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Previously, we demonstrated the altered formation of collagen IV, which is the main constituent
of the basement membrane, in renal allografts by staining with two monoclonal antibodies against
the al chain of collagen IV. In the present study, we investigated the alteration of collagen IV in
chronic allograft nephropathy (CAN), which is an irreversible change that can occur in renal al-
lografts. Biopsy specimens of normal kidneys (Group A:n=5) and acute rejection (Group B:n=10)
were studied as controls. Fifty biopsy specimens from 41 patients who had been diagnosed as having
CAN were divided into two groups, according to renal function: Group C (n=235), sCr 2~4 mg/d],
and Group D (n=15), sCr>4 mg/dl. Two monoclonal antibodies, JK199 and JK132, those recognize
the al chain of collagen IV were used. In Group A, JK199 reacted with the glomerular basement
membrane (GBM), the mesangial matrix (MM), the basement membrane of Bowman’s capsule
(BBM) and the tubular basement membrane (TBM). JK132 only reacted with the MM, BBM and
TBM. In Group B, JK199 reacted with GBM, MM, BBM, TBM and the interstitium (INS). JK132 only
reacted with MM, BBM and TBM. In Group C and Group D, JK199 and JK 132 reacted universally
with GBM and INS in addition to MM, BBM and TBM. The intensity of the reaction was higher in
Group D than in Group C. Thus, the reactivity of JK132 with GBM and INS was a unique finding for
the CAN specimens. These results suggest that collagen IV is upregulated in CAN and the reactivity
of JK132 in GBM and INS may represent the point of irreversible dysfunction of renal allografts.

Introduction

Kidney transplantation is now widely accepted
as a treatment for end-stage renal diseases. One-
year graft survival is more than 90%, and the oc-
currence of complications resulting from the
transplant has decreased in the last decade”.
However, the number of renal allografts lost after
the first year of transplantation has not de-
creased”. Approximately 40% of grafts suffer a

loss of function within 10 years®. This type of re-
nal allografts’ deterioration, occurring late after
the kidney transplantation is known as chronic
rejection or chronic allograft nephropathy
(CAN)*®, CAN is a major obstacle that must be
overcome to improve the long-term outcome of
renal allografts. Some studies have suggested
that CAN may be caused not only by antigen-
dependent or immunological cause®, but also by
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antigen-independent or non-immunological cau-
ses™.

Irrespective of the cause, CAN is clinically
characterized by a decline in allograft function as-
sociated with persistent and progressive protein-
uria after the first three post-transplant months,
resulting in the fatal loss of graft function. His-
tologically, CAN is characterized by atherosclero-
sis, tubular atrophy, and progressive fibrosis in
the glomeruli and interstitium”. Although many
risk factors for CAN have been identified, the
precise mechanisms remain unknown.

The basement membrane is a specialized ex-
tracellular matrix (ECM) whose main role is to
separate epithelia or endothelia from the sur-
rounding tissues”. The basement membrane is
composed of different molecules, such as collagen
IV, nidogens and other molecules, and collagen IV
is the main constituent. Collagen IV consists of
three a chains, and to date, 6a chains have been
cloned"”. An isoform consisting of two o1 and one
a2 chains, designated as (ol (IV) ]; 02 (IV), is the
major constituent'. Alteration in the structure of
collagen IV are thought to play an important role
in some diseases' ™.

JK199 and JK132 are monoclonal antibodies for
collagen IV that originate from human placenta®.
JK199 recognizes [al(IV)]. a2 (IV) in a triple
helical conformation of collagen IV. In contrast,
the epitope that JK 132 recognizes is hidden
within the triple helical conformation in the nor-
mal glomerular basement membrane (GBM). It is
the amino-acid sequence of residues 1165~ 1179
of al (IV)™.In the normal kidney, JK199 reacts
with GBM, the mesangial matrix (MM) , the base-
ment membrane of Bowman’ s capsule (BBM),
and the tubular basement membrane (TBM).On
the other hand, JK132 reacts with MM, BBM and
TBM, but not with GBM'. Previous studies have
shown that combined staining with these 2 mono-
clonal antibodies was useful in revealing the
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mechanisms of several renal diseases™'™. Espe-
cially, the emergence of the reactivity or the in-
creased reactivity of JK132 has been demon-
strated in pathological alteration in several dis-
eases.

We previously reported that, in acute rejection,
the intensity of JK199 increased in GBM, MM,
BBM, TBM, and the interstitium (INS) . However,
the intensity of JK132 increased in MM, BBM and
TBM, but not in GBM or INS"™. Our results sug-
gested that the differential staining pattern of JK
199 and JK132 in GBM and INS might reflect
functional differences between acute rejection
and CAN.

In the present study, we investigated the reac-
tivity of JK199 and JK132 in CAN specimens, and
discovered distinctive staining patterns for JK199
and JK132. These patterns were different from
those seen in acute rejection.

Patients

Materials and methods

The patients’ characteristics are summarized
in Table 1. Diabetic patients in pre- and post-
transplantation were not enrolled. All kidney
transplants were living-related. Generally, the
warm ischemic time was less than 5 minutes, and
the total ischemic time was around 1~2 hours.
Biopsy specimens of normal kidneys (Group A:n
=5) and acute rejection kidneys (Group B: n=10)
were examined as control groups. Fifty biopsy
specimens from 41 patients who had been diag-
nosed as CAN were divided into two groups, ac-
cording to renal function. Group C consisted of
patients whose serum creatinine level was be-
tween 2.0~4.0 mg/ml (n=35), and Group D con-
sisted of patients whose serum creatinine level
was more than 4.0 mg/ml (n=15). Renal biopsies
were performed, percutaneously, using an 18 G
needle under local anesthesia, after obtaining in-
formed consent. The histological diagnosis of
CAN was made based on the Banff working clas-
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Table 1 Patients’ characteristics

Group A Group B Group C Group D
(n=5) (n=10) (n= 35) (n=15)
Mean age (year) 415 451 44.3 456
Sex Male 3 4 19 8
Female 2 16 7
Mean donor age (year) 575 59.7 56.8
Average serum creatinine (mg/dl) 08 £ 03 12 £08 28 £ 1.1 54 = 14

Table 2 Diagnosis of biopsy specimens of Group C

and Group D
Group C Group D
Grade 1 22 6
Grade II 5 7
Grade I 0 2
Others 8 5

Diagnosis of CR was performed based on Banff 97
diagnostic categories ®. Grade I: mild. Grade II: moderate.
Grade I severe. Others: Changes not considered to be
due to rejection.

12)

sification criteria'”. A detailed histological diagno-
sis of the biopsy specimens in Group C and Group
D is presented in Table 2.

Immunohistochemistry

To detect collagen IV in renal allografts,
formalin-fixed paraffin-embedded tissue sections
were stained with goat anti-type IV collagen
polyclonal antibody (Southern Biotechnology, Bir-
mingham, AL), using the standard avidin-biotin-
peroxidase complex (ABC) technique. Sections
were incubated with polyclonal anti-type IV colla-
gen antibody followed by a biotin-conjugated rab-
bit anti-goat IgG (DAKO, Carpintena, CA), by
ABC (Vector, Burlingame, CA) , and by hydrogen
peroxide containing 3,3" -diaminobendizine.

The monoclonal antibodies, JK199 and JK 132,
(a kind gift from Dr. Jun Kido, Pharmaceutical
Research Laboratory, Shiseido Research Center,
Tokyo, Japan), were prepared as described pre-
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viously”*. Sp2/0 culture medium containing 2.5

pg/ml of normal, mouse IgG (Chemicon Interna-

tional, Temecula, CA), was used as a control anti-
body for JK199 and JK132®. Needle biopsy speci-
mens were immediately snap-frozen using liquid
nitrogen. Unfixed cryostat sections, 6 ~8pum
thick, were prepared on albumin-coated glass and
immersed in acetone for 5 min at 4 C, and rehy-
drated in PBS. The sections were incubated with
normal goat serum for 30 min at room tempera-
ture. Primary antibodies (2.0 ug/ml) were then
added, and the mixture was incubated for 1 hr at
37 C. After being washed with PBS, sections
were incubated with 2.0 pg/ml of FITC conju-
gated rabbit anti-mouse IgG for 1 hr at room tem-
perature, then washed with PBS.

One well-trained pathologist analyzed samples
in a blinded manner. The intensity of JK199 and
JK 132 was scored as follows : +1 was the inten-
sity of Group A. As the intensity increased,
scores were graded from +1 to +4. Score 0 indi-
cated the absence of the signal.

Immunoelectron microscopy

Cryostat sections (6 um) of the biopsy speci-
mens were mounted on glass slides. The sections
were incubated with JK199 and with a secondary
antibody conjugated with 0.8 nm gold (Aurion Co.
Ltd., Netherlands). The sections were rinsed
with 0.1 M phosphate buffer (pH 7.4), soaked in
2.5% glutaraldehyde and 0.2% tannic acid in 0.1
M phosphate buffer (pH 7.4) and post-fixed with
1% osmium tetroxide in 0.1 M phosphate buffer.
The sections were immersed in a silver enhance-
ment solution (Aurion, Co. Ltd., Netherlands) for
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Fig.1 A representative case of Group A and Group B

In normal kidney, JK199 reacted with the glomerular basement membrane (GBM),
the mesangial matrix (MM), the basement membrane of Bowman's capsule
(BBM) and the tubular basement membrane (TBM) (1A : x100), and JK132 reacted
with MM, BBM and TBM (1B: x100). In acute rejections, an increased intensity of
JK 199 staining was observed in GBM, MM, BBM, TBM and the interstitium (INS)
(1C: x100), and an increased intensity of JK132 staining was observed in the MM,
TBM and BBM (1D : % 100).

Fig.2 A representative case of Group C

2A~2C: Staining with polyclonal antibody
specific for collagen IV. 2A: The damaged
GBM has thickened and exhibits a double
contour (X 100). 2B: The damaged base-
ment membrane of the peritubular capil-
laries has thickened (arrows, % 100). 2C:
Abnormal matrix in the arterial wall (ar-
row, X 100). 2D: JK199 (x50) and 2E:JK
132 (x50) reacted with GBM, MM, BBM,
TBM and INS.
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Fig.3 A representative case of Group D
3A, 3B: Staining with polyclonal antibody specific for collagen IV (% 100). An in-
creased staining intensity of JK199 (3C) and JK132 (3D) is visible in the GBM, MM,

BBM, TBM and INS (x50).

Fig. 4 Immunoelectron micrographs showing the localization of collagen IV in INS

of CAN specimens

Collagen IV was detected by the nano gold-silver enhancement method (4A) and
the anti-collagen IV monoclonal antibody, JK199 (4B). Silver-enhanced gold parti-
cles, approximately 0.6 um in diameter, are deposited in INS.

10~20 min at room temperature and covered
with a drop of 1% chitosan solution in 0.5% acetic
acid to reinforce the sections. After chitosan infil-
tration, the sections were immersed in 2.5% glu-
taraldehyde, dehydrated with a graded series of
alcohol, and embedded in epon 812. Ultrathin sec-
tions were cut and stained with uranyl acetate
and lead citrate.

Results

Figure 1 shows a representative case from
Groups A and B. In Group A, JK199 reacted with
GBM, MM, BBM and TBM (Fig. 1A). JK132 re-
acts with MM, BBM and TBM (Fig. 1B). In Group
B, JK199 reacted with INS, in addition to GBM,
MM, BBM and TBM (Fig. 1C). JK132 reacted
with MM, BBM and TBM (Fig. 1D).

Figure 2 shows a representative case from
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Table 3 Summary of reactivity of JK199 and JK132

A B C D
Reactivity of JK199
GBM 10 2+0 303 4+ 04
MM 1+0 2+0 3+01 4+01
BBM +0 2+0 3+02 4+ 0.1
TBM 10 0 3+01 4+ 01
INS =0 3+02 4 £02
Reactivity of JK132
GBM 0 10 2201
MM 0 2 %01 3+02 4£02
BBM 0 2+05 3 4 4+ 04
TBM 0 2+02 3 3 4 %04
INS 0 1=+ 2+ 02

Group C. The patient underwent a graft biopsy 8
years after kidney transplantation. His serum
creatinine level at the time of the biopsy was 2.5
mg/dl. The biopsy specimen showed chronic al-
lograft nephropathy (Ia) with cyclosporine-asso-
ciated arteriolopathy. After staining the biopsy
specimens with a polyclonal antibody against col-
lagen IV, the damaged GBM appeared to be
thickened, with a double contour (Fig. 2A). The
basement membrane of the peritubular capillary
was also thickened and interrupted (Fig. 2B) . Ac-
cumulation of abnormal matrix in the arterial
wall, which is suggestive of cyclosporine-asso-
ciated arteriopathy, was observed (Fig. 2C). The
intensity of both JK199 (Fig. 2D) and JK132 (Fig.
2E) had increased in the GBM, MM, BBM, the
atrophic TBM and INS.

Figure 3 shows a representative case from
Group D. The patient underwent a graft biopsy 6
years after kidney transplantation. His serum
creatinine level was 4.1 mg/dl. Examination of
the biopsy specimen revealed chronic allograft
nephropathy (IIa, Figs. 3A, B). JK199 (Fig. 3C)
and JK132 (Fig. 3D) reacted with GBM, MM,
BBM, TBM and INS. The intensity of JK199 and
JK132 was higher in Group D, compared to Group
C, suggesting that the intensity of JK199 and JK

132 is correlated with the functional impairment

of the renal allografts.

To further clarify the location of collagen IV in
INS, biopsy specimens of CAN were examined
by immunoelectron microscopy. Silver-enhanced
gold particles, which were collagen 1V, were de-
posited in INS and surrounded by newly formed
collagen fibrils (Fig. 4).

The results of staining with JK199 and JK 132
are summarized in Table 3. JK132 reacted with
GBM and INS only in CAN.

Discussion

The present study revealed that collagen IV
was upregulated in CAN specimens. In CAN, the
polyclonal antibody against collagen IV reacted
with the GBM, MM, BBM, TBM and INS. The re-
activity of JK199 and JK132 showed the same dis-
tribution as the polyclonal antibody. This upregu-
lation of collagen IV was uniformly observed in
CAN irrelevant of different risk factors and was
correlated with the dysfunction of the renal al-
lografts.

The GBM has a distinctive structural feature;
the basement membrane of the glomerular endo-
thelium and that of the urinary epithelium is
fused, with very little ECM. ECM is located only
in the mesangial area™. In the present study, the
reactivity of JK132 in the GBM suggested that
the mesangial matrix had expanded into the
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- space between the glomerular endothelium and
the urinary epithelium, producing impairment in
filtration”. In several previous studies, the mesan-
gial matrix expansion was observed in the glo-
merulosclerotic area of the kidney®®. In the pre-
sent study, the increased intensity of JK132 in the
GBM of CAN specimens, but not of acute rejec-
tion specimens, suggests that this microscopic
change in the GBM is unique to CAN. Thus, stain-
ing with JK132 may provide a hallmark for distin-
guishing progressive and irreversible renal graft
dysfunction from reversible acute graft dysfunc-
tion.

The interstitium of normal kidneys contains
only small amount of collagen IV. We previously
reported that an increased intensity of JK 199
staining was observed in the INS of acute rejec-
tion specimens. In the present study, both JK
132 and JK199 showed an increased staining in-
tensity in the INS of CAN specimens. The immu-
noelectron microscopic study revealed that new-
ly formed collagen IV was observed surrounded
by collagen fibrils in the interstitial space in CAN
specimens. This structure consisted of collagen
IV and other collagens and resembled a very im-
mature basement membrane.

JK199 and JK132 also react with normal TBM.
As shown in the present study as well as the pre-
vious study®, the intensity of JK199 and JK 132
staining increased in atrophic TBM, and the reac-
tivity was correlated with the level of tubular at-
rophy.

In the interstitium of the kidney, the peritubu-
lar capillaries are located adjacent to the tubuli
play a pivotal role in maintaining renal function.
Thus, damage to the peritubular capillaries is di-
rectly reflected as renal dysfunction. Indeed, an
experimental model of glomerulitis in rats re-
vealed that the number of peritubular capillaries
was clearly correlated with renal dysfunction®”.
The current study showed that the staining of

CAN specimens with a polyclonal antibody
against collagen IV could provide valuable infor-
mation about the degree of damage to the peritu-
bular capillaries. Electron microscopic studies
have revealed circumferential and multilamella-
tion of the peritubular capillary basement mem-
brane in CAN specimens”". In the present study,
staining with polyclonal antibody against collagen
IV revealed a thickened and interrupted base-
ment membrane in the peritubular capillaries.
These findings correspond with those of previous
reports. Since peritubular capillaries are a func-
tionally important architecture in the kidney, any
damage to these structures is likely to be directly
reflected in the functioning of the renal allograft.
Thus, changes in collagen IV in the peritubular
capillaries may provide information about the ex-
tent of the damage to the renal allograft.

In conclusion, the increased intensity of JK199
and JK 132 indicates that collagen IV is upregu-
lated in the glomeruli and the interstitium of
CAN biopsy specimens. The increased intensity
of JK132 in the GBM and the INS in the CAN
specimens suggests the uncontrolled accumula-
tion of altered [al (IV) ], @2 (IV). Thus, the com-
bined staining of biopsy specimens with JK 199
and JK132 may be useful for distinguishing CAN
from acute cellular rejection. Furthermore, a
greater understanding of the alterations in colla-
gen IV may help to elucidate the mechanisms
leading to CAN.
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EHIBRERERTAICS T2 VRIS -4 ORHF0EICET 5k

RREKTEMNRYE BRAaEREy ¥y — S8 (3 =M #39)
W KAl BEEEE - WLlBET-$0 %

VRS =7 Y 3REREOEERBEE S TH Y, AENIAL 0 LTw5b, BiikaMHERE
BTFENIBWTE, BEO IV IS —7 U amRICERD S5, R4 BB RRiEREED
JHIHTdH 5 SN BAEEEEIETIE (chronic allograft nephropathy: CAN) 28175 IVEI a5 — 4
DEALIZDWTHRE L7z, BEEICBWTHATS M- BBEEE ©, BHEBREICE SV TUT ORI
SEL, BB RICOWTRET L7z, 2B CANERNIL, e BEMEENT R C2M S N/ ER 2 v,
Group A(n=5) : BHEREIEEHE, Group B(n=10) @ SR RBAEREIE T2, Group C(n=35) : CAN
FEFITIE 2 V7 F = V1l 2~4mg/dl, GroupD (n=15) : CAN TIfiliEZ L' 7 F = Vfli >4 mg/dl.
FIEBNZBIT B IV a5 -7 U HARIconT, VRS -7 o al i 5E 7 70—F Vi
R TH % JK199, JK132 & T, FOGBEMERIC X Y BE L7z, Group A T JK199, JK132 & 12 A ¥
YE¥YLAEE (MM), F—< yEEKE (BBM), RAIEEER (TBM) 12T 25 KGO A% B 7.
Group B Ti&, JK199 i MM, BBM, TBM 2z, SRIKMEEEE (GBM) B X OME (INS) 12X
T A% DTz, JK132 O RIS & Group A & [A#TH - 2. —J5, Group C B X U Group D T3,
JK199 IZB v Tid MM, GBM, BBM, TBM, INS x5 5 BUSHEA M L Tz, JK132 122oW T
MM, BBM, TBM IZfiiz, GBM BX U INSIZBWTH KeARD Sz, 72, JK199 B LU JK
132 DU Group C £ 9 B Group D IZB W THWEHBIASED Sz, GBM B X NINS BT 5
JK132 O G kat bIE CAN IR LR TH 5 2 L AR S /.
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