
Clin. exp. Immunol (1992) 90, 129-134

Mesangial sclerotic change with persistent proteinuria in rats after
two consecutive injections of monoclonal antibody 1-22-3
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SUMMARY

Irreversible mesangial changes with persistent proteinuria were induced in rats given two consecutive
injections 2 weeks apart of a MoAb 1-22-3 to rat mesangial cell. The characteristics of the resulting
lesions were investigated and compared with those of the reversible change induced by a single
injection. At 24 h after the second injection, mesangiolytic changes similar to those after a single
injection were evident. The accumulation of macrophage-like cells in glomeruli observed at 1 week
after the first injection was not evident during the experimental period after the second injection.
Hypercellularity with the characteristics of intrinsic mesangial cell and increased mesangial matrix
were already present 1 week after the second injection. And mesangial sclerotic change progressed up
to 6 months. Deposition of collagen type I and type III and accumulation of collagen fibril at the
ultrastructural level were evident in rats 6 months after the second injection. Proteinuria started
immediately and continued for more than 6 months after the second injection. The mesangial
sclerotic change with persistent proteinuria described here is considered to be a better model for
investigating the mechanism of chronic progression of human mesangial proliferative glomerulo-
nephritis.
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INTRODUCTION Thus, no satisfactory experimental model to investigate the
mechanism ofchronic progression ofhuman mesangial prolifer-We have already reported a MoAb 1-22-3 (IgG3) [1], which was aiegoeuoehii a e enetbihd

produced in mice immunized with rat glomeruli. The MoAb I - vWe succeeded in inducing irreversible mesanial changes
22-3-recognized epitope may be present in the Thy 1.1 molecule, Wi persisten po iuriay seninjeingofMoabg-2

sinc th reativty f th Mob toardthyus, rai an
with persistent proteinuria by a second injection ofMoAb 1-22-

sincethe reacditivityof the Modnb twasobservedthyms bn a 3 at 2 weeks after the first injection. In this study we describe theintestine in addition to the kidney was observed and the MoAb chrteiisofhsnvlmdladcmpeitwhte
was observed to bind a major band with an apparent mol. wt of reversible modelnduedmyaasingewijecion
about 25 kD. MoAb 1-22-3 is capable of inducing transient
proteinuria as well as morphological changes similar to those
induced by anti-thymocyte serum (ATS) [2-4]. MoAb 1-22-3 MATERIALS AND METHODS
binds to the limited area of the mesangial cell surface that faces
endothelial cells, and no MoAb 1-22-3 reactivity is detected on r
endothelial cells, epithelial cells or the glomerular basement weighing 150-200 g and purchased from Charles River Japan
membrane (GBM). Since MoAb ER4 reported by Bagchus et al. Inc. (Atsugi, Japan).
[5] does react with GBM, the antigenic determinant ofMoAb 1-
22-3 is thought to be a new epitope. Thus MoAb 1-22-3 is the Preparation of Moab

first Mo~~b reported to sho eciiywth esaga cel MoAbs were prepared as described previously [1,6,7]. TS- 1 lm
surac alone,resulting insignreactificatywitpr themeinura[ cell

used as a control is a murine IgG3 MoAb against rotavirus andsurface alone, resulting in significant proteinuria [1].
i o ecietwr a iny[]

The mesangial lesion induced by ATS is reversible and not is not reactive toward rat kidney [1].
always accompanied by remarkable proteinuria. The model
induced by the single injection ofMoAb 1-22-3 is also reversible. Experimental design

Experiment 1. Eight rats were intravenously injected with
Correspondence: Hiroshi Kawachi, MD, Department of Immuno- 1 0 ml of saline containing 500 ,ig of MoAb 1-22-3 twice with an

logy, Institute of Nephrology, Niigata University School of Medicine, interval of 2 weeks. As a control, five rats were treated similarly
Asahimachi-dori 1-757, Niigata 951, Japan. with TS-1 lm. Urinary protein from these rats was measured
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every week for 6 months by the biuret method using bovine
serum albumin (BSA) as a standard [8]. Qualitative analysis of
urinary protein was conducted by SDS-PAGE as described by

40

A
Laemmli [9]. The rats were killed at 6 months (27 weeks) after 400' 4
the second injection. Blood samples and kidneys were obtained
from each rat. The kidney materials were examined by light 200 | 8
microscopy (LM). To quantify the mesangial matrix, 30 full-
sized glomeruli (80-100 im in diameter) per rat were examined
by an observer who was unaware of the experimental protocol. | l / '
A semiquantitative scoring system was developed to evaluate cm {/
the degree of damage. The degree of glomerular matrix E %Ill
expansion was expressed as 0 to 4 according to the percentage of E
each glomerulus occupied by mesangial matrix, using a method 100 ^ Ato~/xNz/: >\ §
described by Raij et al. [10]. This matrix score was indicated as i 5
the mean value of the degree of damage. Serum creatinine and| t+ istAIX
blood urea nitrogen (BUN) were measured. | Y. *

Experiment 2. Female Wistar rats were divided into twoI ..l J VS! vVL 4
groups and given an i.v. injection of 1 0 ml of saline containing 20a--d
500 jig of MoAb 1-22-3 once (group A) or twice with an interval I ~ * A t | * ;
of 2weeks (group B).Ratkidneyswerestudiedbykillinggroups 01 5 10 15 20 25
of three rats at 30 min2rhand 24 h, ,2and6weeks and6 t t Week
months after the last injection. The kidney material from each Fig. 1. The kinetics of proteinuria in individual rats injected with 500 jg
rat was examined by LM, electron microscopy (EM) and direct of MoAb 1-22-3 twice with an interval of 2 weeks (mg/24 h). The
immunofluorescence (IF) using FITC-conjugated anti-mouse numbers 1 to 8 corresponds to rat numbers in Table 1. *, the mean
immunoglobulin (Dakopatts a/s, Glostrup, Denmark), FITC- value of proteinuria of five rats injected with TS-1 Im twice (± s.d.);
conjugated anti-rat IgG (Nordic, Tilburk, The Netherlands) or T, injection.
FITC-conjugated anti-rat C3 (Nordic). The matrix score for
these rats was determined in a similar way to experiment 1. The (MoAb 1-22-3-injected group versus TS-1Im-injected group
reactivity of anti-collagen type I antibody (Advance, Tokyo, (mean + s.d.)): 5 weeks after the first injection, 67 5 + 79 1 versus
Japan) and anti-collagen type III antibody (Chemicon Inter- 0 0+0 0; 10 weeks, 64 3+71 3 versus 0 0+0 0; 15 weeks,
national, Los Angeles, CA) with the kidney sections was also 113 5+ 122-9 versus 1 0+ 16; 20 weeks, 155-0+ 135 0 versus
examined. To identify the nature of the accumulated cells, the 5 1 + 52; 25 weeks, 1337 + 104 0 versus 30 + 38. Many bands,
kidney sections were incubated with anti-monocyte MoAb, ED- some corresponding to albumin or y-globulin, were observed in
1 (MAB 1435) (Chemicon). ED-1 was reported to have the the urine in the early phase 1 week after the first injection by
reactivity toward monocyte and most macrophages [11] and was SDS-PAGE under non-reducing conditions. Such bands were
confirmed not to be reactive toward mesangial cell in normal also observed in urine samples obtained in late phase (6 months
glomeruli. Numbers of MoAb-positive cells per full-sized after the second injection). The amount of proteinuria, the
glomerulus were counted in 50 glomeruli/rat from two rats using matrix score and serum creatinine and BUN level for each rat
indirect IF sections stained with FITC-conjugated anti-mouse are summarized in Table 1. The correlation between the amount
IgG I (Zymed, CA). The secondary antibody (anti-mouse IgG I) ofproteinuria and the severity of sclerotic changes was observed
used in this study was confirmed to have no cross-reactivity with (r= 0860, P < 0 01).
IgG3.

Experiment 2
Morphological and immunohistological studies Group A. The deposition of mouse IgG and rat C3 was

LM, EM and IF were performed as described previously [1]. observed in the mesangium of rats killed 30 min and 2 h after
injection of MoAb 1-22-3. The intensity of fluorescence for

Statistics analysis mouse IgG and rat C3 was decreased at 24 h. After infiltration of
The results are expressed as the mean+ 1 s.d. Data from the polymorphonuclear leucocytes (PMN) (30 min, 2 h) and
different group of rats were compared by Student's t-test. mesangiolytic changes defined by Morita et al. [12] character-
P < 0 01 was considered significant. The Pearson r correlation ized by large capillary dilatation and ballooning of lumens filled
coefficient between the amount of proteinuria and matrix score with plasma proteins, erythrocytes and leucocytes (24 h),
was calculated using the individual data. prominent accumulation of macrophage-like cells was observed

in almost all glomeruli (I week). At the ultrastructural level,
these cells were characterized by large cell bodies possessing

RESULTS numerous cytoplasmic process. These cells were not surrounded
Experiment 1 by the matrix. In a more advanced phase (2 weeks), cell
The kinetics of proteinuria in individual rats and the mean value proliferation in the mesangial area was still evident. Ultra-
of proteinuria of five control rats are illustrated in Fig. 1. All structurally these cells showed the characteristics of intrinsic
samples from control rats showed a normal range of urinary mesangial cells such as irregular shaped cell bodies and little
protein (<20 mg/24 h) during the experimental period. The cytoplasm. Cells were accompanied with an increased amount
mean values of proteinuria of both groups were as follows of mesangial matrix. Such morphological alterations were no
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Table 1. Matrix score, proteinuria and renal function in each rat

PU Cre BUN
Rat MS (mg/24 h) (mg/dl) (mg/dl)

11m53 244 0w58 20d8

ineto r -2 +0905-66 + -6, 4169+09epciey

3 120 S clerot icchangesobserved55066256w
4 2m60 380 0c70 21w3

6 0297 115 0-67 21'3
7 End-stage 461 3-83 246-1
8 ~~~~1-83 194 07 303.

Control 01 + 0.3* 6-4 + 7-7* 0-64 +0.03* 20-6 + 2.'7*

Rats 1-6, 8,25 weeks after the second injection of MoAb 1-22-3 with Fig. 3. Light micrograph (periodic acid-Schiffx 400) showing glomeruli
an interval of 2 weeks (27 weeks after the first injection); rat 7, 21 weeks 6 months after the second injection of MoAb 1-22-3. Cell proliferation
after the second injection of MoAb 1-22-3. with an increase in the mesangial matrix is evident.

* Mean value (± s.d.) of five rats 25 weeks after the second injection
of TS-IlIm with an interval of 2 weeks.

MS, Matrix score; PU, proteinuria; Cre, creatinine; BUN, blood mouse IgG or rat C3 was no longer observed at 1 week. Weak
urea nitrogen. deposition of rat IgG, with a pattern unlike the MoAb 1-22-3-

specific pattern, was also detected in glomeruli at 1 week after
the second injection. Infiltration of PMN and subsequent
mesangiolytic changes were detectable at 30 mi to 24 h after the

0 2 4 6 8 0 second injection. Hypercellularity with the characteristics of
w e aintrinsic mesangial cell and increased mesangial matrix were

pre already evident at I week after the second injection. Matrix
scores for rates at 1,2 and 6 weeks and 6 months after the second
injection are 12 + 09 04 ± 05, 018 ± 0-6, 19 ± 0e9, respectively.

3 min Sclerotic changes observed at 2 or 6 weeks were significantly
milder in comparison with those observed at 1 week (P < 0D0C1).
Significantly severer change was observed at 6 months than at

2h 1 week (P < 001). LM and EM data for rats 6 months after the
second injection are shown in Figs 3 and 4 respectively. Cell
proliferation with an increase in the mesangial matrix is evident,

24ihand some glomeruli (6j0-97%) show crescentic change. At the
ultrastructural level, accumulation of collagen fibril is evident.

of E - ie l rhBroad deposition of collagen type I in mesangium area and
Groupweek Deostono mue mungobln nrtC3 trelatively weak deposition of collagen type III limited to around

the mesangial cell were detected by indirect IF (Fig. 5). Such IF
findings were observed in all rats at 6 months. The thickening of

2 weeks GBM and the detachment of foot processes of podocyte were
_________________________________ partially observed. Foot process fusion was frequently

Fig. 2. The kinetics of the number of ED-lI (anti-monocyte)-positive cells Fig.rv2.ThnubrofE-Ipsiveclsaehwnn
after the last injection of MoAB 1-22-3. s,Number of ED-c-positive f ig.2r
cells after the first injection of MoAb 1-22-3 (group A); U, Number of
ED-i-positive cells after the second injection (group B). All data are DISCUSSION
expressed as mean +s.d. of the number of MoAb-positive cells per level experimend a conire thatof 3-83 1-2Evglomerulus. *JP < 0-0l,compared with the data of 2 h, 24 h, 1 week after I rlmnr xeietw ofre htteM~ -2
the second injection. 3-recognized epitope, which was decreased after MoAb 1-22-3

injection, recovered at 2 weeks. This is why we gave the second
injection at this time.

longer observed in glomeruli from rats 6 months after a single As shown in Fig. 1, proteinuria in five of eight rats started
injection ofMoAb 1-22-3 (matrix score: 0- Il ±04). The numbers immediately and then increased with time for more than 6
of ED-1l-positive cells are shown in Fig. 2. months until severe proteinuria (> 100 mg/24 h) occurred and
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Fig. 4. Electron micrograph showing glomeruli 6 months after the second injection of MoAb 1-22-3. Accumulation of collagen fibril is evident
(arrows). (b) is a higher magnification of (a) (a) x 4100, (b) x 13 000).

rats with mild proteinuria showed the sclerotic change (Table 1). lished. Though the mesangial lesions induced by ATS have been
In experiment 2, all rats killed at 6 months after the second used in many laboratories to investigate the mechanism of
injection showed severe sclerotic change (Figs 3, 4 and 5). Thus, mesangial alterations [2-5, 18-20], this model differs from
sclerotic change with abnormal proteinuria was sucessfully human chronic glomerulonephritis in that (i) the mesangial
induced in all rats. Although there are several types of morphological changes induced by ATS are reversible, and (ii)
experimental glomerulonephritis model showing mesangial these alterations are not always accompanied by remarkable
alterations [2, 13- 17], no satisfactory model has been estab- proteinuria. Therefore the mesangial sclerotic change with
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3LAW liED-I-positive cells was observed in glomeruli at this point,
although a mild increase was observed at 2 h or 24 h after the
second injection (Fig. 2). Prominent accumulation of macro-
phage-like cells in glomeruli, which was observed at 1 week after
the first injection [1], was not observed during the experimental
period after the second injection. It was unclear why no
prominent accumulation of macrophage-like cells occurred
after mesangiolytic changes in the irreversible model and
whether this was causally related to the induction of irreversible
alterations. Many studies using experimental models have
demonstrated both in vivo and in vitro that macrophages are
present within glomeruli [21-24], and have suggested that
macrophages have the potential to contribute to intrinsic
glomerular cell hypercellularity [25-27]. In contrast, Sterzel et
al. have reported that the prominent presence of monocyte-
macrophages within mesangium may take place without major
functional abnormality in glomerulus in polyvinyl alcohol-
treated rats [28]. Shigematsu has reported that monocytes and
macrophages show phagocytic activity against immune and
inflammatory products, and that complete recovery ofglomeru-
lar structure may occur after their disappearance in acute
monocytic glomerulonephritis [29]. The accumulated macro-

Fig. 5. Indirect IF findings showing the deposition of collagen type I (a) phage-like cells observed in our reversible model induced by a
and type III (b) in the glomerulus from rat 6 months after the second single injection of MoAb 1-22-3 might indirectly inhibit the
injection ofMoAb 1-22-3. Neither collagen type I nor collagen type III is progression of sclerotic changes. Thus, the absence of the
demonstrated in normal glomeruli (c, d) ( x 400). prominent accumulation of ED-I -positive cells after the second

injection of MoAb 1-22-3 might have some etiological signifi-
cance regarding the induction of irreversible changes. However,

persistent proteinuria described here is considered to be a better we cannot completely exclude the possibility that such an
model for investigating the mechanism of the chronic progres- observation is nothing but a by-phenomenon without etiologi-
sion of human mesangial proliferative glomerulonephritis. In cal meaning. The difference of the changes between once-and
this study individual differences in the amounts of proteinuria in twice-injected groups was not considered to derive from the
experiment 1 were observed. The differences might come from difference betwen total injected doses, because the glomerular
the individual diversity of the level of recovery of MoAb 1-22-3 injury induced by a single injection of 1 mg or 5 mg ofMoAb 1-
epitope at 2 weeks after the first injection. Also, Wistar rats used 22-3 was confirmed to be reversible (data not shown). The role
in this study are not an inbred strain, which might contribute to of host antibody reaction against injected mouse IgG in the
the occurrence of the individual difference. development of the irreversible changes should also be consid-

The results of group A in experiment 2 reconfirmed our ered. Although weak but relatively broad deposition of rat IgG
previous report [1]. The reversible model induced with a single in the sclerotic area in the mesangium was observed at 1 week
injection of MoAb 1-22-3 was characterized as follows. After after the second injection, the pattern was different from the
infiltration of PMN and mesangiolytic changes, accumulation specific binding pattern of MoAb 1-22-3. Such a pattern for rat
of macrophage-like cells in glomeruli was observed by LM and IgG is considered to come from the passive deposition, since it is
EM at 1 week after a single injection of MoAb. At this time reported that passive deposition of host IgG in the sclerotic area
increased numbers of ED- I -positive cells and a decreased is often observed, when the change is accompanied with massive
amount of epitope recognized by MoAb 1-22-3 were observed proteinuria. Furthermore, in this model injected mouse IgG, the
by IF. At 2 weeks after injection, hypercellularity with the target antigen in this case, disappeared with mesangiolysis.
characteristics of intrinsic mesangial cell was observed by LM Thus, host antibody does not seem to play an active role in the
and EM. At this stage, the increase in the number of ED-l- subsequent changes. We believe that a detailed examination of
positive cells was no longer observed, and the immunofluores- the parameters in the irreversible model described here and a
cence intensity of the MoAb 1-22-3 epitope recovered. These comparison of the findings of this model with those of the
changes were followed by the normalization of proteinuria 2 or reversible model will yield some clues for clarifying the mechan-
3 weeks after injection. Furthermore, the morphological altera- ism of progression of glomerulonephritis.
tions including an increased amount of mesangial matrix were
no longer observed in rats 6 months after the injection. In the
irreversible model induced with two consecutive injections of ACKNOWLEDGMENTS
MoAb 1-22-3 (group B in experiment 2), mesangiolytic changes The authors express their gratitude to Dr Michiaki Orikasa, Dr

wereobsrveat24 afer he econ inectonsimlary t th Katasuyuki Matsui, Dr Tetsuo Morioka and Dr Mako Narisawa for
case of single injection, but subsequent changes were different. their helpful discussions. They also thank Mrs Nobuko Oda and Mrs
At 1 week after the second injection, hypercellularity with the Akiko Urasawa for their excellent technical assistance. This work was
characteristics ofintrinsic mesangial cells and increased mesan- supported by the research grant (03454168) from the Ministry of
gial matrix were observed by LM. No increase in the number of Education, Science and Culture, the grants from the Ministry of Health



134 H. Kawachi et al.

and Welfare, Japan (1991), the grant for the Fellowships of the Japan
Society for the Promotion of Science for Japanese Junior Scientists
(1991), and Research Aid of Inoue Foundation of Science (1992).

REFERENCES
1 Kawachi H, Orikasa M, Matsui K, et al. Epitope specific induction
of mesangial lesions with proteinuria by a monoclonal antibody
against mesangial cell surface antigen. Clin Exp Immun 1992;
88:399-404.

2 Ishizaki M, Masuda Y, Fukada Y et al. Experimental mesangiopro-
liferative glomerulonephritis in rats induced by intravenous admin-
istration of anti-thymocyte serum. Acta Pathol Jpn 1986; 36:1191-
203.

3 Yamamoto T, Yamamoto K, Kawasaki K et al. Immunoelectron
microscopic demonstration of Thy- 1 antigen on the surfaces of
mesangial cells in the rat glomerulus. Nephron 1986; 43:293-8.

4 Yamamoto T, Wilson CB. Complement dependence of antibody-
induced mesangial cell injury in rat. J Immunol 1987; 138:3758-65.

5 Bagchus WM, Hoedemaeker PhJ, Rozing J et al. Glomerulonephri-
tis induced by monoclonal anti-Thy 1.1 antibodies. Lab Invest 1986;
55:680-7.

6 Orikasa M, Matsui K, Oite T et al. Massive proteinuria induced in
rats by a single intravenous injection of a monoclonal antibody.
J Immunol 1988; 141:807-14.

7 Kawachi H, Matsui K, Orikasa M et al. Quantitative studies of
monoclonal antibody 5-1-6-induced proteinuric state in rats. Clin
exp Immunol 1992; 87:215-9.

8 Weichselbaum TE. An accurate and rapid method for the determi-
nation of proteins in small amounts of blood serum and plasma. Am
J Clin Pathol 1946; 10:40-6.

9 Laemmli UK. Cleavage ofstructural proteins during the assembly of
the head of bacteriophage T4. Nature 1970; 227:680-5.

10 Raij L, Azar S, Keane S et al. Mesangial immune injury, hyperten-
sion, and progressive glomerular damage in Dahl rats. Kidney Int
1984; 26:13743.

11 Dijkstra CD, Dopp EA, Joling P et al. The heterogeneity of
mononuclear phagocytes in lymphoid organs: distinct macrophage
subpopulations in the rat recognized by monoclonal antibodies
EDI, ED2 and ED3. Immunology 1985; 54:589-99.

12 Morita T, Churg J. Mesangiolysis. Kidney Int 1983; 24:1-9.
13 Dixon FJ, Feldman JD, Vazquez JJ. Experimental glomeruloneph-

ritis-the pathogenesis oflaboratory model resembling the spectrum
of human glomerulonephritis. J Exp Med 1960; 113:899-937.

14 Masugi M. Olber die experimentelle Glomerulonephritis durch das
spezifische Antinierenserum. Ein Beitrag zur Pathogenese der

diffusen Glomerulonephritis. Beitr Path Anat Alug Pathol 1934;
92:429-66.

15 Mauer SM, Sutherland DER, Howard RJ et al. The glomerular
mesangium III. Acute immune mesangial injury: a new model of
glomerulonephritis. J Exp Med 1973; 137:553-70.

16 Nakamura T, Oite T, Shimizu F et al. Sclerotic lesions in the
glomeruli of Buffalo/Mna rats. Nephron 1986; 43:50-5.

17 Grond J, Beukers JYB, Schilthuis MS et al. Analysis of renal
structural and functional features in two rat strains with a different
susceptibility to glomerular sclerosis. Lab Invest 1986; 54:77-83.

18 Johnson RJ, Garcia RL, Pritzl P et al. Platelets mediate glomerular
cell proliferation in immune complex nephritis induced by anti-
mesangial cell antibodies in the rat. Am J Pathol 1990; 136:369-74.

19 Johnson RJ, Pritzl P, lida H et al. Platelet-complement interactions
in mesangial proliferative nephritis in the rat. Am J Pathol 1991;
138:318-21.

20 Border WA, Okuda S, Languino LR et al. Suppression of experi-
mental glomerulonephritis by antiserum against transforming
growth factor Bl. Nature 1990; 346:371-4.

21 Shigematsu H. Glomerular events during the initial phase of rat
Masugi nephritis. Virchow Arch B 1970; 5:187-200.

22 Kondo Y, Shigematsu H, Okabayashi A. Cellular aspects of rabbit
Masugi nephritis III. Mesangial changes. Lab Invest 1976; 34:
363-71.

23 Holdsworth SR, Glasgow EF, ThompsonNM et al. Normal human
glomerular cells in culture. J Pathol 1978; 126:231-7.

24 Holdsworth SR, Thompson NM, Glasgow EF et al. Tissue culture
of isolated glomeruli in experimental crescentic glomerulonephritis.
J Exp Med 1978; 147: 98-109.

25 Dvorak AM, Mihm MC Jr, Dvorak HF. Morphology of delayed-
type hypersensitivity reactions in man II. Ultrastructural alterations
affecting the microvasculature and the tissue mast cells. Lab Invest
1976; 34:179-91.

26 Polverini PJ, Cotran RS, Gimbrone MA Jr et al. Activated
macrophages induce vascular proliferation. Nature 1977; 269:
804-7.

27 McCarthy EP, Hsu A, Ooi YM et al. Modulation of mouse
mesangial cell proliferation by macrophage products. Immunology
1985; 56:695-9.

28 Sterzel RB. Eisenbach GM, Seiler MW et al. Uptake of polyvinyl
alcohol by macrophages in the glomerular mesangium in rats. Am J
Pathol 1983; 111:247-56.

29 Shigematsu H. Participation of monocytes in glomerulonephritis.
In: Shimizu F, Kihara I, Oite T, eds. Cell proliferation and
glomerulonephritis. Niigata: Nishimura Smith-Gordon 1986:57-89.


