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Abstract

This is a semiautobiographical and scientific account of my time in the Doherty Laboratory from 1994 to 1999.
It includes personal vignettes as well as discussion of how our work has impacted the fields of influenza,
respiratory infections and immunity. I also point out the long-term impacts on my career.
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While working on my PhD at Vanderbilt University in
Nashville, TN, I had the good luck of crossing paths

with Peter Doherty for the first time at the 1993 Neu-
roimmunology Gordon Conference at Colby Sawyer College
in New London, NH (Fig. 1). My PhD project investigated
the cellular immune mechanism by which encephalomyo-
carditis virus causes paralysis. Dr. Subramaniam Sriram
(my PhD mentor) and I worked with the hypothesis that
the virus induced autoimmune reactivity to the myelin
surrounding neurons, which they require for insulation and
efficient signal transduction. Although there was demyelin-
ation occurring, we found no evidence of autoreactive T cells.
Instead the paralysis was due to the antiviral T cell response
to infected neurons and oligodendrocytes (16,21). I attended
a Gordon Conference in New Hampshire on the topic of
neuroimmunology, presenting a poster on my work. Peter
Doherty was at the time working on lymphocytic chor-
iomeningitis virus, which also infects the central nervous
system, and he was a speaker at the meeting. Peter stopped by
my poster to ask me questions. At the end of this conversa-
tion, to my surprise, he invited me to visit St. Jude Children’s
Research Hospital to give a talk. The visit turned into an offer
for a postdoctoral position in his laboratory. Thus my intro-
duction to Peter, which was a life and career changing event,
was a serendipitous one.

Before I could join his laboratory, I needed to finish my
PhD that was still in early stages of development. I was
quite fortunate because the experiments proceeded quickly,
though it was still about a year before I defended my dis-
sertation. I joined Peter’s laboratory in the summer of 1994.

Peter assigned me to work on a project started by a prior
post doc, Christine Ewing. The project involved develop-
ment of a new, very labor intensive, limiting dilution assay
to measure the CD4 T cell responses to respiratory infection
of mice with the parainfluenza Sendai virus (7). Very few
laboratories at the time worked on CD4 T cell responses to
viruses, and there were few assays. It is worth explaining
what a limiting dilution assay involves. The assay begins
with infection of mice intranasally with Sendai virus. Lym-
phocytes are then collected from the lymph nodes and
spleens of infected mice at different days and pooled by
organ. We then enriched the CD4+ T cells by negative se-
lection using magnetic beads, or by flow cytometric sorting.
Separately, spleen cells pooled from many mice were de-
pleted of T cells using a Thy1.2 IgM antibody followed by
complement-mediated lysis of cells bearing the antibody.
The T-depleted cells are then infected with Sendai virus and
incubated overnight, meaning you prepare the antigen pre-
senting cells (APCs) 1 day before the assay. The APCs are
plated in 96-well plates in excess numbers relative to the
T cells before addition of the CD4+ T cells at different
concentrations (also known as dilutions) in 16–24 replicates.
After an 18-h incubation, the plates were centrifuged and
the supernatants were manually transferred to separate 96-
well plates. To these plates, we added interleukin-2 (IL-2)-
dependent Cytotoxic T-Lymphocyte Lymphocyte (CTLL)
tumor cells. The CTLL cells proliferate in response to the
IL-2 secreted by the virus-specific T cells and this prolif-
eration can be measured by adding radioactive tritiated
thymidine to the medium. After another incubation period,
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the cells were collected by vacuum filtration onto special
96-well filters and the radioactivity in the cell’s residual
DNA deposited on the filter was measured. A formula was
applied and the frequency of virus-specific cells was cal-
culated. Needless to say, we used thousands of 96-well
plates and many pipette tips! Another postdoctoral fellow in
the laboratory, Ralph Tripp, performed a similar type of
assay to measure cytotoxic CD8+ T cells with radioactive
chromium-labeled target cells. Peter once said that together,
Ralph and I probably hold the world record for number
of LDA assays ever performed, and I think he is right! In a
5-year period, we published a remarkable 15 articles and
review articles. Today, we have far less labor, mouse, and
tissue culture supply intensive assays.

Shortly after joining Peter’s laboratory, Ralph who had
been in the laboratory a year or so before me pulled me
aside and gave me some very profound advice. He said you
are in the Doherty Laboratory and have access to virtually
unlimited research resources and current technologies. That
in fact is what makes St. Jude such a great place to work.
He went on to say that it was entirely up to me as to how
productive and successful I would be during my tenure in
the laboratory. I could not blame Peter or anyone else if I did
not take full advantage of the opportunities that lay before me.
This transformed my attitude toward research and drove me
to make the best of a very fortunate situation and research
environment. I follow this philosophy to this day, and I have
been fortunate and successful enough on my own that I can
offer the same type of environment to the people in my lab-
oratory today, giving them the same advice Ralph gave to me.

In my time in the Doherty laboratory, we published sev-
eral seminal articles defining the immune cells and effector
functions that clear primary influenza and Sendai virus in-
fections. These were the early days of the genetically en-
gineered knockout mice, and given his position, we had first

access to many of the key immune gene knockouts including
Class I and II Major Histocompatibility Complex (MHC), B
cell and immunoglobulin, Fas, Fas Ligand (FasL), interferon
gamma, and perforin. Using these mice along with adoptive
cell transfer and bone marrow chimera technologies, we
dissected many of the basic and fundamental functions of the
immune system during virus infections. I did not recognize
the significance of what we were doing at the time, but in
retrospect it was phenomenal (7,24–30).

We were the first to quantify the CD4+ T cell kinetics and
activation phenotypes during a respiratory virus infection in
mice (3). We were able to show that B cell (and immuno-
globulin, Ig)-deficient mice could generate a virus-specific
CD4+ T cell response that was no different in kinetics or
magnitude than their B cell sufficient counterparts (28), al-
though these mice probably have other defects not detected
with our techniques. Using mice deficient in MHC Class II
with transplanted Class II positive bone marrow, we showed
that expression of Class II on the respiratory epithelium was
not required to clear virus (29). CD8+ T cells and antibodies
were sufficient. The opposite was true for MHC Class I
expression in the epithelium, as mice reconstituted with
wild-type bone marrow showed delayed virus clearance
despite eventually mounting an antiviral antibody response
(11). In what has become another seminal work, we showed
that CD8+ T cells used both perforin/granzyme and Fas/-
FasL cooperatively to kill virus-infected cells (27). This was
controversial at the time, given that the Fas/FasL pathway is
associated with lymphocyte homeostasis (14,16), but has
since been corroborated in several other virus infections,
including one more of our articles (23). Many of these ar-
ticles pointed to the fact that in a primary respiratory virus
infection, cytotoxic CD8+ T cells are the primary means of
controlling the infection until a neutralizing antibody re-
sponse can develop, which takes 7–10 days. In support of

FIG. 1. The 1993 Gordon Conference on neuroimmunology held at Colby-Sawyer College in New London, NH. The
arrows point to Peter Doherty and David Topham.
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this hypothesis, we used CD8+ T cell-depleted mice that
were also B cell and Ig deficient to show that CD4+ T cells,
in the absence of CD8+ T cells and Ig, could not control
virus infection (25). We also showed that the bone marrow
could serve as a site of primary T cell responses in a situ-
ation wherein T cell trafficking to lymph nodes was dis-
rupted and the spleen was absent (30). Many of these
findings are summarized in highly cited review articles
written by Peter (2–4).

The Doherty Laboratory

The laboratory was a great place to work. Although my
memories of the comings and goings of the various labo-
ratory members over the years are a little fuzzy, I think we
initially had *8–10 people, mostly postdoctorals, a few
technicians, and a graduate student. We all got along rather
well, working and playing hard, often walking up to the
‘‘Pinch’’ neighborhood where there were a couple of bars
that we spent many evenings at after work. The beer was
cold, and the food was terrible. The places were real dumps,
and we loved it. There were also some epic Keystone
meetings that many in the laboratory attended, sharing a ski
chalet for the duration of the meeting. The laboratory had a
reputation of being one of the best laboratories to work in at
the institution. This was due to the comradery, the produc-
tivity, and the mentoring Peter provided. It stands as one of
the best periods of my career. Peter has said to me that the
years when Ralph and I were both in the laboratory were the
most productive of his career.

The Doherty Laboratory Post-Nobel

My tenure in the laboratory spanned from 1994 to 1999,
so I was there when Peter and Rolf Zinkernagel were
awarded the Nobel prize in Medicine in 1996. I recall get-
ting a phone call *5 AM from my father-in-law of all
people, who had a habit of listening to news on a short-wave
radio. Apparently he was listening when the Nobel prize was
announced, and he immediately called us with the news.
Peter obviously had gotten a phone call from the Nobel
committee some time before that of course. We immediately
got up and went in to work (Fig. 2). The first few days were
chaotic, mostly for Peter and St. Jude. There was a lot of
press, expectedly. That year, my wife Sarah and I decided to
stay in town for Thanksgiving, and my parents decided to fly
down to Memphis from Boston to join us. On a lark, I
invited Peter and his wife Penny to join us for the holiday in
our tiny rented townhouse, thinking that of course they
would have other plans since becoming famous. I was wrong,
Peter enthusiastically accepted my invitation. Dinner went
smoothly, and Peter brought several really nice bottles of
champagne that were given to him in the dozens by various
well-wishers. My parents were a little star struck having
Thanksgiving dinner with this year’s Nobel laureate in
medicine. But in the end we are all just people regardless of
the accolades we garner, and both Peter and Penny are de-
lightful guests. They are also gracious hosts. They invited us,
including my parents and a few other laboratory folks who
stayed in town for the holiday to their house the next day to
continue the celebration, and maybe kill off some more

FIG. 2. The Doherty Laboratory 1996 post-Nobel. Front Row (L-R): Ralph Tripp, Ann Marie Hamilton Easton, Peter
Doherty, and David Topham. Middle Row (L-R): Mehdi Mehrpooya, Janice Riberdy, Rhonda Cardin, Xiao-yan Mo, and
Kristin Branum. Back Row (L-R): Jan Christensen, James Brooks, and Suzette Wingo.
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champagne. My mother asked for a tour of the house, a
restored Craftsmen design with beautiful wood throughout.
Peter had a gas fireplace in the living room and my mother
asked him how it worked. He offered to demonstrate. He
turned on the gas and then fumbled to get a match lit. By the
time he did, a giant fireball erupted from the fireplace as the
gas had built up. Everyone was OK, but the next thing we
smelled was burning hair. The fireball had singed the eye-
brows off Peter’s face! I was of course mortified, but next
you know, Ralph Tripp bursts out laughing that made ev-
eryone else crack up at Peter’s expense. Peter of course took
it all in stride and laughed along with the rest of us. Not many
know this, but he had to go accept the Nobel prize with no
eyebrows!

In the last months of my time in Peter’s laboratory, we
were approached by a group of scientists from Biogen, a
biotech company in Cambridge, MA. They were part of the
company’s integrin division and sought partners to collab-
orate with to determine the functions of certain integrins in
the immune system. Peter was not very interested in the
work at the time and left it to me and Jan Christensen,
another postdoctoral in the laboratory, to do the work. Two
of the integrins they were interested in were very late an-
tigen (VLA)-1 and VLA-2. These are alpha/beta hetero-
dimers and are distinguished by the alpha chain expressed
(1,5,8,9). VLA-1 is alpha-1/beta-1 and VLA-2 is alpha-2/
beta-1. They also go by the cluster differentiation nomen-
clature as CD49a/CD29 and CD49b/CD29, respectively.
These integrins bind collagens I and IV in the extracellular
matrix (1,5,8,9). Biogen supplied us with copious amounts
of antibodies to the two alpha chains and Jan and I began
experiments with influenza-infected mice performing flow
cytometry to determine expression kinetics, followed by
administering these blocking antibodies to mice to see
whether this altered the acute CD4 and CD8 T cell responses
to the infection. We tried every possible combination and
dosing schedule, but to no avail. We could not see any
effects on the acute immune response. Perhaps this was also
why Peter had little interest in the project. I took the project
and the collaboration with me when I left the laboratory in
1999 to start my own laboratory at the University of Ro-
chester in Rochester, NY. I continued with similar experi-
mental approaches but did not get any further than I did in
the Doherty laboratory. I should note that it was Peter’s
suggestion to look at Rochester since he knew that Dr. Tim
Mosmann was starting a new vaccine biology and immu-
nology center there. I did not know Tim or Rochester very
well, but in another serendipitous encounter, I met Tim at an
invitation only symposium on immune memory being hos-
ted by the Trudeau Institute in Saranac Lake, NY. It was at
that chance meeting that Tim and I were introduced, which
led to the interview and faculty position in Rochester.

In around 2001 or 2002, I attended a regional immunol-
ogy symposium hosted by my alma mater the University of
Vermont held in the Fall at the Bolton Valley Ski ‘‘resort.’’
The meeting attracted investigators and students from sur-
rounding schools such as the University of Connecticut,
UVM, Dartmouth, the Trudeau Institute, and McGill Uni-
versity. I believe David Masopust was a PhD student at the
time in the laboratory of Dr. Leo LeFrancois at UConn.
David presented the results of experiments he performed
infecting mice systemically with Listeria monocytogenes

and vesicular stomatitis virus, discovering that effector
memory CD8 T cells distributed to all nonlymphoid organs
upon recovery from infection (15). THE LIGHTBULB
WENT OFF IN MY HEAD! I instantly knew what the
collagen binding integrins might be doing. I returned to my
laboratory in Rochester and instructed my graduate student
Steven Ray to treat ‘‘memory’’ mice (mice recovered from
influenza infection 2–3 months prior) with the CD49a and
CD49b blocking antibodies. I then asked him to sample the
lungs and lymphoid organs for the presence of virus-specific
CD8 T cells using MHC class I tetramers to the im-
munodominant nucleoprotein and acid polymerase peptide
antigens from the virus. Lo and, behold, the virus-specific
memory CD8 T cells, had left all the peripheral non-
lymphoid tissues and had drained into the lymphoid organs
in the anti-CD49a-treated mice (18). The next experiment
was to challenge these mice with a secondary lethal dose of
a heterologous influenza virus (H1N1 PR8). All the mice
in the anti-CD49a-treated mice succumbed to infection,
whereas all the mice in the isotype control group survived
(18). We wrote up the work and sent it to Immunity where it
was reviewed and initially rejected. The reviewers wanted
CD49a-deficient mice and T cells to be used in conjunction
with our antibody blocking. It took over a year to acquire the
mice, breed them, cross them to T cell Receptor (TCR)
transgenic mice, set up memory mice, and perform the
secondary challenge studies. The results were the same, and
the article went back off to Immunity. The article was ac-
cepted and a few months later, I received my first R01 on the
topic.

I tell this story because in the course of writing up that
article, we coined the term ‘‘Tissue Resident Memory’’ in
one of the section headings. In the discussion, we interpreted
the overall results to indicate these CD49a+ cells to be
memory cells ‘‘resident in the peripheral nonlymphoid tis-
sues’’ (18). This launched what has now become a major
arm of the immunology field. I do not know when the term
Tissue Resident Memory (TRM) fell into wide use. Klo-
nowski and Lefrancois continued their work on the topic,
performing seminal parabiosis experiments to demonstrate
that the TRM was nonrecirculating cells (12). Unfortunately,
the CD49a fluorescently labeled antibodies were not com-
mercially available until very recently. We were obtaining
our labeled antibodies from Biogen and later had them
custom conjugated (at great expense) by the vendor. Biogen
closed their integrin division after the Tysabri (anti-CD49d)
clinical studies in multiple sclerosis wherein several treated
subjects developed lethal progressive multifocal leuko-
encephalopathy or PML, a rare brain disease caused by a
virus (10). The drug was too good at immunosuppression.
As a consequence of the limited availability of the labeled
anti-CD49a antibodies, CD49a did not initially take off in
the field as a marker of TRM. Instead two other proteins
expressed by some TRM, CD69 and CD103, took hold in the
field. Recently more articles are using CD49a as the labeled
antibodies are available commercially now. I can tell you
that CD49a is the more relevant ‘‘marker’’ for TRM as we
will show in a series of articles currently under review or in
stages of submission.

I tell this story for another reason. It is an example of the
lingering and permanent impact Peter Doherty had on my
career as well as on the immunology field. There are many of
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these examples. Peter cannot take credit for discovering the
role of CD49a, but he mentored me to become a well-
established influenza immunologist and inspired me to make
the discoveries we made both while in his laboratory and
thereafter. My laboratory continues to work on CD49a and
TRM to this day, as they are important in the quest for uni-
versal influenza vaccines deemed a priority in the National
Institute of Allergy and Infectious Disease’s strategic plan
(6). Our current work on the topic utilizes a novel influenza
tracheitis mouse model of infection for studying CD8 T cell
motility in the infected and recovered trachea (13,20). We
have found that CD49a and CD103 are not just ‘‘markers’’ of
the TRM phenotype, they also regulate their motility in the
tissue and interactions with epithelial cells (19). Interest-
ingly, CD49a is required for T cell locomotion in the tissue,
presumably by binding extracellular matrix (ECM) collagens
(unpublished observation). We have a project that is part of a
larger program project (Dr. Deb Fowell, PI) on immune
imaging that was just refunded for another 5 years. This work
stemming from Peter’s laboratory has become a major com-
ponent of my professional career and identity as a scientist.

Peter’s trainees, along with those of his colleague Dr. Rob
Webster, not to mention Rob and Peter themselves, have had
a major influence over the entire influenza research field. In
the days when we were at St. Jude, influenza research was
not the most popular topic in the virology or immunology
fields and funding was limited. Many scientists did not be-
lieve in Rob’s hypothesis that pandemic viruses emerge
from animal reservoirs (17), which we now know is true.
With the advent of the lethal avian H5N1 outbreak of 1997,
priorities within National Institute of Allergy and Infectious
Disease (NIAID) began to shift toward influenza. A Center
of Excellence in Influenza Research and Surveillance
(CEIRS) was established at St. Jude shortly after the 1997
outbreak. In 2007, the CEIRS was turned into a network of
five large centers. Rochester was fortunate enough to suc-
cessfully compete for one of them initially led by Dr. John
Treanor as Principal Investigator (PI) and director, and me
as co-PI and codirector. The CEIRS network was re-
competed in 2013–2014, and we retained our center for
another round. I became director and PI of the Rochester
center (the New York Influenza Center of Excellence or
NYICE) in 2018 upon Dr. Treanor’s retirement. Many of the
CEIRS network investigators originated from a small group
of laboratories that included the Doherty and Webster lab-
oratories. Their trainees were now the leaders in the field.
The CEIRS network has been very successful as a network
and is considered among NIAID’s crown jewels. I think
some of this is because so many of us trained together and
have a level of trust among one another. I would like to say
that we are successful because we are good but have to give
the nod to serendipity once again. Many of us trained in the
study of influenza viruses and immune responses at a time
before the field exploded. Being in the right place at the
right time to take advantage of the new funding opportu-
nities coming from NIAID and others is a big part of our
success. No one, with the possible exception of Dr. Webster,
saw the flu threat coming. We are now much better prepared
to deal with emerging viruses and much work is being done
to improve influenza vaccines as well as better understand
human immune responses to influenza so that vaccines may
be more rationally designed.

Closing Remarks

It has been enjoyable to reflect back on such a remarkable
time of my life and consider Peter’s influence on it. Too
often we take full credit for our own success when in reality
individual success involves many people and the ability to
recognize and make good of the opportunities that we find
before us. I could not have charted in advance the path my
career has taken. And that path was determined by several
key forks in the road. I feel fortunate to have had the
privilege of working with Peter and the people in his labo-
ratory, even if it was but for a fleeting moment in a lifetime.
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