UC Davis
UC Davis Previously Published Works

Title

The Basement Membrane Zone in Asthma: The Supracellular Anchoring Network.

Permalink

Ihttps://escholarship.org/uc/item/00h2d69d

Journal

Current Respiratory Medicine Reviews, 9(4)

ISSN
1573-398X

Authors

Evans, Michael T
Miller, Lisa A
Hyde, Dallas M

Publication Date
2013-08-01

DOI
10.2174/1573398x09666131121231852

Peer reviewed

eScholarship.org Powered by the California Digital Library

University of California


https://escholarship.org/uc/item/00h2d699
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Respir Med Rev. Author manuscript; available in PMC 2022 May 02.

-, HHS Public Access
«

Published in final edited form as:
Curr Respir Med Rev. 2013 August ; 9(4): 268-273. d0i:10.2174/1573398x09666131121231852.

The Basement Membrane Zone in Asthma: The Supracellular
Anchoring Network

Michael J Evans, Lisa A Miller, Dallas M Hyde
California National Primate Research Center; and Center for Comparative Respiratory Biology
and Medicine; University of California, Davis, CA 95616

Abstract

Thickening of the basement membrane zone (BMZ) is a characteristic feature of airway
remodeling in the lungs of asthmatics. However the significance of a thickened BMZ in the
pathology of the asthmatic airway is not known. In this review we show that the columnar
epithelium is linked to the reticular BMZ through the supracellular anchoring network. We discuss
the evidence that changes in the width of the BMZ in control airways are part of a supracellular
anchoring mechanism for increasing the strength of attachment between the airway epithelium
and the extracellular matrix (ECM). We then review the effects of asthma on this anchoring
mechanism. We conclude that both thickening of the BMZ and sloughing of columnar epithelium
(creola bodies) in asthma represent abnormalities in the supracellular anchoring network attaching
the airway epithelium to the ECM. Future research directed toward studying the regulation and
development of the supracellular anchoring network may help better understand sloughing of
columnar epithelium and the significance of reticular BMZ thickening in the asthmatic airway.
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INTRODUCTION

Thickening of the BMZ is a characteristic feature of airway remodeling in the lungs of
asthmatics (1). Thickening of the reticular BMZ has been reported in the upper and lower
respiratory tract in asthmatics (2) and in experimental models of asthma (3). Increases in the
thickness of the BMZ are correlated with other remodeling changes in the airway such as
increases in smooth muscle, submucosal glands and inner wall area (4-6). This information
indicates that thickening of the BMZ is a general characteristic that occurs throughout the
airways and is an intrinsic part of the asthma phenotype. However, the amount of BMZ
thickening is not correlated with the severity of the disease (7, 8).
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Currently the significance of a thickened reticular BMZ in the pathology of the asthmatic
airway is not known. A thickened reticular BMZ in asthma is thought to be due to

an imbalance in expression of growth factors due to tissue damage caused by chronic
inflammation and/or cell sloughing (9, 10).. However a recent review concerning the airway
epithelium in asthma suggested that thickening of the reticular BMZ may not to be the
result of chronic inflammation and tissue damage but other factors (11). This concept was
based on studies showing the presence of reticular BMZ thickening in children younger
than 3 with persistent wheezing before the diagnosis of asthma. Thickening occurs early

in the disease and is present in symptomatic children 1 year and older (6, 12, 13). This
concept has also been mentioned in a review stressing the importance of the epithelium

in asthma (14). However in a recent review of remodeling in childhood asthma it was
pointed out that thickening of the reticular BMZ in wheezing children is not a specific
requirement for asthma, since not all of these children went on to develop asthma (15). The
authors suggested that the thickened BMZ may not be directly related to the asthma but to
something else.

In previous reviews we discussed development of the BMZ, the role of the BMZ in
regulating growth factor trafficking, and the effects of asthma on these processes (16, 17). In
this review we discuss the evidence that changes in the width of the BMZ in control airways
are part of a supracellular anchoring mechanism for increasing the strength of attachment
between the airway epithelium and the extracellular matrix (ECM). We then discuss the
effects of asthma on this anchoring mechanism. We conclude that both thickening of

the BMZ and sloughing of columnar epithelium in asthma represent abnormalities in the
supracellular anchoring network attaching the airway epithelium to the ECM.

BACKGROUND

Characteristics of the Supracellular Anchoring Network in the Conducting Airways

The supracellular anchoring network is the means by which the airway epithelium is
attached to the ECM. In this network columnar cells are attached to basal cells by means

of desmosomes. Basal cells are attached to the BMZ with hemidesmosomes. Within basal
cells desmosomes are connected to hemidesmosomes by intermediate filaments (cytokeratin
5 & 14) (Fig 1). The BMZ is the first extracellular element in the anchoring network. It

has three anatomical zones, the lamina lucida, lamina densa and lamina reticularis (Table

I). Each of these zones plays a role in the supracellular anchoring net work. The lucida
BMZ is the area between the epithelial cells and the densa BMZ. This zone contains
various epithelial integrins including the integrin a.6p4 of hemidesmosomes that attach basal
cells to the densa BMZ. The densa BMZ is a thin sheet of connective tissue made up of
non-fibrillar type 1V collagen, laminins, entactin/nidogen and heparan sulfate proteoglycan.
It is commonly referred to as the basal lamina, basement membrane or true basement
membrane. Laminin 5 (laminin 332) is an essential molecule in the densa BMZ. It links the
basal cells with extracellular elements of the anchoring network by binding with the a.6p4
integrin in the lucida BMZ and collagen V11 anchoring fibrils in the reticular BMZ (18) (Fig
2). The reticular BMZ is the region of the BMZ that is visible in standard light microscope
preparation and becomes thickened in asthma. It is commonly referred to as the reticular
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basement membrane. It consists of collagen types I, I, V, VI and VI collagen and three
BMZ specific proteoglycans (perlecan, collagen XVIII and bamacan) (19). Collagen types
I, Il and V form heterogeneous fibers that account for the thickness of the reticular BMZ
(20). Type VII collagen is part of the anchoring fiber complex between the densa BMZ and
the reticular BMZ (21). The collagen VII anchoring fibers bind to laminin 332 molecules
in the densa BMZ (18) and then intertwine and bind to collagen I fibers in the reticular
BMZ (21). In this interconnected sequence (desmosomes, hemidesmosomes, laminin 332,
collagen VII and reticular BMZ) the reticular BMZ is last and acts as the foundation of the
anchoring network attaching the epithelium to the ECM. The reticular BMZ is attached to
the underlying ECM by oxytalan fibers of the elastic fiber system (22, 23) (Fig 1).

Relationship of BMZ Width to the Height of the Columnar Epithelium and the Supracellular
Anchoring Network

The width of the reticular BMZ was first shown to be related to the height of the columnar
epithelium by Tsartsali et al (24). In a study of humans that included 43 infants 10 children
and 18 adults, without respiratory disease or asthma, they found that increases in the height
of the columnar epithelium were closely related to similar increases in the width of the
reticular BMZ (r = 0.65). They speculated that as a taller epithelium developed, thickening
of the reticular BMZ was necessary in order to anchor the epithelium to the ECM. Studies
of the supracellular anchoring network in the lung support this concept. In the conducting
airways the height of the columnar epithelium is variable. In large airways the height of the
columnar epithelium is much taller than in the smaller airways (25). Changes in epithelial
height can be studied in developing airways where the height of the epithelium increases

as the airway grows in circumference (Fig 3). Previous studies in developing airways of

the rat found that an increase in height of the epithelium is accompanied by an increase in
elements of the supracellular anchoring network (26). In this period of growth there was an
increase in basal cells that resulted in increased desmosome attachment with columnar cells
and hemidesmosome attachment between basal cells and the densa BMZ (Figs 4 & 5). In

a more recent paper of developing airways in the rhesus monkey, collagen VII anchoring
fibers and the reticular BMZ were studied. During the growth of the airway there was an
increase in the amount of collagen VII anchoring fibers within the reticular BMZ (27).
There was also increase in the width of the reticular BMZ (20). Both the increase in width
of collagen VII and the width of the reticular BMZ were closely related to the increasing
height of the adjacent epithelium (Fig 6). These studies of the supracellular anchoring
network in developing airways, demonstrate that the amount of anchoring (desmosomes,
hemidesmosomes, collagen VII and reticular BMZ) is closely related to the height of the
adjacent columnar epithelium. This relationship indicates that in the control airways the
width of the reticular BMZ is a reflection of the amount of anchoring in the supracellular
network necessary to support the adjacent columnar epithelium. Thus a tall epithelium in the
proximal bronchi would have a thicker reticular BMZ than a shorter epithelium in the distal
bronchi, supporting the conclusions of Tsartsali et al (24).

Curr Respir Med Rev. Author manuscript; available in PMC 2022 May 02.
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THE SUPRACELLULAR ANCHORING NETWORK IN ASTHMA

Sloughing of Columnar Epithelium

Two characteristics of the asthma phenotype feature elements of the supracellular anchoring
network (1) sloughing of columnar epithelium and (2) thickening of the reticular BMZ.
Sloughing of airway epithelium is a pathology associated with desmosome adhesion
between columnar cells and basal cells within the supracellular anchoring network (28).

In the asthmatic airway the sloughed patches of epithelium are termed creola bodies (29).
Formation of creola bodies occurs when the desmosome attachments between columnar
and basal cells are broken. The cause of epithelial sloughing is thought to be an influx of
inflammatory cells (30). An influx of inflammatory cells is common to a number of lung
diseases, but the production of creola bodies is unique to the asthmatic airway (29). Creola
bodies are made up of columnar airway cells connected to each other with desmosomes
and appear as palisades of sloughed cells not as single cells. This characteristic suggests
that changes within the supracellular anchoring system of the asthmatic airway epithelium
resulted in a weaker attachment between basal cells and columnar cells than between
adjacent columnar cells.

In human allergic asthmatic airways several changes of the supracellular anchoring network
have been reported. Shahana et al (31) and Shebani et al (32) in detailed studies using
electron microscopy showed that desmosome attachments between columnar cells and basal
cells were significantly smaller in allergic asthmatic airways than controls. Shahana et al
(31) also found that the densa BMZ was significantly wider in allergic asthmatic airways.
These authors concluded that reduced desmosomes contact may be an important factor
associated with epithelial shedding in asthma. In a study concerning laminin in the densa
BMZ, Amin et al (33) found that laminin 332 molecules are assembled in an uncoordinated
manner in allergic asthmatic airways. The authors concluded that this may be an important
feature since laminin 332 is a nucleation point in the densa BMZ for attachment with the
a6p4 integrin of hemidesmosomes (Fig 2). Laminin 332 is also a nucleation point for
collagen VII anchoring fibrils in the reticular BMZ (18). Atypical formation of laminin 332
molecules in allergic asthmatic airways could limit the number of attachment sites linking
a6p4 integrins of hemidesmosomes and collagen V11 anchoring fibrils in the reticular BMZ.
In support of this concept incomplete formation of laminin 332 during lung development
was associated with abnormal development of hemidesmosomes in tracheal epithelium (34)
and in a primate model of allergic asthma, there was reduction in collagen VII anchoring
fibrils in the reticular BMZ (27).

Abnormal assembly and/or deposition of laminin 332 could be a primary lesion in the
supracellular anchoring network causing reduced hemidesmosome formation followed by
reduced desmosome contact between basal and columnar cells resulting in an increased
susceptibility for cell sloughing in the asthmatic airway. Although there are very few studies
of the supracellular anchoring network in asthmatic airways (Table I1) it seems clear from
other studies that laminin 332 plays a pivotal role in connecting the epithelium to the BMZ
(18).
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Thickening of the Reticular BMZ in Asthma

Thickening of the reticular BMZ is a characteristic feature of airway remodeling in the
lungs of asthmatics. In the normal airway the thickening of the reticular BMZ is related

to the height of the columnar epithelium (Fig 6). Based on this information, thickening of
the reticular BMZ in asthmatic airways implies an increase in the height of the columnar
epithelium. However in papers that have reported epithelial height in asthmatic airways,
there was not a significant difference between asthmatic and controls (27, 31). In asthmatic
airways there is a decrease in elements of the anchoring network (desmosomes, laminin 332
and collagen VI11I), attaching the columnar epithelium to the reticular BMZ (Table II). A
decrease in elements of the anchoring network implies a shorter epithelium or one that is of
normal height but fragile and subject to cell sloughing. The formation of creola bodies in
asthmatic airways suggests that the latter is probably the case.

During normal development of the airway the reticular BMZ and collagen VII anchoring
fibers develop postnatally (17, 27). Both the reticular BMZ and collagen VII anchoring
fibers increase in width together, maintaining a constant relationship with the height

of the columnar epithelium (Fig 6). However in an animal model of allergic asthma

this relationship was not maintained. Compared to controls the amount of collagen VII
anchoring fibers was reduced 42. % (27) but the width of the reticular BMZ was increased
43.2% (35, 36). In the large airways collagens I, 111 and V making up the reticular BMZ are
produced by the attenuated fibroblasts / myofibroblasts of the mesenchymal cell population.
Collagen VII anchoring fibers are produced by basal cells of the epithelial cell population.
This suggests an imbalance exists in the asthmatic airway in collagen VII production by the
basal cells and collagen I, 11l and V production by the attenuated fibroblast / myofibroblast
complex that results in thickening of the reticular BMZ.

Desmosome proteins, cytokeratins 5 and 14, hemidesmosome proteins, laminin 332 and
collagen VII are all produced by basal cells. Previous studies have shown there is a close
relationship between the growth of the epithelium and development of the supracellular
anchoring network in the airways (Figs 3-6). This close relationship suggests that a lesion in
one component of the supracellular anchoring network may affect development of the whole
network. Thus the thickened reticular BMZ in the asthmatic airway may reflect a decrease
in collagen VII and also the rest of the elements of the supracellular anchoring network
(laminin 332, hemidesmosomes and desmosomes) rather than being the result of chronic
injury or a change in epithelial height (Table 2). Such an interpretation may help explain

the developmental data showing the appearance of thickened BMZ in children before the
appearance of asthma symptoms.

CONCLUSIONS

In this review we have shown that the columnar epithelium is linked to the reticular BMZ
through the supracellular anchoring network. We conclude that both sloughing of columnar
epithelium (creola bodies) and thickening of the BMZ in asthmatic airways represent
abnormalities in the supracellular anchoring network attaching the columnar epithelium

to the ECM. However this conclusion is based on only a few studies of the supracellular
anchoring network in asthmatic airways. Future research directed toward studying the

Curr Respir Med Rev. Author manuscript; available in PMC 2022 May 02.
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regulation and development of the supracellular anchoring network in the asthmatic airway
is needed to advance and further understand epithelial cell sloughing and the significance of
reticular BMZ thickening.
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Figurel.
The supracellular anchoring network attaches the columnar epithelium to the BMZ.

Columnar cells are attached by desmosomes to basal cells which are attached to the densa
BMZ by hemidesmosomes. The densa BMZ is attached to the reticularis BMZ by collagen
VII anchoring fibers. The reticularis BMZ is attached to the ECM by oxytalin fibers of the
elastic fiber system. (Modified from Evans et al. 2010 (17, 27)).
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Figure 2.
Ilustration of the molecular interactions of the hemidesmosome a.6p4 integrin with the

BMZ. The alpha a6p4 integrin in the lucida BMZ binds with laminin332 in the densa
BMZ. Collagen VII anchoring fibers in the reticular BMZ bind with the opposite end of
the laminin 332 molecule and then with collagen | in the reticular BMS. (Modified from
Borradori and Sonnenberg, 1999 (37)) .
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Figure 3.
Illustration of the close relationship between the increasing circumference of the airway and

the increasing height of the columnar epithelium in the growing rat trachea at 3, 30 and 90
days of age (38).
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Figure 4.
Illustration of the close relationship between the increasing height of the columnar

epithelium and the increasing amount of desmosome attachment with basal cells in the
growing rat trachea at 3, 30 and 90days of age (38).
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Figure5.

Illustration of the close relationship between the increasing height of the columnar
epithelium and the increasing amount of hemidesmosome attachment with the BMZ in the
growing rat trachea at 3, 30 and 90days of age (38).
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Figure 6.
Illustration of the close relationship between the increasing height of the columnar

epithelium, the increasing width of collagen VII fibers and the increasing width of the
reticular BMZ (20, 27).
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Figure 7.
Changes in the width of the reticular BMZ and the width of collagen VII anchoring fibers

in a house dust mite model of asthma compared with filtered air (FA) controls. In the HDM
group the reticular BMZ was 43% greater and collagen VII anchoring fibers were 42% less
than FA controls (27, 36).

Curr Respir Med Rev. Author manuscript; available in PMC 2022 May 02.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Evans et al.

Table I.

Characteristics of the Basement Membrane

Page 16

Basement membrane (light microscopy)

Basal lamina (electron microscopy)

Basement membrane zone (molecular structure)

Basement membrane

Lamina lucida

Lamina densa

Lamina reticularis

Epithelial interface

Collagen (XVII)

Integrins (a6p4)

Epithlial-mesenchymal interface
Collagen (1V)

Laminin (332)

Entactin/Nidogen Proteoglycan (Perlecan)
Mesenchymal I nterface

Collagen (1,111, V, VI & VII)

Proteoglycan (Perlecan, Bamacan, Collagen XVIII)
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Table Il.

Changes in the Supracellular Anchoring Network in Asthmatic Airways

Anchoring Network Element Change Reference

Epithelial height No change Shebanbi, et al., 2005
Desmosome contact with columnar cell  Reduced Shahana, et al., 2005
Hemidesmosome attachment with BMZ ~ No change Shahana, et al., 2005
Laminin 332 in densa BMZ Abnormal assembly ~ Amin, et al., 2005
Collagen VII in reticular BM|Z Reduced Evans, et al., 2010
Width of reticular BMZ Increased Evans, et al., 2006
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