
manner (5, 8, 14). Thus, design of a 
radioactive receptor assay with this sys- 
tem should permit an examination of the 
molecular basis for interaction of [Nle4, 
~ -phe~] -a -MSH and other melanotropins 
with its receptor. It may also be possible 
to use [Nle4, ~ - P h e ~ ] - a - M s H  in the de- 
tection of human melanoma. Since the 
labeled melanotropin would presumably 
bind preferentially to melanoma mem- 
brane receptors, radioisotope imaging 
methods could be used to detect melano- 
ma tumors in skin. It might also be 
possible, by conjugating adriamycin or 
other cancer therapeutic agents to [Nle4, 
D-Phe7]-a-MSH, to develop a cell-specif- 
ic (melanoma cell) drug delivery system; 
we found previously (8) that [ ~ l e ~ ,  D- 

Phe7]-a-MSH is nonbiodegradable in se- 
rum. 
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IgG plays a part in the pathogenesis of 
PNP in m-IgG-secreting myeloma and 
we present preliminary evidence of an 
immunopathologic mechanism. In order 
to test the direct pathogenic effect of m- 
IgG we passively transferred human m- 
IgG to mice. This model system was 
originally devised for studies on the im- 
mune mechanism in myasthenia gravis 
(11). Plasma was obtained from seven 
patients, six with severe m-IgG-secret- 
ing myeloma who had undergone thera- 
peutic plasmapheresis, and one with be- 
nign monoclonal gammopathy. Two of 
the myeloma patients and the one with 
monoclonal gammopathy had clinical 
signs of a PNP, whereas three had no 
clinical evidence of nerve involvement. 
One patient had died before this study 
was started and his neurological status 
was not recorded. Pure IgG was pre- 
pared by ion exchange chromatography 
on DEAE-Sephacel (Pharmacia) as pre- 
viously described (12). The eluates were 
reduced to a final concentration of 20 mg 
of IgG per milliliter (Amicon-XM 50), 
dialyzed against physiological saline, 
and stored at -70°C until use. All IgG 
fractions were free of other serum pro- 
teins as assessed by standard immuno- . ~ , -.. 

22. A. ~berk-,-and W. Hiibscher, Helv. Chim. Acta rabbit polyvalent 
62, 2460 (1979). 

23. Supported by P H s  grants AM-17420 and CA- antiserum against such human proteins 
20547 and a University of Arizona biomedical ( ~ ~ h ~ i ~ ~ - ~ ~ ~ k ~ ) ,  polyclonal I ~ G  ( p - ~ g ~ )  research support grant. 

* Author to whom reprint requests should be from a Serum pool of more than ten 
addressed. healthy donors was prepared in the same 

9 February 1981; revised 5 May 1981 manner. Immediately before use the ma- 
terial was thawed and sterilized through 
membrane filtration (Minisart, Sartorius; 
pore size. 0.2 hm). 

Myeloma Neuropathy: Passive Transfer from Man to Mouse 

Abstract. Mice were injected daily, for up to 10 weeks, with puriJied monoclonal 
immunoglobulin G from patients with myelomatous polyneuropathy or benign 
gammopathy. The animals developed a demyelinating polyneuropathy with slowed 
nerve conduction velocities. The putative antinerve factor may be an antibody since 
injection of Fab fragments from the monoclonal immunoglobulin G produced a 
similar demyelination. This provides evidence of a circulating factor in the serum of 
myeloma patients with polyneuropathy that reproduces typical features of the human 
disease on passive transfer. This disorder is thus distinguished from other neuropa- 
thies that occur as remote effects of malignant disease but have no identijied 
pathogenic factors associated with them. 

* Thirty-four female B6D2FliJ inbred 
mice (Jackson Laboratory) 8 to 11 weeks 
of age, 20 to 22 g in body weight, were 
used in these experiments. Each mouse 
received daily intraperitoneal injections 
of about 20 mg of m-IgG or p-IgG for 8 to 
10 weeks in the initial set of experiments 
and for 10 to 14 days in the later part of 
the study. 

This dose amounted to IgG concentra- 
tions of 15 to 20 g per liter in the mouse 
plasma and was therefore roughly equiv- 

Peripheral neuropathies (PNP's) have 
been described in patients with solitary 
and multiple myeloma (I). In this malig- 
nant disease of immunocytic origin as 
well as in other neoplastic conditions the 
"paraneoplastic" PNP is characterized 
by demyelination (2, 3). 

The pathogenesis of myeloma-PNP 
has long been debated. The finding of 
immunoglobulins G and M (IgG, IgM) 
and complement in sural nerve speci- 
mens from patients with myeloma-PNP 
led to the hypothesis that monoclonal 
immunoglobulins (m-Ig) may play an im- 
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alent to the IgG concentrations in the 
portant pathogenic role (4, 5). More re- patients from whom IgG was obtained. 
cently it was argued that binding of m- Tolerance to human proteins was in- 
IgG to nerves might be an unspecific duced by a single dose of cyclophospha- 
epiphenomenon since IgG deposition mide 24 hours after the first injection 
can also be seen in other neuropathies (6, (300 mg per kilogram of body weight) 
7). Furthermore, it has been speculated (13). 
that the demyelinating m-Ig could be an In 24 mice we measured nerve conduc- 
antibody against peripheral nerve com- tion velocities in vivo at the mouse tail 
ponents ( 4 ,  since (i) myeloma is associ- nerve. Nerve conduction velocities 
ated with autoimmune diseases (9) and were examined at weekly intervals in the 
(ii) myeloma cells occasionally produce long-term experiments to detect the first 
m-Ig with distinct antibody specificities signs of nerve damage. In the short-term 
(10). study at least two measurements were 

In this report we demonstrate that m- carried out before and after the injection 
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Table 1. Morphological results from 34 mice treated with daily intraperitoneal injections of 20 
mg of various m-IgG and pIgG preparations. Plus or minus signs indicate, respectively, 
presence or absence of structural alterations. 

Dura- Demye- Elec- 

I&? tion of 
tron lination micro- Num- 

in- Number of treat- of ber 

jected patients ment teased scopic of 

(weeks) fiber exam- mice 
ination 

Myeloma 
m-IgG 3* (2 with PNP) 8 to 10 + + 5 

3* (2 with PNP) 3 to 6 + + 4 
3* (2 with PNP) l to 2 + + 5 

m-IgG 3 (without PNP) 8 to 10 - - 4 

Benign gammopathy with PNP 
m-IgG 1 2 + + 1 
P-I& 1 2 - - 1 

Controls 
PI& Blood donor pool 8 to 10 - - 5 

Blood donor pool 1 to 6 - - 5 

IgG fragments 
m-Fab 1 (myeloma with PNP) 2 + + 1 
m-Fc 1 (myeloma with PNP) 2 - - 1 
p-Fab Blood donor pool 2 - - 1 
PFC Blood donor pool 2 - - 1 

*No neurological findings were recorded in one of these patients. 

Fig. 1. (Aa and Ab) 
Teased fibers from 
sciatic nerve of a 
mouse treated with 
monoclonal IgG for 2 
weeks. (Aa) Two con- 
secutive regions of a 
fiber with internodal 
demyelination and 
"sausage-like" for- 
mation of myelin (14) 
(arrow). (Ab) Another 
teased fiber with a 
thin sheath of remye- 
lination (arrow heads) 
(~400).  (B) Semi-thin 
cross section of a 
nerve fascicle with 
scattered damaged 
nerve fibers (~640) .  
(C) Electron micro- 
graphs of some r e p  
resentative findings in 
one such fascicle. 
(Ca) Myelin debris 
(~4900). (Cb) Schwann 
cell cytoplasm with a 
concentric array of 
degenerated myelin 
and a small axon pro- 
file devoid of mye- 
lin (x20,500). (Cc) 
Schwann cell with 
a demyelinated axon 
adjacent to another 
basal membranebound 
cell (~9000). (Cd) 
Axon sprout and 
Schwann cell profile 
with a loosely fitting 
basal lamina invest- 
ment (~25,250). 

period. At the end of an experiment the 
mouse was anesthetized with Nembutal 
(60 mg per kilogram of body weight) and 
the tail and sciatic nerves were rapidly 
dissected under a stereomicroscope. 
Parts of the sciatic nerves were im- 
mersed and fixed in 2 percent osmium 
tetroxide in phosphate-buffered saline 
(14). More than 80 single fibers with over 
400 internodes were teased and exam- 
ined for demyelination under a Leitz 
phase-contrast microscope. 

The remaining specimens were pre- 
pared for standard electron microscopy 
by fixation in 2.5 percent glutaraldehyde 
in phosphate-buffered saline, dehydra- 
tion, and embedding in Epon. Ultrathin 
sections were studied on a Zeiss EM 9A 
and EM 10. 

In all animals treated with m-IgG from 
three of the six individual myeloma pa- 
tients we found signs of nerve damage in 
sciatic and tail nerves indicating PNP. In 
all animals, teased fiber preparations 
showed nodal widening, paranodal de- 
myelination, and segmental loss of my- 
elin (Fig. 1A). The severity of the 
changes was correlated only loosely with 
the duration of treatment. Semi-thin 
cross sections of nerve fascicles showed 
damaged nerve fibers in a scattered dis- 
tribution (Fig. 1B). By electron micros- 
copy we were able to demonstrate de- 
myelination without any alterations in 
Schwann cells or endoneurium. Waller- 
ian-like degeneration was also observed 
(Fig. lC, a to d). Two of the three 
myeloma patients whose IgG induced 
nerve lesions on passive transfer of their 
m-IgG to mice also had clinical evidence 
of PNP. In none of the animals treated 
with m-IgG from the remaining three 
patients (without clinical signs of PNP) 
or with p-IgG from control plasma did 
we find pathological alterations (Table 
1). It is therefore unlikely that our find- 
ings were due to unspecific nerve dam- 
age by human immunoglobulins. In one 
patient with benign monoclonal gammo- 
pathy and PNP we were able to passively 
transfer the m-IgG and the pIgG in sepa- 
rate experiments after chromatographic 
separation. Only the mouse treated with 
the m-IgG showed demyelination; the p- 
IgG-injected animal was normal. 

The nerve conduction velocities 
were significantly reduced in those mice 
that showed signs of PNP after passive 
transfer when compared with pretreat- 
ment values (Fig. 2). During serial mea- 
surements gradual slowing could be ob- 
served within the fourth week. None of 
the animals showed definite signs of clin- 
ical weakness or anorexia with profound 
weight loss. 
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Fig. 2. Nerve conduction velocities in 24 mice treated with daily 
intraperitoneal injections of monoclonal IgG (m-IgG) and polyclonal 
IgG @-IgG). Each symbol represents a single mouse, measured 
before (0) and after (e) the treatment period (20). The differences of 
the nerve conduction velocities in the animals treated with monoclo- 
nal IgG from patients with myeloma and PNP before and after passive 
transfer were significant at P < .O1 (Wilcoxon's nonparametric test 
for paired differences). 

The reproduction of typical features of 
myeloma PNP in mice by passive trans- 
fer of human m-IgG indicates that these 
immunoglobulins are indeed pathogenic 
in this disease. 

In further experiments we examined 
the possibility that the interaction of m- 
IgG and nerve tissue might be antibody- 
mediated. To show this we first prepared 
the monovalent Fab and Fc fragments 
from one "active" m-IgG by enzymatic 
cleavage with Mercuripapain (Sigma) ac- 
cording to a modified Porter procedure 
(12). Briefly, fragments were isolated by 
ion exchange chromatography on 
DEAE-Sephadex A 50 (Pharmacia), and 
the absence of proteinase activity was 
checked by an enzymatic test originally 
devised for chymotrypsin. For control 
experiments Fab and Fc fragments were 
purified from a p-IgG in the same man- 
ner. Fab and Fc fragments were then 
injected into four mice in the same way 
as with native IgG. The doses were 
roughly equivalent to the relative 
amounts of putative antigen-binding sites 
on the IgG molecule. 

Only the Fab fragments of the "ac- 
tive" m-IgG induced segmental demy- 
elination; the Fc fragments of the same 
m-IgG and the fragments from the con- 
trol IgG did not passively transfer a 
PNP. Since only Fab fragments bear the 
antigen-binding determinants and carry 
the variable region, these findings sup- 
port the hypothesis of an immunopatho- 
logic mechanism operative in myeloma 
PNP. 

If this were true the "active" m-IgG 
should have a special affinity for periph- 
eral nerve components. In order to ex- 
amine this we carried out direct immuno- 
fluorescence tests on sciatic nerve cryo- 
sections taken from mice with passively 
transferred PNP and from p-IgG-inject- 
ed control animals. Fluorescein isothio- 
cyanate (F1TC)-conjugated rabbit anti- 
serum to human IgG (Behring-Werke) 
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m-lgG m-lgG P-lgG 
Myeloma Myeloma Normal 

without PNP with PNP control8 

was incubated with the 5-pm sections for 
30 minutes, rinsed with phosphate-buff- 
ered saline, and studied on a Zeiss Axio- 
mat fluorescence microscope. 

In these preparations IgG was clearly 
identified. In the nerves from animals 
treated with m-IgG, fluorescence was 
much more intense than in the control 
sections, and in the former the stain was 
in closer proximity to the myelin sheath 
(Fig. 3). These findings suggest specific 
binding of m-IgG to nerve, but the possi- 
bility that some of the IgG binding was 
secondary to the demyelinating process 
cannot be excluded, since this occurs in 
human neuropathies of nonmyeloma ori- 
gin (6, 7). 

We then examined the possibility that 
the "active" m-IgG cross-reacts with 
other antigens. A series of indirect im- 
munofluorescence tests was carried out 
according to standard methods with a 
panel of human organ sections (15). In 
addition, nonorgan specific antibodies 
were tested, including antibodies to nu- 
clear protein, rheumatoid factor and 
antibodies to single-stranded DNA. Two 
of the four "active" m-IgG fractions but 
none of the controls showed antibody 
activity against smooth muscle tissue on 
indirect immunofluorescence. 

Our results provide evidence that pa- 
tients with IgG-secreting myeloma and 
neuropathy possess a factor in their 
monoclonal IgG fractions that demyelin- 
ates mouse nerves in vivo and thereby 
reproduces typical features of the human 
disease after passive transfer. We sug- 
gest that this factor is an antibody direct- 
ed to an undetermined antigen in periph- 
eral nerve tissue. The fact that two of the 
four demyelinating m-IgG's cross-react- 
ed with smooth muscle antigens suggests 
that the putative antibody is not highly 
organ-specific. 

The passive transfer of PNP by the m- 
IgG but not the p-IgG fraction from the 
patient with benign monoclonal gammo- 
pathy strongly supports the hypothesis 
that the putative antibody is an m-IgG. 
Though it seems unlikely, the possibility 
cannot be excluded that a distinct second 
autoantibody is present in the small 
amounts of p-IgG contaminating the m- 
IgG preparations from the three myelo- 
ma patients. 

The role of the complement system 
remains to be elucidated by experiments 
with complement-deficient mice. Since 
monovalent Fab fragments do not acti- 
vate complement (16) the demyelinating 
activity of Fab in one of our experiments 

Fig. 3. Cryosections (5 
pm) of mouse sciatic 
nerves after passive 
transfer of monoclonal 
(a and b) and poly- 
clonal (c and d) IgG. (a 
and c) Direct immuno- 
fluorescence prepara- 
tions [FITC-conjugat- 
ed rabbit antiserum to 
human IgG (Behring- 
Werke, West Germa- 
ny), dilution 1:32]. (b 
and d) Phase-contrast 
micrographs of the 
corresponding serial 
sections (~450) .  



strongly suggests that complement is not 
crucial in bringing about the nerve le- 
sion. The demonstration of a potentially 
pathogenic role of m-IgG in myeloma 
neuropathy may have implications for 
the management of patients with this 
disorder (1 7). 

As in myasthenia gravis (18), a humor- 
ally mediated autoimmune disease of the 
neuromuscular junction, antibody deple- 
tion therapy by plasma exchange might 
prove beneficial. 

Note added in proof: After submission 
of this manuscript, Latov et al. (19) de- 
scribed a human monoclonal antibody to 
peripheral nerve myelin in a patient with 
IgMKaPp,-monoclonal gammopathy . The 
patient's polyneuropathy improved after 
treatment with plasma exchange, ste- 
roids, and cytotoxic drugs. As in the 
mice used in our experiments, the pa- 
tient's nerves showed segmental demy- 
elination. 
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Periodicity of Sleep States Is Altered in Infants at Risk for the 

Sudden Infant Death Syndrome 

Abstract. The normal succession of  sleep and waking states through a night is 
disturbed in infants at risk for the sudden infant death syndrome. Compared with 
normal infants, siblings of  the sudden infant death syndrome victims have longer 
intervals between active sleep epochs at particular times during the night in the 
newborn period and a decreased tendency t o  enter short waking periods at 2 and 3 
months of age. The IatterJinding is interpreted as a n  increased tendency t o  remain 
asleep, or a relative failure to  arouse fiorn sleep in infants at risk. 

Sleep is a focal point for studies of the 
sudden infant death syndrome (SIDS), 
since victims of this syndrome succumb 
at times when they would be expected to 
be asleep (1). We report here that the 
organization of sleep states is disturbed 
in infants at risk for SIDS. Sleep in the 
infant is composed of two distinct states: 
a quiescent, or quiet sleep (QS) state, 
characterized by regular respiration and 
a slow wave encephalographic (EEG) 
pattern, and an active sleep (AS) state, 
accompanied by irregular respiration, 
activated EEG, and phasic muscle activ- 
ity (2). Episodes of QS and AS, inter- 
mixed with waking (AW) periods, follow 
each other in succession throughout the 
night. This temporal sequencing, rather 
than the total amount of time spent in 
each state, is disturbed in infants at risk 
for SIDS. The importance of this finding 
is that arousal from sleep may be neces- 
sary to restore respiration after certain 
challenges to the infant (3), and an inabil- 
ity to switch from sleep to waking might 
lead to total respiratory failure. 

Twenty neurologically normal infants 
and 20 infants who were subsequent sib- 
lings of SIDS victims (SSIDS) participat- 
ed in this study. All infants were of 
conceptional ages between 37 and 44 
weeks, and all had 1-minute Apgar 
scores between 8 and 10. Subsequent 
siblings of SIDS victims were chosen as 
a risk group since they have a three- to 
fourfold higher risk for SIDS than the 
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general population does (4). The SSIDS 
and normal infants were matched ac- 
cording to the educational level of their 
parents in order to equate for socioeco- 
nomic background. Birth weights ranged 
from 2878 to 41 11 g for the normal in- 
fants and from 2301 to 4593 g for the 
higher risk infants. Each infant was ad- 
mitted to the sleep laboratory at 1700 
hours for an all-night monitoring session 
(range, 10 hours and 40 minutes to 12 
hours) during the first week of life and 
subsequently at 1, 2, 3, 4, and 6 months 
of age (5). The parents were informed of 
the nature and objectives of the study, 
and written permission was obtained be- 
fore participation. 

Successive minutes of each record 
were classified QS, AS, or AW accord- 
ing to criteria described elsewhere (6). 
Sleep scores for each state were then 
transformed into a binary sequence of 
0's and l's, with 0 representing the ab- 
sence of a given state and 1 representing 
the presence. In this manner, 640- to 720- 
point binary series for QS, AS, and AW 
were compiled and used to describe the 
presence or absence of each state in a 12- 
hour recording. Because of the abrupt 
transitions associated with binary ele- 
ments, these three time series for each 
individual at every age were subjected to 
a three-term moving filter to reduce 
high-frequency components (7). The 
smoothed series was then submitted to a 
fast Fourier transform program to esti- 
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