
SHORT REPORT

Ultrastructural characterisation of the M protein
in nerve biopsy of patients with POEMS
syndrome
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Abstract
To learn more about the mechanisms of
nerve lesions in POEMS syndrome, nerve
specimens from four patients were studied
with an immunogold method at the ul-
trastructural level to detect and localise
the M protein in the diVerent nerve
compartments. An indirect immunolabel-
ling technique was applied on 4% PFA
fixed and LR White embedded nerve
specimens. Antisera against IgG, IgA,
IgM, and lambda and kappa light chains
were used as primary antisera. Morpho-
logical studies disclosed an important
axonal loss in association with the demy-
elinative process. Endoneurial deposits of
immunoglobulins were found in all cases.
In the patient with the most severe form of
neuropathy, diVuse deposits were present
in the endoneurial space, especially in the
subperineurial area. In the other patients,
occasional deposits of the M protein were
found in the myelin sheath (n=2); or
between cells (n=1). No deposit was found
in the axons. The class of the M protein
labelled in the nerve corresponded to that
detected in the serum in three of four
patients, with labelling of two heavy
chains in one patient. Immunolabelling of
the M protein on the myelin sheath,
Schwann cells, and in the endoneurial
space favour a direct role of the M compo-
nent in the lesions of nerve fibres, and jus-
tify active treatment of the plasmacytic
proliferation.
(J Neurol Neurosurg Psychiatry 1998;64:809–812)
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POEMS syndrome is a rare entity which
includes polyneuropathy, organomegaly, endo-
crinopathy, monoclonal gammopathy, and skin
changes.1 The syndrome is more frequent in
Japan where it is known as the Crow-Fukase
syndrome.2 In this syndrome, the neuropathy is
a constant and inaugural manifestation and is
usually disabling. Histopathological study of
nerves usually shows a mixture of axonal
degeneration and segmental demyelination.2–5

The pathophysiology of the neuropathy re-

mains unclear. It is tempting to suspect a role
for the monoclonal protein because improve-
ment of the neuropathy had been reported in
some patients after treatment of solitary
plasmacytoma by radiotherapy or surgery2 6 7

even if deposits of M protein in the nerve had
been only once5 reported in cases of POEMS
syndrome by light immunocytochemical
study.4 5 8 9 To learn more on the subject, we
tried to detect the M protein in nerve compart-
ments from patients with POEMS syndrome
by using a method of immunoelectron labelling
and protein A gold complex that we have found
to be both specific and sensitive in the study of
amyloid deposits in amyloid neuropathies.10

Such an approach has been used in a few
peripheral neuropathies associated with mono-
clonal IgM M protein.11–14

Patients and methods
Between July 1991 and November 1992, we
investigated four patients who manifested signs
and symptoms characteristic of POEMS syn-
drome (table). Three patients (patients 1, 2,
and 4) had a progressive sensorimotor
polyneuropathy that predominated in the lower
limbs. Patient 3 had a sensory polyneuropathy.
Neuropathy was the presenting manifestation
in all cases; the interval between the first mani-
festations of neuropathy and performance of
the nerve biopsy ranged from a few months to
five years. Organomegaly and diVerent mani-
festations of endocrinopathy were present in all
four patients. Skin changes were found in
patients 1–3. In patient four an osteosclerotic
plasmacytoma of the spine had been removed
and irradiated two years before. Monoclonal
gammopathy was IgA lambda in two cases, IgG
lambda in one, and IgG kappa in 1. Radio-
graphic skeletal surveys were normal in three
cases and showed a diVuse osteoporosis in
one. The proportion of plasma cells in bone
marrow aspiration varied from 3 to 5% in
patients 2, 3, and 4, to 22% of atypical plasma
cells in patient 1.

MORPHOLOGICAL AND IMMUNOPATHOLOGICAL

STUDIES

In all patients the superficial peroneal nerve
was biopsied under local anaesthesia after they
had given informed consent. All nerve
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specimens were fixed in buVered 3.6% isotonic
glutaraldehyde at pH 7.4, then divided into
four parts. One fragment was embedded in
paraYn, cut at 6 µm thickness, and examined
after haematoxylin and eosin staining. The sec-
ond fragment was embedded in epon. Thionin
stained 1 µm thick transverse sections were
used for morphometry and 0.3 µm thick
sections stained with uranyl acetate and lead
citrate for electron microscopic examination.
The third fragment was postfixed in osmium
tetroxide, then macerated in 66% glycerine for
48 hours before dissection in pure glycerine.
The density of myelinated fibres/mm2 was

determined on the whole intrafascicular area.
One hundred consecutive fibres were isolated
over more than 10 internodes and classified
according to their morphology into normal
fibres; fibres showing segmental abnormalities

of myelination; and fibres showing Wallerian
degeneration, with the presence of a continu-
ous row of ovoids and balls of myelin debris
that decrease in size with time.
Another fragment was immediately fixed in a

solution of 4% paraformaldehyde with 0.2% of
glutaraldehyde for ultrastructural immunohis-
tochemical study as previously described.10

Rabbit polyclonal antisera against the following
antigens were used: human kappa or lambda
light chains, and gammaglobulins IgM, IgG,
and IgA (Biolyon, France).

Results
MORPHOLOGICAL STUDIES

Study of the nerves sections embedded in
paraYn showed occasional endoneurial mono-
nucleated cells in one patient; no amyloid
deposits or vasculitis was seen. The density of

Main characteristics of POEMS syndromes studied and results of ultrastructural immunocytological study in neuropathies of POEMS syndrome

Case
Age
Sex

Neuropathy
(weakness*)

Serum M
protein g/l

Bone marrow
aspiration %
plasma cells Other manifestations

Ultrastructural immunocytological study

Location

Immunoglobulin deposits

IgG IgA IgM kappa lambda

1 79 Sensorimotor IgG 22% Skin Endoneurium +++ − Not done +++ −
M (arms: distal 3/5 Kappa atypical cells Thickening Subperineurium

legs: distal: 2/5 26 Hypothyroidism Between cells
proximal: 3/5) (N<12.5) Generalised

Lymphadenopathies
2 72 Sensorimotor IgA 5% Hyperpigmentation Around an endoneurial cell − + − − +

F (legs: distal: 3/5) Lambda Hypothyroidism
3.6 Hepatomegaly
(N<3.1) Generalised

Lymphadenopathies
Peripheral oedema

3 78 Sensory IgG 5% Hypertrichosis In the myelin sheath in one fibre + − − − +
M (none) Lambda Gynaecomastia

18.5
(N<12.8)

4 49 Sensorimotor IgA 3% Impotence Endoneurium in the myelin sheath + + − − +
M (legs: distal: 4/5) Lambda Hepatosplenomegaly

4.3
(N<3.4)

*Paresis graded according to MRC scale from 0 to 5.

Electron micrograph of a cross section of the biopsy specimen of the superficial peroneal nerve from patient 1 with POEMS
syndrome and serum IgG kappa. Immunogold reaction for IgG heavy chain between endoneurial cells (diameter of colloidal
gold particles: 15 nm) (arrows) × 13 000.

810 Adams, Said

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.64.6.809 on 1 June 1998. D

ow
nloaded from

 

http://jnnp.bmj.com/


myelinated fibres was reduced in all patients. It
was 380, 2670, 2840, and 3840/mm2 of
endoneurial space in patients 1–4 respectively,
compared with around 7500/mm2 in controls
of the same age group. Mild endoneurial
oedema was present in nerve specimens from
patients 1 and 3 on 1 µm thick sections. On
teased fibre preparations, the percentages of
normal fibres were 20 in patient 1, 20 in
patient 2, 86 in patient 3, and 89 in patient 4.
The percentages of fibres showing segmental
abnormalities of the myelin sheath were 20 in
patient 1, 32 in patient 2, 8 in patient 3, and 6
in patient 4, whereas that of fibres at diVerent
stages of Wallerian degeneration were 60 in
patient 1, 48 in patient 2, 6 in patient 3, and 5
in patient 4. Only 10 fibres could be isolated
from the nerve specimen of patient 1 because
of the intensity of axon loss, making the evalu-
ation of abnormalities of isolated fibres less
accurate than in the other patients.

IMMUNOPATHOLOGICAL STUDIES

On electron microscopical examination,
endoneurial immunoglobulins were detected
in all patients with POEMS syndrome studied
(table). The class of the immunoglobulin
(heavy and light chains) characterised corre-
sponded in three of four cases to the
monoclonal protein identified by serum
immunoelectrophoresis and immunofixation.
In patient 4, we found a labelling for the heavy
chains IgG and IgA whereas the M protein
identified in the serum was of IgA lambda
type. The quantity and localisation of
immunoglobulin deposits varied. In patient 1,
who had the most severe form of neuropathy,
immunoglobulin deposits were abundant
and diVuse in the endoneurium, the
subperineurial space, and between the cells
(figure). In the other patients, there were few
deposits. They had been identified in the
myelin sheath on one fibre in two cases and
were located only around an endoneurial cell
in one. No deposit was present in the axons.
The ultrastructure of nerve specimens labelled
for immunoglobulin was preserved and en-
doneurial cells, myelin sheath, and axons were
clearly identified.

Discussion
The pathological findings in the four patients
included in this study illustrate the range of
morphological abnormalities found in the
POEMS syndrome. Although demyelination
of peripheral nerve fibres is a constant finding,
both teased fibre preparations and quantitative
evaluation of the density of nerve fibres on
cross sections of epon embedded specimens
demonstrate the important involvement of
axons in all our patients with an almost
complete axon loss in patient 1, in keeping
with its most severe neurological deficit. In this
patient too, single fibre analysis showed a
progressive neuropathy with most of the few
remaining fibres undergoing axonal degenera-
tion.
The presence of immunoglobulins was

detected in the endoneurium on LR White
resin embedded specimens in all our patients,

by contrast with light microscopical immun-
opathological studies,4 5 8 9 where it has been
reported only once.5 Some arguments are in
favour of a possible pathogenic role for the M
protein in the neuropathy of the POEMS syn-
drome. The class of monoclonal immu-
noglobulin found in the nerve correlated in
three out of four patients with the type of M
protein detected in the serum. Some correla-
tion was found between the abundance of
immunoglobulin deposits in the nerve and the
severity of the neuropathy. Important deposits
were labelled in the endoneurium of patient 1
who had the most severe neuropathy. By
contrast, only few deposits of immunoglobulins
were found in nerve specimens from patients
2–4, who had a milder neurological deficit and
axon loss. The improvement of the neuropathy
occurred in parallel to the reduction of the
serum M protein concentration by chemo-
therapy in patient 2, but was less obvious in the
others.
We used a special processing for the tissue

diVerent from that of the few immunoelectron
microscopical studies of peripheral
neuropathies.11–14 Embedding nerve samples in
LR White resin after a fixation in paraformal-
dehyde allowed us to preserve a good anti-
genicity as shown in a previous study labelling
amyloid fibrils in amyloid neuropathies.10 The
preservation of ultrastructure was inferior to
that obtained by classic ultrastructural studies,
probably due to hydrophilic properties of the
LR White resin.
If M protein plays a pathogenic part, it is

possibly via an autoimmune process and an
antibody activity against a component of the
peripheral nerve. This immunohistochemical
study did not allow the localisation of this
“antigen” formally as the site of
immunoglobulin deposits varied. The pres-
ence of progressive demyelinative lesions as
detected by single fibre analysis in most
patients studied and the finding of M protein
deposits in the myelin sheath in two patients
are compatible with primary lesions of the
Schwann cell-myelin complex. By contrast
with neuropathies associated with IgMM pro-
teins where antibodies against myelin associ-
ated glycoprotein (MAG) are characterised in
more than 50%,15 no antibody activity against
MAG16 or other peripheral nerve antigens has
been identified by immunoassays in serum
samples from patients with POEMS.4 For the
hypothesis of a pathogenic role of immu-
noglobulin, nerve lesions could be secondary
to activation of the alternative pathway of the
complement and to the “membrane attack
complex”.17 18 This hypothesis could be also
confirmed by ultrastructural immunolabel-
ling.

We thank Mrs Arlette Durand for her technical assistance.
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HISTORICAL NOTE continued

The researches of Brown Sequard and Kuss-
maul suggested that convulsions may take ori-
gin in the pons and medulla, having shown that
they occur when other parts of the brain had
been removed. Nothnagel had referred to “the
convulsive centre” adjacent to the centre for
respiration. Hammond too, thought the seat of
epilepsy lay in the medulla, and that the
demonstrated lesions in the cortex of certain
epileptics excited the medulla to produce the
convulsive fit.
By contrast, Gowers, although acknowledg-

ing the prevailing ambivalence, clearly favoured
the cortex as the essential source of epilepsy:
“On the other hand, of all the regional

diseases of the brain, lesions of the convolu-
tions stand incomparably first as a cause of
convulsions, and the experiments of Ferrier
and Luciani also demonstrate that irritation of
the cortex in the motor region has the same
eVect. . . . The teaching of experiment, then is
that both the cortex and the medulla (sic) may
originate convulsions. The teaching of pathol-
ogy is, as Wilks long ago insisted, that epilepti-
form convulsions have, in most cases, their ori-
gin at the surface of the brain.”3

It was left to Jackson, Ferrier, and Horsley to
show the primacy of the cortex in epilepsy.

Van der Kolk’s work was not confined to the
brain and mind. Brown-Séquard4 refers to his
description of “very minute longitudinal white
columns surrounded by gray substance in the
cord, first described by Lockhart Clarke, . . .
channels for sensitive impressions or for the
orders of the Will to muscles.” In Lecture 5.
Brown-Séquard refers to the mysteries of dec-
ussating fibres from the posterior roots that
“pass from one lateral half of the cord into the
other one”, an observation already made by
this brilliant Dutchman, and several others.
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