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SUMMARY

The third component of complement (C3) is central to both the classical and alternative pathways in
complement activation. In this study, involvement of C3 activation in the mucosal injury of UC was
investigated. We examined the distribution of activated (C3b) and degraded fragments (iC3b/C3dg) of
C3, terminal complement complex (TCC), and complement regulatory proteins in normal and diseased
colonic mucosa including UC and other types of colitis using immunohistochemical techniques at the level of
light and electron microscopy. While C3b and iC3b/C3dg staining was negligible in the normal mucosa,
iC3b/C3dg and, to a lesser extent, C3b were deposited in UC mucosa along the epithelial basement
membrane. The deposition was enhanced in relation to the severity of mucosal inflammatidh {0305;
iC3b/C3dgP < 0-01). Epithelial deposition of TCC was not observed in most UC mucosa. Immunoelectron
microscopy showed that C3b and iC3b/C3dg were distributed mainly along the epithelial basement
membrane and the underlying connective tissue in a granular, studded manner, and weakly present along
the basolateral surface of epithelial cells. These C3 fragments were also deposited in inflammatory control
mucosa such as ischaemic and infectious colitis. Our findings suggest that deposition of the C3 fragments
occurs in inflamed colonic mucosa of diverse etiologies, including UC, but to define a role of the deposition in
the development of mucosal injury in UC awaits direct study.
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INTRODUCTION revealed that cells possess several membrane proteins that

The third component of complement (C3) is central to the classi(:a[egulate complement activation on thelr surface to protect host

. T ... tissues from autologous complement-mediated damage [9-13], and
and alternative pathways of complement activation [1]. Activation d ibed the altered . fth | i lat
of the complement system via either pathway results in cleavage of€ described the allered expression ot the complement reguiatory
native C3 into C3a and C3b, and assembly of C3 convertases O%roteln in the mucosa of UC [14] and colonic neoplasia [15]. In

! .- : o this study, to elucidate the role of complement-related immune

target cell surfaces [2]. In UC, an idiopathic chronic inflammatory ; . S
bowel disease involving colonic mucosa, the deposition of C3 inres.ponses in the development of UC, we examined the distribution of
the diseased mucosa has been reported [3-5], and involvement %?tlvated and degraded fragments of C3 and complement regulatory

. . . ) s .rproteins in normal and diseased colonic mucosa including UC, using
complement-mediated immunological mechanisms is implicated i . . :
the development of mucosal injury in UC. However, results are|mmunoh|stochem|cal techniques.
conflicting with regard to the site of C3 deposition in UC mucosa [3—
5], and the etiologic relevance of complement activation in UC PATIENTS AND METHODS

remains to be elucidated. Twenty-five end ic bi imens were obtained from 20
There are various descriptions of MoAbs reacting with human enty-five endoscopic blopsy specimens were obtained ro
patients with UC (eight women and 12 men, mean age 38 years).

€3 [6,7]. We reported the development of MoAbs that CanSixteen and nine specimens were obtained when the disease was
distinguish each step of C3 activation and degradation [8]. In & P

binding assay to C3 fragments formed on cellular intermediates, active and inactive, respectively. As inflammatory control tissues,

5G antibody bound exclusively to C3b, whereas G-3E bound to iC3bendOSCOpiC biopsy specimens were also obtained from patients

C3dg and C3d [8]. Recent advances in complement studies alsvc\J’ith ischaemic colitis if = 2), infectious diarrhoean(= 3) and

tuberculosis of the colom(= 1) (five women and one man, mean
Correspondence: Motowo Mizuno MD, First Department of Internal @€ 49 years). The specimens from inflammatory controls were

Medicine, Okayama University Medical School, 2-5-1 Shikata-cho, Okayamdaken from mucosa with active inflammation. Seven normal con-

700, Japan. trol colorectal tissues were also obtained by endoscopic biopsy of

286 © 1996 Blackwell Science



Activated and degraded C3 in UC mucosa 287

patients who underwent colonoscopy for medical examination ofintibodies, the sections were reacted with horseradish peroxidase
their abdominal symptoms, but who showed no apparent colorectdHRP)-labelled Fab fragments of rabbit anti-mouse immuno-
disease (three women and four men, mean age 64 years). Informegbbulins, prepared as described [22], and then with diamino-
consent was obtained from each patient. According to the histolobenzidine (DAB) containing hydrogen peroxide. The stained
gical evaluation defined by Matts [16], the specimens weresections were counterstained with methylgreen, dehydrated, and
classified as no significant inflammation (grade 1), mild to mod-mounted.
erate inflammation (grades 2 and 3), and severe inflammation For immunoelectron microscopic study, sections were
(grades 4 and 5). reacted with the primary antibodies and the peroxidase-labelled
The tissues were fixed in periodate-lysine-paraformaldehydeecondary antibody, post-fixed in 2% glutaraldehyde, then incu-
fixative [17], and cryostat sections were stained by an indirecbated sequentially with DAB and DAB containing hydrogen
peroxidase-labelled antibody method. The following mouse MoAbsperoxide. The stained sections were osmicated, dehydrated, and
were used as primary antibodies: C-5G antibody to C3b (IgGlembedded in Epon-Araldite as described [23]. Ultrathin sections
isotype) [8], G-3E antibody to iC3b/C3dg (IgG2b isotype) [8], were observed under an electron microscope without additional
aE11 antibody to a C9 neoepitope of terminal complement complestaining.
(TCC) (IgG2a isotype; Dako, Glostrup, Denmark) [18], 1C6 anti-  Since C3b and iC3b/C3dg were stained mainly along the
body to decay-accelerating factor (DAF/CD55) (IgG1 isotype) basement membrane of the epithelial cells, their deposition was
[10], 1F5 antibody to homologous restriction factor 20 (HRF20/semiquantified based upon the degree of their staining intensity
CD59) (IgG1 isotype, a gift from Dr H. Okada, Nagoya City along the basement membrane. Antigen deposition was arbitrarily
University School of Medicine, Nagoya, Japan) [11], J4-48 scored (-) when faint or no staining was detectable;)(vhen
antibody to membrane cofactor protein (MCP/CD46) (IgG1 specific staining was detectable but on less than half of the
isotype; Immunotech S.A., Marseilles, France) [19], J3.D3 anti-epithelial basement membrane in the specimen, arg {#hen
body to CR1/CD35 (IgG1 isotype; Cosmo Bio, Tokyo, Japan) [20]specific staining was detectable on more than half of the epithelial
and Bear-1 anti-body to Mac-k-chain/CD11b (IgG1l isotype; basement membrane. The deposition of TCC along the basement
Nichirei, Tokyo, Japan) [21]. As negative controls, normal membrane was also evaluated semiquantitatively by the same
mouse lgG1, 1gG2a, IgG2b (Dako) or PBS were used insteadriteria described above.
of the primary antibodies. After incubation with the primary For statistical analysis, the? method was used.
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Fig. 1. C3b, iC3b/C3dg, terminal complement complex (TCC) and CR1/CD35 in normal mucosa of the colon. There is no apparent staining for C3b (A),
iC3b/C3dg (B), TCC (C) or CR1/CD35 (D) in the specimen. (Original me200. Bar= 50u:m.)
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RESULTS walls of blood vessels in the submucosa were positive for TCC,
epithelial deposition of TCC was not seen in most UC mucosa (Fig.
2C). In specimens with intense C3b and iC3b/C3dg deposition

mucosa (Fig. 1A,B). There was no TCC or CR1/CD35 staining inalong +the epithelial basement membrane, _numerous Mac-1/
CD11b" leucocytes were present in the lamina propria of the

the normal colonic mucosa (Fig. 1C,D). DAF/CD55 and HRFZO/mucosa (Fig. 2D),

CD59 were weakly expressed on the luminal surface of colonic Immunoelectron microscopy revealed that C3b and iC3b/

epithelium, whereas staining of MCP/CD46 was intense on theCSd inlv distributed al th ithelial b ¢
basolateral surface of epithelial cells. No staining was evident g were mainly distributed along the epithelial basemen
embrane, in the underlying connective tissue in a granular,

throughout colonic mucosa reacted with control normal mouse Igdn
or PBS instead of primary antibodies. studded manner, and weakly along the basolateral surface of the

epithelial cells in UC mucosa (Fig. 3A,B). At higher magnification,
aggregates of granular depositions of these C3 components were
Colonic mucosa of UC remarkable in the fibrous portions of the underlying connective
In the colonic mucosa of UC, C3b and iC3b/C3dg were stainedissue along the epithelial basement membrane (Fig. 3C).

along the epithelial basement membrane in a continuous, some- In UC mucosa, DAF/CD55 and HRF20/CD59 expression on
what stitched pattern, and the deposition of iC3b/C3dg was mor¢he luminal surface was enhanced and occasionally seen on the
intense than that of C3b (Fig.2A,B). In mucosa with severelateral membrane of epithelial cells, as we previously reported
inflammation, these molecules were deposited along the fibroufl4]. MCP/CD46 was distributed along the basolateral surface of
connective tissue in the lamina propria (Fig. 2A,B), and sporadi-the colonic epithelia in UC as it was in normal mucosa (Fig. 4A).
cally on the apical surface of epithelial cells. The deposition of C3bNo CR1/CD35 staining was detected on the epithelial cells of UC
and iC3b/C3dg was enhanced in UC in relation to the severitymucosa (Fig. 4B). MCP/CD46 expression on the basolateral
of inflammation when compared with normal colonic mucosamembrane of epithelial cells in UC mucosa was confirmed by
(C3b, P <005 iC3b/C3dg, P < 0-01) (Table 1). Although immunoelectron microscopy (Fig. 5).

Normal mucosa of the colon
C3b and iC3b/C3dg staining was negligible in normal control

Fig. 2. Immunohistochemical localization of C3b, iC3b/C3dg, terminal complement complex (TCC) and Mac-1/CD11b in serial sections of colonic mucosa
from a patient with active UC. There is C3b (A) and iC3b/C3dg (B) staining along the epithelial basement membrane in a continuous, somewhat stitched
pattern. These molecules are also deposited along the fibrous connective tissue in the lamina propria (arrowheads). Epithelial deposition of TCC is not
evident (C). Some infiltrating leucocytes in the lamina propria are positive for C3b, iC3b/C3dg, and TCC (A-C). Numerous Mac-1/CD11b-positive
leucocytes are present in the lamina propria (D). (Original m&§0. Bar= 50um.)
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Table 1. The deposition of C3b, iC3b/C3dg and terminal complement Inflammatory control mucosa of the colon
complex (TCC) in normal control, UC and inflammatory control mucosa |n the colonic mucosa of inflammatory controls, C3b and iC3b/

No. of specimens

- 1+ 2+ Total

C3b Normal control 6 1 0 7
UC grade 1 3 0 0 3

grade 2-3 5 3 0 8

grade 4-5 3 3 8 14

Inflammatory control 2 2 2 6

iC3b/C3dg Normal control 5 2 0 7
UC gradel 3 0 0 3

grade 2-3 3 5 0 8

grade 4-5 2 1 11 14

Inflammatory control 1 1 4 6

TCC Normal control 7 0 0 7
UC gradel 3 0 0 3

grade 2-3 8 0 0 8

grade 4-5 11 3 0 14

Inflammatory control 5 1 0 6

—, Faint or no specific staining:, specific staining on less than half of
the epithelial basement membrane;, Zpecific staining on more than half
of the epithelial basement membrane.

C3b: normal controlversusUC grade 4-5,P < 0-05; iC3b/C3dg:
normal controlversusUC grade 4-5pP < 0-01.

A B

C3dg were deposited along the epithelial basement membrane, but
no TCC deposition was observed (Fig. 6). The distribution of these
C3 molecules and the complement regulatory proteins in inflam-
matory control mucosa was comparable to that in active UC
mucosa (Table 1).

DISCUSSION

In this study, we found that iC3b/C3dg and, to a lesser extent,
C3b were deposited along the epithelial basement membrane
of colonic mucosa of UC. The deposition was enhanced in
relation to the severity of mucosal inflammation, and extended
to the fibrous tissue in the lamina propria with severe
inflammation. Our findings suggest that complement activation
occurs in the lamina propria of active UC mucosa, but that it is
regulated by degrading C3b to iC3b/C3dg. Indeed, we rarely
detected TCC deposition, a final product of complement activa-
tion even in active UC mucosa. Thus, direct cytolytic effects of
activated complements seem unlikely in the mechanism of mucosal
injury in UC.

Various factors, including membranous complement regula-
tory proteins such as DAF/CD55 and MCP/CD46, are associated
with the inactivation and degradation of the activated C3 com-
ponent. In UC mucosa, as we described [14], DAF/CD55
expression was enhanced, but it was mainly present on the
apical membrane of epithelial cells. MCP/CD46 and CR1/CD35

-

Fig. 3. Immunoelectron microscopy of C3b and iC3b/C3dg in colonic mucosa from a patient with active UC. C3b (A) and iC3b/C3dg (B) are distributed
along the epithelial basement membrane, in the underlying connective tissue in a granular, studded manner and weakly along the basolateral surface of the
epithelial cells. At higher magnification, aggregates of granular deposition of C3b are present in the fibrous region of the underlying connective tissue along
the epithelial basement membrane (C). (Original ma§100 (A,B), x15000 (C). Bars= 1 m.)
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Fig. 4. Immunohistochemical localization of MCP/CD46 and CR1/CD35 in colonic mucosa from a patient with active UC. Whereas MCP/CD46 is
distributed along the basolateral surface of the colonic epithelia (A), there is no CR1/CD35 staining (B). (OriginaR6tadg3ar= 50.m.)

promote the Factor I-mediated cleavage of C3b [13,24]. In this study,

while we did not detect CR1 in colonic mucosa, the expression

of MCP/CDA46 on the basolateral surface of the colonic epithelial

cell was demonstrated by immunoelectron microscopy.

Thus, MCP/CD46 may be one of the factors involved in the

regulation of complement activation on the basal surface of the , eyt ! o

epithelial cell. “A P /
C3 has been localized along the epithelial basement membrane  * s

UC mucosa by others [3,4]. Our findings are consistent with theit -«f“ﬂ i

results, and we revealed that the deposited C3 molecules are inth¢ |, -, AL

activated and degraded forms. In contrast, Halsteeseh. [5,25] 0

reported that C3b and TCC were deposited on the apical membrar <

of epithelial cells in UC mucosa, but we rarely found apical staining , ~+ .

of C3b and TCC. The discrepancy could be caused by difference i

in the types of patients studied, methods for tissue collection, an ' )

the preparation procedures or antibodies. First, Halsteeseh

[5,25] used mainly ethanol-fixed specimens, but also reportec B
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Fig. 6. Immunohistochemical localization of C3b, iC3b/C3dg and terminal
complement complex (TCC) in inflammatory control mucosa of ischaemic
Fig 5. Immunoelectron microscopy of MCP/CD46 in colonic mucosa from colitis. C3b (A) and iC3b/C3dg (B) are deposited along the epithelial
a patient with active UC. MCP/CD46 is distributed on the basolateralbasement membrane, but there is no apparent TCC deposition (C).
membrane of the epithelial cells. (Original magl000. Bar= 1 m.) (Original mag.x200. Bar=50um.)
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