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Peter’s Arrival at Penn

In 1975, I enrolled in the University of Pennsylvania
Graduate Program in Immunology. After more than 10

years—graduating college and professional school, working
as a physical therapist, marrying, living in Paris for a year,
and beginning to raise a family—I was finally ready to re-
sume my education.

Once at Penn, I completed two of the three required
laboratory rotations, but was beginning to doubt that I would
ever find a suitable laboratory ‘‘home.’’ By chance, some-
one mentioned that there was a new faculty member, Peter
Doherty, recently recruited from Canberra University in
Australia, who would certainly be looking for graduate
students. As it happened, Peter was giving a seminar the
next day, and I learned about a new discovery he had just
made regarding something called ‘‘MHC restriction.’’ I
approached him after the seminar, and he agreed to have
me do a rotation in his laboratory. He indicated that my
project would be a continuation of his lymphocytic chor-
iomeningitis (LCMV) work. He also happened to mention
that in his newly remodeled laboratory, the autoclaves were
not yet operational, so we would be using the old-fashioned
boiling method of sterilization.

I was a bit concerned with this proposal, since I had two
small children at home, and LCMV sounded like a nasty
virus. I somehow worked up the nerve to ask Peter if he had
any other project I could work on. Those were the days
when the mechanism of recognition by the T cell receptor
(TCR) had not yet been fully elucidated. Together with Rolf
Zinkernagel, a Swiss physician who had recently arrived in
Canberra, Peter had recently shown that LCMV-specific
cytotoxic T lymphocytes (CTL) are targeted to particular
major histocompatibility complex (MHC) Class I glyco-
proteins with exquisite precision, but the details of viral
recognition were still unclear. In response to my request,
Peter came up with the idea that influenza might be a useful
model to address the fine specificity of TCR viral recogni-

tion, since the A strain viruses would offer the possibility of
investigating a closely related, defined panel of pathogens.

Luckily, Walter Gerhard, trained in influenza biology at
the Basel Institute for Immunology, had recently joined the
Wistar Institute, where Peter’s laboratory was located, and
so, I received expert instruction on growing various strains
of recombinant influenza that would be necessary for my
project. Peter then left me on my own to set up the flu CTL
assay—showing confidence that someone who essentially
had no laboratory experience since college could accom-
plish this. Fast forward several months, and I actually began
to accumulate some data. The work eventually showed that
CD8 T cells are highly cross-reactive, in contrast to the fine
specificity shown by antibody responses directed at the
hemagglutinin (H) and neuraminidase (N) glycoproteins
(12,13). These results were counterintuitive, and Peter in-
sisted that I repeat the experiments multiple times until we
were confident that T cells from mice primed, for example,
with influenza PR8 (H1N1) could kill targets infected with
influenza HK (H3N2).

Together with the MHC restriction findings, these influ-
enza results suggested that the still-elusive TCR was seeing
something quite distinct from what was recognized by B
cells. Indeed, it turned out that influenza-specific CTL are
highly cross-reactive across all the A strain influenza viru-
ses, in stark contrast to the fine specificity that would
be expected from analysis of humoral responses to the
hemagglutinin and neuraminidase antigens. Further analysis
of this unexpected observation eventually led to my PhD
degree—which, along with Peter’s second graduate student,
Jack Bennink, was completed in 3 years (2,3,10,11,17).

Whereas the novel insights into TCR recognition that
emerged from my thesis work were clearly important, there
is no doubt in my mind that the most critical part of my
training was not T cell viral immunology, but rather, the
revelation that doing science can be fun. Those were the
days when Peter still had time to work at the bench, and so,
on a daily basis, I was exposed to his incisive scientific
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reasoning, optimistic attitude, and, of course, his great sense
of humor. While most of my classmates seemed to be stressed
out much of the time, my own experience in graduate school
was actually quite positive and totally exhilarating.

In return for the outstanding mentorship that Peter pro-
vided, I am pleased that my request to avoid LCMV led to
Peter’s total transition to the flu model, which has been the
continuous focus of his research ever since. I even recall that
he once mentioned to me that ‘‘the flu saved my life,’’ which
may have been a bit of a hyperbole, but it made me feel
good, nonetheless.

After Peter

Based on my experience in Peter’s laboratory, I was hooked
on viral immunology, with a specific focus on CD8 T cells.
I joined a group at UCLA, headed by Roy Walford, who, in
1965, had proposed ‘‘The immunological theory of aging,’’ an
article that has proven to be quite prescient (32). Indeed, it is
becoming increasingly clear that most of the chronic diseases
of aging involve inflammatory components. Roy’s laboratory
had recently shown that mice subjected to a reduced calorie diet
seemed to age more slowly. For example, the altered lens
protein associated with cataracts did not accumulate with age in
these mice. Using my own experience with influenza in the life
span-extending model of caloric restriction, we showed that the
antiviral CTL activity was also enhanced in these mice.

Being immersed in the field of aging helped me to be-
come aware of the major discipline of gerontological re-
search known as cellular/replicative senescence. This area
had originally emerged from the work of Leonard Hayflick
in the 1960s, who, coincidentally, had also spent his early
career at the Wistar Institute. Most of the research on cel-
lular senescence was focused on the human fibroblast
model. Interestingly, at about the same time, there were
numerous reports from immunologists using IL-2, then
called ‘‘T cell growth factor,’’ to establish long-term cul-
tures of human T cells. Surprisingly, some of the articles
described the cell cultures as ‘‘immortal,’’ suggesting that
T cells might be an exception to the well-documented
‘‘Hayflick Limit,’’ a feature thus far confirmed on all human
cells grown in tissue culture (22). As it happens, many of
these putatively immortal T cell cultures were actually
frozen for periods of time and then thawed briefly for spe-
cific assays. So, they were ‘‘immortal’’ in terms of the re-
search life span of the investigator, but not necessarily truly
immortal, in the same sense as tumor cells are.

Based on my extensive work on CD8 T cells in Peter’s
laboratory, I decided to focus on this subset to systematically
address the question of whether immune cells were subject to
the same senescence program as all other human somatic
cells. We established long-term cultures of human CD8 T
cells, using either tumors or virally pulsed autologous cells as
‘‘stimulators.’’ Our work showed that human T cells had the
same intrinsic program as fibroblasts and all other human
somatic cells, namely, that they undergo cellular senescence
in culture after a finite number of cell divisions. Along with
the irreversible cell cycle arrest, senescent CD8 T cells have
shortened telomeres, inability to upregulate telomerase, and
are resistant to apoptosis. They also show increased secretion
of proinflammatory cytokines and permanent suppression of
CD28 gene expression (4,6,7,15,22–31).

Our in vitro work was confirmed in clinical studies. Cells
with an identical phenotype accumulate in elderly persons,
and in an accelerated manner in younger persons chronically
infected with HIV (8,9). It seems that persistent infections
can drive human CD8 T cells to the end stage of cellular
senescence, and due to their resistance to apoptosis, these
cells accumulate over time. In the case of aging, it is now
well established that the driving force is chronic infection
with cytomegalovirus (CMV). Indeed, in some older indi-
viduals, CMV-specific CD8 T cells constitute a large pro-
portion of the entire T cell repertoire, resulting in a
constriction of the remaining T cell repertoire. Looking back
on my scientific career, it is clear that my focus on various
facets of CD8 T cell biology was molded by my early
training in Peter’s laboratory.

Coming Full Circle

In addition to my laboratory research, my entrée into the
field of gerontology has also involved didactic activities. As
part of an interdisciplinary team, I helped develop a year-
long Honors-level course for college freshman, entitled,
Frontiers of Human Aging: Biomedical, Social and Policy
Perspectives—now in its 20th year. One of the major topics
covered in this course relates to challenges involved in in-
fluenza vaccination of the elderly population (1). We discuss
the biology of the virus itself, the tedious process by which
flu vaccines are currently prepared, social issues related to
vaccines in general, and vaccination strategies to compen-
sate for the aging immune system (5,14,16). In a sense,
therefore, I have come full circle—ending my career with a
topic with which it first began in Peter’s laboratory.

Concluding Remarks

I have enjoyed seeing Peter over the years at immunology
meetings, and was sorry that UCLA was not successful
many years ago in recruiting him to direct a new Vaccine
Program. Australia was a much better fit, and I know he has
flourished in Melbourne. Most recently, when I was elected
President of the Gerontological Society of America, this
Nobel Laureate wrote to me, ‘‘I have bragging rights.’’ That
was the essence of Peter—a truly modest man, a brilliant
scientist, a superb mentor, and an extraordinary human be-
ing. I consider myself extremely fortunate to have been
trained in his laboratory, and I will always be proud to have
had the honor of being his first graduate student.
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