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MAX Kelz, the 2010 recipient of the Presidential Scholar
Award, is a wonderful testament to the ability of physician-
scientists in anesthesiology to work on problems that affect
questions of anesthesiology and general scientific interest.
Max discovered his passion for scientific research early on.
Under the tutelage of Mephi Ngoi, Ph.D. (Evanston Town-
ship High School, Evanston, Illinois), as a junior at Evanston
Township High School, Max won early recognition for an
organic chemistry project in the Westinghouse Science Tal-
ent search. He spent his summers at Northwestern Univer-
sity working in astrophysics as a member of Dr. Melville
Ulmer’s (Melville Ulmer, Ph.D., Professor, Dearborn Ob-
servatory, Department of Physics and Astronomy, North-
western University, Evanston, IL) team that developed soft-
ware tools for NASA’s Compton �-Ray Observatory, the
second of NASA’s great observatories. Max enrolled in col-
lege at Yale University and majored in molecular biophysics
and biochemistry. As an undergraduate at Yale, he joined the
laboratory of Eric Nestler, M.D., Ph.D. (Chair of Neuro-
science, Mount Sinai Medical Center, New York, New
York). Max became interested in the molecular mechanisms
through which changes in gene expression alter complex
traits such as behavior. In Dr. Nestler’s laboratory, Max
helped to discover that repeated exposure to cocaine and,
subsequently, to all other known drugs of abuse, causes the
induction and accumulation of a novel transcription factor,
�FosB, in neuronal pathways that motivate endogenous re-
wards.1–5 As a transcription factor with the potential to or-
chestrate changes in a host of downstream genes, �FosB
proved to be an exciting target.6 Max graduated from Yale
with his bachelor’s and master’s degrees and was awarded a
Richter Fellowship as well as the B. Edward Bensigner III
Prize for his research. Upon graduation, Max elected to re-
main in New Haven for a combined M.D./Ph.D. program.
He continued in Dr. Nestler’s laboratory probing deeper
into the functional significance of the molecular adaptations
that accompany the drug addict state. His Ph.D. thesis in
neuroscience was one of the early applications of tissue-spe-

cific inducible gene expression in the mouse central nervous
system. Max demonstrated that direct accumulation of
�FosB in reward pathways, including the nucleus accum-
bens, caused a predilection to cocaine addiction.7 Subse-
quent studies also confirmed that accumulation of �FosB in
these reward circuits predisposed to opiate and nicotine ad-
diction as well.8 Max’s Ph.D. work won the prize for “Best
Thesis” in his graduating class at Yale.

Max initially anticipated a clinician scientist’s career in
psychiatry or neurology. However, the exposure to the field
of anesthesiology as a medical student at Yale highlighted by
the exquisite teaching of Keith Ruskin, M.D. (Assistant Pro-
fessor of Anesthesiology, Yale University School of Medi-
cine, New Haven, Connecticut), and Will Rosenblatt, M.D.
(Professor of Anesthesiology and of Surgery [Otolaryngol-
ogy], Yale University School of Medicine, New Haven, Con-
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necticut), helped convince Max that anesthesiology was a
perfect field. Clinically, Max was twice recognized as a Farr
Scholar. He joined his medical school classmate and wife,
Rachel Rapaport Kelz, at the University of Pennsylvania,
where he began residency training. Ongoing exposure to out-
standing clinicians and scientists at Penn and lively discus-
sions with his role models, David Eckmann, Ph.D., M.D.
(Horatio C. Wood Professor of Anesthesiology and Critical
Care, Penn Medicine, Philadelphia, Pennsylvania), and Ro-
deric Eckenhoff, M.D. (Austin Lamont Professor of Anes-
thesiology and Critical Care, Penn Medicine, Philadelphia,
Pennsylvania), inside and outside of the operating rooms,
continued to fuel Max’s scientific drive. Max worked in the
laboratory of Jim Eberwine, Ph.D. (Professor, Department
of Pharmacology, Mahoney Institute of Neurologic Sciences
at the University of Pennsylvania, Philadelphia, Pennsylva-
nia), in the Department of Pharmacology at Penn as a post-
doctoral fellow during his internship and residency where he
studied single-cell genomics.9

As a resident at Penn, Max encountered an otherwise
healthy patient with narcolepsy and cataplexy who took
more than 7 h to emerge from a standard inhaled general
anesthetic. This case sparked Max’s interest in the regulation
of arousal state control and the actions of anesthetic drugs on
endogenous neuronal circuits. Because the underlying ge-
netic basis of narcolepsy with cataplexy had just been discov-
ered to be impaired signaling in the wake promoting and
sustaining hypocretin/orexin system,10–12 and because there
are only a few thousand hypocretin/orexin neurons all con-
fined to the hypothalamus, Max pursued the hypothesis that
inhaled anesthetics should inhibit the activity of hypocretin/
orexin neurons, their excitatory afferents, or their efferents,
leading to delayed anesthetic emergence. With the generous
support of the Foundation for Anesthesia Education and
Research and the Department of Anesthesiology and Critical
Care at Penn, Max joined the faculty as an assistant professor
in 2004 in the tenure track. Under the guidance of his co-
mentors, Rod Eckenhoff in anesthesiology and Sigrid Vea-
sey, M.D., D.A.B.S.M. (Associate Professor of Medicine,
Penn Medicine, Philadelphia, Pennsylvania), in the Depart-
ment of Medicine and the Center for Sleep and Respiratory
Neurobiology, Max was awarded a National Institutes of
Health K08 grant from the National Institute of General
Medical Sciences to pursue the interactions of anesthetics
with the hypocretin/orexin system. He built custom high-
throughput models to accelerate anesthetic phenotyping of
genetically engineered mice behaviorally13,14 and electroen-
cephalographically.15

Using a mouse model system of narcolepsy and cataplexy
in collaboration with the Yanagisawa laboratory, Max dem-
onstrated that isoflurane and sevoflurane do indeed inhibit
hypocretin/orexin neurons but do not affect activity in
neighboring neurons. Moreover, this work demonstrated
that narcoleptic mice also exhibited delayed emergence from
the halogenated ether anesthetics.16 These findings encour-
aged Max to follow the overreaching hypothesis that the

hypnotic component of general anesthesia arises when anes-
thetic drugs hijack endogenous sleep-wake circuits.17,18

However, just as decades of research have highlighted the
stunning complexity in potential molecular targets of anes-
thetic action, studies by Max and others are beginning to
highlight the diversity of distinct anesthetic agents upon
specific neuronal targets, including the hypocretin/orexin
system.19,20

Building upon the orexin/hypocretin work, Max has hy-
pothesized that the forward and reverse processes through
which the state of anesthesia arises and dissipates need not be
identical. He has convincingly shown that hysteresis for an-
esthesia induction and emergence exists in multiple species
and cannot be explained purely by pharmacokinetics. He has
termed this barrier to arousal-state change as “neural inertia,”
and it has many implications to clinical practice as well as
to the fundamental neurobiology of consciousness. His
questions have taken him from the hyperbaric chamber to
Drosophila, bringing new collaborations back to anesthesiology
and reinvigorating the intellectual curiosity and the scientific
credibility of our discipline. Max was recently awarded a
National Institute of General Medical Sciences R01, which
continues to focus upon the interface between natural sleep
and anesthesia. This grant will use electrophysiology in com-
bination with classic and novel techniques to identify critical
neuroanatomic substrates underlying volatile anesthetic hyp-
nosis. Sheryl Beck, Ph.D. (Department of Anesthesiology and
Critical Care, Penn Medicine, Philadelphia, Pennsylvania), has
become an indispensable collaborator on these studies.

Max is also a great mentor, as evidenced by the numerous
medical students and residents who have chosen to work
with him. A Penn fourth-year medical student won “Best
Thesis” Prize for his work on dexmedetomidine in Max’s
laboratory in 2007–2008. Several residents have gone on to
win awards at the Pennsylvania Anesthesia Resident Confer-
ence. He also has the unique distinction of being the advisor
for a neuroscience M.D./Ph.D. student who won the top
research cash prize at the Sleep Retreat this year for his work.
For someone at this stage of Max’s career, this was a unique
honor, and this student will hopefully be a future anesthesi-
ologist/scientist based upon his interactions with Max.

In addition to his clinical acumen and his fundamental
research, Max also excels at teaching. He is a sought-after
lecturer in the University at large, in addition to his bedside
teaching of the residents.

Max Kelz is a great example of a young physician-scien-
tist/anesthesiologist and is a true triple threat. On top of that,
he is one of the most collegial and friendly individuals and is
always there to help a colleague, whether it be clinical, aca-
demic, or personal issues.
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