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Significance of immunoglobulin deposition in
peripheral nerve in neuropathies associated with
paraproteinaemia
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SUMMARY Direct and indirect immunofluorescent studies of sural nerves were carried out
in two patients with paraproteinaemia and neuropathy, in four other patients with axonal or
demyelinating neuropathies, and in one normal sural nerve. IgM was demonstrated directly in
the two cases of paraproteinaemia and neuropathy, and indirectly, using the serum of one of
these cases, in a case of axonal neuropathy and in one case of chronic Guillain-Barre syn-

drome. In the latter case, IgM deposition also occurred after exposure to normal serum. These
results suggest that the paraprotein itself did not directly cause neuropathy, but that immuno-
globulin deposition is probably a secondary process, caused by diffusion into damaged nerves.

Peripheral neuropathy occurs in association with
paraproteinaemias of various causes (McLeod and
Walsh, 1975; Read et al., 1978) but the patho-
genesis of these neuropathies is obscure. In this
paper we report experiments on the immunofluor-
escent binding of the paraprotein from two patients
with paraproteinaemia and neuropathy to their
own sural nerves, and to the sural nerves of five
other patients, four with demyelinating or axonal
neuropathies not associated with paraprotein-
aemias, and one without neuropathy or parapro-
teinaemia. Immunofluorescent binding of normal
serum to these nerves was also studied.

Case reports

CASE I
A 66 year old man presented with weakness and
tingling in his legs. A chest radiograph in May
1976 revealed a small lobulated opacity in the
right lower lobe but bronchoscopy and sputum
cytology were both negative. The ankle jerks were
absent, and there was a mild distal impairment of
sensation, with a slightly ataxic gait. In May 1977
he was reassessed because of increasing difficulty
with walking. There was slight weakness of the
intrinsic muscles of both hands, with impaired two-
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point discrimination in the fingers; in the legs
there was distal weakness and sensory impairment.
The ankle jerks were absent but the other reflexes
were just present. The left median motor nerve con-
duction velocity was 19 m/s, and an F wave study
revealed a proximal conduction velocity of 25 m/s.
The left sural sensory nerve action potential was
absent. The chest radiograph showed no change in
the small lesion in the right lower lobe. The ESR
was 65 mm/hr. Serum protein electrophoresis
showed a paraprotein. Immunoelectrophoresis re-
vealed an IgA level of 1.7 g/l (normal 1.7-4.1 g/l),
IgG 11.0 g/l (normal 6.0-12.0 g/l), and IgM
9.0 g/l (normal 0.6-1.8 g/l). The paraprotein con-
sisted of IgM heavy chains and kappa light chains,
and the urine contained Bence-Jones protein,
which consisted of kappa light chains. A mito-
chondrial antibody was found in the patient's
serum. This mitochondrial antibody was found in
the IgA and IgG fractions, but not in the IgM
kappa paraprotein. Marrow biopsy and a radio-
graphic bone survey showed no evidence of
multiple myelomatosis. Sural nerve biopsy was per-
formed. In May 1978, repeat bronchoscopy showed
poorly differentiated squamous cell carcinoma.

CASE 2
For a year this 69 year old man had noticed pro-
gressive distal numbness and paraesthesiae. During
this time his walking had deteriorated. On exam-
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ination there was a glove and stocking sensory
disturbance with distal weakness. The tendon re-
flexes were absent. The ESR was 75 mm/hr and the
CSF protein was 1.4 g/l. The right median motor
nerve conduction velocity was 30 m/s. Median and
sural nerve sensory action potentials could not be
obtained. Serum protein electrophoresis showed
increase in gamma globulins with an IgM level
of 4.0 g/l. This IgM was polyclonal. Sural nerve
biopsy was performed.

Methods

The sural nerve biopsy samples were embedded in
Araldite and prepared for light and electron
microscopy. In addition, small pieces of these
specimens were snap frozen in isopentane/liquid
nitrogen. It was thus possible to study frozen sec-
tions of peripheral nerve from the two cases of
neuropathy associated with paraproteinaemia
(cases 1 and 2), and to compare their immuno-
fluorescent reactions with nerve biopsy samples
from two cases of Guillain-Barre syndrome (cases
3 and 4) and cases of idiopathic axonal neuropathy
(case 5) and Dejerine-Sottas disease (case 6). A
normal sural nerve (case 7) was obtained at
necropsy from a patient who had died of myo-
cardial infarction (Table 1).

IMMUNOFLUORESCENCE
Cryostat sections 6 ,um thick, were stained by the
direct immunofluorescent technique, using sheep
antihuman fluorescent-labelled conjugates to IgG,
IgM, IgA, and rabbit antihuman conjugates to C3,
fibrin, and albumin. In separate experiments cryo-
stat sections of these nerves were first exposed to
case 1 serum or to a normal serum and stained by
the indirect immunofluorescent technique using
sheep or rabbit antihuman IgM fluorescent conju-
gate, as in the direct technique. The stained sec-
tions were examined by ultraviolet epi-illumination
using a Zeiss universal research microscope.

In case 1 the IgM fraction was separated on a

Sephadex G200 chromatograph column: 7S IgM
was identified by the method of Stobo and Tom-
masi (1967).

Results

NERVE PATHOLOGY
In case 1 there was a marked loss of myelinated
fibres (Fig. 1). Many large axons were devoid of
myelin, and others had abnormally thin myelin
sheaths. Remaining myelin rings were often dis-
torted or reduplicated. No inflammatory infiltrates
or amyloid deposits were seen. Electron micro-

Fig. 1 Case 1. Sural nerve transverse section.
Toluidine blue, original magnification X560. Few
myelin rings remain: some are thinner than normal.
Unmyelinated large axons are present.

scopy showed degenerative changes in some myelin
rings. There were increased amounts of endo-
neurial collagen, and the perineurium was slightly
thickened. Onion bulbs were not present, and un-
myelinated nerve fibres were normal. These ap-
pearances were consistent with a neuropathy of
predominantly demyelinating type.

In case 2 there were similar abnormalities. No
inflammatory infiltrates or amyloid deposits were
seen.

Cases 3 and 4 showed the typical features of
chronic Guillain-Barre syndrome including seg-
mental demyelination with sparse inflammatory
cell infiltrates, loss of myelin rings, and onion bulb
formation. In case 5 there was axonal loss with
regenerating axonal clusters. Remaining fibres were
normally myelinated. In case 6 there was a severe
demyelinating neuropathy with prominent onion-
bulb formation. There was no amyloid. In case 7
the sural nerve was normal.

IMMUNOFLUORESCENCE
Direct immunofluorescence
In cases 1 and 2 there was positive staining for
IgM in the myelin sheaths of the degenerating
nerve. The staining, most clearly identified in the
cross section of the nerve, formed a collar in the
thickness of the myelin sheath round the central,
unstained axis cylinder (Fig. 2). The IgM deposited
in the myelin had the same kappa specificity as the
serum paraprotein and as the urinary Bence-Jones
protein (Table 1). In case 2, although the serum
IgM was polyclonal, with a mixture of kappa and
lambda light chains, there was no staining of the
myelin sheaths in the sural nerve biopsy specimen
with either anti-kappa or anti-lambda conjugates.
The IgM staining in this case was much weaker
than in case 1, with less deposition of the immuno-
globulin, and this probably accounts for the nega-
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Fig. 2 Case 1. Direct immunofluorescence for IgM
in sural nerve, original magnification X320. The
perineurium and the whole thickness of the
remaining myelin sheaths show fluorescent staining.
Transverse and longitudinal sections.

tive reaction for kappa and lambda light chain
components. The remaining cases showed no im-
munoglobulin deposition in the myelin sheaths or

elsewhere in the nerve (Table 1). No nerve showed
detectable deposition of C3, albumin, or fibrin.

Indirect immunofluorescence
To ascertain if the IgM-kappa paraprotein in case
1 had any affinity for normal or abnormal nerve,
a number of the sural nerve samples were exposed
in vitro to serum from case 1, and to a control
serum with a normal level of polyclonal IgM (see
Table 2). In case 4, one of the two patients with
Guillain-Barre syndrome, there was positive stain-
ing of both myelin and perineurium after treat-
ment with both case 1 serum (Fig. 3), and normal
serum (Fig. 4). Staining was more intense with
case 1 serum. In the other case of Guillain-Barre
syndrome (case 3) there was no staining of the
nerve by either case 1 or normal serum. In case 5,
an axonal neuropathy, there was also positive
staining after treatment with case 1 serum, but
not after normal serum. Indirect staining in cases
4 and 5, was patchy, and appeared to be located
superficially on the myelin sheath (Figs. 2 and 3)
in contrast to the denser, full thickness staining
seen by direct immunofluorescence in case 1
(Fig. 1).

Table 2 Results of fluorescent staining for IgM in
biopsy treated with &ase I serum, and normal serum
specimens

Case Case I Normal Control
number serum serum (anti-IgM)

IgM-kappa polyclonal IgM (alone)

3 - _ _

4 + + _
5 + _ _

6 - _ _

Normal
nerve

Table 1 Results of direct immunofluorescent staining of sural nerve biopsies

Case Diagnosis Immunoglobulin
number

Heavy chain Light chain C3

G M A kappa (k) lambda

I Peripheral neuropathy
IgMk paraproteinaemia
bronchogenic carcinoma - + - +

2 Peripheral neuropathy
polyclonal IgM myeloma - +

3 Chronic
Guillain-Barr6 I

4 Jsyndrome
5 Severe idiopathic All negative*

axonal neuropathy
6 D6jerine-Sottas disease
7 Normal sural nerve

*Fluorescent stains for fibrin and albumin were negative in all these cases.
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Fig. 4 Case 4. Chronic Guilla n-Barrc syndrome.
Longitudinal section, original magnification X450.
Indirect immunofluorescence for IgM in sural nerve
after exposure to normal serum. There is faint staining
of myelin sheaths.

Fig. 3 Case 4. Chronic Guillain-Barre syndrome.
Transverse and longitudinal sections, original
inagnification X450. Indirec t immunofluore.scence for
IgM in sural nerve after exposure to case I serum.

There is fluorescence in perineurium, and on the
surface of the remaining myelin sheaths.

Discussion

IgM was detected in the myelin sheaths and peri-
neurium of the sural nerve specimens by direct
immunofluorescence in both the patients (cases 1

and 2) with peripheral neuropathy and parapro-
teinaemia. In case 1 this IgM was the same kappa-
specific monoclonal paraprotein present in the
serum, and in the urine. In case 2 IgM was de-
posited in insufficient amounts to allow identifi-
cation of its light chain polyclonality. In previous
reports monoclonal IgM-kappa has been demon-
strated by the direct immunofluorescent technique
in the myelin sheath (Propp et al., 1975; Hobbs
et al., 1975), and in the endoneurium and peri-
neurium (Chazot et al., 1974, 1976) in patients with
Waldenstrom's macroglobulinaemia and peripheral
neuropathy. In addition, monoclonal IgG and IgA
has been found in nerve biopsy samples of patients
with myeloma and peripheral neuropathy (Chazot
et al.. 1976). However, peripheral neuropathy is an

uncommon complication of paraproteinaemia.
Chazot et al. (1976) found an incidence of only
9.8% in a series of 1602 patients with myeloma,
Waldenstrom's macroglobulinaemia, and benign
paraproteinaemia, and the significance of immuno-
globulin binding to nerve in such cases is, there-
fore, uncertain.
The presence of immunoglobulin bound to per-

ipheral nerve might indicate a specific immuno-
logical reaction against antigen in the myelin
shcath, endoneurium, or perineurium. This seems
unlikely, however, since these structures differ anti-
genically. Moreover, practically all autoantibodies
in sustained autoimmune responses are found in
several immunoglobulin classes. For example, in
case 1, a mitochondrial antibody was found in the
IgA and IgG fractions, but not in the IgM frac-
tion-that is, the autoantibody was polyclonal in
respect of heavy chain class. On the other hand,
monoclonal paraproteins have recently been shown
to have identifiable antibody specificities of hap-
tenic type (Seligmann and Brouet, 1973; Potter,
1977). Another indication of possible specific anti-
body activity in tissue-deposited protein is the con-
comitant demonstration of complement, but no C3
was detected in either case 1 or case 2.
Van Lis and Jennekens (1977) showed that

several plasma proteins, including immunoglobu-
lins, could be identified in the epineurium, peri-
neurium, and endoneurium of both abnormal and
normal sural nerve biopsy samples. The distribu-
tion varied according to the pathology, and the
molecular weight of the protein. They suggested
that endoneurial blood vessels function as a barrier
with graded permeability. In pathological con-
ditions protein leakage might be increased, and
reabsorption from nerves to vessels interrupted.
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Olsson (1968) demonstrated abnormal perme-

ability to albumin in peripheral nerves, particularly
across endoneurial blood vessels, in rats treated
with isoniazid for two weeks, suggesting that this
neuropathy is associated with changes in the blood-
nerve barrier. This mechanism might account for
deposition of IgM in the abnormal nerves of our

cases 1 and 2. Indeed, in our case 1 the neuropathy
was predominantly demyelinating, and was associ-
ated not only with paraproteinaemia, but with car-

cinoma of the bronchus. The neuropathy associ-
ated with paraproteinaemia in myeloma and
Waldenstrom's disease is typically axonal in type
(McLeod and Walsh, 1975) although demyelinating
neuropathy has rarely been reported with multiple
myeloma (Mayo et al., 1965). In case 2 the EMG
and pathological findings were more typical of
the axonal neuropathy usually associated with
paraproteinaemia.
Our indirect immunofluorescent studies (Table

2) indicate that immunoglobulins are deposited,
or develop affinity for peripheral nerve com-

ponents, as a secondary phenomenon in nerves

rendered susceptible by particular types of damage.
A nerve from one of the patients (case 4) with
chronic Guillain-Barre syndrome (see Luitjen and
Baart de la Faille-Kuyper, 1972), and the nerve

from case 5, with an axonal neuropathy, both
showed affinity for the monoclonal IgM-Kappa in
case I serum. The other cases, and a normal nerve,

as also shown by Propp et al. (1975), showed no

such affinity. None of these nerves showed direct
immunofluorescent staining (Table 1). Further, in
case 4 indirect staining was present after exposure

of the nerve specimen to normal serum. These
experiments indicate an affinity of IgM (from case

I serum) for myelin in both demyelinating and
axonal neuropathies, suggesting that this affinity
is not a specific autoimmune response. Indeed
Carter (1977) found that 39 of 63 IgM paraproteins
showed affinity for a wide range of axonal and
glial antigens, but no such affinity was found in
over 150 IgG or IgA paraproteins, or in patients
with increased levels of polyclonal IgM.
We, therefore, suggest that there is no direct

or causal relation between neuropathy and para-

proteinaemia, but that the neuropathy is an

associated feature of the underlying disorder,
similar to the neuropathy associated with malig-
nant disease. Immunoglobulin (IgM) deposition is
probably a secondary process, accounted for by
diffusion into damaged nerves, and by affinity be-
tween the IgM and peripheral nerve components,
especially myelin sheath and perineurium.
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