in
monogamous prairie voles also regulated these same behaviors in typi-
cally non-monogamous meadow voles. Specifically, male meadow voles
showed significant changes in their paternal state following central
administration of vasopressin, whereas administration of a selective
V1A receptor antagonist blocked the onset of paternal care [24]. Male
meadow voles that behaved paternally also showed different patterns of
central oxytocin and vasopressin receptors in the extended amygdala
compared with male meadow voles that did not [25]. In females,
oxytocin receptor patterns in the extended amygdala reflected differ-
ences in seasonal social behavior and the onset of partner preferences
[26]. I concluded my dissertation roughly as follows: The most useful
way to conceptualize intraspecific and interspecific differences in social
organization is to view social systems and the neurobiology which
regulates them not as fixed, invariant products of natural selection, but
as flexible, adaptive behavioral and neurobiological responses designed
by natural selection to best maximize reproductive success under vari-
able socioecological circumstances [27].

4. Next steps and postdoctoral research: changing systems and
species

I loved the idea of remaining at Michigan, but I was told in no un-
certain terms by my mentoring team that [ was being “kicked out of the
nest.” I could perhaps return to Michigan later in my career, but it was
imperative that I “clock some time” at another university for my post-
doctoral training. I began exploring the possibility of a fellowship with
Cort Pedersen, a psychiatrist at the University of North Carolina, Chapel
Hill. Cort had been the first to inject oxytocin directly into the brain of
virgin rats and “turn on” maternal behavior [10,28], a possibility that
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Peter Klopfer, one of Cort’s mentors, had foreseen in 1971 [29]. Cort
himself had learned about oxytocin while painting Peter’s house to earn
money. Cort would have been an outstanding postdoctoral mentor for
me, but unfortunately, the feasibility of funding me on an institutional
NIH T32 training grant became uncertain after its PI abruptly passed
away.

Around the same time, my then-boyfriend had a summer internship
in Palo Alto, California. He invited me to visit. Terri readily agreed to my
plan of writing my dissertation and associated manuscripts remotely. (I
suspect she did so to get me out of the lab; I had so many experiments I
still wanted to run!) California soon captivated my heart. Iloved how the
ocean fog rolled over the Santa Cruz mountains in the late afternoon,
and I loved the fauna; scrub jays and California ground squirrels were
early favorites. As my time in California drew to a close, I became
distraught at the prospect of leaving it.

I decided on a whim to email David Lyons, a Stanford University
professor who had given an interesting talk I attended several years
prior. As luck would have it, David and his collaborator, Alan Schatz-
berg, had a funded postdoctoral position to study the role of social
separation stress in squirrel monkeys (Samiri sciureus) as a model for
stress-related mood and anxiety disorders. We arranged a meeting for
the next day. David showed me the animal colony and I was fascinated
by the squirrel monkeys’ rich social behavior repertoire. I was also
enthusiastic about the opportunity — finally! — to conduct research that
was clinically relevant, and which would be supervised by a trans-
lational mentoring team consisting of a biologist (David), and a psy-
chiatrist (Alan). Although the old training adage “switch systems or
species, but not both” crossed my mind, I took the plunge and relocated
to California, where I joined David and Alan’s jointly run psychiatry
neuroscience research team.

As it turned out, the biggest adjustment for me was not changing
systems or species, but transitioning from a psychology department in a
large Midwestern public university to a psychiatry department in a small
coastal private medical school. On one of my first days in the lab, I
happened to be passing by the office of an eminent professor (name
withheld to protect the guilty). He was on the phone, with the door
open, arguing with a journal editor. I overheard him shout: “You are
lucky I even submitted my manuscript to you; I usually only publish in
Science or Nature!” Later that day, I made a quick coffee run. There were
five of us in line; three were Nobel Laureates.

My training with David and Alan began by writing a review article on
the role of hypothalamic-pituitary-adrenal (HPA) axis dysregulation in
major depression [30]. Soon after, I was spending long hours in the
animal rooms, observing the squirrel monkeys, in the company of Chris
Buckmaster, technician extraordinaire, who would become a life-long
friend. Although the prevailing view was that early life stress exposure
is invariantly pathogenic, young squirrel monkeys that had been
exposed to intermittent early life stressors were actually exhibiting
better (rather than worse) stress coping abilities. I sought to study this
observation empirically. What if certain forms of mild early life stress
exposure, instead of producing stress vulnerability, could “inoculate” a
developing organism, thereby producing stress resilience [31]? I secured
an individual NIH F32 fellowship to test this hypothesis. As predicted,
we found that mild early stress exposure produced diminished anxiety
and attenuated neuroendocrine responses to later life stressors [32-35],
while also increasing prefrontal-dependent cognitive control of behavior
[36-39]. We also showed that stress resilience in primates was induced
by early life stress exposure rather than mothering [34], as had been
previously found in rats [40]. These findings served to reject a
decades-old theory that posited all forms of early inducible stress resil-
ience were maternally mediated, and demonstrated to me the power
(and peril) of selecting various animal models to approximate and study
human disease [41,42].

My expertise in neuropeptide and stress biology, combined with
knowledge I had gleaned from attending Alan’s clinical lab meetings,
renewed my interest in the idea that oxytocin dysregulation may confer
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risk to develop stress-related mood and anxiety disorders in humans,
particularly when their onset is precipitated by social isolation or loss of
aloved one. I became intrigued by the possibility that oxytocin had anti-
depressant and anxiolytic properties [43]. Funding from a NARSAD
Young Investigator award enabled me to begin exploring this hypothe-
sis: I delivered oxytocin intranasally to squirrel monkeys and showed
that it decreased social isolation-induced HPA axis activation [44]. As
part of this work, we also needed to quantify oxytocin concentrations in
individual animals. I was experienced at performing various assays, but,
maddeningly, could not measure oxytocin reliably in squirrel monkey
samples. I decided to visit Toni Zeigler’s Endocrine Core at the Uni-
versity of Wisconsin, where I ran the enzyme immunoassays with her. I
later shipped samples to Janet Amico at the University of Pittsburgh and
Rainer Landgraf at the Max-Planck Institute of Psychiatry, both of whom
had developed in-house oxytocin radioimmunoassays. Perplexingly,
none of us met with success. A postdoctoral fellow in the lab, Alex Lee,
said: “Why not just send samples out for sequencing?” I was more
desperate than dubious, and since sequencing only cost $7 per sample, I
figured we might as well be thorough. A few days later, Alex burst into
my office: squirrel monkeys, and as it later turned out, multiple New
World monkey species, had a novel form of oxytocin! This mutation
arose from a substitution of a leucine for a proline amino acid at position
eight; the molecule was transcribed and translated properly. Findings
from this genetic work revealed why our oxytocin quantification at-
tempts had been unsuccessful in squirrel monkeys, and helped dispel the
widely-held notion that a universal form of oxytocin exists in all
placental mammals [45].

My work on oxytocin’s prosocial, anti-stress, and anxiolytic proper-
ties drew me increasingly to clinically relevant human subjects’
research. I completed several studies with Alan showing that oxytocin
biology was indeed dysregulated in patients with depression [46,47]. 1
also formed a collaboration with Allan Reiss, a child psychiatrist at
Stanford, involving Fragile-X patients. The canonical triplet repeat
expansion impairs FMR1 expression and leads to social deficits, anxiety,
and enhanced HPA axis activation. Based on preclinical findings, we
knew that Fmrl gene knockout mice had diminished hypothalamic
oxytocin production [48]. Our team exploited this information to show
in a small pilot trial that intranasal oxytocin administration to Fragile X
patients enhanced eye contact and diminished circulating cortisol con-
centrations [49]. I found that I loved the immediate relevance of con-
ducting clinical research, and decided that it needed to be a core part of
my research portfolio.

5. Faculty transition and introduction to autism

During my postdoctoral training, I met and married my husband,
Laurence. As I initiated my faculty job search, Laurence and I agreed to
keep an open mind regarding our future geographical location, and after
a lengthy multi-institution job search, I was fortunate to be recruited to
stay at Stanford. The San Francisco Bay Area was also an attractive
option for Laurence, a tech executive. I began exploring new lines of
research, with an eye toward establishing intellectual independence
from David and Alan, a critical step for career advancement.

Autism was then receiving increased research funding due to federal
lobbying efforts by stakeholder parents and the launch of the Simons
Foundation Autism Research Initiative. A Stanford autism working
group was quickly established to capitalize on these new funding op-
portunities. [ was invited by Carl Feinstein, then division chief of child
and adolescent psychiatry, to speak to the group on neuropeptide
biology and its potential role in autism. As I prepared my slides, I was
astonished by how little was known about autism’s neurobiological
underpinnings. Carl had been a clinician and co-author on the first study
to investigate blood oxytocin concentrations in children with autism
[50]. I began attending the autism working group and adopted Carl as a
mentor. He was a kind and encouraging presence during my first years as
an assistant professor. He also taught me about autism and urged me to
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study it. Carl later introduced me to Antonio Hardan, a child psychiatrist
and autism researcher, after Antonio joined our faculty. Antonio and I
soon found ourselves designing a study to test the popular, but not yet
well interrogated, oxytocin-deficit hypothesis of autism. This would be
the first of many exciting projects Antonio and I would conduct together,
coordinated by the talented Robin Libove.

Another important collaborator, Joe Garner, was hired at Stanford a
few years later. I had interviewed Joe as part of his faculty recruitment,
but it was not until we found ourselves attending a quarter-long Team
Science workshop that we meaningfully connected. We were sitting
together when a facilitator raised the topic of statisticians. I lobbed the
first grenade: There was a woefully insufficient number of statisticians
available to consult on (let alone implement) appropriate statistical
analysis plans to meet the demand, thereby impeding scientific progress.
Joe piled on: Even when available, statisticians often did not understand
fundamental biological principles, thereby contributing to false negative
outcomes and the reproducibility crisis. I was reminded of a scene from
the American movie, Step Brothers, where Will Ferrell and John C.
Reilly’s characters realize they effectively share one mind: “Did we just
become best friends?!” they shout in glee. Joe and I were equally
mortified and amused when the chair of a statistical unit interrupted us
to unleash a diatribe about entitled biologists. Joe and I began sitting
together throughout the quarter, safely out of earshot of the statistician,
plotting ways to work together. I soon learned that Joe’s remarks had
not been idle criticism: He had been dually trained as a biologist and
statistician, and was also a leading authority on translation and repro-
ducibility. I invited Joe to help analyze the complex oxytocin and autism
dataset that Antonio and I had recently generated, and with which we
were currently grappling.

With Joe capably installed at the statistical helm, we found that
blood oxytocin concentrations were highly heritable within families and
that variation in oxytocin biology (oxytocin peptide concentrations;
oxytocin receptor gene variants) contributes to important individual
differences in human social functioning, including the social deficits that
characterize autism [51]. Prior oxytocin treatment trials in autism had
produced equivocal results [52-57], potentially because of variability in
patients’ underlying oxytocin biology. The relevance of such variability
was reinforced by findings from rodent models of human syndromes
with high autism penetrance (e.g., Fragile-X syndrome, cortical
dysplasia and focal epilepsy syndrome, and Prader Willi syndrome)
which had reported social impairments and diminished hypothalamic
oxytocin-producing cell numbers [48,58,59]. Brain oxytocin reduction
was associated with lower blood oxytocin concentrations in gene-edited
animals, with social impairment ameliorated following oxytocin treat-
ment [58,60]. These preclinical findings suggested that the oxytocin
signaling pathway may be a promising therapeutic target for idiopathic
autism, particularly in those with oxytocin signaling deficits. Our group
was the first to empirically test this hypothesis: When pretreatment
blood oxytocin concentration was included in our statistical model,
oxytocin vs. placebo treatment significantly enhanced social abilities in
children with autism, and individuals with the lowest pretreatment
blood oxytocin concentrations improved the most from oxytocin treat-
ment [61]. These findings revealed a compelling personalized medicine
component to oxytocin treatment (i.e., there may be a subgroup of
oxytocin deficient patients who stand to maximally benefit).

Our pilot findings also had important implications for accurately
testing oxytocin’s therapeutic potential in people with autism. We tried
to secure follow-up support from NIH to perform an a priori biomarker-
stratified trial, but NIH had funded a multi-site phase III oxytocin clin-
ical trial (i.e., SOARS-B), and we were told to wait for its readout. This
trial faced many logistical and other challenges. Disappointingly, the
trial’s primary outcome measure was negative [62]. Although the sites
did collect pretreatment blood samples, oxytocin concentration did not
predict treatment response. Endogenous oxytocin is labile and requires
fastidious care in its collection, handling, processing, storage, shipment,
and quantification [63]. Even small protocol deviations, which are more
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likely to occur when multiple sites and labs are involved, can alter
concentrations of measured oxytocin. It remains unclear to me whether
chronic oxytocin treatment truly confers no benefit for autism, or it does,
but the “signal” was not detected in the SOARS-B trial, for a myriad of
reasons. [ still wonder if autistic individuals with known endogenous
oxytocin deficits might benefit from daily oxytocin “replacement.” We
may never know the answer, unless researchers outside the US conduct a
biomarker-informed oxytocin treatment trial, or a philanthropist in the
US steps forward to provide the necessary funding. Following the failed
SOARS-B trial, there no longer appears to be federal support for this
research.

There was a silver lining to this oxytocin and autism story. Our
research measuring oxytocin concentrations in relationship to human
socioemotional functioning [47,51,61,64-66] prompted private prac-
tice and academic clinicians, family stakeholders, and various patients
to contact me to inquire about availability of oxytocin measurement for
a broad range of disorders (e.g., craniopharyngioma, germinomas,
septo-optic dysplasia, Prader-Willi syndrome, inherited central diabetes
insipidus), in which social cognition and social interaction impairments
are often prominent symptoms. In a few instances, people described to
me near-overnight onset of autism-like symptoms following surgical
resection in the hypothalamic region where oxytocin is produced.
Indeed, insights gleaned from such correspondences inspired me and
some clinical collaborators to launch several research initiatives in dis-
orders with disease-induced disruption to hypothalamic oxytocin pro-
duction [67,68].

6. Developing a primate model of naturally occurring social
impairment to drive streamlined translation for autism

Although patient studies were certain to yield important informa-
tion, progress in detecting and treating autism nevertheless was being
impeded by the extraordinary difficulty of obtaining brain-relevant tis-
sues from patients to study disease biology directly, and the absence of
tractable face and construct valid animal models. These limitations
underscored to me the tremendous value in developing an Old World
monkey model of social deficits with more reliable behavioral and
biological homology to the human condition [41].

Because autistic traits are common, highly heritable, and continu-
ously distributed across the general human population, I sought a
collaboration with John Capitanio, a professor at UC Davis, and a core
scientist at the California National Primate Research Center (CNPRC), to
develop screening tools that would enable us to identify and study
naturally low-social rhesus monkeys (Macca mulatta) in CNPRC’s large
outdoor colony (N = 4000). Together with our team (including the
exceptional Kate Talbot and peerless Laura Del Rosso), we found that
naturally low-social male monkeys initiated fewer affiliative in-
teractions, displayed more inappropriate social behavior, incurred more
traumatic injuries, and exhibited a greater burden of autistic-like traits
measured by a clinical autism screening scale we reverse-translated and
validated for monkeys [69-74]. We also developed the first primate
social behavior test battery with direct relevance to core autism symp-
toms (the construction of which had been informed by conversations
with autism clinicians). Such tools are enabling us to better characterize
the range and severity of social impairments exhibited by low-social
animals. With an eye toward identifying “at-risk” monkeys, we also
found behavioral markers (e.g., poor face recognition ability) in infancy
that predicted, with 100% accuracy, whether an animal will become
low-social years later [71].

Since there were no robust neurochemical markers of autism, we
next interrogated in our model several biological systems that had
strong rationales as candidates [70]. Our measures included the neu-
ropeptides oxytocin and vasopressin and their receptors [48,75], as well
as two kinase signaling pathways, RAS-MAPK and PI3K-AKT [76,77].
Using a statistical winnowing strategy, we found that cerebrospinal fluid
(CSF) vasopressin concentration (but no other biological measure) was a
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key predictor of group differences in rhesus monkey social functioning.
As would be expected of a putative biomarker, we also found that CSF
vasopressin concentration was stable within individual monkeys over
time [70], including across the breeding and non-breeding seasons [78].
These findings led us to test a critical hypothesis: If CSF vasopressin
concentration is a neurochemical marker of quantitative variation in
social functioning, individual differences in CSF vasopressin concen-
tration should predict individual differences in both prosocial behavior
and social impairment. This was indeed the case, as CSF vasopressin
concentration positively predicted time spent in social grooming [70],
and negatively predicted autistic-like trait burden [78].

These findings were fascinating to me, as I had long viewed vaso-
pressin to be the unjustly neglected sibling of fair-haired oxytocin. It was
vasopressin (not oxytocin) that was first implicated in pair-bonding and
parental care in male mammals [12]. I had included vasopressin as a
neurochemical of interest in our monkey research because my most
profound experience as a graduate student had been administering
vasopressin directly into the brains of male meadow voles, and watching
it “turn on” paternal behavior [24]. I did not believe it to be a coinci-
dence in the slightest that we were observing a link between low CSF
vasopressin concentration and social impairment in an animal model of
a disorder that impacts approximately four times as many males as fe-
males. Perhaps vasopressin would have its day in the sun after all.

7. Advancing detection and treatment of autism

My team next sought to translate our biomarker findings to people
with autism. We had not observed a biological signal in the blood of low-
social monkeys, however, and our preclinical findings indicated we
would need to collect human CSF. Joe began referring to our study
planning efforts as “project love child”: I was passionate about birthing
this study. Funding agencies, unfortunately, were not as enthusiastic.
Our grant applications scored high on significance and innovation, but
got eviscerated on research strategy. The aims were viewed as being too
ambitious and too risky, and reviewers doubted we could collect suffi-
cient CSF samples to test our hypotheses.

I often tell trainees and early career faculty that the best predictor of
a successful scientist is their ability to get up off the floor after being
kicked in the teeth. I vehemently disagreed with our reviewers: Just
because collecting CSF was difficult, did not mean it was impossible. I
had never been one to shy away from a challenge, and if there was a path
forward, I would find it. I began reaching out to every pediatric clinician
I knew at Stanford and elsewhere, conscripting them to help in our ef-
forts. Two pediatric neurologists, Elliott Sherr at UC San Francisco, and
Sonia Partap at Stanford, were particularly helpful in mapping out a
strategy to obtain “extra” and “leftover” CSF samples from children
undergoing standard of care lumbar puncture. Supported by cobbled
together high-risk/high-reward institutional and philanthropic funds,
we assembled a small “proof of concept” autism cohort [70]. Remark-
ably, we found that CSF vasopressin concentration was significantly
lower in children with autism versus controls and that we could
correctly classify 93% of individuals by just knowing their CSF vaso-
pressin concentration. We found no group differences in CSF oxytocin
concentrations.

We next sought to replicate this finding in an independent sample
[79]. Although our first cohort had been a sample of convenience (i.e.,
they were recruited during medical procedures requiring CSF collec-
tion), the autistic individuals in our second cohort were
well-characterized, medically healthy boys and girls who had undergone
lumbar puncture as part of a research study [80] conducted by Sue
Swedo, an NIH intramural investigator. In light of our prior findings, Sue
readily agreed to collaborate with us. Led by senior research scientist
Ozge Oztan, an extraordinarily talented molecular biologist on my team,
we again found that CSF vasopressin concentration in this much larger
pediatric cohort identified autistic children with high accuracy, and
boys with the lowest CSF vasopressin concentrations had the greatest
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social symptom severity [79]. Although I had held out slight hope that
we might observe lower CSF oxytocin concentrations in girls with
autism compared to controls, this was not to be the case.

As an initial step in establishing the causal direction between vaso-
pressin and autism, we next used infant CSF samples to conduct a quasi-
prospective test of whether this association held true before the devel-
opmental period when autism first manifests [81]. This study exploited a
rare archival collection of frozen “leftover” CSF which had been
collected during medical care of febrile neonates. This archive had been
assembled by John Constantino, then at Washington University in Saint
Louis. I had learned about the existence of this archive over dinner with
John at an autism meeting in 2010. We agreed that once I had sufficient
proof from our symptomatic children, we could begin a collaboration.
With this evidence at hand [70,79], John and his team reviewed thou-
sands of paper medical records, traced the ones they could to electronic
ones, and verified through 12 years of age, individuals with and without
autism. John sent us his samples, and Ozge quantified them. Although
both Ozge and I are fanatical about blinding and controls, we knew the
answer to the study as soon as the data came off the plate reader: In-
dividuals subsequently diagnosed with autism had significantly lower
neonatal CSF vasopressin concentrations compared to those who did not
later receive an autism diagnosis. The associations were specific to
vasopressin, as neonatal CSF oxytocin concentration did not differ be-
tween infants later diagnosed with autism and those who developed
typically. These findings suggested that a previously identified neuro-
chemical marker of autism may be present early in life, before behav-
ioral symptoms emerge, and that it may be useful for identifying and
monitoring infants at risk for poor social outcomes.

This and other [82] evidence suggested that the vasopressin
signaling pathway warranted consideration as a drug development
target. On the strength of our CSF biomarker findings, Antonio and I
launched a double-blind, randomized, placebo-controlled phase Ila pilot
trial. We found that intranasal vasopressin treatment markedly
enhanced social abilities in children with autism, as assessed by parent
report, clinician evaluation, and child performance on lab-based tests.
Vasopressin was also well tolerated with minimal side effects [83]. We
are currently conducting a phase IIb vasopressin treatment trial in
children with autism, using a dose found to be effective in our pilot trial.
If our findings are replicated in the larger trial, vasopressin may have
promise as a novel therapeutic intervention for a patient population that
currently lacks a pharmacological strategy for its debilitating social
behavior symptoms.

8. Achievements, work-life balance, and being a woman in
STEM

I am now a tenured full professor at Stanford University. In addition
to my research activities, I currently lead my department’s major labo-
ratories steering committee, where some of the world’s leading trans-
lational psychiatry research is being conducted. I also serve as associate
chair for research strategy and oversight in my department. In this ca-
pacity, my department chair, Laura Roberts, entrusted me and David
Hong, associate chair for clinical research, to lead the emergency
response team tasked with overseeing the cessation, and subsequent
reinstatement, of research activities for more than 130 department PIs
during the early days of the SARS-CoV-2 pandemic. It was a chaotic and
terrifying time. Our work was difficult and all-consuming. Many, many
millions of federal research dollars were at stake, as were our colleagues’
research programs. We often joked - in a gallows humor sort of way - that
we were “building the airplane as we were flying it.” Now, many months
removed from the pandemic, I am exceptionally proud of how our team
steadily flew this hastily built airplane through the center of a raging
storm, to arrive safely on the other side.

I am often asked how I balance my research activities and adminis-
trative duties with being a mother to three boys. This is not an easy
question to answer. The short version is that it is hard work. I run my
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household and lab in a manner that would make a Prussian military
general proud, and during the critical early years of my career, did not
let anyone limit or define me. The longer version is more complicated. I
was exposed to STEM as a child, by a father who never once discouraged
his daughter from pursuing it. I had a loving, supportive mother who
later went back to graduate school, not once but thrice, to earn an MBA,
MSW, and PhD. My aunt was a thought leader in her research field and
encouraged me to believe that one day I might be as well. My PhD
mentor had a husband, two children, and a full life outside the lab. Terri
was unapologetic on the occasions when she had to reschedule a work
obligation to attend to a pressing personal one, but she never used her
children as an excuse to let promises go unfulfilled, and she always got
the work done. She was my blueprint for being a successful scientist and
mother, as were other senior women along the way, notably: Bobbi Low,
Sue Carter, Megan Gunnar, and Ruth O’Hara. I have also benefited from
the enormous support of my department chairs: Alan Schatzberg, Laura
Roberts, and Sherril Green. [ have a loving husband who is an active and
committed parent, and we were exceedingly fortunate when the boys
were young to have nannies (Alvina, Maritza, Rachel, and Annie) who
became honorary members of our family, and who still dearly love our
children. Finally, I have long suspected that being in a pediatric field was
more conducive to work-life balance. My pediatric-trained collaborators
are dedicated parents, and I received nothing but enthusiastic support
from them as I created my own family.

Not all of my experiences as a woman in academia have been posi-
tive, of course. Similar to the concept of allostatic load in stress neuro-
biology [84], I bear the cumulative “wear and tear” of repeated exposure
to casual misogyny. More times than I can count, I have been interrupted
by men who felt compelled to explain my own research to me, or who,
during a committee meeting, parroted what I had said 15 min prior,
often in what seemed to me a less articulate but louder manner. A male
colleague once told others that the reason I was offered a faculty position
at Stanford was because I was a woman. Another time, I sent an email to
the (male) director of a core concerning a collaborative project I was
conducting with a junior (male) colleague. The salutation on the return
email read: “Dear Karen and Dr. X”. More recently, I was invited to
deliver a plenary talk at a conference. There were also smaller breakout
rooms where others were speaking. I approached the audiovisual (AV)
booth and politely requested to load my talk and review it. The AV
technician told me that he was busy, but when my boss arrived, he
would make time to handle it. I was initially confused; Laura was not
attending this meeting. As awareness dawned, I informed him that I was,
in fact, the speaker. He looked at me, and then said dismissively: “You
must be in one of the breakout rooms.” It was only once I deliberately
helped him link the name on my badge to the one on the agenda that he
grudgingly conceded to let me run through my slide deck.

A more insidious form of discrimination is the one that women
reserve for each other. Early on, I was warned by multiple senior women
that having children would derail my career. I would be relegated to the
“mommy track,” they said. These were often childless women, who had
delayed having a family until it was no longer possible, or had foregone
having children out of perceived necessity. They had clawed their way to
the top under what I can only imagine were egregious circumstances,
but had no intention of making the way easier for those of us who fol-
lowed. When I became a mother, I noticed that several of these women
would make a point, always within earshot of senior men, to inquire
after my children. Once, I was in the lobby of a conference hotel, talking
to three senior male colleagues. One of these women abruptly inter-
rupted our conversation to ask: “Karen, how are your children?” The
four of us looked at her askance. It was a bizarre and completely out-of-
context question. One of the men mercifully and kindly responded: “Her
boys are wonderful! But we were actually talking about Karen’s fantastic
new paper. Have you read it yet?” Having not received the intended
reaction, this woman stormed off. I would like to think that this sort of
behavior is decreasing, and I do think it is. Yet, not long ago, I received
an urgent call from a medical resident. She knew of a PhD student who
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was perilously close to quitting her program after a female professor had
told her: “You can be a real scientist, or a mommy. Choose wisely.” I
agreed to speak with this distraught student from one of my children’s
soccer practices, and calmly reassured her that it was indeed possible to
be both. I hope she stays the course.

The leaky pipeline is real. Even having trained at institutions like
Michigan and Stanford, nearly every one of my female peers, for one
reason or another, has left academia. The time and energy I invested in
nurturing these relationships, with aspirations of one day trading well-
trained students and collaborating on research projects, never paid off.
The same phenomenon did not happen to my male colleagues, who I
often wistfully observe greeting one another at meetings, reliving their
graduate school and postdoctoral exploits. Such is another and
frequently overlooked loss for female scientists: The costly pruning of
our professional networks. I have, however, met other women along the
way, many also the last of their cohorts, who have become cherished
colleagues and friends. I am looking at you, Karen Bales, Suma Jacob,
Kati Gothard, Shelly Flagel, Annie Penn, Mar Sanchez, and Cathy
Crockford.

Many paths are available to get us where we need to go. I am no
longer surprised that my career has come full circle, from finding neu-
ropeptides through Darwinian medicine, more than 25 years ago. As a
researcher, I have made my career in a medical school and spend much
of my time with clinicians. You might say that I have become a monkey
psychiatrist, of sorts. Had things played out a little differently, I may
have been an actual psychiatrist, or perhaps, a pediatric neurologist. But
I do not think my career would have been substantially different. I would
have still been driven toward discovery, and trying to make the world a
better, kinder place.

To the young women reading this piece, I hope you dream big,
ambitious dreams. Do not let anyone limit or define you. When you
begin to falter, or lose confidence in yourself, draw strength and courage
from the wise words of Hall of Famer Wayne Gretzky: You miss 100% of
the shots you don’t take.

Declaration of competing interest

The Board of Trustees of the Leland Stanford Junior University has
filed patent applications related to data reviewed herein: PCT/US2019/
019029 (“Methods for diagnosing and determining severity of an autism
spectrum disorder™) and PCT/US2019/041250 (“Intranasal Vasopressin
Treatment for Social Deficits in Children with Autism™). These patents
have not been granted, nor licensed, and the author is not receiving any
financial compensation at this time.

Acknowledgements

I thank Bev Parker, Suma Jacob, Dan Bowling, Ozge Oztan, Kate
Talbot, and Kendall Coden for reading this manuscript and providing
critical feedback on it. I am grateful for the love and support of my
parents, Bev and the late Bill Parker, aunt Holly, husband Laurence, and
our three primates: Luca, Asher, and Theo. I am indebted to my many
mentors and champions, but particularly, to my formal advisors, Terri,
David, and Alan, and my current department chairs, Laura and Sherril. I
have been fortunate to receive research funding from a variety of federal
and private foundations (e.g., National Institutes of Health [HD091972,
HD087048, HD083629, MH100387, HD079095, HD67175, MH77884,
MH66537], Simons Foundation [627146, 342873, 274472, 93231],
Department of Defense [W81XWH-21-1-0210], NARSAD, Weston Ha-
vens Foundation, Brain Foundation), institutional sources (e.g., Stan-
ford’s Bio-X NeuroVentures Program, Maternal and Child Health
Institute, Wu Tsai Neurosciences Institute, SPARK, Katherine D.
McCormick Fund), and several generous philanthropists (most notably
Lya Truong and Hock Tan, as well as the Mosbacher family). I am
grateful to the numerous colleagues, trainees, coordinators, and tech-
nicians who have conducted research with me, and pushed our science

Comprehensive Psychoneuroendocrinology 16 (2023) 100202

to be the best it could be. Finally, I am grateful to the participants and
families who have partnered with us in our shared goal of improving the
lives of those with autism.

References

[1] J. Gertner, The Idea Factory: Bell Labs and the Great Age of American Innovation,
Penguin Press, 2012.

[2] R.D. Alexander, Darwinism and Human Affairs, University of Washington Press,
Seattle, WA, 1979.

[3] J. Von Neumann, O. Morgenstern, Theory of Games and Economic Behavior,
Princeton University Press, Princeton, NJ, 2007.

[4] G.C. Williams, R.M. Nesse, The dawn of Darwinian medicine, Q. Rev. Biol. 66
(1991) 1-22.

[5] L Liberzon, D.T. Chalmers, A. Mansour, J.F. Lopez, S.J. Watson, E.A. Young,
Glucocorticoid regulation of hippocampal oxytocin receptor binding, Brain Res.
650 (1994) 317-322.

[6] 1. Liberzon, K.A. Trujillo, H. Akil, E.A. Young, Motivational properties of oxytocin
in the conditioned place preference paradigm, Neuropsychopharmacology 17
(1997) 353-359.

[7] L Liberzon, E.A. Young, Effects of stress and glucocorticoids on CNS oxytocin
receptor binding, Psychoneuroendocrinology 22 (1997) 411-422.

[8] C.S. Carter, LI. Lederhendler, B. Kirkpatrick, The Integrative Neurobiology of
Affiliation, New York Academy of Sciences, New York, 1997.

[9] T.R. Insel, L.E. Shapiro, Oxytocin receptor distribution reflects social organization
in monogamous and polygamous voles, Proc. Natl. Acad. Sci. U. S. A. 89 (1992)
5981-5985.

[10] C.A. Pedersen, J.A. Ascher, Y.L. Monroe, A.J. Prange Jr., Oxytocin induces
maternal behavior in virgin female rats, Science 216 (1982) 648-650.

[11] J.R. Williams, C.S. Carter, T. Insel, Partner preference development in female
prairie voles is facilitated by mating or the central infusion of oxytocin, Ann. N. Y.
Acad. Sci. 652 (1992) 487-489.

[12] J.T. Winslow, N. Hastings, C.S. Carter, C.R. Harbaugh, T.R. Insel, A role for central
vasopressin in pair bonding in monogamous prairie voles, Nature 365 (1993)
545-548.

[13] D.M. Witt, J.T. Winslow, T.R. Insel, Enhanced social interactions in rats following
chronic, centrally infused oxytocin, Pharmacol. Biochem. Behav. 43 (1992)
855-861.

[14] C.S. Carter, A.C. DeVries, L.L. Getz, Physiological substrates of mammalian
monogamy: the prairie vole model, Neurosci. Biobehav. Rev. 19 (1995) 303-314.

[15] C.S. Carter, J.R. Williams, D.M. Witt, T.R. Insel, Oxytocin and social bonding, Ann.
N. Y. Acad. Sci. 652 (1992) 204-211.

[16] J.T. Winslow, L. Shapiro, C.S. Carter, T.R. Insel, Oxytocin and complex social
behavior: species comparisons, Psychopharmacol. Bull. 29 (1993) 409-414.

[17] D.M. Madison, R.W. FitzGerald, W.J. McShea, Dynamics of social nesting in
overwintering meadow voles (Microtus pennsylvanicus): possible consequences for
population cycling, Behav. Ecol. Sociobiol. 15 (1984) 9-17.

[18] D.F. Lott, Intraspecific Variation in the Social Systems of Wild Vertebrates,
Cambridge University Press, Cambridge, England, 1991.

[19] S.T. Emlen, L.W. Oring, Ecology, sexual selection, and the evolution of mating
systems, Science 197 (1977) 215-223.

[20] K.J. Parker, T.M. Lee, Development of selective partner preferences in captive male
and female Microtus pennsylvanicus (meadow voles), Anim. Behav. 61 (2001)
1217-1226.

[21] K.J. Parker, T.M. Lee, Social and environmental factors influence the suppression
of pup-directed aggression and development of paternal behavior in captive
meadow voles (Microtus pennsylvanicus), J. Comp. Psychol. 115 (2001) 331-336.

[22] K.J. Parker, T.M. Lee, Interaction of photoperiod and testes development is
associated with paternal care in Microtus pennsylvanicus (meadow voles), Physiol.
Behav. 75 (2002) 91-95.

[23] K.J. Parker, T.M. Lee, Female meadow voles (Microtus pennsylvanicus)
demonstrate same-sex partner preferences, J. Comp. Psychol. 117 (2003) 283-289.

[24] K.J. Parker, T.M. Lee, Central vasopressin administration regulates the onset of
facultative paternal behavior in microtus pennsylvanicus (meadow voles), Horm.
Behav. 39 (2001) 285-294.

[25] K.J. Parker, L.F. Kinney, K.M. Phillips, T.M. Lee, Paternal behavior is associated
with central neurohormone receptor binding patterns in meadow voles (Microtus
pennsylvanicus), Behav. Neurosci. 115 (2001) 1341-1348.

[26] K.J. Parker, K.M. Phillips, L.F. Kinney, T.M. Lee, Day length and sociosexual
cohabitation alter central oxytocin receptor binding in female meadow voles
(Microtus pennsylvanicus), Behav. Neurosci. 115 (2001) 1349-1356.

[27] K.J. Parker, The Behavioral Neurobiology of Affiliation and Paternal Care in
Microtus Pennsylvanicus (Meadow Voles), University of Michigan, 2000.

[28] C.A. Pedersen, A.J. Prange Jr., Induction of maternal behavior in virgin rats after
intracerebroventricular administration of oxytocin, Proc. Natl. Acad. Sci. U. S. A.
76 (1979) 6661-6665.

[29] P.H. Klopfer, Mother love: what turns it on? Am. Sci. 59 (1971) 404-407.

[30] K.J. Parker, A.F. Schatzberg, D.M. Lyons, Neuroendocrine aspects of
hypercortisolism in major depression, Horm. Behav. 43 (2003) 60-66.

[31] D.M. Lyons, K.J. Parker, Stress inoculation-induced indications of resilience in
monkeys, J. Trauma Stress 20 (2007) 423-433.

[32] K.J. Parker, C.L. Buckmaster, S.A. Hyde, A.F. Schatzberg, D.M. Lyons, Nonlinear
relationship between early life stress exposure and subsequent resilience in
monkeys, Sci. Rep. 9 (2019), 16232.


http://refhub.elsevier.com/S2666-4976(23)00036-X/sref1
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref1
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref2
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref2
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref3
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref3
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref4
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref4
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref5
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref5
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref5
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref6
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref6
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref6
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref7
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref7
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref8
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref8
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref9
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref9
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref9
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref10
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref10
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref11
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref11
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref11
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref12
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref12
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref12
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref13
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref13
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref13
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref14
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref14
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref15
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref15
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref16
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref16
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref17
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref17
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref17
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref18
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref18
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref19
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref19
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref20
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref20
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref20
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref21
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref21
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref21
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref22
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref22
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref22
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref23
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref23
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref24
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref24
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref24
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref25
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref25
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref25
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref26
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref26
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref26
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref27
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref27
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref28
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref28
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref28
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref29
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref30
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref30
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref31
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref31
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref32
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref32
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref32

K.J. Parker

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

K.J. Parker, C.L. Buckmaster, A.F. Schatzberg, D.M. Lyons, Prospective
investigation of stress inoculation in young monkeys, Arch. Gen. Psychiatr. 61
(2004) 933-941.

K.J. Parker, C.L. Buckmaster, K. Sundlass, A.F. Schatzberg, D.M. Lyons, Maternal
mediation, stress inoculation, and the development of neuroendocrine stress
resistance in primates, Proc. Natl. Acad. Sci. U. S. A. 103 (2006) 3000-3005.
K.J. Parker, K.L. Rainwater, C.L. Buckmaster, A.F. Schatzberg, S.E. Lindley, D.

M. Lyons, Early life stress and novelty seeking behavior in adolescent monkeys,
Psychoneuroendocrinology 32 (2007) 785-792.

M. Katz, C. Liu, M. Schaer, K.J. Parker, M.C. Ottet, A. Epps, C.L. Buckmaster,

R. Bammer, M.E. Moseley, A.F. Schatzberg, S. Eliez, D.M. Lyons, Prefrontal
plasticity and stress inoculation-induced resilience, Dev. Neurosci. 31 (2009)
293-299.

K.J. Parker, C.L. Buckmaster, K.R. Justus, A.F. Schatzberg, D.M. Lyons, Mild early
life stress enhances prefrontal-dependent response inhibition in monkeys, Biol.
Psychiatr. 57 (2005) 848-855.

K.J. Parker, C.L. Buckmaster, S.E. Lindley, A.F. Schatzberg, D.M. Lyons,
Hypothalamic-pituitary-adrenal axis physiology and cognitive control of behavior
in stress inoculated monkeys, Int. J. Behav. Dev. 36 (2012).

R. Yuan, J.M. Nechvatal, C.L. Buckmaster, S. Ayash, K.J. Parker, A.F. Schatzberg,
D.M. Lyons, V. Menon, Long-term effects of intermittent early life stress on primate
prefrontal-subcortical functional connectivity, Neuropsychopharmacology 46
(2021) 1348-1356.

M.J. Meaney, Maternal care, gene expression, and the transmission of individual
differences in stress reactivity across generations, Annu. Rev. Neurosci. 24 (2001)
1161-1192.

K.J. Parker, Leveraging a translational research approach to drive diagnostic and
treatment advances for autism, Mol. Psychiatr. 27 (2022) 2650-2658.

K.J. Parker, D. Maestripieri, Identifying key features of early stressful experiences
that produce stress vulnerability and resilience in primates, Neurosci. Biobehav.
Rev. 35 (2011) 1466-1483.

K. Uvnas-Moberg, Oxytocin may mediate the benefits of positive social interaction
and emotions, Psychoneuroendocrinology 23 (1998) 819-835.

K.J. Parker, C.L. Buckmaster, A.F. Schatzberg, D.M. Lyons, Intranasal oxytocin
administration attenuates the ACTH stress response in monkeys,
Psychoneuroendocrinology 30 (2005) 924-929.

A.G. Lee, D.R. Cool, W.C. Grunwald Jr., D.E. Neal, C.L. Buckmaster, M.Y. Cheng, S.
A. Hyde, D.M. Lyons, K.J. Parker, A novel form of oxytocin in New World monkeys,
Biol. Lett. 7 (2011) 584-587.

K.J. Parker, H.A. Kenna, J.M. Zeitzer, J. Keller, C.M. Blasey, J.A. Amico, A.

F. Schatzberg, Preliminary evidence that plasma oxytocin levels are elevated in
major depression, Psychiatr. Res. 178 (2010) 359-362.

K.W. Yuen, J.P. Garner, D.S. Carson, J. Keller, A. Lembke, S.A. Hyde, H.A. Kenna,
L. Tennakoon, A.F. Schatzberg, K.J. Parker, Plasma oxytocin concentrations are
lower in depressed vs. healthy control women and are independent of cortisol,

J. Psychiatr. Res. 51 (2014) 30-36.

S.M. Francis, A. Sagar, T. Levin-Decanini, W. Liu, C.S. Carter, S. Jacob, Oxytocin
and vasopressin systems in genetic syndromes and neurodevelopmental disorders,
Brain Res. 1580 (2014) 199-218.

S.S. Hall, A.A. Lightbody, B.E. McCarthy, K.J. Parker, A.L. Reiss, Effects of
intranasal oxytocin on social anxiety in males with fragile X syndrome,
Psychoneuroendocrinology 37 (2012) 509-518.

C. Modahl, L. Green, D. Fein, M. Morris, L. Waterhouse, C. Feinstein, H. Levin,
Plasma oxytocin levels in autistic children, Biol. Psychiatr. 43 (1998) 270-277.
K.J. Parker, J.P. Garner, R.A. Libove, S.A. Hyde, K.B. Hornbeak, D.S. Carson, C.
P. Liao, J.M. Phillips, J.F. Hallmayer, A.Y. Hardan, Plasma oxytocin concentrations
and OXTR polymorphisms predict social impairments in children with and without
autism spectrum disorder, Proc. Natl. Acad. Sci. U. S. A. 111 (2014) 12258-12263.
E. Anagnostou, L. Soorya, W. Chaplin, J. Bartz, D. Halpern, S. Wasserman, A.

T. Wang, L. Pepa, N. Tanel, A. Kushki, E. Hollander, Intranasal oxytocin versus
placebo in the treatment of adults with autism spectrum disorders: a randomized
controlled trial, Mol. Autism. 3 (2012) 16.

M.R. Dadds, E. MacDonald, A. Cauchi, K. Williams, F. Levy, J. Brennan, Nasal
oxytocin for social deficits in childhood autism: a randomized controlled trial,

J. Autism Dev. Disord. 44 (2014) 521-531.

A.J. Guastella, K.M. Gray, N.J. Rinehart, G.A. Alvares, B.J. Tonge, I.B. Hickie, C.
M. Keating, C. Cacciotti-Saija, S.L. Einfeld, The effects of a course of intranasal
oxytocin on social behaviors in youth diagnosed with autism spectrum disorders: a
randomized controlled trial, JCPP (J. Child Psychol. Psychiatry) 56 (2015)
444-452,

T. Munesue, H. Nakamura, M. Kikuchi, Y. Miura, N. Takeuchi, T. Anme, E. Nanba,
K. Adachi, K. Tsubouchi, Y. Sai, K. Miyamoto, S. Horike, S. Yokoyama, H. Nakatani,
Y. Niida, H. Kosaka, Y. Minabe, H. Higashida, Oxytocin for male subjects with
autism spectrum disorder and comorbid intellectual disabilities: a randomized pilot
study, Front. Psychiatr. 7 (2016) 2.

T. Watanabe, M. Kuroda, H. Kuwabara, Y. Aoki, N. Iwashiro, N. Tatsunobu,

H. Takao, Y. Nippashi, Y. Kawakubo, A. Kunimatsu, K. Kasai, H. Yamasue, Clinical
and neural effects of six-week administration of oxytocin on core symptoms of
autism, Brain 138 (2015) 3400-3412.

C.J. Yatawara, S.L. Einfeld, 1.B. Hickie, T.A. Davenport, A.J. Guastella, The effect of
oxytocin nasal spray on social interaction deficits observed in young children with
autism: a randomized clinical crossover trial, Mol. Psychiatr. 21 (2016)
1225-1231.

O. Penagarikano, M.T. Lazaro, X.H. Lu, A. Gordon, H. Dong, H.A. Lam, E. Peles, N.
T. Maidment, N.P. Murphy, X.W. Yang, P. Golshani, D.H. Geschwind, Exogenous

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Comprehensive Psychoneuroendocrinology 16 (2023) 100202

and evoked oxytocin restores social behavior in the Cntnap2 mouse model of
autism, Sci. Transl. Med. 7 (2015) 271ra278.

F. Schaller, F. Watrin, R. Sturny, A. Massacrier, P. Szepetowski, F. Muscatelli,

A single postnatal injection of oxytocin rescues the lethal feeding behaviour in
mouse newborns deficient for the imprinted Magel2 gene, Hum. Mol. Genet. 19
(2010) 4895-4905.

H. Meziane, F. Schaller, S. Bauer, C. Villard, V. Matarazzo, F. Riet, G. Guillon,

D. Lafitte, M.G. Desarmenien, M. Tauber, F. Muscatelli, An early postnatal oxytocin
treatment prevents social and learning deficits in adult mice deficient for Magel2, a
gene involved in prader-willi syndrome and autism, Biol. Psychiatr. 78 (2015)
85-94.

K.J. Parker, O. Oztan, R.A. Libove, R.D. Sumiyoshi, L.P. Jackson, D.S. Karhson, J.
E. Summers, K.E. Hinman, K.S. Motonaga, J.M. Phillips, D.S. Carson, J.P. Garner,
A.Y. Hardan, Intranasal oxytocin treatment for social deficits and biomarkers of
response in children with autism, Proc. Natl. Acad. Sci. U. S. A. 114 (2017)
8119-8124.

L. Sikich, A. Kolevzon, B.H. King, C.J. McDougle, K.B. Sanders, S.J. Kim, M. Spanos,
T. Chandrasekhar, M.D.P. Trelles, C.M. Rockhill, M.L. Palumbo, A. Witters Cundiff,
A. Montgomery, P. Siper, M. Minjarez, L.A. Nowinski, S. Marler, L.C. Shuffrey,
C. Alderman, J. Weissman, B. Zappone, J.E. Mullett, H. Crosson, N. Hong, S.

K. Siecinski, S.N. Giamberardino, S. Luo, L. She, M. Bhapkar, R. Dean, A. Scheer, J.
L. Johnson, S.G. Gregory, J. Veenstra-VanderWeele, Intranasal oxytocin in children
and adolescents with autism spectrum disorder, N. Engl. J. Med. 385 (2021)
1462-1473.

B.A. Tabak, G. Leng, A. Szeto, K.J. Parker, J.G. Verbalis, T.E. Ziegler, M.R. Lee, 1.
D. Neumann, A.J. Mendez, Advances in human oxytocin measurement: challenges
and proposed solutions, Mol. Psychiatr. 28 (2023) 127-140.

D.S. Carson, S.W. Berquist, T.H. Trujillo, J.P. Garner, S.L. Hannah, S.A. Hyde, R.
D. Sumiyoshi, L.P. Jackson, J.K. Moss, M.C. Strehlow, S.H. Cheshier, S. Partap, A.
Y. Hardan, K.J. Parker, Cerebrospinal fluid and plasma oxytocin concentrations are
positively correlated and negatively predict anxiety in children, Mol. Psychiatr. 20
(2015) 1085-1090.

C.L. Clark, N. St John, A.M. Pasca, S.A. Hyde, K. Hornbeak, M. Abramova,

H. Feldman, K.J. Parker, A.A. Penn, Neonatal CSF oxytocin levels are associated
with parent report of infant soothability and sociability,
Psychoneuroendocrinology 38 (2013) 1208-1212.

M.G. Mariscal, O. Oztan, S.M. Rose, R.A. Libove, L.P. Jackson, R.D. Sumiyoshi, T.
H. Trujillo, D.S. Carson, J.M. Phillips, J.P. Garner, A.Y. Hardan, K.J. Parker, Blood
oxytocin concentration positively predicts contagious yawning behavior in
children with autism spectrum disorder, Autism Res. 12 (2019) 1156-1161.

L. Clarke, O. Zyga, P.L. Pineo-Cavanaugh, M. Jeng, N.J. Fischbein, S. Partap,

L. Katznelson, K.J. Parker, Socio-behavioral dysfunction in disorders of
hypothalamic-pituitary involvement: the potential role of disease-induced oxytocin
and vasopressin signaling deficits, Neurosci. Biobehav. Rev. 140 (2022), 104770.
0. Oztan, O. Zyga, D.E.J. Stafford, K.J. Parker, Linking oxytocin and arginine
vasopressin signaling abnormalities to social behavior impairments in Prader-Willi
syndrome, Neurosci. Biobehav. Rev. 142 (2022), 104870.

AK. Myers, C.F. Talbot, L.A. Del Rosso, A.C. Maness, S.M.V. Simmons, J.P. Garner,
J.P. Capitanio, K.J. Parker, Assessment of medical morbidities in a rhesus monkey
model of naturally occurring low sociality, Autism Res. 14 (2021) 1332-1346.
K.J. Parker, J.P. Garner, O. Oztan, E.R. Tarara, J. Li, V. Sclafani, L.A. Del Rosso,
K. Chun, S.W. Berquist, M.G. Chez, S. Partap, A.Y. Hardan, E.H. Sherr, J.

P. Capitanio, Arginine vasopressin in cerebrospinal fluid is a marker of sociality in
nonhuman primates, Sci. Transl. Med. 10 (2018).

V. Sclafani, L.A. Del Rosso, S.K. Seil, L.A. Calonder, J.E. Madrid, K.J. Bone, E.

H. Sherr, J.P. Garner, J.P. Capitanio, K.J. Parker, Early predictors of impaired
social functioning in male rhesus macaques (Macaca mulatta), PLoS One 11
(2016), e0165401.

C.F. Talbot, J.P. Garner, A.C. Maness, B. McCowan, J.P. Capitanio, K.J. Parker,
A psychometrically robust screening tool to rapidly identify socially impaired
monkeys in the general population, Autism Res 13 (9) (2020) 1465-1475.

C.F. Talbot, J.E. Madrid, L.A. Del Rosso, J.P. Capitanio, J.P. Garner, K.J. Parker,
Rhesus monkey sociality is stable across time and linked to variation in the
initiation but not receipt of prosocial behavior, Am. J. Primatol. 84 (2022),
e23442.

C.F. Talbot, A.C. Maness, J.P. Capitanio, K.J. Parker, The factor structure of the
macaque social responsiveness scale-revised predicts social behavior and
personality dimensions, Am. J. Primatol. 83 (2021), e23234.

D.A. Baribeau, E. Anagnostou, Oxytocin and vasopressin: linking pituitary
neuropeptides and their receptors to social neurocircuits, Front. Neurosci. 9 (2015)
335.

1.S. Samuels, S.C. Saitta, G.E. Landreth, MAP’ing CNS development and cognition:
an ERKsome process, Neuron 61 (2009) 160-167.

M. Subramanian, C.K. Timmerman, J.L. Schwartz, D.L. Pham, M.K. Meffert,
Characterizing autism spectrum disorders by key biochemical pathways, Front.
Neurosci. 9 (2015) 313.

0. Oztan, C.F. Talbot, E. Argilli, A.C. Maness, S.M. Simmons, N. Mohsin, L.A. Del
Rosso, J.P. Garner, E.H. Sherr, J.P. Capitanio, K.J. Parker, Autism-associated
biomarkers: test-retest reliability and relationship to quantitative social trait
variation in rhesus monkeys, Mol. Autism. 12 (2021) 50.

O. Oztan, J.P. Garner, S. Partap, E.H. Sherr, A.Y. Hardan, C. Farmer, A. Thurm, S.
E. Swedo, K.J. Parker, Cerebrospinal fluid vasopressin and symptom severity in
children with autism, Ann. Neurol. 84 (2018) 611-615.

J. Shoffner, B. Trommer, A. Thurm, C. Farmer, W.A. Langley 3rd, L. Soskey, A.
N. Rodriguez, P. D’Souza, S.J. Spence, K. Hyland, S.E. Swedo, CSF concentrations


http://refhub.elsevier.com/S2666-4976(23)00036-X/sref33
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref33
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref33
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref34
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref34
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref34
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref35
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref35
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref35
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref36
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref36
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref36
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref36
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref37
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref37
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref37
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref38
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref38
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref38
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref39
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref39
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref39
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref39
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref40
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref40
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref40
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref41
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref41
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref42
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref42
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref42
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref43
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref43
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref44
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref44
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref44
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref45
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref45
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref45
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref46
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref46
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref46
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref47
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref47
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref47
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref47
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref48
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref48
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref48
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref49
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref49
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref49
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref50
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref50
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref51
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref51
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref51
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref51
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref52
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref52
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref52
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref52
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref53
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref53
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref53
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref54
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref54
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref54
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref54
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref54
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref55
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref55
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref55
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref55
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref55
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref56
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref56
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref56
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref56
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref57
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref57
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref57
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref57
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref58
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref58
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref58
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref58
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref59
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref59
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref59
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref59
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref60
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref60
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref60
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref60
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref60
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref61
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref61
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref61
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref61
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref61
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref62
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref63
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref63
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref63
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref64
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref64
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref64
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref64
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref64
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref65
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref65
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref65
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref65
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref66
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref66
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref66
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref66
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref67
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref67
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref67
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref67
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref68
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref68
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref68
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref69
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref69
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref69
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref70
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref70
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref70
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref70
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref71
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref71
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref71
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref71
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref72
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref72
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref72
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref73
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref73
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref73
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref73
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref74
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref74
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref74
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref75
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref75
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref75
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref76
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref76
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref77
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref77
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref77
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref78
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref78
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref78
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref78
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref79
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref79
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref79
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref80
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref80

K.J. Parker

[81]

[82]

of 5-methyltetrahydrofolate in a cohort of young children with autism, Neurology
86 (24) (2016), 2258-63.

O. Oztan, J.P. Garner, J.N. Constantino, K.J. Parker, Neonatal CSF vasopressin
concentration predicts later medical record diagnoses of autism spectrum disorder,
Proc. Natl. Acad. Sci. U. S. A. 117 (2020) 10609-10613.

S.M. Freeman, K. Inoue, A.L. Smith, M.M. Goodman, L.J. Young, The
neuroanatomical distribution of oxytocin receptor binding and mRNA in the male
rhesus macaque (Macaca mulatta), Psychoneuroendocrinology 45 (2014) 128-141.

[83]

[84]

Comprehensive Psychoneuroendocrinology 16 (2023) 100202

K.J. Parker, O. Oztan, R.A. Libove, N. Mohsin, D.S. Karhson, R.D. Sumiyoshi, J.
E. Summers, K.E. Hinman, K.S. Motonaga, J.M. Phillips, D.S. Carson, L.K. Fung, J.
P. Garner, A.Y. Hardan, A randomized placebo-controlled pilot trial shows that
intranasal vasopressin improves social deficits in children with autism, Sci. Transl.
Med. 11 (2019).

B.S. McEwen, Stress, adaptation, and disease. Allostasis and allostatic load, Ann. N.
Y. Acad. Sci. 840 (1998) 33-44.


http://refhub.elsevier.com/S2666-4976(23)00036-X/sref80
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref80
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref81
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref81
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref81
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref82
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref82
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref82
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref83
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref83
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref83
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref83
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref83
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref84
http://refhub.elsevier.com/S2666-4976(23)00036-X/sref84

	Tales from the life and lab of a female social neuroscientist
	1 Early adventures with emerging technologies and conflicting identities
	2 College: the doctoral fork in the road
	3 Graduate school: finding neuropeptides
	4 Next steps and postdoctoral research: changing systems and species
	5 Faculty transition and introduction to autism
	6 Developing a primate model of naturally occurring social impairment to drive streamlined translation for autism
	7 Advancing detection and treatment of autism
	8 Achievements, work-life balance, and being a woman in STEM
	Declaration of competing interest
	Acknowledgements
	References


