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1. Endocrine training and concept of multifaceted hormone
impacting brain and metabolism

As a Fellow in Endocrinology at Massachusetts General Hospital
(MGH) investigating endocrine complications of anorexia nervosa, I
developed a fascination for hormones involved in metabolism that also
act on the brain to modulate mental health and behavior. Oxytocin, a
hypothalamic-pituitary hormone well known for inducing labor and
lactation, sparked my interest given emerging evidence for broad
physiologic and behavioral effects in both sexes. With funding from my
incredibly supportive research mentor in the Neuroendocrine Unit,
Anne Klibanski, I leveraged data and samples from my fellowship
project (on the hypothalamic-pituitary-adrenal axis and bone health) to
investigate oxytocin in anorexia nervosa, eventually leading to my first
oxytocin publication and a clinical and translational research program
focused on oxytocin in human health and disease.

2. Oxytocin deficiency in context of energy deficit

Anorexia nervosa, a psychiatric disorder characterized by food re-
striction despite severely low weight, is commonly accompanied by
mental and physical comorbidities, including anxiety, depression,
social-emotional functioning difficulties, and bone loss [1]. Studies in
oxytocin and oxytocin receptor knockout animal models had shown that
deficient oxytocin signaling was associated with weight gain [2,3],
increased anxiety [4], depressive [5] and abnormal social behaviors [6],
and osteoporosis [7]. There was also evidence that oxytocin or oxytocin
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agonist administration in rodents reduced food intake [8,9], reduced
anxiety behaviors [4], promoted prosocial interactions [10], and
improved bone mass [11]. Further, several small studies pointed to a
possible oxytocin deficiency in females with anorexia nervosa.
Compared to healthy controls, Demitrack et al. reported that five un-
derweight women with restricting anorexia nervosa had low levels of
cerebrospinal fluid oxytocin [12]. In seven women with anorexia nerv-
osa, Chiodera et al. demonstrated an absent response of circulating
oxytocin to known stimuli (insulin induced hypoglycemia; estradiol)
that normalized with weight gain [13]. These findings suggested that in
anorexia nervosa, oxytocin levels may be suppressed as a physiologic
adaptation intended to increase caloric intake and conserve limited re-
sources in the context of chronic starvation. Low oxytocin levels, in turn,
might contribute to poor mental health and multifactorial bone loss
[14]. However, circulating oxytocin levels in anorexia nervosa were not
well established and the link between oxytocin and markers of energy
homeostasis, bone health, and psychopathology in anorexia nervosa was
unknown.

My fellowship project offered an opportunity to begin to probe the
hypothesis that low oxytocin levels in the context of undernutrition
contribute to comorbidities in anorexia nervosa [15], and to begin to
clinically characterize oxytocin defiency in humans. In order to under-
stand cortisol dynamics in anorexia nervosa, we had sampled blood
every 20 min for 12 h overnight in women with anorexia nervosa and
healthy controls and pooled each individual’s samples to get an inte-
grated measure of hormone exposure. We had leftover samples stored at
—80°, and used these to measure overnight oxytocin levels in 17 women
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with anorexia nervosa and 19 healthy controls. I remember the excite-
ment of analyzing these data and writing up my first oxytocin paper
during a long weekend visit with family in the Catskill mountains, while
my toddler was happily distracted by his great aunt and cousins. My
research coordinator, Dan Donoho (now a pediatric pituitary surgeon),
promptly emailed me relevant publications that I requested as I worked
on the paper and Anne Klibanski immediately reviewed and provided
feedback on my draft, demonstrating their enthusiasm for our findings
and making it possible to complete the manuscript draft in record time.
Consistent with my hypothesis, overnight oxytocin levels were low in
women with anorexia nervosa, independent of estradiol levels, and
positively associated with leptin (fat-derived marker of energy avail-
ability) and bone mineral density at the spine, such that those with the
lowest leptin levels had the lowest oxytocin levels and the worst bone
health [16].

In our initial manuscript submission, we had reported oxytocin re-
sults using an enzyme-linked immunosorbant assay (ELISA) without
extraction, and reviewers rejected the paper, recommending that we use
an extraction step. Pat Sluss, MGH Research Core Laboratory director
and collaborator, ran our blood samples again using the same assay —
this time with extraction — and found that while absolute levels of
oxytocin were substantially lower after extraction, our findings were
consistent (low oxytocin in anorexia nervosa positively correlated with
leptin and bone mineral density). Our paper was (finally) published in
the Journal of Clinical Psychiatry [16]. In later work, we published that
extracted and unextracted oxytocin levels were highly correlated [17].
When using different assays (ELISAs; radioimmunoassay, RIA) and
techniques (extracted versus unextracted), we have found oxytocin
levels to be low in clinical populations [patients with energy deficit
(females with anorexia nervosa (ELISA, extracted and unextracted) [16,
18]; female athletes with oligoamenorrhea and decreased body fat
(ELISA, unextracted) [17]; and men with pituitary disease and presumed
oxytocin deficiency (arginine-vasopressin deficiency, formerly known as
diabetes insipidus) (RIA, extracted) [19], and correlated with clinical
endpoints (e.g., markers of energy availability (ELISA, extracted and
unextracted) [16,18,20], bone health (ELISA, extracted and unex-
tracted; RIA, extracted) [16-18,21], and mental health (ELISA, extrac-
ted and unextracted; RIA, extracted) [19,22-26]. Different assays and
techniques provide markedly different absolute levels of oxytocin, likely
reflecting loss of protein-bound oxytocin with extraction as well as
measurement of oxytocin fragments (which may be biologically active)
and heterophilic antibodies [27,28]. Absolute oxytocin levels using
different assays and techniques cannot be compared. However, available
oxytocin assays can be used to understand relative between-group dif-
ferences in oxytocin signal, relationship to relevant endpoints, and
response to intervention, providing important information regarding the
oxytocin system in humans. Measurement of oxytocin is imperfect and
developing and validating ways to detect different forms of oxytocin will
be important.

To build on our work, I approached Madhusmita (Madhu) Misra, a
pediatric endocrinologist in the MGH Neuroendocrine Unit, who had a
National Institutes of Health (NIH) RO1 grant focused on hormones and
bone health in young oligomenorrheic athletes and low body fat —
another human model of energy deficit — to ask whether we could use
stored blood samples to measure oxytocin levels. An MGH Claflin
Distinguished Scholar Award, granted to support early-stage female
investigators with parenting responsibilities, gave me critical flexible
support that allowed me to pursue this line of research. My hypothesis
was that in these athletes in energy deficit, similar to women with
anorexia nervosa, oxytocin levels would be low and linked to markers of
energy homeostasis as well as worse bone health. Madhu was enthusi-
astic about this project, the first of many productive collaborations.
Consistent with our hypothesis, we found that oxytocin levels from in-
dividuals’ pooled samples collected every 60 min overnight were low in
oligomenorrheic athletes compared to controls, even after controlling
for estradiol levels [17]. Lower fasting oxytocin levels were associated
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with lower body mass index, levels of irisin and FGF-21 (hormones that
promote energy expenditure), and resting energy expenditure
(controlled for lean mass) [20]. Further, lower overnight oxytocin levels
were associated with impaired cortical and trabecular bone micro-
architecture [17]. These data in a second model of energy deficit sup-
ported our findings in anorexia nervosa and set the stage for an ongoing
Department of Defense randomized clinical trial (in collaboration with
Madhu Misra (principal investigator, PI) and Ann Neumeyer, Medical
Director at the MGH Lurie Center, who discovered that autism is asso-
ciated with low bone mineral density) [29] of intranasal oxytocin
(TNX-1900, Tonix Pharmaceuticals; New Jersey, USA) for bone health in
children with autism, a condition associated with low levels of endog-
enous oxytocin.

Over the years through a series of studies in collaboration with the
MGH Eating Disorders Clinical and Research Program (co-Directors,
Kamryn Eddy, PhD, and Jennifer Thomas, PhD) we have increased our
knowledge of the oxytocin system in females with anorexia nervosa. We
showed that oxytocin levels were suppressed not just in women with
current anorexia nervosa, but also in those with a history of anorexia
nervosa who were normal- or overweight compared to similar weight
controls with no eating disorder history [22]. Oxytocin suppression in
these women could represent scar from chronic undernutrition,
continued aberrant eating behaviors, failure to reach their individual
ideal weights, or alternatively a trait characteristic. Lower fasting
oxytocin levels were associated with more severe anxiety and depressive
symptoms, suggesting that reduced oxytocinergic tone could contribute
to psychopathology. Consistent with these data, we found that lower
fasting oxytocin levels were correlated with increased severity of anxiety
and depressive symptoms, as well as worse social emotional functioning
in women with restrictive anorexia nervosa [24]. The relationships be-
tween oxytocin levels and anxiety and social emotional symptoms were
not present in binge/purge-subtype anorexia nervosa, suggesting
different pathophysiology or that purging behaviors mask a link be-
tween the oxytocin system and psychopathology by impacting periph-
eral oxytocin levels [24].

Discovery of an oxytocin deficient state in the context of energy
deficit, associated with markers of energy homeostasis and severity of
clinical sequelae raised the question of whether an intervention to in-
crease oxytocin signaling would be useful therapeutically. The concern
of this approach, of course, is that if oxytocin is anorexigenic and leads
to weight loss, increasing oxytocin signaling in an energy deficit state
could have devastating consequences. At the time I initially considered
this question, studies in animal models had shown that oxytocin
administration reduced caloric intake and body weight [8,9,30], but
there were no studies in humans. This led me down the path of deter-
mining whether oxytocin impacts eating behavior in humans, with the
idea that a negative study would support the safety of research admin-
istering oxytocin in anorexia nervosa, whereas a positive study showing
that oxytocin reduces caloric intake in humans, as it does in animals,
could lead to a potential intervention for obesity and disorders of
excessive eating.

3. Oxytocin effects on eating behavior and metabolism in
humans

When I raised the idea of conducting a translational research study
investigating oxytocin effects on eating behavior with my mentor, Anne
Klibanski, she encouraged me to write up a research protocol. I designed
a randomized placebo-controlled crossover study of single dose intra-
nasal oxytocin at a dose shown to have central effects in humans
[31-34]. I recognized that effects of oxytocin could be sexually dimor-
phic and both sexes would need to be studied. Studying women would
be complex given the effects of estradiol on the oxytocin system [35], so
I decided to start with men. Since I had some funds through an MGH
Claflin Scholar Award, and at that time NIH funding of our Clinical
Research Center allowed junior investigators to receive free-of-charge
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services, including nursing, blood draws, laboratory testing and bio-
nutrition, I was able to start up the study. Later I received additional
funding through NIH-funded Nutrition Obesity Research Centers (Bos-
ton and Harvard), allowing me to study 25 men across the weight
spectrum. I had hoped to be the first to report on effects of intranasal
oxytocin on eating behavior in humans with implications for obesity
management, but before my study was complete, Ott et al. published a
study of similar design to mine, showing no effects of 24 IU intranasal
oxytocin on caloric intake at a test meal in normal weight men, though
consumption of a palatable snack after the meal was reduced [36]. The
same year, Zhang et al. reported substantial weight loss effects of 24 IU
intranasal oxytocin given four times daily in a small study of adults with
obesity [37]. In our study of men, after receiving a dose of oxytocin or
placebo, participants ordered breakfast from a menu and were given
double portions. I prepared myself for the possibility of negative results
given the Ott study, and was excited to find that in our study, consistent
with my hypothesis, oxytocin resulted in decreased caloric intake at the
breakfast meal [38]. Further, oxytocin increased fat utilization assessed
using indirect calorimetry and improved fasting insulin sensitivity, in
line with findings in animals. The discordant results of our study and
those of Ott’s may have been related to the population studied. A later
publication by the same group (Manfred Hallschmeid; Tubingen, Ger-
many) found that oxytocin reduced caloric intake at a test meal in men
with obesity, in contrast to their findings in those of normal weight [39].
Our study included men across the weight spectrum, and the inclusion of
those with excess weight may have increased our ability to detect
oxytocin effects on food intake, though statistically our findings held
when controlling for body mass index. Later studies by others’
confirmed that oxytocin reduced caloric intake in men as well as women
[401.

To understand mechanisms for oxytocin effects, in a randomized
placebo-controlled crossover study of single dose intranasal oxytocin
(24 IU) in 10 men with overweight or obesity, we examined effects on
functional magnetic resonance imaging (fMRI) activation and connec-
tivity of brain circuitry involved in eating behavior using a visual food
cue paradigm developed by my collaborator, neuroscientist Laura Hol-
sen. Here we showed that while viewing images of high calorie foods
compared to objects, oxytocin reduced activation of the ventral
tegmental area (primary endpoint) and other reward related food
motivation brain regions, as well as the hypothalamus (responsible for
homeostatic control of feeding) [41], consistent with studies in rodents
showing that oxytocin may reduce calorie intake through hedonic and
homeostatic circuits [30,42-47]. Further, we found that oxytocin
reduced functional connectivity between the ventral tegmental area and
other food motivation brain regions when viewing high calorie foods
(but not low-calorie foods or objects), indicating that asynchronous
activation of these brain regions could underlie anorexigenic effects
[48]. Franziska Plessow, a cognitive psychologist who joined my
research team as a post doctoral fellow, provided expertise in examining
the role of oxytocin on cognitive control over eating. We showed that
oxytocin increased activation of areas of the brain responsible for
cognitive control [41] and reduced impulsive behavior in an experi-
mental task (Stop Signal) previously linked to eating [49]. (These data
led to Franziska’s postdoctoral fellow grant investigating intranasal
oxytocin for attention deficit hyperactivity disorder (ADHD), and our
provisional patent for the concept of using intranasal oxytocin to
improve impulse control in ADHD). In collaboration with Novartis, we
also leveraged samples from our prior randomized trial of single dose
intranasal oxytocin on food intake in men to examine peripheral
mechanisms of oxytocin effects. Here we showed that oxytocin modu-
lates expression of circulating proteins involved in inflammation, im-
munity, and cell signaling pathways, and identified a specific cluster of
these proteins impacted by oxytocin that were associated with subse-
quent reduced caloric intake at the test meal (manuscript under review).
Taken together, these findings supported oxytocin as a potential novel
therapeutic for obesity and disorders of excessive eating (e.g., binge
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eating disorder).

Based on these data, I designed a randomized controlled clinical trial
to study the efficacy, safety and mechanisms of 8 weeks intranasal
oxytocin (Syntocinon, Novartis/Mylan) 24 IU four times daily; prior to
meals and at bedtime) for adults with obesity, which was funded by
NIDDK [50]. The dosing regimen was based on studies of single dose
intranasal oxytocin demonstrating engagement of relevant neuro-
circuitry with effects on impulse control and food intake, as well as a
published pilot study of adults with obesity (9 receiving oxytocin)
showing 9 kg weight loss at 8 weeks [37]. This was a challenging study
to complete given comprehensive assessments (e.g., MRI’s for functional
neuroimaging and fat depots, test meals for eating behavior, serial blood
draws in fasting and fed states) and the difficulties of recruiting and
retaining study participants with the advent of COVID-19. It was a
disappointment — but important — to find that this regimen of intranasal
oxytocin did not impact body weight (primary endpoint), resting energy
expenditure, or body composition (key secondary endpoints) [51].
Interestingly, even though we held the morning dose of oxytocin prior to
examining caloric intake at our study test meal and the evening dose
would have been out of their system, those receiving oxytocin ate fewer
calories (key secondary endpoint). Nonetheless, we did not see a dif-
ference with oxytocin in self-reported caloric intake assessed with 4-day
food diaries. This discrepancy could be related to reduced accuracy of
self-report versus the experimental task in assessing calories consumed,
or the greater need for cognitive control over eating in the test meal
where participants were given double portions of the food ordered off of
a menu. It could be that people with disorders associated with diffi-
culties engaging cognitive control over eating, such as those with binge
eating disorder, would be particularly responsive to oxytocin-based
therapeutics to reduce caloric intake. We are currently conducting a
clinical trial of intranasal oxytocin (TNX-1900, Tonix Pharmaceuticals)
for binge eating disorder. Another signal of interest in the trial was the
finding that oxytocin improved self-reported mental health quality of
life, despite the fact that individuals with current psychiatric disorders
were excluded from participation in the study. Whether oxytocin im-
proves psychopathology in people with mental health disorders will be
an important question for future studies. There are several possible
reasons for our overall “negative” trial with no effect on body weight,
and our study may provide insights for future research [51]. For
example, longer duration of oxytocin administration may be needed to
see weight loss, a different drug regimen (dose and/or frequency) or
oxytocin-based drug (e.g., formulation with magnesium [52];
longer-acting, specific oxytocin receptor agonist [53]) may be more
effective. Future studies using novel formulations and oxytocin receptor
agonists will be of great interest. We are now investigating a potentiated
intranasal oxytocin with magnesium (TNX-1900, Tonix Pharmaceuti-
cals) in our clinical trials, including in a study of adolescents with
obesity (multi-PI RO1 with Madhu Misra and Miriam Bredella).

4. Oxytocin deficiency in pituitary disease

As an endocrine fellow providing clinical care for patients with hy-
pothalamic and pituitary disease, I was struck that while we replace
vasopressin in patients with arginine vasopressin (AVP) deficiency
(previously known as diabetes insipidus), no oxytocin deficient state had
yet been identified. This seemed particularly important given residual
symptoms and lower quality of life in patients with hypopituitarism
despite standard of care hormone replacement. A few years later, Dr.
Karen Miller, a mentor over the years who is now our Neuroendocrine
Unit Chief, offered me the opportunity to measure oxytocin levels in
patients with hypopituitarism compared to healthy controls using stored
fasting blood samples from a past study. Our preliminary data was
disappointing in that fasting oxytocin levels were not lower in those with
hypopituitarism; however, this provided insights into our design of a
cross-sectional study to identify and clinically characterize oxytocin
deficiency in patients with pituitary disease. It can be challenging to
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secure funding to investigate hypopituitarism, as this is a rare disease.
An MGH Polsky Scholar Award, subsequent philanthropic gifts, and
small grants provided critical funds that made this line of research
possible. Rather than looking at oxytocin levels across patients with all
types of hypopituitarism, we focused on those patients with pituitary
disease most likely to have oxytocin deficiency based on the anatomy, i.
e., those with AVP deficiency, as oxytocin and AVP are produced, stored,
and released in the same locations. We decided to study men given the
known effects of estrogen status on endogenous oxytocin levels, and the
variable estrogen levels in women with hypopituitarism. We compared
men with hypopituitarism and AVP deficiency to men with similar
anterior pituitary deficiencies and hormone replacement but no AVP
deficiency, as well as men with no pituitary disease. We strategically
recruited groups of similar age and body mass index, given effects of
these factors on endogenous oxytocin levels. Since our prior data
showed that peripheral oxytocin secretion is pulsatile in men with
approximately two secretory bursts per hour [25], we decided not to rely
on measurement of oxytocin at a single timepoint. Instead, we sampled
fasting blood for oxytocin serially every 5 min for an hour and pooled
each individual’s samples to capture basal and pulsatile secretion. Using
this approach, we showed for the first time that circulating oxytocin
levels were low in patients with AVP deficiency compared to those with
similar anterior pituitary deficiencies but no AVP deficiency as well as
healthy individuals without pituitary disease [21]. Further, the men
with AVP deficiency also had worse anxiety and depressive symptoms,
social emotional functioning difficulties, and self-reported mental health
than healthy controls. We also found that lower levels of oxytocin were
associated with lower bone mineral density at the spine, femoral neck
and total hip, as well as unfavorable hip geometry and strength, in men
with AVP deficiency [21]. Overall, our findings were consistent with a
clinically relevant oxytocin deficient state in men with AVP deficiency,
with features seen in other oxytocin deficient states, e.g., in the context
of energy deficit. A study by the group of Mirjam Christ-Crain (Basel,
Switzerland) later showed that MDMA stimulated oxytocin release and
reduced anxiety symptoms in healthy individuals but not those with
AVP deficiency, confirming oxytocin deficiency in this population [54].
These studies support the possibility of oxytocin replacement to improve
the physical and mental health as well as quality of life for individuals
who have pituitary disease and oxytocin deficiency.

Ongoing research is aimed at developing and validating provocative
testing for the diagnosis of oxytocin deficiency. We and others have
examined whether physiologic and pharmacologic stimuli for oxytocin
release in animal models translate to humans, with mixed results. Our
studies did not support a mixed meal [55], oral salt load, or angiotensin
II [56], and Mirjam Christ-Crain’s studies did not support arginine,
macimorelin, or hypertonic saline [57] as candidates for provocative
tests to diagnose oxytocin deficiency. Insulin-induced hypoglycemia
stimulates oxytocin release in healthy adults [13,58,59], but has not yet
been fully evaluated as a provocative test in hypopituitarism. Oral
estrogen/progestin increases peripheral oxytocin levels in both men and
women [13,60], and we are investigating effects in individuals with AVP
deficiency. Anna Aulinas (Barcelona, Spain), a former postdoctoral
fellow in my lab, is studying the potential of corticotrophin releasing
hormone, melatonin, and a glucagon-like peptide-1 agonist (exenatide),
for diagnosis of oxytocin deficiency.

We are also piloting studies to examine dose effects of intranasal
oxytocin on behavioral markers of anxiety, depression, and social
emotional functioning, as well as bone turnover markers in adults with
AVP deficiency. Randomized, placebo-controlled trials will be needed to
determine whether therapeutic oxytocin administration is safe and
beneficial in individuals with hypopituitarism and oxytocin deficiency.

5. Translation to patient care: challenges, opportunities

The goal of my research program is to improve our understanding of
oxytocin in human physiology and pathophysiology to advance clinical
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care. Based on studies in animal models and early human data, oxytocin-
based therapeutics hold promise in neuropsychiatric and metabolic
disorders [14,53,61]. However, there are challenges to overcome for
these early findings to translate to patient care. Development and vali-
dation of improved measurement techniques to assess levels of oxytocin
and metabolized products, which may also be biologically active, will be
key in moving the field forward. Normal ranges will need to be estab-
lished in both sexes across the lifespan. A diagnostic provocative test for
oxytocin deficiency will be useful for identifying those who could most
benefit from treatment. Future studies improving our understanding of
oxytocin secretory patterns in human physiology and the relation to
clinical endpoints will be helpful in guiding development and applica-
tion of therapeutics. Basal levels and pulses of oxytocin may have
different effects. For example, we found that pulse characteristics of
oxytocin were highly correlated to social emotional functioning mea-
sures in a small sample of healthy men [25]. In men with AVP defi-
ciency, in contrast, single timepoint circulating oxytocin (likely
reflecting basal levels), but not 1-h pooled samples (capturing on
average two pulses per hour) [25] were associated with bone health
[21]. Based on these data, one might consider an intervention resulting
in bursts of short-acting oxytocin several times per hour to improve
social emotional functioning, and a lower dose, long-acting oxytocin
analog to raise basal levels for treatment of osteopenia. The optimal
regimen for oxytocin replacement in deficient patients would mirror
normal physiologic patterns. However, physiologic data related to
oxytocin secretion in humans is currently lacking. Mechanistic in-
vestigations are critical to understand whether central or peripheral
oxytocin signaling drives specific effects to guide drug development for
different indications. Pharmacodynamic studies will be important for
establishing optimal doses. To determine safety and efficacy of
oxytocin-based therapeutics for different indications and identify in-
dividuals who are most responsive, clinical trials will be critical. For rare
diseases, such as oxytocin deficiency in individuals with hypopituita-
rism, multicenter trials will be needed.

6. Progress through community and collaboration

A decade ago, I founded the Harvard Interdisciplinary Oxytocin
Research Initiative, which started with a handful of researchers in the
Boston area interested in oxytocin, and has expanded to include more
than 50 researchers worldwide representing a variety of fields and
methodologies. Some of us are physician scientists, others are PhD’s.
Some do fundamental research, others clinical. We work on a variety of
topics, e.g., neuropsychiatric disorders, inflammation, metabolism,
microbiome, social behaviors, genetics, and analytic methods. What we
have in common is a passion for understanding the oxytocin system and
using this knowledge to improve health. At our monthly meetings, in-
vestigators, some well-established, others at the beginning of their ca-
reers, move our field forward by sharing their research findings, novel
ideas, and specialized knowledge. These interactions have broadened
my understanding of oxytocin and enriched my research. For example,
James “Ernie” Blevins, whose mechanistic preclinical research on
oxytocin in energy homeostasis has been instrumental in informing
translational studies in humans [61], and I have exchanged ideas, turned
to each other for feedback on grants and manuscripts, and shared op-
portunities (e.g., speaking engagements, writing articles). Our most se-
nior member, C. Sue Carter, a pioneer in oxytocin research [62], has
been particularly influential on my career, generously sharing her
experience and hypotheses, making introductions to experts in the field,
and identifying funding for collaborative projects. Through this initia-
tive, it has become clear to me that outstanding scientists worldwide are
working towards addressing many of most important unanswered
questions in the field, and that a collaborative approach will accelerate
our progress.
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