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The contributions of Canadians to pulmonary anatomy and
pathology have been recognized internationally for almost

a century, and the published abstracts of the 2007 meetings of
the American Thoracic Society indicate that Canada has a
bright future in this field. The introduction of computed
tomography (CT) has had the greatest impact on the practice
of chest medicine within living memory, because it allows the
gross anatomy of the lung to be visualized noninvasively. The
more recent introduction of micro-CT has also provided an
opportunity to investigate samples of the lung at the micro-
scopic level without destroying the tissue. Micro-CT has made
it possible to apply the newer techniques of laser capture
microdissection and real-time polymerase chain reaction to
specific lung structures selected by CT and micro-CT, and to
ask questions that could not even have been imagined a few
short years ago. The introduction of magnetic resonance imag-
ing of hyperpolarized gases has also made it possible to measure
diffusion distances within the gas phase of the lung to obtain
new and perhaps more accurate information about the size of
normal gas-exchanging units during life, as well as the extent
of their destruction in disease. These powerful tools are begin-
ning to provide insight into the molecular events that underlie
the basic processes of inflammation, tissue repair and tumour
biology, which may provide solutions to the most troublesome
problems related to pulmonary medicine.

Although many Canadians have and are currently con-
tributing to the flow of this new knowledge, the present review
focuses on contributions made by three eminent researchers,
all of whom who have been dead for at least 10 years. These
three researchers established a tradition of excellence in the
field of pulmonary anatomy and pathology in Canada that has
provided a solid foundation for future achievements.

CHARLES CLIFFORD MACKLIN
Charles Clifford Macklin was born in Toronto, Ontario, in
1883 and died in London, Ontario, in 1959. He was the eldest
of seven children and took an entry level job in the medical
department of the Canada Assurance Company, where his tal-
ent was recognized by a physician who encouraged him to go to
medical school. Macklin took this advice seriously, hired a
tutor and studied evenings while continuing his day job at the
Assurance Company, and he was accepted into medical school
at the University of Toronto, Ontario, in 1908 (1). He won the
James Richardson Fellowship in Anatomy in 1912, which
allowed him to take time off from medical studies and try basic
research. He received the MB degree in 1914, an MD in 1916
and a PhD in anatomy in 1924, all from the University of

Toronto. Macklin was appointed as an assistant in anatomy at
Johns Hopkins Medical School, Baltimore, Marlyand, after
receiving his MB degree in 1914, and moved back and forth
between Toronto and Hopkins while he continued to pursue
his MD and PhD degrees. He was working as an associate pro-
fessor at Hopkins when he responded to a call to return to
Canada and become the Professor of Anatomy at the
University of Western Ontario, London, Ontario, in 1921. He
remained at Western until he retired from academic life in
1953, and because the rules of the day prevented retired faculty
from using University facilities, he continued to work at home
“trying to do a little microscopy with some slides and an old
microscope”. Many of his publications have become classics in
the field of functional lung anatomy and pathology, including
some completed after retirement. One hopes that that particu-
lar “old microscope” that he used in retirement is displayed in
a suitable glass case somewhere to illustrate what great work
can be done with an instrument that would be considered
primitive by today’s standards (1,2).

My first realization that Canada had produced a scientist of
this stature came at a Respiration Group dinner held during
the annual meeting of the American Physiological Society in
1976, where a group of distinguished American scientists pre-
sented an appreciation of his work. Certainly, I can think of no
greater measure of the impact of anyone’s work than to have
acknowledged leaders in different aspects of the subject
recount the remarkable insights that a person, whom none of
them had ever met, had contributed nearly 20 years after his
death. I regret I did not attend this particular dinner, but the
published summary of their ‘appreciation of Macklin’s work’
was a major source for this section of the review (1).

Dr John Clements, of surfactant fame, spoke about
Macklin’s insight into the function of the surface lining of the
lung. He pointed out that when most morphologists were argu-
ing about whether the alveoli were covered by an epithelium,
Macklin was interested in an extravagantly thin, aqueous film
that covered the epithelium (3). He also recognized that the
granular pneumocytes or epicytes, now termed ‘type 2’ cells,
were secretory in nature and contributed to this surface film
(4). By 1954, he had published his landmark article, “The pul-
monary alveolar mucoid film and the pneumonocytes” (5),
which provided clear insight into what this fluid layer must
look like. Measurements of the size of the pulmonary alveoli
that he had made with Stanley Hartroft during World War II
(6) made him realize that the surface tension of this lining layer
must be low, because a high surface tension would cause the
alveoli to collapse due to their small radii of curvature.
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Although he did not specifically state that the granular pneu-
mocytes secrete surfactant, he recognized that what he called
myelogens (and what are now called phospholipids) were pres-
ent in the alveolar lining layer and also connected to the
osmiophilic lamellar bodies of the granular pneumocytes. This
was a remarkable insight that remained underappreciated until
the surface of the lung was rediscovered by physiologists and
anatomists equipped with much better tools than those avail-
able to Macklin.

Dr Sol Permutt spoke of Macklin’s seminal contributions to
our understanding of the pulmonary circulation from his stud-
ies of the effect of lung inflation on the pulmonary vasculature.
The consensus in his time was that the pulmonary vessels got
smaller with positive pressure inflation because the alveolar
pressure rose above vascular pressure and compressed the blood
vessels. He was unhappy with this explanation because of
experiments in which he filled the arteries and veins with latex
and found that inflation of the lungs caused the latex to flow
from the reservoir into the vasculature, whereas deflation
caused the latex to flow out of the vessels back into the reser-
voir. When he did the same experiment with the vessels filled
with blood or saline, he got exactly the opposite results. Latex is
used to make casts of the large vessels because its surface tension
is too high to get into the smaller ones and Macklin reasoned
that there must be one set of vessels in the lung (now called
the extra-alveolar vessels) that expand when the lung is
inflated and a second set (now called the alveolar vessels)
that is compressed. He also suggested that the filling of the
extra-alveolar vessels during inspiration and emptying during
expiration allowed the lung to act as an accessory pump in
the circulation (7).

Macklin became interested in alveolar injury caused by over-
inflation of the lung when he observed that wedging a catheter
in a small bronchus and locally overinflating the lung produced
mediastinal emphysema (1). Anyone who has ever inflated an
excised mammalian lung with either fluid or air notices that it
begins to leak out of the lung at the hilum at higher levels of
inflation, which is one reason why the maintenance of lung vol-
ume during fixation requires a constant head of pressure. Careful
inspection shows that the fluid or air leaks from around the ves-
sels rather than from the vessels themselves. Macklin reasoned
that this occurred because the alveoli attached to the connec-
tive tissue forming the bronchovascular sheath break into it,
allowing air to flow along the space within the sheath that sur-
rounds the vessels and airways to the hilum (1).

Drs Norman Staub and Donald Proctor spoke on Macklin’s
contributions to the clearance of dust particles deposited on
the alveolar surface from the lung. Macklin identified four
ways in which this material was cleared: the transport of parti-
cles on the surface of the alveolar lining fluid toward the cen-
tral airways, the ingestion of the particles by macrophages,
clearance of both macrophages and free particles up the
mucociliary escalator to the glottis and passage, and clearance
of the free particles into the lymphatic system. In a brief but
insightful publication (8) on the role of the ‘dust cells’ in the
clearance of particles from the lung, he noted that dust cells
(now called macrophages) were cleared out of the lung via the
airways after they entered the airspaces; he found no evidence
whatsoever that these ‘dust cells’ ever re-enter the tissue from
the airspaces. He concluded that free dust particles that had
either evaded the macrophages or were released from them
entered the lymphatic vessels (9,10). He also made important

observations on the intrapulmonary lymphoid tissue, noting
that the lung is equipped with “thousands of micro organs”,
whic he called “minute tonsils”, interposed between air and
lymph tissue (10). He referred to these tiny lymphoid organs as
sumps and showed that they accumulated dust. His reference
to them as minute tonsils was prophetic, in that we now appre-
ciate that they are part of a mucosal lymphoid system, and that
they can develop the germinal centres that are required to
mount the humoral and cellular components of the adaptive
immune response. The surfaces of these mucosal lymphatic
collections are covered with epithelium, and differ from
regional lymph nodes in that they have no afferent lymphatics
and no surrounding capsule. The tonsils and adenoids in the
lymphatic ring of Waldeyer provide classic examples of mucosal
lymphoid collections, but they also exist in the Peyer’s patches
of the small intestine and in the appendix. Recent reports indi-
cate that this is a common occurrence in the late stages of
chronic obstructive pulmonary disease, after the lower respira-
tory tract becomes chronically colonized and infected.
Macklin’s identification of these structures was ahead of its
time and represents an area in which new research is still shed-
ding light on important mechanisms of lung disease.

One of Macklin’s last papers (11) concerning the pathogen-
esis of lung carcinoma contains a much reproduced diagram
that shows that he fully understood the distribution of the sur-
face area in the lung. While the surface area is relatively small
in the trachea and central bronchi, it increases rapidly in the
bronchioles and becomes roughly the size of a tennis court in
the alveolar surface. He postulated that the clearance of sur-
face fluid from the alveoli to the glottis represents a rapidly
narrowing raft that carries macrophages containing phagocy-
tosed particles, as well as the free particles themselves. He pos-
tulated that the carcinogens deposited on the alveolar surface
and cleared along this raft become concentrated as this fluid
volume is reduced by reabsorption in the central airways to
prevent the large volume of alveolar surface fluid from occlud-
ing the conducting airways. He postulated that this concen-
trated the carcinogens in the larger airways provides an
explanation for location of tumours in these airways.

Surprisingly, his work does not seem to have been appreci-
ated by the authors of the established textbooks on lung
anatomy during his productive years. William Snow Miller
made no reference to Macklin’s work in the first edition of his
book on the lung in 1937 and included only two references in
the 1947 edition (1). However, von Hayek’s book (12), pub-
lished the year after his death, included many references to his
work, and the frequent references to Macklin’s now classic
papers indicate that he laid the foundation for many of the
improvements in our understanding of the functional anatomy
of the lung that took place in the later half of the 20th century.
Although neither a clinician nor a physiologist, his work pro-
vided key insights into the solution of some vexing physiolog-
ical and clinical problems.

DR WILLIAM MICHAEL ‘WHITEY’ THURLBECK

Dr William Michael ‘Whitey’ Thurlbeck also enjoyed an inter-
national reputation as a teacher and investigator. Unlike
Macklin, whom I never met, I knew Thurlbeck well, having
been a postdoctoral student in his laboratory at McGill
University, Montreal, Quebec, for three years, and his col-
league and friend for more than 30 years. This long association
gave me great respect for his scientific accomplishments, but I
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was perhaps too closely associated with him to be a fully objec-
tive judge of his work. Whitey was born in South Africa in
1928 and died in Vancouver, British Columbia in 1997. He
spent his early life in Umtata in the Transkei, South Africa,
where his parents were missionaries and received the bulk of
his primary and all his secondary education at the Rondebosch
Boys School in Cape Town. He studied medicine at the
University of Cape Town, qualifying in 1953, and trained in
anatomical pathology at the Massachusetts General Hospital
in Boston, Massachusetts. He was a postdoctoral Fellow in
Lynne Reid’s laboratory at the Brompton Hospital in London,
England, where he published work on the bronchial mucus
glands (13,14), and returned to Boston for further training
before taking up his first faculty position as an assistant profes-
sor of pathology at McGill University in 1962. He remained at
McGill until the early 1970s and, following a sabbatical year in
Oxford in 1971 to 1972, he returned to McGill briefly before
taking a position at the Midhurst Medical Research Institute
outside of London, England. He returned to Canada as a pro-
fessor and head of the Department of Pathology at the
University of Manitoba, Winnipeg, Manitoba, in 1976, and
moved to Vancouver, British Columbia, in the early 1980s,
where he completed his career at the University of British
Columbia.

Thurlbeck was an outstanding teacher at all levels. His
undergraduate lectures were always extremely popular, and the
course in lung pathology that he established and ran for the
American College of Chest Physicians was one of the most
popular postgraduate courses ever offered by the organization.
He also edited a book on the pathology of the lung through
two successful editions that included contributions from many
of the faculty that he assembled for the American College of
Chest Physicians course. The third edition was published eight
years after his death, and was entitled Thurlbeck’s Pathology of
the Lung (15) to honor the lasting contributions he made to
the subject. He also published over 250 papers in the peer-
reviewed literature, including a very important monograph on
chronic obstructive lung disease (16). Although I have already
confessed my possible bias, I think that his greatest contribu-
tion was his commitment to the quantitative study of lung
anatomy and pathology, and the application of these data to
improve understanding of lung function, lung growth and
development, and finally, to the cellular and molecular events
that occur in the lung.

Thurlbeck’s commitment to quantification can be seen in
his earliest work with Lynne Reid (13,14), and was further
developed in his collaborative work with Bates, Fraser and
Macklem at McGill. Although centrilobular and panlobular
emphysema were described by others before him, he made
landmark contributions to the prevalence of emphysema in
autopsy populations (17,18) while providing new information
about both the extent and severity of the different types of
emphysema in human lungs (19). He also studied the pathology
of chronic bronchitis (20), examined its relationship to
emphysema (21) and showed that the ratio of bronchial gland
to wall thickness – commonly called the ‘Reid index’ – was
normally distributed in patients with this condition (22). His
early collaboration with David Bates and Robert Fraser (23)
led to a series of investigations in which measurements of lung
surface area and the pathology of emphysema were correlated
with measurements of lung function, chest x-rays and clinical
outcomes (23-25). His collaborations with Peter Macklem on

the distribution of resistance in the lung, in which I partici-
pated as their postdoctoral fellow (26), showed that the small
conducting airways are the major site of obstruction in
chronic obstructive pulmonary disease. His work on the
pathology of disease in the small airways (27,28) continued
after he reached the University of Manitoba, where he con-
ducted an extensive series of studies on the physiological
behaviour of excised human lungs with Norbert Berend, Jody
Wright and others, which substantially increased our under-
standing of the relationship between the structure of these
airways and their function (29-36).

Thurlbeck became interested in how the lung grew while at
McGill, and he initiated new work in this area after he arrived
in Manitoba. His studies on the growth of the human lung
with Claire Langston and others (37,38) confirmed previous
reports showing that the total number of alveoli present in the
human lung was complete early in life, and he extended them
by showing that the addition of new alveoli was virtually com-
plete by the age of two. He began examining the compensa-
tory growth that occurs in one lung after the other is removed
(39-41) and was encouraged by the fact that the lung that was
left in place grew by producing new alveoli (42). He joined in
the excitement over the report by Massaro and Massaro (43)
showing that retinoic acid can heal the emphysematous lung
destruction produced by elastase in rats. However, he also rec-
ognized that this repair may be unique to species like the rat,
that continue to add alveoli to their lungs throughout their
lifetime. He fully understood that this would be much more
difficult to accomplish in human lungs, in which the process of
adding new alveoli shuts down at the age of two years (37,38).
He fully realized the need for a complete understanding of the
molecular control of alveolar addition in humans before trying
to start up a process in adult humans that was naturally shut
down at age two. Although many of the major problems
remain to be solved in this difficult area, Thurlbeck never gave
up on the idea that emphysematous destruction may be
repaired by growing new alveoli, and he continued to think
insightfully and encourage new work in this area until he died.

The assessment of the work of a person that you knew well
is bound to concentrate on work that you had the privilege of
discussing with them frequently while they were alive. This
was certainly the case in the present review, and I apologize to
his many colleagues who worked with him in areas that I know
less about and have not mentioned. His contributions to lung
anatomy and pathology were extremely wide ranging, but I
believe that the common thread seen in his work was his insis-
tence on quantitative observations that can be correlated with
parallel studies of lung function at some level. What I appreci-
ated most about knowing him personally was his seriousness of
his commitment to research, and the tremendous enthusiasm,
energy and fun that he brought to whatever problem he was
trying to solve.

DR JOHN P WYATT
Dr John P Wyatt provided the first description of the panlobular
form of pulmonary emphysema and established a group of exper-
imental pathologists at the University of Manitoba that
advanced our understanding of how the injured lung is repaired.
Wyatt was born in Winnipeg in 1916, completed secondary edu-
cation at Kelvin High School before entering the University of
Manitoba, and qualified into medicine in 1939. He became a
Fellow in Pathology in William Boyd’s department at the
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University of Toronto from 1939 to 1941. He was then
appointed the Littauer Fellow in Pathology at Harvard
University, Cambridge, Massachusetts, that he relinquished
after just three months to serve in the Royal Canadian Army
Medical Corps in World War II, in which he served with dis-
tinction as a pathologist and neuropathologist with the num-
ber one Canadian field hospital as the war in the Europe
progressed. Following demobilization from the Canadian army
in 1945, he resumed his fellowship at Harvard and studied with
some of the leading pathologists of the day. He moved back to
Toronto in 1947 to take up the positions of Pathologist-in-
Chief at the Toronto East General Hospital and lecturer at the
University of Toronto. He was invited to the University of
St Louis, Missouri in 1949, and rose from assistant to full pro-
fessor, Chair of Pathology and Director of Laboratories. He was
invited to move back to the University of Manitoba to become
the Professor and Head of the Department of Pathology in
1964, and rapidly rejuvenated the teaching programs and built
a very productive research program that was focused on lung
injury and repair. He left Winnipeg in 1974 for the University
of Kentucky, Lexington, Kentucky, where he was in the process
of building another fine research laboratory when he devel-
oped the illness that led to his death.

I had the privilege of meeting him on several occasions but
did not know him well. He struck me as a cultured person who
was widely read, and had a serious interest in music and the
arts. Although I remember a long conversations with him at a
meeting of the Fleischner Society, I got to know about his
accomplishments largely from reading his published work. He
had a broad interest in pathology and was a competent diag-
nostic pathologist, as well as an investigator. Early in his aca-
demic life, he published on topics that included iron storage
and hemosiderosis (44-46), megaloblastic anemia due to folic
acid deficiency in pregnancy (47), chronic marrow failure
resulting in extramedullary hematopoiesis (48), fat embolism
(49), genital tract tumours (50) and cytomegalic inclusion dis-
ease (51). His interest in lung disease began at the University
of St Louis in the late 1950s and early 1960s, where he pub-
lished papers on pneumonitis associated with collagen disease
(52), pneumoconiosis in coal workers (53), and the relation-
ship between lung disease and hairspray polymers (54). He
became interested in the differences in the reported incidence
of emphysema between the United Kingdom and the United
States, and adopted the whole lung section technique that had
been introduced by Gough at the Welsh National School of
Medicine, Cardiff, Wales, to show that this difference disap-
peared when the same techniques were used. This work led to
an excellent article on the centrilobular form of emphysema in
Laboratory Investigation; A Journal of Technical Methods and
Pathology in 1960 (55). That was followed later in the same
year with the first description of the panlobular form of emphy-
sema (56). In 1962, an exhaustive study of this form of emphy-
sema based on 275 pairs of necropsy lungs, which included
correlations of gross pathology with microscopic lung struc-
ture, clinical lung function testing and postmortem measure-
ments of lung gas volumes, pulmonary resistance and
angiography, became the definitive work on this subject (57).
He continued to work on emphysema after he moved to the
University of Manitoba but changed the focus of these investi-
gations to the systemic effects of the disease, with publications
on emphysema affecting the heart muscle (58) and glomerular
capillary bed (59).

Wyatt re-established research in the Department of
Pathology at the University of Manitoba but led it away from
postmortem studies toward more basic aspects of experimental
pathology. He recruited Drummond Bowden and Ian Adamson
to join him, and established an experimental lung pathology
group that dominated the field of lung injury and repair for
25 years or longer, earning national and international reputa-
tions for all three of these investigators. An excellent review
entitled “Lung injury and repair: A contemporary view” pub-
lished in the Pathology Annual in 1970 (60) indicated the
direction that they would take and the published record in
PubMed shows that they produced more than 50 publications
on this subject between 1968 and 1994. This was about the
time that Bowden retired, and this level of productivity con-
tinued at a similar level until the more recent retirement of
Adamson. I think that Wyatt deserves credit both for estab-
lishing this laboratory and for giving his two younger col-
leagues continued support. Their contributions include the
discovery that a pulmonary interstitial cell – now recognized as
a monocyte – multiplies within the lung to produce alveolar
macrophages (61); the original observations showing that the
type 2 cell functions as the progenitor for alveolar regeneration
during lung tissue repair (62); and that the type 1 epithelium is
derived from type 2 cells in the developing lung (63). These
three examples illustrate the high quality of their work, and
the fact that it persisted long after Wyatt had moved on to the
University of Kentucky is a tribute to the strength of the foun-
dation that he built.

CONCLUSIONS
Limiting the present brief review to these three Canadian
physician scientists provides the reader with a more detailed
impression of the quality of the work that has been done in
Canada. Furthermore, focusing on persons who have been
dead for some time decreases the risk of offence by leaving out
some very important contributions of those still living if a
more extensive review were attempted. I trust that the choice
of Macklin, Thurlbeck and Wyatt offends no one, because they
truly transcend the ordinary and give us all a reason to feel
proud of being Canadian.
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