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Preface

The emphasis on immunology in medi-
cal, dental, and other health science cur-
ricula is not surprising. Immunology has
been the scene of many significant discov-
eries in the past few decades. Those dis-
coveries of medical importance have quite
naturally been incorporated into the clini-
cal practice of pediatrics, medicine, obstet-
rics, surgery, and others. However, this pe-
riod of expansion in immunology has not
been restricted to its human and medical
applications; the entire subject of immu-
nology has grown dramatically. This has
required more extensive discussions of im-
munochemistry, immunopharmacology, im-
munopathology, and immunity in such fields
as biochemistry, anatomy, pathology, phar-
macology, and microbiology. For the most
part, these changes have been all to the
good, but it is clear that instruction in im-
munology has fallen into the classic pattern
in which the fundamental features of the
subject are presented in the first and second
years of an educational program, followed by
a consideration of ‘its applications at some
later time.

It is obvious that there are many applied
aspects of immunology that can be pre-
sented successfully to students in the pre-
clinical years. A student need not have
training in obstetrics and gynecology to un-
derstand the practical aspects of hemolytic
disease of the newborn and Rh problems
any more than he is required to study pedi-
atrics and medicine to appreciate the im-
portance of prophylactic immunizations in
the control of infectious disease. In fact,
the description of these professional appli-

cations of immunologic knowledge whets
the appetite for further understanding of
immunology in both its basic and applied
form. The advice “Teach by example” can
be interpreted appropriately either to pre-
sent or be the example.

This book was written with two goals in
mind: to present the basic subject matter
of immunology to the reader in a con-
densed form and to illustrate by case his-
tories and clinical correlations how this
information is applied to the solution of
medical problems. The title 6f the text was
chosen to indicate this emphasis. Since it
was expected that the primary users of this
text would be preclinical students, the case
histories have not included the entire clin-
ical laboratory “printout” of all the data
often assembled by these laboratories. Much
of this data would be superfluous to the
case histories presented and, by forcing the
Rudent to refer constantly to a table of
normal values, would detract from the pri-
mary immunologic message. Examples of
exotic conditions are few in number and,
when included, are designed to emphasize
some basic immunologic tenet rather than
to represent a regular encounter in medical
practice. Instead, a genuine effort has been
made to include and discuss everyday im-
munologic problems—penicillin and rag-
weed allergy, myeloma, serologic tests for
syphilis, immunization schedules, and the
like, since these are the problems the stu-
dent is most likely to face later in the “real
world.”

James T. Barrett
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chapter- 1.

Scope of medical immunology

HISTOBICAL BACKGROUND

~ There is no dlsputmg the fact that im-
munology originated from the study of im-
munity. The study of immunity itself had
little scientific basis until the investigations
of Louis Pasteur in the second half of the
19th century. It was at approximately this
time that techniques were being developed
to recognize, cultivate, and attenuate the
microbes that caused certain infectious dis-
eases. Pasteur’s genius allowed him to
capitalize on these developments, to add to
them his own knowledge. from- his back-
ground in chemistry and biology; and to
emerge as the father gf 1mmunology

The groundwork of* immunity-as a sci-
ence probably originated in ancient China,
where the inhalation of dried smallpox
crusts was practiced as a preventive of this
disease. Presumably the viral agent of this
disfiguring and lethal disease Jost ‘some of
its infectivity in. drying, so that it was' a

mixture of mactivated and active vxral parz,
ticles that whs dctually inhaled. Because of

the long incubation period for smallpox,
some 1mmumty could be developed during
the period in which the few active viral
particles generated a sufficient number of
its kihd to produce disease. Consequently,
the disease was milder than “wild” small-
pox, and this form of- 1mmumzatxon was
perpetuated.

In Turkey a different form of variolation
(smallpox was then known as variola) was
observéd by Lady Montagu,-wife of the
British Ambassador. There, pustular ma-

terial was taken from the lesions of a per--

son with a mild case of smallpox and

transferred by a common needle into a
vein or tissue of the person desiring the
immunization. Hopefully, a mild form of
smallpox would develop and apparently
did with sufficient regularity for Lady
Montagu to have her own children vacci-
nated in this manner. In 1718 she intro-
duced this procedure in England, and she
is credited with introducing the method to
the western world.

Obviously these earlier methods of im-
munization - had inesoapable risks—there
was no assurance that variolation would re-
sult in only a mild case of smallpox, and
there was also a possibility of trunsferring
syphilis, leprosy, hepatitis, or most any
other disease of the donor. Jenner's system
of smallpox-vaccination, advanced by him
in 1798 as a result of his study of cowpox
and smallpox in English milkmaids,
avoided these problems and began to place
immunity on a firm scientific footing.
Jenner observed simply that milkmaids who

‘contracted cowpox were thereafter immune

to smallpox. Cowpox is a mild pox of cat-
tle that causes pustule formation on the
teats of the cow. Milkers are inescapably
exposed to the disease and develop. cow-
pox lesions on their hands. These heal and
disappear with little outward noticeable
change in the individual. ‘However, Ed-
ward Jenner, an English countryside physi-
cian, noted that such persons never con-
tracted smallpox, and he set up an experi-
ment to test this more critically. Jenner
took pustular material from a cowpox le-
sion on the thumb of a milkmaid named
Sarah Nelmes and used it to inoculate a

1



2 Basic immunology and its medical application

farm boy named James Phipps. Surely
enough young Phipps developed cowpox.
Then Jenner performed the critical part of
the experiment. After Phipps had recovered
from cowpox, Jenner inoculated him with
smallpox and demonstrated his immunity
to this disease as well: Like so many re-
markable advances, this lifesaving discov-
ery was mocked and not widely adopted
until well into the 19th century. Ad-
mittedly, Jenner had capitalized on a rare
occurrence—the creation of a permanent
immunity to one disease on recovery from
another. This phenomenon is known as
cross-immunity, and Jenner had witnessed
it'in its most perfect form. We now recog-
nize that the cowpox and smallpox viruses
~ are nearly identical twins, and because of
their close relationship, immunity to one is

immunity to the other. There is, in fact,
only one other example of good cross pro-
tective immunity of this sort practiced in
human medicine and that is the use of the
bovine strain of the tubercle bacillus to
immunize against the human form of
tuberculosis.

Pasteur’s fame and status as the father of
immunology also stems in part from an un-
usual circumstance. Of course, Pasteur
made many famous discoveries, including
the relationship of crystal structure to op-
tical isomerism, the process of pasteuriza-
tion, the attenuation of virulence of infec-
tious agents, and his rabies vaccine (Fig.
1-1). Prior to his study of rabies but even-
tually to be closely linked to it was Pas-
teur’s recognition that the virulence of the
anthrax bacillus and that of the bacterium

Fig. I-1. French five franc notes illustrate many of Pasteur’s scientific accomplishments
in a true art form. Upper left and upper right arrows point to sheep and chickens that
commemorate development of attenuated vaccines for anthrax and chicken cholera. Lower
arrow indicates rabid rabbit spinal cord in a drying jar first used to treat Joseph Meister,
the young boy shown battling a rabid dog. Rabbits in lower left comer possibly portray
Pasteur’s entry into bacterial warfare and his deliberate infection of rabbits who were
burrowing into a friend’s wine cellar and dislodging the masonry with disastrous results.
Crystals at left and right center illustrate relationships of crystal structure to optical
rotation, grape clusters refer to Pasteur’s study of diseases of wine and discovery . of
pasteurization, and swan-necked - flask near Pasteur’s portrait is a reminder of his
disputation of the theory of spontaneous generation. Flagellated bacilli surrounding num-
ber 5 in each upper comer of note refer to his discovery of anaerobic life. The reverse
side of the bill is also beautiful and illustrates fungi, mulberry, and grapes with the

portrait of Pasteur.

-



that causes chicken cholera could be re-
duced by manipulation of the age or
growth temperature of cultures of these
bacteria. Both of these discoveries were
serendipitous—the first from an effort to
use cultures that had been placed in a
faulty incubator and the second from a
similar use of cultures that had set for sev-
eral days on a laboratory bench. When
Pasteur observed that dried spinal cords of
rabbits dead from experimental rabies
could not transmit the disease although
fresh spinal cord material from these rab-
bits would, he correctly reasoped that, as
in the experiments with chicken cholera
and - anthrax, the noninfective material
might make a good vaccine. Laboratory

studies confirmed this, and eventually he

was prevailed on to try his Pasteur treat-
ment on a young boy, Joseph Meister, who
had heen bitten ‘many times by a rabid
dog. The. Pasteur treatment consisted of a
series of inoculations beginning with aged
and ending with fresh spinal cord from a
rabid rabbit. This method protected Joseph
Meister and thousands like him from ra-
bies and led to the great popular fame of
Pasteur and the construction of Pasteur In-
stitutes throughout the. world dedicated to
him and his discovery. .

In the case of rabies a second unique
situation exists—an exceptionally long in-
cubation time of the disease. As a conse-
quence of this, immunization with rabies
vaccine after exposure to the virus has time
to generate sufficient immunity to resist the
disease. For practically all other diseases
except smallpox, which also has a long in-
cubation time, vaccination must be per-
forthed prior to exposure. The word “vac-
cination” (from the Latin vaccs, meaning

cow) was used by Pasteur to honar Jen-

ner’s contribution and the use of micro-
organisms to prevent the very diseases they
cause. . , . o
Another successful form of immuniza-
tion, and one in which the use of the term
“vaccination” is generally considered less
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appropriate, is the use of bacterial toxoids.
It is surprising that toxoids were not used
for prophylactic immunization against
human diseases until 1923, since Behring
and Kitasato had recognized as early as
1890 that certain bacteria, of which diph-
theria and tetanus are examples, cause dis-
ease almost entirely by virtue of the po-
tent exotoxins they-excrete. Moreover, com-
plete immunity against these diseases is
based on the presence of special toxin-
neutralizing antibodies, or antitoxins, pres-
ent in the blood of individuals who have
recovered from these diseases. Such anti-
bodies can be formed by a person who is
injected with tiny doses of these toxins, but
this is obviously a dangerous undertaking.
Nontoxic, neutral mixtures of toxin and

~ antitoxin (taken from an immune labora-

tory animal) were used for immunization
instead, that is, until 1823 when Ramon
found that treatment of these exotoxins
with formaldehyde would convert them to
harmless molecules called toxoids. These
toxoids would generate the same degree of
immunity as the toxins without their ob-
vious drawback, and toxoids have been
used for immunizations ever since. Unfor-
tunately there are few diseases caused by
exotoxins, but diphtheria and tetanus. are
such widespread and serious diseases that
toxoid-induced immunity is still considered
an important development in preventive
medicine.

Emil von. Behring received a Nobel
Prize in 1901, the first ever offered in medi-
cine and physiology, for his studies with
antitoxins. However, immunity is not en-
tirely founded on the ability of an animal
to respond tp vaccines or toxoids of patho-
genic organisms by the formation of anti-
bodies. Metchnikoff, the volatile Russian,
was one of the first to recognize this: when
he noticed that the cell-eating behavior of
certain cells, the circulatory and tissue
phagocytes, resulted in the death of the
foreign cells they ate. Presently there is a
resurgence of interest in phagocytic cells
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as the key'to tumor immunity. Other recent
studies’ of humsr patients with function-
ally inept phagocytes, who consequently
suffer from a contihuous stream of bacterial
infections, are beginning to ‘unravél the
means these cells use to destroy their
phagoeytic victims. For his discovery of
phagocytic cells, Metchmko& recexved a
Nobel Prize in 1908. -

In the three quarters ‘of a eentuty»that
have passed since thése' early awards ‘to
immunologists for their “contribations: “in
the realm of ‘immunity, immunology has
taken new directions iti‘chemistry, géneties,
medicine, ‘and surgery: Immunolognsts are
comcerned with the ¢hemistry of blood Pro-
tefns, of histocompatibility antigétis, of the
red bléod cell mémbrane; of mast celt de-
grahtilation, 'and of other biochemicil
problems ‘Probléms ‘6f tissue transplanta:

tion, ‘hetholyti¢ disease of: the'! newlom,
thet! Ihh@ntancé of allergies, thé funi?tions
of lympHbcytes, land ‘other topiés -dutside
the' realiil ‘of immaity as $éek' domiviate
much of modern-day inmttinology. At the
samé tithe' diseases ‘Hot fiécessarily ‘infec:
tious in ‘nuteve, s\acﬁ as tulifor immunity
and  the ~autoithimm®’ diseases ‘are ‘uhder
invéstigifion by xnrntii"tindblogist!; The “iéx-
panding intevest in’ and’ in’foi‘mahon ‘abent
the subdMs:oﬁs M*Mmumbgy have been
s6 gredt that spetisl methods and a ‘special
jargon for each Wy emerged. OWd terms are
being used in new ways and new tetms are
beiﬂg originated. Uaﬁorﬁm‘ately this fias
resulted in’ duphcate définitions and vague
or imprecise déscriptions. Ndrmally a vo-
cabulary “for '4' $eience deVeldps gradually
as 'kriowledge ‘of ‘the science itself grows,
But wherever ancértainty ‘exists, vefetence
to'a’ dictibnéry ‘or glossary b&ébmes inevi-
table. ‘Such ‘a glossary ‘is présenfed at’ thd
end of this book. Although'it'thight be pos:
sible 't6' memorize a brief glossary, ‘a better
apipréciation df 'the 'thanner in ‘which ith-
miindlogic: terms’ are - twed tay-'be’ o
ceived from 'the following ‘condensed intio:
ductory sketch of médieal immunology.

IMMUNOLOGIC REAGENTS

The science of immunology is dynamic
in the sense that it analyzes the response of
the body to substances that are’foteign to
the body. Oftert the first foreign substances
that come to mind are bacteria, viruses; or
other - infectious agents that the' immiu-
niologist calls’ antigens. Actually, cells: are
cothposed of many complex macromole-
cules:that are antigenic, and this inchides
such molecules in red blood ‘cells, gi‘aft‘ed
tissues, and other nohinfections as well as
isifectitus’ ceMls. The body ‘eiitv alsd respond
to mahy nonantigenic substances, hupténs,
when' these' are' litked into hapiteti- -antigen
cohjugates; but notto the hapten alone:
Hapteéns are customarily of léwer: moledalar
weight or simpler structute ‘than antigens,
sd'it can be seen that the animat body has
evolved: a miethod of reacting to- simple’ as
welta¢ complex molecules: This response
cati'be mughifiéd if the antigen or:neoanti-
gen:is prbsefn!e& to the a'mmél With an'ad-
fuvdnt P

mdjhvahw !mprb\*e the 1mmunb response
(immute ‘fesponse 1s the'térm used eveh
thotigh the antigen’ or hipten has no coi:
nection with'an infectivny agent) by infli
ehcing the behavior of hodt cetld. Tissue
macrophages, a type of phagocyte, engulf
and’ ‘fiartmny ‘degrade the'antigen, passing
on attigenic determinants to’ B and T
lymphocytes. The' B lymphocytes in''birds
are! easily: recognized ‘because they pass
through!and are altered by @ clodcal’ gland
called ‘the butsa of Fabricius. This altera-
tion ‘allows them to respond to ‘antigenic
detenninants with’a reproductive burst that
terminates in the'plasmy cell as the product
of lymphocyte ‘transformation. The plasma
cell exctetes antibodies (immunoglobulis)
that ate found in the gatma globulin frae:
tion'6f the Blood. These antibodies dre syn-
thesized®i#t sucli ‘4 way' that they éan com-
bine with that specific antigen (and-cer-
tain' ctods-réactive antigenis } “that’ stimu-
lated its'fortation.’ Séveral different molec:
ular classes of these immunoglobulins- are



formed. This includes IgG; IgM, IgA, IgD,
and IgE plus several subclasses, or allo-
types. Oncogenesis of plasma cells results
in an excessive synthesis of the immuno-
globulins or their structural parts as seen
in multiple myeloma, Waldenstrom’s mac-
roglobulinemm or other immunoprolifera-
tive diseases. Since ‘this 1hay create an im:
balance in the defensive armory, plasma
cell proliferition, just as a genetic absence
of phsma cells,‘may produce an immuno-
deﬁéienc Y disease. Immunodeficienicy due
td kypdgammaglobufmemua ‘may be elther
gehetxc ‘or’ acquned - g

‘Simultaneots with these events; the ‘anti-
frén- exposed T:lymphocyteé has emitted a
message that results in the appearatice of a
mote “actively phagoeytie - and’ a ore
powerfully digestive macrophage knawnh' as
the activated macrophage, which is conse-
quently more active in modifyi’ng the! afte
gen. The T lymphocyte” progresses thdugh
a prdhfe:‘atfve phase‘and Beeomes ‘concen-
trated ‘with" maérophages in “celt” "packets
termed, germinal centers. Prolifetdting B
cells afso create germmal centers. The T
lymphocyte, : 50, named because, it is ‘modi-
fied by the thymus, may stimulate the B
cell in its immunoglobulin response ( helper
T cell).cor restrict B cell activities (sup-
pressar ;T oell). Rerhaps more: important is
the T cell production of lymphokines that
tlter Kost dells 'to make them refractory to
‘intracelluldy ‘parasitds (inteferon), attract
macrophages (chemotaxin), arrest macro-
phage migration (macrophage migration
inhibitor factor), or attack foreign cells di-
rectly (lymphotoxin). Other lymphokines
may function in cell-mediated immune re-
actions or cell-mediated (delayed) hyper-
sensitivity. Humoral immunity and the im-
mediate hypersensitivities are dependent
on antibodies.

To these adaptive responses or reactants
must be added those of the complement
system.that participate in antigen-antibody
reactions to stimulate phagocytosis by gen-
erating opsonins and chemotaxins and en-

- - Scope of medical immunology 5

couraging immune adherence. Other unde-
sirable - complement-related activities in-
cliude theose associated with anaphiylatoxin
and kinin formation: Complement activa-
tion can also be initiated by the antibody-
independent properdm pathway

IMMUN OLOGIC REACTIONS .

The union of-an antigen thh its anti-
body with or withoat the: participation of
oomplement or other accessory factors is
the ‘subject matter for serology. When -the
antigen is soluble, the reaction is described
us a precipitation reaction.' Serologic pre-
cipitates can also form: when the reagents
diffusé through gels and combine with each
othet: There are many variations to such
immunodiffusion - tests~radial (Mancini)
immunodiffusion; double diffusion’ of  the
Ouchterlony: type, immunoelgctrophoresis,
‘erossed ithinunoelectrophoresis, counterim-
munoeléctrophoresis, etc;' When the anti-
gén is cellular or particulate, the sérologic
réaction is an agglutination reaction or, as
irr'the ‘case of erythrocyte antigens; hemag-
glutination. Fhitd antigens can be absorbed
to¥cells to' convert precipitation tests ‘to

‘passive agglutination tests: When comple-

inent is present, it is fixeddn the. serologic
reaction’ (cémplement  fisgtion), and - this

‘may be measured as a cytolytic 'reaction
(bacteriolysis or hemolysis). When phago-

cytic cells are present, the scrologic reac-
tion inay be seef to favor phagocytosis of
the antigen. Occasionally ne outward sign
of an antigen- or hapten-antibody reaction
may be noted. This may demand the use
of fluorescent antibody procedures, radio-
immunoassay, or antiglobulin (double anti-
body) techniques.

The result of immunologic reactions in
vivo that destroy or resist foreign cells or
their products is usually classified as im-
munity, This explains the origin of the
terms “transplantation immunity” aund
“tumor immunity,” since tumors usually
have a new set of antigens that makes them
foreign. When the immune response is di-
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rected against self-antigens, an autoim-
mune disease is often the result. This may
take the form of an autoimmune hemolytic
disease or immune complex disease involv-
ing antigens of thrombocytes, kidney, or
other cells. Autoimmune diseases associated
with misdirected T cell activities as in post-
infectious  encephalomyelitis are also
known. When disease results from immune
responses to external antigens, these dis-
eases are usually labeled allergies. The im-
mediate or immunoglobulin-dependent al-
lergies rely on the attachment of reagin
(cytotropic IgE) to the surface of mast
cells. Combination of this IgE with antigen
initiates mast cell degronulation with the
liberation of - vasodctive amines such as
histamine and  serotonin. The antigen-
antibody. reaction may trigger the Hage-
man pathway and the eventual release of
- bradykinin and other kinins. White blood
cells may also release pharmacologically ac-
tive substances. Antihistamines and g-adre-
nergic drugs such.as adremaline modify
these toxic reactions. In their milder forms
these reactions are associated with the
atopic illnesses, hay fever or other, respira-
tory allergies, and food allergies. In their
more severe form these are seen as life-
threatening anaphylactic reactions.

T cell activities may also be expressed as
allergies and contact dermatitis, including
reactions to cosmetics, dyes, animal prod-
ucts, and poison. ivy, and other spurces of
haptenio. compounds have much in com-

mon with tuberculin reactions and other
allergies of infection. ,

From this compact overview of immu-
nology it is apparent that the behavior of
the involved cells is complex, and this will
be treated in the following chapter on im-
munocytology. The chemicals these cells
respond to and the cell products they re-
spond with are considered in the chapter
on immuncobiochemistry. Serologic reac-
tions and immunity are discussed in sepg-
rate chapters, as is immunohematology.
Thereafter separate chapters will fill in the
details of B and T cell-mediated allergies,
autoimmunity, transplantation,- and tissue
immunity. It can be seen that the first
chapters are devoted to basic immunology,
whereas the latter are devoted to its med-
ical applicatiops.
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chapter 2

Immunocytology

The cells of the body that respond to
antigens are variously categorized as be-
longing to the hematopoietic system, the
reticuloendothelial system, or lymphoid
system. The organs and tissues comprising
these systems are not as well defined as
those of the nervous system, endocrine sys-
tem, etc., which tend to exist as distinct
structural organs and have a clear, often
singular, physiologic role. The cells of the
immune system originate from hematopoi-
etic tissue, and after leaving this they ac-
quire or express functions that place them
in the reticuloendothelial or lymphoid sys-
tem (Fig. 2-1).

HEMATOPOIETIC SYSTEM

The cells of the reticuloendothelial and
lymphoid systems and those of the re-
cently delineated mononuclear phagocytic
system arise from the bone marrow. The
average adult has about 3 kg of bone mar-
row, making it the largest organ of the
body. In addition to the vascular and adi-
pose tissue of marrow that represent about
one half of the tissue, about one half of
the tissue in bone marrow is dedicated to
hematopoiesis or blood cell formation. The
development of blood cells arises from a
primitive, undifferentiated stem cell, the
reticulum cell, and diverges into several
distinct lines. Of these, only the cells of
the granulocytic, lymphocytic, and mono-
cytic series are of fundamental importance
in the immunologic response, although cells
of the erythroid and megakaryocytic series
are often important as targets of the im-
mune response.

8

RETICULOENDOTHELIAL SYSTEM .

The so-called reticuloendothelial system
(RES) is a collection of cells of diverse
morphology and tissie residenice united by
the sole property of an ambitious phagq-
cytic belf vior. Classically the RES has
been divided into tissue and blood phago-
cytes of large size, macrophages, and those
of lesser size, microphages. The macro-
phages have now been united and elevated
to the status of -a system by a WHO expert’
committee and called the' mononuclear
phagocytic systenf! The characteristics of
thé cells in the néw system inclide a pro:
nounced p}')agocytxc ability, a cell diameter
of 10 to 25 y, a nucleus-éytoplasm ratio of
about 1:1 or somewhat less, a relahvely
large oval’ or, kidney- shaped nucleus,
granular texture in their cytoplasm due to
its . content of lysosomal granules, and-
numerous cytoplasmic vacuoles. These
cells arise from-the monodytic series of the
hematopoietic system and -are represented
in blood by circulating monocytes. The
peripheral blood monocytes serve as the
source of the free and fixed tissue macro-
phages. Tissue macrophages have specific
names according to their anatomic loca-
tion; thus histiocytes are found in connec-
tive tissue, Kupffer’s cells in liver, alveolar
macrophages in lung, microglial cells in
the neural system, and free and fixed mac-
rophages in spleen, lymph nodes, and other
organs (Fig. 2-2).

The mononuclear phagocytes have sur-
face receptors for immunoglobulins and
complement that may assist in the attach-
ment of antigens to these cells. Other blood
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Fig. 2-1. Origin of immunologically vita! cells from bone marrow. Granulocytes ‘and
monocytes have traditionally been considered as the two halves of the reticuloendothelial
system, but the latter are now being treated as a sepdrate umit. The lymphoid system
represents the third important cell line. Cells of the enythroid series and megakaryocytes

... Are important as antigens.

proteins ( opsonins—to: p:aparefor eating)
may: assist . in. phagocytos’s. Once the en-

gulfed particle is taken intermally, it-eves:
tually -contacts a lysosomal granule. When '

this occurs) 'the lysosome disgorges an array
of hydrolytic enzymes into the phagocytic
vacuole. This now, becomes the phagolyso-
some, a structure in which a'‘combination
of forces seeks to reduce bacteria, viruses,
other pathogems, or antigens into . their
smaller constituenits. These forces include
an acid pH resulting from the intracellular

accumulation ‘of Isctic acid arising from:

glycolysis. - Antibody - ‘and . complement,
which may alge ulslize the enzyme.lyso-
zyme, are lytic for certain ocells. Oxidative
halogenation -and hydrolytic degradation
also destroy antigens. Among the lysosomal
hydrolases known to: be released during
phagocytosis are phosphatases, ribonu-

clegses, deoxyribomucleases, proteases, -li-
pases, glycosidases, and esterases. Certain
lysosomal proteins may contribute to' the
destruction of engulfed cells by nonenzy-
matic processes, for example, phagocytin.

The polymorphonuclesr neutrophilic
(PMN) leukocytes, the neutrophilic granu-
locytes of blood, represent about 60% of all
blood leukocytes. The eosinophils and:
basophils, the other granulocytes, repre-
sent only 1% each, These two latter: cell
types are important in allergic reactions
but have. feeble ytic powers: com-
pared to the PMNs. The granulocytes are
about 12 x in diameter ( Fig. 2:3) and have
a granuleted cytoplasm that-has an affinity:
for either basic dyes (basophils), acid
dyes- such as eosin (eosinpphils), or both:
(neutrophils). The neutrophils are easily
recognized by their neutrophilic granula-
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Fig. 22. This macrophage, seen as it appears undef the electron microscope, is not
necessarily typical -of -all macrophages.- They differ slightly from- organ to- organ, except
for. their, large cytoplasmic volume and numerous inclusions and. granules. The numerous
extensions, from, its cytoplasmic membranes are an.indication of its extensive. membrane
activity, which is helpful for both motility. and phagocytosls (Qourtesy Dr. E. Adelstein )
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tion and their tri- or multilobed nucleus
Their granules apparently do not differ
from ‘the lysosomal granules of tissue mae-
rophagés, ‘but the granules of eosinophils
and basophils are not lysosomal. Thus the
result of phagocytosis 'by PMNs and mac-

rophages is essentially the same, the en::

closure'of the engulfed object into a phago-

cytic vacuole; edalescence of the phagocytic'
vaeuole and lysosome to form‘a phagolyso-
some, o,ndwdle death and digestmn of 'the

cell: eetvoioluis

Althohgh enzyma derlved ‘from: lyso-

somes are undoubtedly important in the
degradation of 'ingested = pathogenic bac-

teria or other cells, it is no ionger believed:

that these enzymes are-directly responsible
for the death 'of suchbacterial cells. Ex-
amination of leukocytes with“impaired bac-
tericidal activity from patients with chronic
granulomatous 'diséase and similar disor-

ders reveals that inept phagocytes lack the:

ability to form singlet oxygen ('0,). Sing-

let oxygen is beheved ‘to' be th& ulﬁmate
bactericidal weapon of the phagocyte.

Singlet oxygen might be provided by the

decomposition' of - the 'superoxide  radical
(03) formed  during oxidation of reduced.
pyridine 1 . The feasibility of this
hypothesis »is ' strengthened' by ‘thie knowl-'
edge that phagocytic cells exhibit a respi-

ratory ‘burst during phagoeytosis and have

the 'possibility ‘to involve 'nicotinamide

adenine dinucleotide (NAD or NADP) ex-

tensively in -oxidation-reduction reactions:
Alternatively: an  excited -singlet oxygen
could - arise  from :the - interaction ofthe
myeloperoxidase-hydrogen peroxide-halide
system in which hypochlorite or other ha-
lides: could interact with myeloperoxidase
and H,0, as indicated in Fig. 2-4. Absolute
proof that granulocytes: form singlet oxygen
is not available; however, they can form
the superoxide ion, and since they-lack the’
enzyme superoxide dismutase that' decom::
poses the superoxide ion, singlet oxygen

//,/////;



Fig. 23. Electron microscopic appearance of polymorphonuclear leukocyte (PMN  or
neutrophil). Section through the cell gives the illusion that its trilobed nucleus exists
as three separate nuclei. Many of the dark granules in the upper portion of the cell are
lysosomes. Phagolysosomes are not in evidence. (Courtesy Dr. E. Adelstein.)

Glycolytic pathway Pentose phosphate shunt
or
HMP pathway

Glucose

Glucose-8-phosphate

- G-6-P dehydrogenase = 6-Phosphogluconate
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NADPH
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Catalase \
NADP oxidase
plus H + 0,
5 Superoxide
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Fig. 2-4. Metabolism by normal phagocytes in glycolytic and pentose phosphate shunt
leads to formation of H,0,. Then the microbicidal singlet oxygen is formed by alternate
pathways, two of which are shown. Phagocytic defects at the level of G-6-P dehydro-
genase, NADP oxidase, myeloperoxidase, and superoxide dismutase would obviously
impair intracellular killing by the phagocyte.



