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During the last decade in vitro data have ac-
cumulated showing cytokine mediated in-
hibition of the programmed eosinophil death
called apoptosis.’ If valid to eosinophilic dis-
eases, this action would increase the dwell time
of eosinophils in the target tissue where they
could repeatedly release fractions of their po-
tent granular mediators.? Underscoring a po-
tential importance of these mechanisms, the
pharmacology of steroids includes both anti-
release effects and pro-apoptotic actions, as
determined in eosinophil test systems ex vivo.>
Although its role in vivo has yet to be es-
tablished, eosinophil apoptosis is now at the
cutting edge of experimental and conceptual
research activities.'*> In contrast, the non-
apoptotic death or lysis of eosinophils is poorly
recognised, not to say completely ignored. This
imbalance in scientific interest is remarkable,
particularly in consideration of evidence in-
dicating eosinophil lysis and its immediate
result — clusters of free extracellular eosinophil
granules (Cfegs) in the target tissues of several
common diseases.

This review highlights old and recent ob-
servations on Cfegs and focuses on their oc-
currence in the respiratory tract. Regrettably,
we cannot provide the usual review mix of
molecular and in vitro cell aspects with arrows
linking biology data with clinical features of the
airway diseases, nor do we present any scheme
of reductive mechanisms involved in the pres-
ent “cell activation” process. Also, this may
not be a proper time to discuss in any detail
the balance of roles in inflammation, disease,
defence, and repair of the “ultimately ac-
tivated” eosinophils. This brief overview is
meant rather as a reminder that Cfegs do exist
and that they should probably no longer be
ignored. Despite all these shortcomings, and
notwithstanding the fact that eosinophil lysis
and generation of Cfegs have no place in cur-
rent scientific literature and discussions, we
endeavour to suggest that these events may,
indeed, be a major modus operandi of eos-
inophils in vivo.

Eosinophil lysis and Cfegs: seeing is not
always believing

Non-apoptotic death (“necrosis”, lysis, ac-
cidental death) of eosinophils and the gen-

eration of clusters of free eosinophil granules
have repeatedly been depicted by transmission
electron microscopy.?®*® The micrographs
even suggest the possibility that lysis of eos-
inophils, and an intriguing distribution of free
eosinophil granules, may be a major feature of
many eosinophilic diseases including bullous
pemphigoid," atopic dermatitis,'? eosinophilic
pneumonia,'? allergic rhinitis,’* nasal poly-
posis,'* and asthma.®°!* Yet, this phenomenon
is disregarded in discussions on the mech-
anisms of eosinophils in inflammation and
allergy.l 215-18

This manifest disinterest may reflect a com-
bination of circumstances. Authors may rightly
be cautious in their interpretation of trans-
mission electron microscopy data due to the
possibility that artefacts may have been inflicted
both at the taking of biopsy specimens and at
the sectioning of tissue samples. The fact that
only small, potentially non-representative, tis-
sue areas have been examined may also con-
tribute to a lack of interest or disbelief in
this phenomenon. In addition, free eosinophil
granules in the airways have not previously
been made evident by experimental de-
monstrations of when and how they are in-
duced. Fourthly, the non-apoptotic death of
eosinophils and the occurrence of free extra-
cellular granules in vivo are, and have been,
outside the acknowledged in vitro research
paradigms in this field. The last mentioned
point gains particular weight by modern re-
quirements on medical research which tend
to favour studies of molecular mechanisms in
isolated cell systems at the expense of the ex-
ploratory research that observes and assesses
basic in vivo phenomena.*

Acute generation of Cfegs in vivo in the
airway mucosa

The tracheal mucosa of guinea pigs is rich in
eosinophils® that reside in great numbers at
the epithelial basement membrane.?'?* This
particular homing of airway eosinophils co-
incides with epithelial expression of eotaxin®
which is a selective chemoattractant originally
discovered in guinea pig lungs.** The mucosal
eosinophilia makes the normal or sensitised
guinea pig large airway well suited for exploring
which airway provocations may acutely activate
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Figure 1 Bright field microscopy of whole mount preparation of guinea pig trachea with eosinophil granules visualised
by histochemical staining of cyanide resistant eosinophil peroxidase. The substrate solution penetrates well into the whole
tissue specimen, thus allowing deep tissue examination of the eosinophils. By changing the level of focus the localisation of
(@) the intact eosinophils and (b) the Cfegs is determined. In both (a) and (b) the focus is at the level of the epithelial
basement membrane. Further details are revealed by transmission electron microscopy showing (c) intact eosinophils in
airway mucosa and (d) Cfegs together with an eosinophil cell displaying signs of membrane discontinuity and
chromatolysis.

mucosal eosinophils in vivo. The responses to
provocations such as epithelial removal and
exposure to allergen (in sensitised animals)
include a prompt movement of the leucocytes
from a basal to an apical position in the epi-
thelium. However, other much more dramatic
events also take place. Thus, within an hour
after either provocation large numbers of eos-
inophils have been lysed, producing Cfegs in
the mucosal tissue.? 2 We do not know whether
generation of Cfegs may be grouped together
with lysis mechanisms traditionally called “nec-
rosis”.* Majno and Joris,” who regard non-
apoptotic cell deaths an under-researched area,
have convincingly argued that necrosis actually
refers to changes secondary to cell death by any
mechanism. For now, lysis therefore appears to
be a passable descriptive term for the present
eosinophil phenomenon.

Since the free granules are observed in large
tissue samples, using a whole mount technique
combined with deep tissue staining of eos-
inophil peroxidase, sampling and sectioning
artefacts are avoided in these experiments.?
The analysis is complemented by transmission
electron microscopy that demonstrates lysis of
eosinophils and provides details of the features
and the locations of the free granules.” > From
these animal observations (fig 1) it has been
established that the presence of Cfegs in the
airway tissue is a real phenomenon which is
not caused by the handling of the tissue and
does not just reflect chance observations. Fur-
thermore, the free granules are induced by

common “asthma-like” provocations such as
epithelial shedding/restitution and allergen ex-
posure. These findings strengthen the sig-
nificance of the occurrence of Cfegs in
illustrations of the histopathology of human eos-
inophilic diseases including asthma, eosinophilic
pneumonia, allergic rhinitis, and nasal polyposis.

Cfegs in asthmatic sputum samples

In 1879 Ehrlich® reported on specific staining
methods of leucocytes and identified the eos-
inophils. Prior to this advancement eosinophils
may frequently have been considered “Fett-
Zellen”, implying that the granules were drops
of fat. In 1872 Leyden® reported that these
cells occurred together with numerous free
granules in sputum samples from asthmatic
patients. Before him Parrot” in 1867 (fig 2)
and Foerster® in the 1850s depicted such cells.
In their books, which shared the title “Asthma,
its pathology and treatment”, both Salter® and
Berkart® in 1860 and 1889, respectively, may
have illustrated eosinophils and Cfegs (fig 2).
In 1892 Schmidt®! applied histological fixation,
sectioning and staining techniques to sputum
samples to record eosinophils and Cfegs in
sputum from asthmatic patients (fig 2). Using
the same approach as Schmidt, with the ad-
dition of EPO staining and transmission elec-
tron microscopy, we have demonstrated Cfegs
as a non-artifact phenomenon (fig 3) and eos-
inophils undergoing lysis in the sputum of asth-
matic patients.'*
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Figure 2 (a) Components of sputum from an asthmatic patient, perhaps including
eosinophils and Cfegs (at “g”) depicted by Parrot”’ in 1867. (b) Sputum sample from an
asthmatic patient examined in 1872 by Leyden® showing crystals (previously observed by
Charcot and others) in a sea of free granules and granular cells. (¢) In the 1880s
Berkart” demonstrated “leucocytes in a state of disintegration” in fresh asthma sputum.
(d) A few years later in 1892 Schmidt’ put asthma sputum samples in fixative and
stained sections of them to observe eosinophils and free eosinophil granules.
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Cfegs and levels of eosinophilic cationic
protein (ECP)

Levels of eosinophilic cationic protein (ECP)
in cell-free samples of sputum and broncho-
alveolar lavage fluid have become a major diag-
nostic index in asthma®* and eosinophilic
pneumonia.’® It is not known to what degree
the reported levels of ECP reflect so-called
“classical degranulation mechanisms” (the re-
lease of a small percentage of granule molecules
occurring at cytokine/mediator challenge of
cultured eosinophils®*®®). Indeed, since Cfegs
may be very leaky (see below), and since they
abound in the airway lumen (figs 2 and 3), the
ECP may also emanate from Cfegs. Of greatest
concern is the possibility that the analytically
assessed ECP has not been released but more
or less reflects what is stored in the Cfegs that
would be present in cell-free fluids of airway
surface material. Hence, free ECP levels can
be accurately determined only if the sample,
which is analysed, is free from both cells and
Cfegs (this reasoning is equally valid to nasal
samples). It appears that this problem of the
interpretation has not received any attention.
Admittedly, ECP levels in the sputum and
bronchoalveolar lavage fluid remain of interest
and importance, but perhaps as an index of the
combined presence of Cfegs and amount of
released ECP rather than as a specific measure
of free, non-granular ECP.

Cfegs in airway pulmonary tissue

Some 80 years ago Felix Marchand* dem-
onstrated epithelial eosinophilic inflammation
in the entire respiratory tract of patients who
had died from asthma. He remarked that free
eosinophil granules reflected, in part, eos-
inophil death and, in part, artefacts.’® Filley
et al,” also studying fatal asthma, have now
reported that free eosinophil granules ac-

Figure 3 (a) Sputum sample from an asthmatic patient which was immediately fixed, stained and sectioned to show
Cfegs and ciliated cells. (b) The presence of Cfegs is confirmed by histochemical staining with cyanide resistant EPO."*
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Figure 4 In asthma and allergic rhinitis mucosal eosinophils may be brought into lysis by
causative events such as exposure to allergens or other noxious substances that harm the
epithelial lining. Lysis is evident by membrane rupture, chromatolysis and swelling of
mitochondria. This results in clusters of free eosinophil granules (Cfegs) in the lamina
propria and the epithelium (and the lumen). The Cfegs are in different states of
dissolution which suggests that the effective release of the granule contents is close to
important mucosal target cells.

cumulate in the airways and stain intensely
with anti-major basic protein. Jeffery et al,® in
a careful electron microscopy study, dem-
onstrated that, despite long term steroid treat-
ment, Cfegs occur in the bronchi of patients
with severe asthma. They also recorded high
numbers of Cfegs in patients with mild allergic
asthma. These Cfegs are reduced by treatment
with inhaled steroids, perhaps as a reflection
of the reduction of the number of eosinophils
in the bronchial tissue by steroids.® In guinea
pig trachea and asthmatic bronchi free eos-
inophil granules may be seen close to neutro-
phils and lymphocytes.®?!* The free granules
also reside in or close to airway end organs
such as the epithelium (particularly at those
patchy sites where intense processes of shed-
ding/restitution are ongoing®), the sub-
epithelial microcirculation,”*? the smooth
muscle,® and the regional lymph nodes.?” Cfegs
have also been seen close to a site of alveolar
damage in a patient with idiopathic eosinophilic
pneumonia.®® The important distribution of
Cfegs in airway pulmonary tissues provides
ample opportunity for the pathophysiological
effects of locally released granular products.

Cfegs as effector organelles

Intravenous injection of eosinophil granules
was once used to show that the tissue toxicity
of eosinophils is confined to these organelles.”
Dvorak et al,*® examining skin tissue in hyper-
eosinophilic syndrome, have demonstrated
variable densities of membrane-bound, free
eosinophil granules. In guinea pig trachea, too,
free eosinophil granules, with or without mem-
brane, exhibit variable degrees of dissolution
density (fig 1).'** Transmission electron
microscopy of nasal polyp tissues has indicated
the presence of Cfegs in different states of
dissolution and eosinophils displaying classical
signs of cell lysis such as chromatolysis and
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membrane discontinuity.'* Furthermore, trans-
mission electron micrographs of parasites
covered by Cfegs, and killed parasites in a soup
of Cfegs, are strongly suggestive of a role for
eosinophil lysis and Cfegs in combatting para-
sitic infections.*"™ However, the lysis of eos-
inophils and generation of Cfegs have not
received much attention in parasite research or
elsewhere and have, for the most part, not been
distinguished from “degranulation”.

As observed in sensitised guinea pigs** and
suggested by findings in allergic asthma,® atopic
dermatitis,'?*® and seasonal allergic rhinitis,'*
exposure to allergen will induce eosinophil lysis
and free granules. Observations of in vivo se-
quelae to shedding-like removal of airway epi-
thelium in guinea pigs further suggest the
possibility that epithelial shedding/restitution
may produce free eosinophil granules in
asthma.?! (In in vivo experiments the dynamic
brew of plasma-derived proteins/peptides may
affect eosinophils of the inflamed airways in
ways which may be difficult to mimic ex vivo.'?)
Macrophages may ingest Cfegs but this does
not appear to be a very efficient mechanism of
elimination. Non-ingested Cfegs thus abound
in allergic reactions,'?'*?2%® parasitic infec-
tions,’™ and in epithelial damage/repair
processes.’’? Taken together, these ob-
servations agree with the notion that the extra-
cellular eosinophil granules may be very leaky
and that endogenous mechanisms do not neut-
ralise the Cfegs promptly. At the current state
of knowledge the mechanism of generation of
Cfegs and their activity cannot be described at
a reductionist level. However, eosinophil lysis
and generation of Cfegs would functionally
represent the ultimate activation of the eos-
inophils. This may be viewed grossly as a two
step event — first the release of granules and
then the release of granular products (fig 4).

Cfegs in animal models

Eosinophil lysis and generation of Cfegs are
not only phenomena of humans and guinea
pigs. As suggested by a singular statement in
the results section of a recent study,” free
eosinophil granules may occur in a non-human,
primate model of allergic asthma. Similarly,
Cfegs occur in the airways of allergen chal-
lenged sensitised dogs (unpublished ob-
servations). Unfortunately, the widely used
mouse models of allergic asthma may not ex-
hibit Cfegs. The lungs of allergic mice may
develop a very pronounced eosinophilia but
these cells may neither show signs of activation
nor may they abound in the epithelium.*** It
appears that several aspects of the generation
and the activity of airway Cfegs may potentially
be explored in guinea pigs. However, the ex-
perimental animal approach cannot reduce the
priority of learning more about eosinophil lysis
and Cfegs in diseases of the human airway.
This phenomenon may also be examined to
some extent in experiments involving human
isolated eosinophils.>*!

Concluding remarks
Modern researchers may take it for granted
that gross in vivo processes of the inflamed
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airway mucosa have already been well ex-
amined and described. One assumes that this
must be so since the major features of the
asthmatic airways have been known for 100
years or more.”> However, as this review at-
tempts to emphasise, knowledge of the in vivo
activation of a major inflammatory cell, the
eosinophil, is severely lacking. Even worse, we
appear to act as if blindfolded when in vivo
findings of potential importance to this in vivo
activation are presented. The excuse for this
neglect — for example, the inference that the in
vivo phenomena are not of interest since they
disagree with the all important in vitro para-
digms —is, at the very least, poor. Is this example
from the area of eosinophil research the odd
exception? Probably not. For example, we may
be equally ignorant about gross vascular and
epithelial aspects of asthma. Vasodilatation and
plasma exudation were in vogue in the late
1800s°* but today little is discussed or known
about plasma derived molecules (as opposed
to data on in vitro cell derived molecules) as
determinants of the biologically active milieu
of the inflamed airway mucosa.’® Berkart® in
the 1880s, and several of his contemporary and
subsequent German colleagues,****>> more or
less explicitly’® saw asthma as an epithelial
disease with shedding being a hallmark feature.
Today the processes of epithelial shedding and
restitution, and particularly their in vivo se-
quelae, are just beginning to be unravelled.’®
And so forth. If the relevant paradigms cannot
be created in vitro (due to altered cell pheno-
types, non-relevant molecular milieu, etc), and
if the currently acknowledged in vivo paradigms
(which are adopted for in vitro descriptive work
at cellular and molecular levels) are not well
researched or are false, the way forward in
several areas will probably have to be based
on in vivo discovery research that asks the
important questions.”” The fact that the ex-
ploratory in vivo approach now receives little
encouragement is another matter."

In want of a more specific name we have
used the term eosinophil lysis in this text to
describe the “activation” process which gen-
erates Cfegs in the relevant target tissues in
asthma, allergic rhinitis, nasal polyposis, and
eosinophilic pneumonia (and other eos-
inophilic diseases including the anti-parasite
eosinophil mechanisms). Multifaceted ex-
perimental work now seems warranted to define
and explain further the generation of Cfegs in
vivo. It cannot be overlooked that finely tuned
mechanisms are involved which are subject to
physiological and pharmacological regulation.
Hence, novel eosinophil active drugs may be
discovered®® and important molecular mech-
anisms of inflammatory cell activation may be
unravelled.
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