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A b s t r a c t  Renal  biopsies and autopsy specimens of 23 
patients with light chain deposition disease (LCDD) and 
one with only heavy chain deposits, were studied by 
light (LM) and electron microscopy (EM) as well as im- 
munohistology (IH). Thirteen patients had multiple my- 
eloma; 1 had lymphoma, and 1 chronic myeloid le- 
ukaemia with polycythaemia vera. In nine patients, no 
lymphoproliferative disease was identified. The LM le- 
sions most suggestive of LCDD, nodular glomeruloscle- 
rosis (NS) and thickening and wrinkling of the tubular 
basement membranes (TBM), were present in only ten 
and 13 patients, respectively. In five of seven specimens 
without NS or TBM thickening by LM, EM was nega- 
tive, indicating a limited value of EM in confirming the 
diagnosis. Renal amyloidosis was not identified, but in 
one patient amyloid in the heart and tongue was seen at 
autopsy. One patient had both granular and extensive 
glomerular non-amyloid fibrillary deposits. In two pa- 
tients myeloma casts were identified. Twenty-one pa- 
tients showed renal LC immune reactivity, 1 had both al- 
pha heavy and lambda LC, 1 had only detectable gamma 
heavy chain. One biopsy was negative by IH, but had 
characteristic electron dense deposits. In six patients 
with immune reactivity to LC, no electron dense deposits 
could be identified by EM. This study emphasizes the 
spectrum of renal changes by LM and EM in LCDD, the 
frequent lack of consistency between deposits detected 
by IH and EM and the difficulty in coming to a definite 
diagnosis without LM, EM and IH. The results of this 
study and examination of the literature indicates that ex- 
tensive morphological changes are more often present in 
kappa than in lambda LCDD. 
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Introduction 

Light chain deposition disease (LCDD) is a systemic dis- 
order characterized by deposition of monotypic immuno- 
globulin LC in several organs [23]. The disease usually 
occurs in patients with plasma cell dyscrasias or other 
lymphoproliferative diseases, but many cases are report- 
ed to occur unassociated with a defined underlying dis- 
ease [10]. 

The kidney is the organ most affected clinically, re- 
sulting in proteinuria and chronic or rapidly progressive 
renal failure [10] [Pozzi et al. (submitted)]. Since mor- 
phological findings by light microscopy (LM) often are 
non-characteristic, the diagnosis is based on the demon- 
stration of monotypic LC by immunohistology (IH) or 
typical granular osmiophilic deposits by electron micros- 
copy (EM). The morphological pattern of LCDD has of- 
ten been presented as case reports or in small series of 
patients, and only recently has a larger series of patients 
been reported [5, 10, 11] with 14, 15 and 19 patients re- 
spectively. 

In this report we describe the renal morphology in 23 
patients with LCDD and one where only gamma heavy 
chains were detected. The distribution of the immune re- 
activity as well as the electron dense deposits will be de- 
scribed in detail. We emphasize the spectrum of glomer- 
ular changes by LM, the systemic involvement and the 
frequent discrepancies between IH findings and deposits 
found by EM. 

Materials and methods 

Twenty-three patients with LCDD and one with only .detectable 
heavy chain deposits were studied. They comprised 16 men and 8 
women, aged from 33 to 80 years, observed at Italian renal units in 
Milan and Lecco (21 patients) and in Switzerland (3 patients) be- 
tween 1985 and 1993. The patients were selected on the basis of 
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linear monotypic LCD by IH and/or granular deposits by EM on 
glomerular basement membrane (GBM) and/or tubular basement 
membrane (TBM) in renal specimens. In two patients (cases 4 and 
13), repeat biopsies were available. In one patient (case 7), biopsy 
and autopsy were studied. In one case, only autopsy material was 
studied, giving a total of 27 specimens. Clinical aspects and re- 
sponse to treatment in 17 of these patients are presented elsewhere 
[Pozzi et al. (submitted)]. 

Formalin-fixed renal specimens were processed for LM (all 
cases) and glutaraldehyde-fixed specimens for EM (24 specimens) 
according to standard procedures [31]. One to four glomeruli from 
each biopsy were studied by EM. For LM, the biopsies were 
stained with periodic acid-Schiff (PAS), acid fuchsin orange G 
(AFOG), silver-methenamine and Congo red. 

For IH, formalin-fixed material was studied. In 23 specimens, 
immunofluorescence was performed according to Fogazzi et al. 
[8]. In three, the avidin-biotin complex (ABC) technique was em- 
ployed, using the ABC Elite kit (Vector, Burlingame, Calif., 
USA). Polyclonal rabbit anti-human antiserum against immuno- 
globulins and LC were used (Dakopatts, Glostrup, Denmark). In 
one case, immuno-EM was performed on glutaraldehyde fixed 
Epon embedded material according to Ihling et al. 

Each specimen was evaluated for the presence of "suggestive 
lesions for LCDD" by LM, defined as glomerular nodular sclero- 
sis and ribbon-like refractile appearance of TBM thickening, often 
with multilayering in the tubules. Based on the presence of these 
lesions, the cases were separated into four groups A-D (see Ta- 
bles); A, gl0merular and tubular lesions (nine specimens); B, 
glomerular only (three specimens); C, tubular only (six speci- 
mens) and D, no suggestive lesions (nine specimens). Since le- 
sions in the extraglomerular tissues are important in this disease, 
tubules, interstitial tissue and vessels were studied extensively. 

We also reviewed the reports on those larger series of patients 
published previously to investigate whether certain morphological 
changes could be related to the type of LC involved. 

Results 

The clinical findings are summarized in Table 1. 

Light microscopy 

In this series o f  27 spec imens ,  l 0  showed normal  
g lomeru l i  (Table 2). In 12 b iops ies ,  NS was present  in 
1 2 % - 1 0 0 %  of  the g lomeru l i  (Fig. 1). F ive  o f  these speci-  
mens  showed  a pat tern  of  membranopro l i f e ra t ive  
g lomeru lonephr i t i s  (MPGN) ,  and had  cel lu lar  crescents  
(Fig. 2), affect ing less than 10% of  g lomeru l i  in three 
spec imens  and 28% and 50%, respect ively ,  in two. Cap-  
i l la ry  aneurysms  were  ident i f ied  in these cases  and were  
qui te  p rominen t  in those wi th  most  crescents  (Fig. 3). 
Two of  the spec imens  with  NS exh ib i ted  a pat tern o f  me-  
sangia l  pro l i fe ra t ive  g lomeru lonephr i t i s  (MGN) .  One 
spec imen  showed  a mi ld  M G N  only, and in four  diffuse 
mesang ia l  en la rgement  was the dominen t  pat tern (Fig.  
4). Obso lescen t  g lomeru l i  were  invar iably  present  
( 1 7 % - 4 0 %  of  g lomerul i ) .  

Table 1 Clinical findings in light chain deposition disease (LCDD) 

Group Patient Sex Age Plasma creatinine 
number female (/) (years) at biopsy 

male (m) (mg/dl) 

Proteinuria at Lymphoproliferative Follow up (months)/ 
biopsy disease creatinine at end/ 
(g/24 h) dead (d) or alive (a) 

A 1 f 64 5.8* 
2 f 53 6.2* 
3 m 54 7.4 
4 m 52 2.8 
5 f 33 2.4 
6 m 62 3.6 
7 m 47 17" 

2 myeloma 3/dialysis/d 
3.5 myeloma 53/3.5/a 
4.6 none 37/dialysis/d 

Absent none 82/5.3/d 
12.9 myeloma 33/2.6/d 
11 myeloma 1/3.7/a 
7.3 none 4/dialysis/d 

B 8 m 77 2.3 
9 m 54 2.0* 

10 m 53 2.1 

4 none 6/5.0/d 
10.4 myeloid 14/dialysis/a 

leukaemia/ 
Polycythaemia 

2.0 vera, lymphoma 32/1.9/a 

C 11 f 59 7.6* 
12 f 51 4.4* 
13 m 58 2.7* 
14 m 66 9.5* 
15 m 73 3.7 
16 m 80 5.8 

0.5 myeloma 2/dialysis/d 
1.7 myeloma 10/dialysis/d 
3.7 myeloma 21/2.2/d 

Absent none 6/dialysis/d 
1.3 none 25/3.4/a 

Absent none 13/6.5/a 

D 17 f 64 6.9 ~ 
18 m 42 2.8* 
19 m 64 4.1" 
20 f 67 2.6* 
21 m 44 2.4* 
22 m 73 7.3* 
23 m 33 1.4 
24 f 56 2.0 

1.2 myeloma 11/7.0/d 
8 myeloma 6/2.0/d 
3.4 myeloma 8/1.8/d 
4.9 myeloma 7/dialysis/d 

30 myeloma 34/dialysis/d 
0.5 none 2/3.6/d 

17 none 2/3.5/d 
> 16 myeloma 8/dialysis/d 

* Rapid renal function deterioration 



Table 2 Light microscopical 
changes and type of deposit in Group 
LCDD (k kappa, l lambda), ME 
mesangial expansion, M G N  
mesangial proliferative 
glomerulonephritis, M P G N  A 
membranoproliferative 
glomerulonephritis, n.a. not 
available, NS nodular sclerosis 

D 

Patient 
number 

Duration before 
biopsy (months) 

8 
9 

10 

Type of Glomeruli 
light chain 
deposit Morph. 
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NS % Cresc. % 

1 1 k MPGN/NS 70 10 
2 36 k ME/NS 42 
3 22 k Collapse/NS 20 
4a 1 k MGN/NS 20 
4b 50 k MGN/NS 12 
5 33 k NS 75 
6 n.a. k NS 60 
7a 1 k MPGN/NS 17 50 
7b 4 no IF NS 100 

9 
n.a. 
n.a. 

k MPGN/NS 
k MPGN/NS 
gamma MPGN/NS 
(k in serum) 

11 12 k ME 
12 1 k ME 
13b 18 k normal 
14 3 k normal 
15 7 1 ME 
16 28 k normal 

17 3 
18 1 
19 1 

20 9 
21 2 
22 1 
23 2 
24 2 

13a 1 

33 
28 
73 

9 
28 

3 

k normal 
1 normal 
l and normal 
alpha 
k ME 
1 normal 
1 MGN 
1 normal 
none (IgG-I) normal 
in serum) 
k normal 

In 15 specimens, thickening, wrinkling and/or multi- 
layering of the TBM was present (Fig. 5), mostly around 
atrophic, and to a lesser extent around non-atrophic, tu- 
bules. In some biopsies without clear-cut TBM thicken- 
ing, a brighter stain or glassy appearance of the TBM 
was noted in the PAS stain. In the AFOG stain the TBMs 
were strongly blue. In two patients, typical glassy, frac- 
tured myeloma casts with foreign body reaction were 
seen. One patient had peculiar crystalline fragmentation 
of casts. The latter three patients had myeloma clinically. 

All biopsies except one showed interstitial fibrosis 
ranging from mild (14 specimens) to moderate (9 speci- 
mens) and severe (3 specimens). A focal pattern was of- 
ten observed. The degree of fibrosis correlated with the 
number of obsolescent glomeruli or with nodular sclero- 
sis. Lymphoplasmocytic infiltrates were found in 11 bi- 
opsies. Most often a mild focal distribution of the in- 
flammatory infiltrate was seen. Plasma cells were never 
prominent. 

In specimens 1, 3 and 11, PAS positive deposits were 
seen outlining the myocytes in arterial and arteriolar 
walls. Specimen 7 had extensive hypertensive changes of 
vessels with arteriolar wall necrosis, thrombus-forma- 
tions and occlusion of the vessel lumen. 

All specimens were Congo red negative. 

IH 

By IH, kappa LC were detected in 17 patients and lamb- 
da in 5 (Table 2). One (case 19) had immune reactivity to 
both IgA and lambda LC. In a patient (case 10) with 
monoclonal IgG-kappa in serum, only gamma heavy 
chain without detectable LC, was seen in the deposits. 
Another patient (case 24) with IgG-lambda in serum and 
positive EM, was negative by IH, only casts were lambda 
positive. All specimens but one showed linear deposits 
along the TBM, 18 along the GBM, 12 in the mesangium 
and 12 along the BM of Bowman's capsule (Table 3). 
Fifteen had immune reactivity along vascular structures 
(Fig. 6), and 8 specimens showed scattered granular in- 
terstitial fluorescence. 

Only one biopsy had deposits in all the recorded sites 
of the renal tissue. Most often immune reactivity was 
identified in three or four sites. The intensity of the im- 
mune reactivity varied between cases, and was some- 
times very weak and not widely distributed. In~ only two 
cases with positive fluorescence along the TBM, were 
the glomeruli negative. None of the cases had the combi- 
nation of positive glomeruli and negative tubules. 

Igs and complement were generally not detectable. 
However, in a few cases with NS, weak focal IgM and 
C 3 were seen in the mesangial nodules. 
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Fig. 1 Nodular glomerulosclerosis without lamellation of mes- 
angium [periodic acid-Schiff (PAS) x340] 

Fig. 2 Membranoproliferative glomerulonephritis-like lesion with 
crescent. (PAS, ×340) 

Fig. 3 Capillary aneurysms. (PAS, x340) 

Fig. 4 Diffuse mesangial enlargement. (PAS0 x340) 

Electron microscopy 

Of 24 specimens studied in 22 patients, 12 showed de- 
posits both in glomeruli (Fig. 7, 8) and TBM (Fig. 9). 
Deposits in the glomeruli without TBM deposits were 
seen in five biopsies, deposits in TBM without glo- 
merular deposits were never seen. In the majority of 
cases, glomerular deposits were both in the glomerular 
basement membranes (GBM) and in the mesangium (Ta- 
ble 4). Two specimens had positive GBM and negative 
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Fig. 8 Thickening and multilayering of tubular basement mem- 
branes. (silver-methenamine, x340) 

Fig. 6 Strong immune reactivity to kappa in tubular basement 
membranes and arteriole, outlining myocytes (arrow). Weaker im- 
mune reactivity in glomerular basement membrane and mes- 
angium. (Immunofluorescence, xlT0) 

mesangium, and only one had a positive mesangium and 
negative GBM. In the nodularly transformed glomeruli, 
osmiophilic deposits were regularly present in the mesa- 
ngium (Fig. 7). Seven specimens (29,2%) had no os- 
miophilic deposits in any structure. 

Table 3 Localization of deposits by immunohistology in LCDD 
(Mes mesangium, GBM glomerular basement membrane, BC 
Bowman's capsule, n number of cases N total cases) 

Localization Specimens (n/N) 

Glomeruli GMB+Mes 6125 
GBM+BC 6/25 
GBM only 4/25 
Mes+BC 3125 
GBM+Mes+BC 2/25 
Mes only 1/25 
BC only 1/25 
No reactivity 2/25 

Tubules 25/26 
Vessels 15/26 
Interstitium 8/26 

Only 11 of the 24 samples for EM evaluation con- 
tained arteries or arterioles, and 8 of them had deposits 
around myocytes. In 7 out of 15 samples the interstitial 
capillaries showed deposits in the pericapillary BM (Fig. 
10). Interstitial deposits were demonstrated in 1 1 speci- 
mens. One biopsy with positive GBM, TBM and Bow- 
man's capsular BM by IH, had only weak, focal deposits 
by EM. These would probably have been overlooked 
without knowledge of the immunofluorescence findings. 

One patient (case 11) with granular deposits in TBM, 
GBM and arterioles, had massive mesangial and suben- 
dothelial short, curved non-amyloid fibrils with a diame- 
ter of 6-8 nm (Fig. 11). Fibrils were also identified in the 
walls of interstitial capillaries (Fig. 12). 

In the glomeruli, the deposits were most often seen on 
the inner aspects of GBM, the lamina rare externa was 
seldom affected (Fig. 8). Non-specific thickening of the 
lamina rara interna was frequent. Coarse granules were 
evenly distributed along the GBM, but in some cases on- 
ly some loops were affected. In the mesangium, especial- 
ly in the nodularly transformed glomeruli, the deposits 
were not as dense as in the GBM and were of*en aggre- 
gated in lumps coexistent with increased mesangial ma- 
trix (Fig. 7). Segmental effacement of podocytic foot 
processes was frequently observed. 

In the TBM the deposits were most often located on 
the outer aspects. Lamellation of the deposits was fre- 
quently observed, where different layers had varying 
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Fig. 7 Nodular mesangial scle- 
rosis with numerous strongly 
osmiophilic deposits. The cap- 
illary lumens are narrowed. De- 
posits are also noted on the in- 
ner aspects of the wrinkled 
glomerular basement mem- 
brane. [Electron microscopy 
(EM) x2575] 

Fig. 8 Granular deposits af- 
fecting the inner layer of the 
glomerular basement mem- 
brane. Parts of the outer lamina 
densa and the lamina rata ext- 
erna are not affected. (EM, 
x21460) 

Fig. 9 Atrophic tubule sur- 
rounded by multilayered base- 
ment membrane containing 
granular deposits of different 
osmiophilia. Lumps of deposits 
in the interstitium (arrows). 
(EM, ×3863) 
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Fig. 10 Highly osmiophilic granular deposits in the pericapillary 
basement membrane (arrows) and tubular basement membrane. 
(EM, x8369) 

Fig. 11 Non-amyloid fibrillar deposits in the mesangium and 
granular deposits in the glomerular basement membrane. (Patient 
number 11; EM, x42920) 

Fig. 12 Non-amyloid fibrillar deposits in severly thickened peri- 
capillary basement membrane. E endothelial cell. (Patient number 
11; EM ×42920) 
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Table 4 Localization of osmiophilic dense deposits by electron 
microscopy in LCDD 

Localization Specimens 
(n/N) 

Glomeruli Mes+GBM+BC 10/24 
Mes+GBM 4/24 
GBM only 2/24 
Mes+BC 1/24 
no deposits 7/24 

Tubules 12/24 
Interstitial capillaries 7/15 
Arteries or arterioles 8/11 
Interstitium 11/24 

dens i ty  o f  the granules  (Figs.  9, 10). In the in ters t i t ium 
the depos i t s  were  l u m p e d  toge ther  and obse rved  only  in 
a few p laces  (Fig.  9). 

By  i m m u n e  E M  pe r fo rmed  on spec imen  23, conden-  
sat ion o f  go ld  par t ic les  were  seen over ly ing  the G B M  
with  an t ibodies  to IgG,  but  no reac t ion  was no ted  with 
an t ibodies  to LC. 

Additional findings 

Comparison between EM and IH (Table 5) showed that 
in 11 cases  the two methods  gave comparab l e  results .  In 

ten cases, IH was more sensitive, while EM was more 
sensi t ive in on ly  one case. In another  case  E M  showed 
g lomeru l a r  depos i t s  only,  whi le  IH was posi t ive  on ly  
a long the TBM.  Final ly ,  in three other  cases,  no compar i -  
son was poss ib le  s ince one of  the two methods  could  not  
be appl ied.  In two pat ients  au topsy  mater ia l  f rom several  
organs was avai lab le  for  study. In  one case  granular  de-  
posi ts  were  found  in the liver, heart,  sp leen and eye,  
ma in ly  a long vessel  walls .  In another,  a m y l o i d  was ob-  
served in the hear t  and tongue.  No morpho log i c  pat tern 
d i s t inguished  be tween  pat ients  wi th  or  wi thout  m y e l o m a  
or  with short  (<7 months)  or  long (>20 months)  survival.  

The  re la t ionship  be tween  the type  o f  LC involved and 
the p resence  o f  cer ta in  morpho log i ca l  changes  are sum- 
ma r i z e d  in Tables  5 and 6. NS and T B M  depos i t s  were  
more  f requent ly  obse rved  in k a p p a  than in l a m b d a  in- 
vo lvemen t  (P<0.03 and 0.007, respect ively) .  G lomeru l a r  
o smioph i l i c  depos i t s  were  also more  frequent ,  however  
not  s ignif icant ly,  in cases  o f  k a p p a  LCD.  

Discussion 

In LCDD a wide variety of histological features are 
found. In our  s tudy 56% of  spec imens  d id  not  show NS,  
the g lomeru la r  les ion cons ide red  to be  the mos t  sugges-  

Table 5 Comparison of the 
distribution of deposits by 
electron microscopy (EM) and 
immunohistochemistry.(IH) 

Group Patient Type of EM IH 
number deposit 

A 

glomeruli tubules glomeruli tubules 

1 k + + + + 
2 k + + + + 
3 k + + + + 
4a k + - + + 
4b k (+) - ++ 
5 k + + + + 
6 k + + n.a.  + 

(medulla) 
7a k + + + + 
7b No EM No IH 

B 8 k + + + + 
9 k + (+) + + 

10 gamma + + + + 
(k in serum) 

C 11 k + + + + 
12 k + + + + 
13b k - - + + 
14 k + - - + 
15 1 (+) - + + 
16 k - - + + 

D 17 k - 
18 1 - 
19 I and No EM 

alpha 
20 k + 
21 1 - 
22 1 No EM 
23 1 - 
24 none (IgG-I + 

in serum) 
13a k - ÷ ÷ 



Table 6 Morphological 
changes related to type of LC 
as reported in the literature and 
in the present study (TBM 
tubular basement membrane, 
NS nodular sclerosis) 

Author Light chain Light microscopy 

NS 
(n/N) 
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Noel et al. k 5/10 
[19] 1 0/1 
Pirani et al. k 
[211 1 
Confalonieri k 6/11 
et al. [5] 1 0/2 
Buxbaum k 2/9 
et al. [4] 1 1/4 
Ivanyi et al. k 3/6 
[13] 1 1/1 
This study k 10/17 

1 0/7 

EM 

Total k 
1 

significance 

TBM deposits 
(n/N) 

Glomerular deposits 
(n/N) 

4/10 6/10 
0/1 0/1 
8/8 8/8 
2/2 2/2 
8/8 8/8 
1/1 1/1 
7/9 6/9 
1/4 2/4 
5/5 4/5 
1/1 1/1 
12/17 14/17 
0/5 2/5 

26/53=49.1% 44/57=77.2% 46/57=80.7% 
2/15=13.3% 5/14=35.7% 8/14=57.1% 
P<0.03 P<0.007 P<0.13 

tive of LCDD [10]. Not all laboratories routinely use LC 
antibodies, and, by EM, the characteristic deposits may 
be scattered and minimal, especially in the early stage of 
the disease. All these factors may result in an underesti- 
mation of the frequency of LCDD. 

Glomerular hypercellularity, especially with a pattern 
of MPGN, is frequently found in LCDD. However, 
glomerulonephritis with crescents, as reported in individ- 
ual cases [17, 25], is not held to be common. In our ma- 
terial, however, almost 20% of the patients had crescents. 
In two of these, the crescents affected 28% and 50% of 
the glomeruli, respectively. In one patient (case 7a), who 
had severe hypertensive arteriolar hyalinosis, the cres- 
cents were global. In cases with crescents, prominent 
capillary aneurysms were present as well. With such se- 
vere and proliferative pathology, a diagnosis of LCDD 
would probably not be considered if complete IH or EM 
is not performed. Cellular crescents affecting a minority 
of glomeruli, were seen in another three of our patients, 
and this is probably not unusual in LCDD [5]. Aneu- 
rysmally dilated capillary loops, as seen in five of the pa- 
tients, have been demonstrated in several diseases with 
nodular transformation of glomeruli, such as LCDD [21, 
27], idiopathic lobular GN [1] and fibrillary GN [7]. 

Different manifestations of LCD at the same time in 
the kidney are not common [10] Lam and Chan [16] re- 
ported the highly unusual constellation of renal amyl- 
oidosis, cast nephropathy and LCDD in one patient. The 
combination of amyloid and LCDD is also rare [14, 15]. 
None of our patients had renal amyloidosis, although in 
one, amyloid deposits in the tongue and heart were dis- 
closed at autopsy. Only two patients had myeloma casts. 

Typical granular deposits of LCDD in association 
with minor non-amyloid fibril formations are reported in 
a few cases [18, 19, 20, 26]. However, LCDD associated 
with extensive non-amyloid fibrillar deposits in 
glomeruli and around capillaries, as demonstrated in 
specimen 11, has not been described previously. The too- 

lecular characteristics of LC responsible for the different 
types of tissue deposition [amyloid, casts, granules 
(LCDD), crystals, fibrils] have not been clarifie.d [28]. It 
has been suggested that various physico-chemical prop- 
erties of the individual LD or local factors in the tissue 
account for the different morphological patterns of tissue 
deposition [4]. 

The systemic nature of LCDD has previously been 
well documented [6, 23]. At autopsy, one of our patients 
had widespread extrarenal deposits, including in the eye 
[Daicker et al. (submitted)]. 

Positive immune findings in the absence of electron 
dense deposits are well known in human beings, and are 
also reported in experimental studies [28]. In our series, 
seven specimens had positive findings by IH, but lacked 
osmiophilic deposits by EM. This may possibly be ex- 
plained by differences in LC structure; not all LC types 
form electron dense deposits. In some cases it is also 
possible that the electron dense deposits are more focally 
distributed and not always present in the small tissue 
samples available for EM study. Interestingly, of these 
seven specimens only two lacked suggestive lesions by 
LM. These findings indicate that LC forming granular 
dense deposits detectable by EM are a prerequisite for 
the development of NS and characteristic TBM changes. 

Certain differences in the morphology of kappa and 
lambda LC nephropathy, were noted by Tubbs et al. [29]. 
Our study, including the literature review, show that ex- 
tensive morphological changes by LM and EM are more 
often present in kappa LC nephropathy than in lambda 
LC nephropathy. 

Of seven specimens (where EM was performed) with- 
out suggestive lesions on LM, only two had osmiophilic 
deposits by EM. Moreover, of the 17 specimens (where 
EM was performed) with suggestive lesions, only 2 
lacked deposits on EM. This indicates that in the absence 
of NS or TBM thickening by LM, EM will often not 
contribute to the diagnosis of LCDD. 
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The lack of immune reactivity in structures positive 
by EM, is also well known [3, 5, 21]. One of our patients 
(case 24) had no detectable LC by IH, but the GBM had 
characteristic granular deposits by EM. Another patient 
(case 14) had deposits in the glomeruli by EM, but these 
were negative by IH, although the TBM, vessel and in- 
terstitial tissue showed fluorescence. These findings 
could be explained by a structural change of the antigen- 
ic sites on the LC forming granular deposits, masking 
the epitopes for antibody recognition [22]. The lack of 
detectable LC in our patient (case 10) with gamma heavy 
chain deposition only, who had monoclonal IgG-kappa 
in serum, can possibly be explained in the same way. 
The term pseudo-gamma heavy chain deposition disease 
has been suggested for this condition [30]. However, 
granular deposition of heavy chains alone has only been 
convincingly documented on rare occasions [2]. Simulta- 
neous deposition of monoclonal LC and heavy chains, as 
seen in one of our patients with alpha-lambda deposits, 
has been described in several patients [4, 5]. 

Our study supports the view that both EM and IH 
should be performed in order to make a reliable diagno- 
sis of LCDD. IH is probably a more sensitive method, 
but weak or lack of immune reactivity in biopsies where 
electron dense deposits are present emphasizes the value 
of EM in this disease. 
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