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Basement Membrane beneath Serous Mesothelial Cells
Contains «1(IV), «2(IV), «5(IV), and «6(IV) Chains of Type IV
Collagen Demonstrated by Chain-specific Monoclonal
Antibodies

Ichiro NAITO!?, Tatsuya MATSUBARA 3, Chieko TAKAHASHI!, Hiroyuki OHMORI?,
Yoshikazu SADO?, Yoshifumi NINOMIYA®¢, and Tohru OKIGAKI®

Serous membrane (SM) covers inner surface of abdominal, thoracic and pericardial cavities, as
well as outer surface of organs inside the cavities. It consists of surface mesothelial cells and
loose connective tissue. Between them, a thin layer of basement membrane (BM) is located. Type IV
collagen is a major constituent of BM, and consists of 6 different «(IV) chains, «1(IV) through «6(IV).
Chain-specific functions are assumed by a chain-specific manner of localization. The «(IV) chain
composition of skin, covering outer surface of the body, is demonstrated to have «1(IV), a2(IV), &5(IV),
and «6(IV) chains, whereas that of SM, covering inner surface of the body, is vet to be analyzed.

Abdominal wall, small intestine, thoracic wall, lung, pericardium and epicardium of human
materials were used in this study. Chain-specific monoclonal antibodies (mAbs) used were H11
(for al), H22 (for «2), H31 (fo «3), H43 (for 4), H53 (for 5), and H63 (for «6). Fresh frozen sections
were stained with indirect immunofluorescence staining using the mAbs.

Four out of six «(IV) chains, al, «2, «5 and a6, were demonstrated in BM beneath the
mesothelial cells of all types of SMs, whereas only capillary BM consisted of «1 and «2. Besides,
epicardial SM expressed «3 and «4 moderately as extra components.

The «(IV) chain composition was same as those of epidermal skin BM. Therefore, these a(IV)
chains are designated to be essential for BM covering inside and outside of the body.
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Introduction

Serous membrane (SM), in peritoneum, pleura, and
pericardium, is a thin layer of connective tissue
delineating abdominal, thoracic and pericardial
cavities, and some organs in these cavities (1). The
cavities contain a small amount of liquid, serous
exudate which moistens the surface of the SM. The
SM permits the organs to slide freely within the
cavities during peristalsis of digestive tracts,
respiration of lung, and contraction of heart.

The SM consists of loose connective tissue covered
by a single layer of mesothelial cells. Beneath the
mesothelial cell layer, a thin basement membrane (BM)
is localized (2, 3, 4). Generally, BM may act as a
mechanical scaffold for supporting the surface
epithelial cells (5, 6). It may also have functions in
many biological processes, such as cell attachment,
embryonic development, migration, tissue
regeneration, and permeation through the BM (5, 6).

Continuous ambulatory peritoneal dialysis (CAPD) is
known in nephrology to be a treatment for chronic
renal dysfunction. Excess water and wastes can be
excreted through peritoneum into dialysate, which is a
hyper osmotic solution of glucose, inserted into the
peritoneal cavity (7). The BM of the peritoneum is
assumed to contribute to transportation during CAPD
as well as supporting surface mesothelial cells.

Type IV collagen is known to be a major constituent
of BM. It consists of 6 distinct «(IV) chains, al
through «6 chains (6, 8, 9). Genes encoding these «(IV)
chains are arranged in a head-to-head manner, and
COL4A1 and COL4A2 (genes encoding «1(IV) and «2(IV),
respectively) localize in chromosome 13, COL4A3 and
COL4A4 (encoding «3(IV) and «4(IV), respectively) in
chromosome 2, and COL4A5 and COLAAG6 (encoding a5(IV)
and «6(IV), respectively) in chromosome X (9).

Chain-specific monoclonal antibodies (mAbs) raised
by us enabled to demonstrate localization of the «(IV)
chains (10, 12, 13, 15). «1(IV) and «2(IV) are widely
distributed in BM, while the others are restricted
some parts of BM. Co-distribution of «(IV) chains and
accompanied loss of «(IV) chains in Alport syndrome,
that is genetic disorder of type IV collagen genes, indicate 3
different types of «(IV) chain assembly;al/al/a2,
a3/ad/ab, and a5/a5/a6(15). For example, a3/ad/ab

form of assembly is found in glomerular BM (GBM)
and lung alveolar BM, while a5/a5/a6 form is in skin
epidermal BM, Bowman’s capsular BM, and submucosal
BM of digestive tracts (10, 12, 13, 15).

Functional differences among these assembly forms
are not fully analyzed yet. a3/a4/e5 form in the GBM
has important roles for preventing leakage of red
blood cells and proteins through the BM which is
demonstrated in patients with Alport syndrome (8).
However, a5/a5/ab form in the Bowman’s capsular BM,
epidermal BM and submucosal BM is essential for
these BMs but its function is still unclear.

As previously described, the skin epidermal BM,
covering outer surface of the body, and the
submucosal BM, covering inner surface of the
digestive tracts contain a5/a5/a6 form in addition
to al/al/a2 form. On the other hand, subendothelial
BM beneath capillary endothelial cells consists of
only al/al/a2 form of assembly. Analysis of «(IV) chain
composition of the SM, covering inner surface of the
body cavities, is yet to be done. In this study, we have
studied «(IV) chain composition of human SM using
chain-specific mAbs raised by us, and discussed a
possible role of type IV collagen in CAPD treatment.

Materials and Methods
Tissue specimens

Human tissues used for analysis of type IV collagen
chains were abdominal wall, small intestine, thoracic
wall, lung, heart and pericardium. The specimens were
obtained from 3 cases of autopsy . all males, 59, 69 and
78 years of age. The tissues were embedded in Tissue-
Tek O.C.T. -compound (Sakura Finetechnical Co.,
Japan), and frozen with liquid nitrogen. (This
experiment was performed in An Agreement of
Informed Consent for Experimental Utilization of
Human Materials, Shigei Medical Research Institute,
1995)

Monoclonal antibodies (mAbs)

Type IV collagen « chain-specific mAbs (10, 11) used
in this study are listed in Figure 1. They were raised
against synthesized peptides of human o(IV) chains.
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collagenous domain Ho
a(IV) chain XJ
a(lV) chains mAbs
al(lVv) H11
a2(1V) H22
a3(lV) H31
a4(lV) H43
a5(1V) H53
ab(1V) H63

Figure 1. Positions of peptides used for antigens and
a list of mAbs used for immunohistochemistry.

H11, H22, H31, H43, and H63 are raised against the
peptides in C-terminal ends of humanal(IV), 2(IV),
a3(IV), 24(IV), and a6(IV), respectively (10). H53 is
against a peptide in imperfection of collagenous
domain of &5(IV) (11). Enzyme-linked immuno-sorbent
assay, immunostaining, and Western blotting confirm
their specificity.

Immunohistochemistry

Cryostat sections of 4 x m were fixed with acetone
for 10 min. They were incubated with 6 M urea in 0.1
M glycine-HCl buffer, pH 3.5, for 20 min., then washed
3 times with phosphate buffered saline (PBS) for 5
min. After10 min blocking with 5 % skimmed milk in
PBS, the mAbs were applied to the sections for 60
min. Following to washing, the sections were
incubated with FITC-labeled goat anti-rat IgG
(CAPPEL, Organon Teknika Corp, PA), diluted to 1/60
with PBS. The sections were then studied under
fluorescence microscopy (Zeiss Axiophot, Germany).

Results
Basement membrane in the serous membrane

A thin layer of BM was found beneath the surface
mesothelial cells (Figure 2).

Type IV Collagen « Chains in Peritoneum

Immunostaining of type IV collagen «(IV) chains in

1w *

Figure 2. Electron Micrograph of the parietal
peritoneal serous membrane.

Thin BM (arrows) is demonstrated beneath the
surface mesothelial cell (M). Loose connective tissue
(L) is rich in fibrous components. An inset shows
enlargement of the area enclosed with a square.

Figure 3. Collagen type IVachains in parietal
peritoneal membranes.

A, stained with mAb H11 specific fora1(IV) ; B, H22
specific fora2(IV) ; C, H31 specific fora3(IV) ; D, H43
specific fora4(IV) ; E, H53 specific forab(IV) ; F, H63
specific fora6(IV). Serous BM (arrows) is stained
continuously with mAbs specific foral(IV), a2(IV), «
5(IV), and a6(IV) chains.

parietal peritoneum of the abdominal wall was shown
in Figure 2. H11 (anti- «1), H22 (anti- «2), H53 (anti- 5),
and H63 (anti- «6) were moderately positive, but H31
(anti- «3), and H43 (anti- «4) were absolutely negative
at all, whereas subendothelial BM of capillaries
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consisted of only «1(IV) and «2(IV). The staining
pattern was continuously linear, and detected along
the possible position of the BM.

The visceral peritoneum in the intestine revealed
similar staining pattern as those of the abdominal wall
(Figure 4A-D). These findings indicated the
peritoneum, both parietal and visceral, contained a(IV)
chains same as those of epidermal BM of the skin.

Type IV Collagen « Chains in Pleura

Type IV collagen «(IV) chains of pleura were studied in
parietal SM of thoracic wall and visceral SM of lung surface.
The results were shown in Figure 4E-L. The «(IV) chain
composition of pleura was the same as that of the peritoneum.

Type IV Collagen a Chains in Pericardium

Pericardium, outer SM of the heart, contained small
amount of «3(IV) and «4(IV) chain in addition to «1(IV),
a«2(IV), «5(IV), and «6(IV) chains (Figure 4Q-T).
However, epicardium, corresponding to the parietal
pericardium consisted of a1(IV), «2(IV), «5(IV), and «6(IV)
chain (Figure 4M-P).

Discussion

The present study demonstrated presence of type IV
collagen beneath the surface mesothelial cells by
electron microscopy as well as immunohistochemistry
using «(IV) chain-specific mAbs. SM consists of 3
different layers of mesothelial cells, BM, and loose
connective tissue (2, 3, 4). The existence of collagen type

Figure 4. Collagen type IV« chains in human SMs.

A-D, SM of small intestine ; E-H, pleura ; I-L, lung ; M-P, pericardium ; Q-T, epicardium. A, E, I, M and
Q,al(IV) ore2(IV) ; B, F,J,N, and R, a3(IV) ora4(IV) ; C, G, K, O and S,a5(IV) ; D, H, L, Pand T, a6(IV).
1(IV) and a2(IV) show identical staining patterns. a3(IV) and «4(IV) also show identical patterns. Note
that the &3(IV) and a4(IV) chains do not appear in the SM except of epicardium.
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IV in the SM has been shown by immunohistochemistry
(16), although in vitro experiment of cultured
mesothelial cells have not demonstrate the production
of the collagen type IV (17, 18).

The BM acts as a basal scaffold for supporting the
surface epithelial cells (6, 8, 9), therefore, in the same
way the surface mesothelial cells may be supported by
the BM beneath the cells. It is well known that BM
has some biological functions in the body other than
the supporting epithelial cells (6, 8, 9). «(IV)-chain
composition may correlate with function of the BM,
such as selective permeability of a3(IV)/a4(IV)/a5(IV)
chains in the GBM (5, 6). In the present study the BM
beneath the mesothelium contained «5(IV) and «6(IV)
chains in addition to ubiquitous «1(IV) and «2(IV)
chains. This composition of «(IV) chains are the same
as those of skin epidermal BM, renal Bowman’s
capsule, submucosal membrane of digestive tract, and
some other subepithelial BMs (14). On the other hand,
alveolar BM, GBM, BM of testis and choroid plexus
consist with a3(IV)/e4(IV)/a5(IV) (12, 14). These tissue-
specific manners of «(IV) chain localization indicate
characteristic functions of the BM determined by the o(IV)
chain composition. However, the function of the BM
containing «5(IV) and «6(IV) is not fully understood, but
they are characteristic to the BM covering outer surface,
and inside tube structure in the body. Thus, the «
5(IV)/a5(IV)/a6(IV )-assembly form of collagen type IV
may be important for the BM delineating outside the
body and inside of the tube and the body cavities.

The SM is delineating 3 different body cavities;
peritoneal, pleural and pericardial cavities. Furthermore,
they are divided into two parts; parietal and visceral
SMs. The o(IV) chain-composition in the SMs was the
same except the pericardium of small amount of «3(IV)
and «4(IV) chains in addition to «1(IV), «2(IV), a5(IV),
and «6(IV) chains.

CAPD is a treatment for chronic renal dysfunction
performed in the peritoneal cavity, and excess water
and wastes can be excreted through the peritoneum,
both parietal and visceral. Therefore intrinsic
structure of the peritoneum must be important for
maintaining CAPD treatment. Detachment of surface
mesothelial cells from the mesothelium is a major
irregularity found in CAPD patients, and defined as a
proceeding abnormality in CAPD treatment (7). It may

influence the CAPD efficiency, and initiate the thickening
of the peritoneum. BM beneath the mesothelium may
act as a scaffold for the mesothelium, so that the type
IV collagen, one of the major components of BM,
should be focused in order to clarify possible
mechanisms of the detachment of the mesothelial cells.

An exceptional expression of «3(IV) and «4(IV) chains
were found in the epicardium of heart SM. As previously
described, they are expressed in some specific BM such
as GBM and lung alveolar BM, certainly correlating with
selective permeability in urinary excretion and gas
exchange (7). Although, possible functions of the «3(IV)
and «4(IV) are not clarified in the epicardium.

In this study, we described specific localization of
al(IV), «2(IV), «5(IV), and «6(IV) chains in the SM, and
the «(IV) chain-composition was identical to those of
skin epidermal BM and submucosal BM of digestive
tract. Those findings indicate that these chains are
physiologically necessary for maintaining active
functions of the BMs covering the outer body surface
as well as inside the body.
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