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Abstract
Objective—To delineate the possible im-
plication of the immunosuppressive cy-
tokine transforming growth factor beta 1
(TGF-â1) in the pathogenesis of Guillain-
Barré syndrome. Guillain-Barré syn-
drome is a disorder that may implicate
cytokines in its pathogenesis. TGF-â1 is a
potent anti-inflammatory cytokine occa-
sionally shown to be regulated in the
course of demyelinating disorders.
Methods—The study measured circulating
proinflammatory and anti-inflammatory
cytokines from the progressing phase to
early recovery in patients with Guillain-
Barré syndrome. Plasma concentrations
of TNF-á, IL-1â, IL-2, IL-4, IL-6, IL-10,
and TGF-â1 were prospectively evaluated
in 15 patients with Guillain-Barré syn-
drome every three days for the first 15 days
after admission to hospital, and in 15 con-
trols with non-inflammatory neurological
diseases.
Results—Concentrations of TGF-â1 in
plasma were decreased in 13/15 patients
(87 %) at day 1, remained low during pro-
gression and the plateau of paralysis (days
1–10), and then progressively increased up
to control concentrations during early
recovery (days 12–15). Concentrations of
plasma TGF-â1 correlated positively with
motor function, the lowest values being
found in the most disabled patients.
Concentrations of plasma TGF-â1 were
decreased before any treatment, and dur-
ing treatment by either plasma exchange
or intravenous immunoglobulins, plasma
exchange being associated with a more
pronounced decrease in TGF-â1 at day 7.
Circulating TNF-á concentrations were
raised, as previously reported, when other
cytokines were either randomly increased
(IL-2, IL-6), or undetectable (IL-1, IL-4,
IL-7, IL-10).
Conclusions—Down regulation of TGF-â1
in the early course of Guillain-Barré syn-
drome could participate in neural inflam-
mation.

(J Neurol Neurosurg Psychiatry 1998;64:162–165)
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Guillain-Barré syndrome is associated with cir-
culating antibodies to glycoconjugates,1 acti-
vated T lymphocytes in blood and peripheral
nerve,2 and activation of both resident and
recruited macrophages.3 It is possible that sys-
temically and locally released cytokines are
important in the pathogenesis of Guillain-
Barré syndrome. Raised serum concentrations
of interleukin (IL)-2,4 IL-2 receptor,5 IL-6,6

and TNF-á7–9 were found in patients with
inflammatory demyelinating neuropathies.
TNF-á is a major proinflammatory cytokine
that could be implicated in early breakdown of
the blood-nerve barrier, upregulation of en-
dothelial adhesion molecules, a prerequisite for
leucocyte traYcking to nerve tissue, macro-
phage activation, and myelin damage.10 Trans-
forming growth factor beta 1 (TGF-â1), a
potent immunosuppresive molecule that an-
tagonises the eVects of TNF-á, IL-1, IL-2, and
IFN-ã11 was previously considered instrumen-
tal in the healing process in Guillain-Barré
syndrome, as it was found to be increased at the
time of recovery in the circulation of patients
with Guillain-Barré syndrome12 13 and in nerve
of animals undergoing experimental allergic
neuritis (EAN).14 The present study was
triggered by previous evidence that downregu-
lation of TGF-â1 may take part in active
inflammatory processes. Decreased production
of TGF-â1 was previously documented in
patients with inflammatory demyelinating dis-
orders, such as multiple sclerosis at the time of
relapses,15 and POEMS syndrome,16 and ex-
periments in TGF-â1 null mice have shown
that suppressed TGF-â1 production is associ-
ated with severe tissue inflammation.17 18 In the
present study attention was focused on circu-
lating TGF-â1 concentrations before recovery
of Guillain-Barré syndrome—that is, at the
time of progression of paralysis and plateau
that precedes the switch to recovery.

Patients and methods
PATIENTS

Fifteen patients fulfilling clinical and electro-
physiological diagnostic criteria for demyeli-
nating Guillain-Barré syndrome19 were pro-
spectively included in the study. Exclusion
criteria for blood evaluation included fever,
shock, and overt infection. Severity of disease
was scored at the time of each blood sampling
using the following scale: (A) able to walk>10
m with or without assistance; (B) bedridden or
chairbound; (C) requiring assisted ventilation
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for at least part of the day. This staging is used
by the French Cooperative Group on Plasma
Exchange in Guillain-Barré syndrome.20 In this
classification, stage A corresponds to stage 2
and 3, stage B to stage 4, and stage C to stage 5
of the London classification.21

The patients were referred 4.8 (SD 3.9) days
after onset of motor deficit. No patient had
diarrhoea as a preceding event suggestive of
Campylobacter jejuni infection. Blood was col-
lected, at days 1, 3, 7, 10, 12, and 15 of hospi-
tal stay. Fourteen patients were in the progres-
sion phase of paralysis at day 1 of hospital stay,
13/15 were in the recovery phase at day 15, and
a continuum from ending of progression to
early recovery was seen from day 3 to day 12
(table 1). Patients were not treated at the time
of first sampling, and blood was subsequently
collected before plasma exchanges (PEs) or
intravenous immunoglobulins (IVIgs). Ten
patients were treated with four PEs from day 2
to 12 and the remaining five received IVIg (0.4
g/kg) from day 2 to 6. At day 1, seven patients
were at stage A and eight at stage B; at day 15,
four patients were at stage A, eight were at stage
B, and three were at stage C.
Blood sampling was performed at 8 00 am,

in EDTA tubes to avoid release of TGF-â1
from platelets at the time of clot formation.22

Plasma was obtained by centrifugation within
one hour of removal (10 minutes at 2500 rpm),
and samples were kept frozen at −80°C until
analysis.

CYTOKINE MEASUREMENTS

Circulating concentrations of cytokines were
determined in all samples by enzyme linked
immunosorbent assays (ELISAs). Total
TGF-â1 was evaluated in duplicate after acidi-
fication with 1N HCL (Genzyme, Cambridge,
USA). The detection limit was 0.05 ng/ml.
Both standard curve linearity (r>0.99) and
interassay coeYcient of variation (<8%) were
excellent.
Other evaluated molecules comprised proin-

flammatory cytokines: TNF-á (Immunotech,
Marseille, France), IL-1â (Immunotech, Mar-
seille, France), IL-2, and IL-6 (Genzyme,
Cambridge, USA); the anti-inflammatory cy-
tokines: IL-4 and IL-10 (Genzyme, Cam-
bridge, USA); IL-7 (R&D systems, Minneapo-
lis, USA), a cytokine known to decrease
TGF-â1 production in vitro,23 and cortisol.

CONTROLS

Control values were measured in plasma of 10
healthy subjects (normal controls) and 15
patients with neurological diseases
(neurological controls), including old stroke
deficit, non-obstructive hydrocephalus, degen-

erative dementia, and polyneuropathy due to
vitamin deficiency.

STATISTICAL ANALYSIS

Cytokine concentrations were expressed as
mean (SEM). The Mann-Whitney U test was
used for comparison of average concentrations,
and for correlations between TGF-â1 concen-
trations and disease severity. p<0.05 was
considered significant. The Kruskal Wallis
non-parametric analysis of variance (ANOVA)
test was used for comparison of cytokine
concentration evolution from day 1 to day 15.

Results
TGF-â1 PLASMA CONCENTRATIONS

At day 1 of admission to hospital, plasma con-
centrations of TGF-â1 (ng/ml) were below
control values in 13/15 patients (87%). The
mean TGF-â1 plasma concentration de-
creased from admission (31.2 (7.7)) to day 3
(25.5 (5)), remained low from day 3 to day 10
(day 7: 28.2 (7.2); day 10: 30.4 (7.3)), and then
progressively increased to control values at day
15 (day 12: 41.9 (7.1); day 15: 59.5 (10.5), fig
1). As a whole, plasma concentrations signifi-
cantly increased from day 1 to day 12 (p<0.07)
and day 15 (p<0.03).
Both patients treated by PE and patients

treated by IVIg had lower TGF-â1 plasma
concentrations than neurological and healthy
controls before and during treatment (day
3-day 10), and showed increasing TGF-â1
plasma concentrations from day 1 to day 15
(IVIg day 1: 14.4 (2.2); day 15: 50.1 (16.5);
p<0.03; PE: day 1: 38.6 (11); day 15: 55.5
(9.8); p=0.08). Patients treated by PE had sig-
nificantly lower values than those receiving
IVIg at day 7 (table 2).
TGF-â1 plasma concentrations paralleled

motor function as assessed by the disability
score, the lowest values of TGF-â1 being found
in the most disabled patients: stage A (52.0
(7.3)), stage B (36.6 (4.7)), and stage C (23.2
(3.6)) (p<0.05, fig 2).

OTHER CYTOKINES AND CORTISOL

TNF-á plasma concentrations (pg/ml) were
raised in 9/15 patients (60%) at day 1, and 4/14
patients (29%) at day 15. Mean plasma

Table 1 Classification of patients according to phase of
the disease

Progression Plateau Recovery

Day 1 14 1 0
Day 3 8 7 0
Day 7 5 8 2
Day 10 2 6 7
Day 12 1 3 11
Day 15 1 1 13

Figure 1 Concentrations of transforming growth
factor-beta 1 (TGF-â1) in plasma from day 1 to day 15,
in Guillain-Barré syndrome represented as mean (SEM).
HS=healthy subjects. NC=neurological controls.
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concentrations of TNF-á were not diVerent at
day 1 (15.9 (5.3)) and at day 15 (10.9 (5)).
IL-1â was detected in one patient, IL-2 in
seven, IL-6 in five, IL-4 in two, and IL-10 in
two. IL-7 was not detected.
Plasma cortisol concentrations (ng/ml) were

above neurological control values (162.8
(19.3)) in 7/15 patients at day 1. Mean cortisol
concentrations decreased from day 1 (214
(25.2)) to day 7 (143.3 (19.3)) (p<0.05), and
then stabilised (day 10: 143.5 (16.3); day 15:
158.5 (8.3)). The highest values of cortisol
were found in the most disabled patients: stage
A (120.4 (10.7)), stage B (162 (11.7)), and
stage C (197.8 (16.6)) (p<0.05).

Discussion
In the present study, concentrations of
TGF-â1 in plasma were decreased in 87% of
patients with Guillain-Barré syndrome on
admission, increased with motor function up to
control concentrations during the next 15 days
at the time of early recovery, and correlated
well with the disability score. TNF-á concen-
trations were raised in 60% of patients on
admission, and did not significantly decrease
from day 1 to day 15 of the hospital stay. Other
cytokines were either randomly increased
(IL-2, IL-6), or undetectable in the circulation
(IL-1, IL-4, IL-7, IL-10).
Treatments could not account for the down

regulation of TGF-â1 seen on admission of
patients. During treatment, both patients
undergoing PE and patients receiving IVIg had
decreased plasma concentrations of TGF-â1.
PE was associated with lower concentrations of
TGF-â1 in plasma than IVIg at day 7. This
could have resulted from some removal of
TGF-â1 (PE), or addition of TGF-â1 (IVIg) at
the time of treatment.
Direct down regulation of TGF-â1 by

TNF-á has not been documented to our
knowledge. By contrast, TNF-á is a potent

activator of the hypothalamus-pituitary-
adrenal axis24 and corticosteroids may modu-
late TGF-â1 production,25 26 whereas the
á2-macroglobulin-TGF-â1 complex inhibits
steroidogenesis.27 Increased circulating TNF-á
concentrations were found in our patients, as
previously reported,7 9 and were initially associ-
ated with increased concentrations of cortisol
when TGF-â1 circulating concentrations were
low. Interleukin-7, a cytokine known to down-
regulate TGF-â1,23 and to upregulate IL-1,
IL-6, IL-8, and TNF-á,28 was not detected in
the circulation of our patients, suggesting that
IL-7 production was either absent, or restricted
to the tissue compartment, or had occurred
transitionally before admission of patients.
According to previous human and experi-

mental studies, both peripheral blood mono-
nuclear cells15 and intraneural cells, including
macrophages, lymphocytes, and possibly
Schwann cells29 may be sources of TGF-â1 in
inflammatory demyelinating disorders.
TGF-â1 mediates T cell suppression,30 31

decreases endothelial cell adhesiveness of T
lymphocytes,32 deactivates macrophage by sup-
pressing the production of superoxide and
nitric oxide,33 34 and downregulates IFN-ã
induced MHC class II expression on human
cell lines.35 Administration of recombinant
TGF-â can mitigate experimental allergic neu-
ritis (EAN)36 and abrogate experimental aller-
gic encephalitis (EAE).37 Decreased plasma
concentrations of TGF-â1 early in the course
of Guillain-Barré syndrome can be interpreted
in two diVerent ways. One hypothesis is that it
reflects an overwhelming consumption of
TGF-â1 at the time of active neural inflamma-
tion. Whereas active TGF-â1, which is rapidly
taken up and degraded by tissues, has a very
short half life, latent inactive TGF-â1 bound to
á2-macroglobulin is largely confined to the cir-
culation, and has a greatly extended half life.38

At the time of activation of latent TGF-â1 by
proteases at cell surfaces, a2-macroglobulin
undergoes internalisation and degradation.38 In
the case of pronounced consumption of TGF-
â1, a concurrent decrease of circulating
á2-macroglobulin could be found. We have
previously shown that this is not the case in
patients with CIDP and POEMS syndrome,
who have greatly decreased concentrations of
TGF-â1 plasma, contrasting with normal
circulating á2-macroglobulin concentrations.16

Another hypothesis is that down regulation of
TGF-â1 production occurs in the progression
phase of Guillain-Barré syndrome. This hy-
pothesis is in keeping with the previous report
of a decrease inTGF-â1 mRNA concentrations
in circulating mononuclear cells at the time of
relapses of multiple sclerosis.15 In this hypoth-
esis it seems likely that downregulation of
TGF-â1 participates in the inflammatory
process of Guillain-Barré syndrome. Experi-
ments in TGF-â1 null mice have shown that
suppressed TGF-â1 production is associated
with severe multifocal tissue inflammation.17 18

In the same way, inhibition of TGF-â1 activity
by local administration of relevant antibodies
was shown to increase tissue inflammation in a
model of muscle regeneration.39

Table 2 Concentration of TGF-â1 (ng/ml) in plasma in
patients with Guillain-Barré syndrome treated by IVIgs or
plasma exchange

IVIgs (n=5)
Plasma exchange
(n=10)

Day 3 37.1 (10.6) NS 17.9 (11.6)
Day 7 46.3 (10.6) p<0.05 21.3 (8.1)
Day 10 43.8 (16) NS 22.7 (7.1)
Day 3 to 10 39.3 (6.2) p<0.05 22.7 (3.8)

Values are mean (SEM).

Figure 2 Concentrations of TGF-â1 in plasma relative to
the severity of the disease represented as mean (SEM).
HS=healthy subjects. NC=neurological controls.
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In EAN, a peak of mRNA TGF-â1 expres-
sion is found in nerve at the onset of
recovery.13 14 40 Upregulation of TGF-â1 at the
time of recovery fromGuillain-Barré syndrome
is consistent with the role ascribed to TGF-â1
in termination of the inflammatory response
and in tissue repair.13 41 TGF-â1 also induces
Schwann cell proliferation in neuron free
cultures,42 43 regulates Schwann cell
diVerentiation,43 and behaves as a neurotrophic
factor.44 45

We conclude that (1) TGF-â1 is down regu-
lated in the early phase of Guillain-Barré
syndrome; (2) plasma concentrations of
TGF-â1 increase with motor function until
early recovery; (3) TGF-â1 is a key cytokine in
the homeostasis of the inflammatory reaction
in Guillain-Barré syndrome, and, unlike
TNF-á, is stable and normally present in the
circulation. We think that TGF-â1 should be
evaluated as a marker of the inflammatory
reaction in patients with Guillain-Barré syn-
drome.

This study has been supported by a Projet Hospitalier de
Recherche Clinique (AP/HP). We thank Mrs Piedouillet and
Mrs Poron for excellent technical assistance, and Mrs Castet,
Mrs Morge, and the nurses of the Department of Neurology,
Henri Mondor Hospital for collecting blood samples. We are
grateful to Dr Hany Soliman (Laboratoire de Biologie Hormo-
nale, Hôpital Saint-Louis, Paris) for cortisol measurements, and
Dr Intrator for measurements of anti-GM1 antibodies

1 Koski CL, Gratz E, Sutherland J, et al. Clinical correlation
with anti-peripheral-nerve myelin antibodies in Guillain-
Barré syndrome. Ann Neurol 1986;19:573–7.

2 Taylor WA, Hughes RAC. T lymphocyte activation antigens
in Guillain-Barré syndrome and chronic idiopathic demy-
elinating polyradiculoneuropathy. J Neurol Sci 1989;24:33–
9.

3 GriYn JW,George R, Ho T.Macrophage systems in periph-
eral nerves. A review. J Neuropathol Exp Neurol 1993;52:
553–60.

4 Hartung H-P, Reinerss K, Schmidt B, et al. Serum
interleukin-2 concentrations in Guillain-Barré syndrome
and chronic idiopathic demyelinating polyradiculo-
neuropathy: comparison with other neurological diseases of
presumed immunopathogenesis. Ann Neurol 1991;30:48–
53.

5 Hartung HP, Hughes RAC, Taylor WA, et al. T cell activa-
tion in Guillain-Barré syndrome and in MS: elevated
serum levels of soluble IL-2 receptors. Neurology 1990;40:
215–8.

6 Maimone D, Annuziata P, Simone IL, et al. Interleukin-6
levels in the cerebrospinal fluid and serum of patients with
Guillain-Barré syndrome and chronic inflammatory demy-
elinating polyradiculoneuropathy. J Neuroimmunol 1993;
47:55–62.

7 Sharief MK,McLean B, Thompson EJ. Elevated serum lev-
els of tumor necrosis factor-á in Guillain-Barré syndrome.
Ann Neurol 1993;33:591–6.

8 Gherardi RK, Chouaïb S, Malapert D, et al. Early weight
loss and high serum tumor necrosis factor-á levels in
polyneuropathy, organomegaly, endocrinopathy, M pro-
tein, skin changes syndrome. Ann Neurol 1994;35:501–5.

9 Créange A, Belec L, Clair B, et al. DiVerential kinetics of
circulating tumor necrosis factor (TNF)-á and soluble
TNF receptor (sTNF-Rs) in patients with Guillain-Barré
syndrome. J Neuroimmunol 1996;68:95–9.

10 Redford EJ, Hall SM, Smith KJ. Vascular changes and
demyelination induced by the intraneural injection of
tumour necrosis factor. Brain 1995;118:869–78.

11 Roberts AB, Sporn MB. Physiological actions and clinical
applications of transforming growth factor-â (TGF-â).
Growth Factors 1988;8:1–9.

12 Créange A, Belec L, Clair B, et al. Circulating TGF-â1 lev-
els parallel motor function in patients with Guillain-Barré
syndrome [abstract]. Neurology 1996;46(suppl 4):A286.

13 Sindern E, Schweppe K, Ossege LM, et al. Potential role of
transforming growth factor-â1 in terminating the immune
response in patients with Guillain-Barré syndrome. J Neu-
rol 1996;243:264–8.

14 Zhu J, Mix E, Olsson T, et al. Cellular mRNA expression of
interferon-gamma, IL-4 and transforming growth factor-
beta (TGF-beta) by rat mononuclear cells stimulated with
peripheral nerve myelin antigens in experimental allergic
neuritis. Clin Exp Immunol 1994;98:306–12.

15 Rieckmann P, Albrecht M, Kitze B, et al. Cytokine mRNA
levels in mononuclear blood cells from patients with multi-
ple sclerosis.Neurology 1994;44:1523–6.

16 Gherardi RK, Bélec L, Soubrier M, et al. Overproduction of
proinflammatory cytokines imbalanced by their antagonists
in POEMS syndrome. Blood 1996;87:1458–65.

17 Shull MM, Ormsby I, Kier AB, et al. Targeted disruption of
the mouse transforming growth factor-â1 gene results in
multifocal inflammatory disease.Nature 1992;359:693–9.

18 Christ M, McCartney-Francis NL, Kulkarni AB, et al.
Immune dysregulation in TGF-â1 deficient mice. J Immu-
nol 1994;153:1936–46.

19 Asbury AK, Arnasson BG, Karp HR, et al. Criteria for diag-
nosis of Guillain-Barré syndrome. Ann Neurol 1978;3:565–
6.

20 The French Cooperative Group on Plasma Exchange in
Guillain-Barré syndrome. Appropriate number of plasma
exchanges in Guillain-Barré syndrome. Ann Neurol 1997;
41:298–306.

21 Hughes RAC, Newsom-Davis JM, Perkins JD. Controlled
trial of prednisolone in acute polyneuropathy. Lancet 1978;
ii:750–3.

22 Childs CB, Proper JA, Tucker RF, et al. Serum contains a
platelet-derived transforming growth factor. Proc Natl Acad
Sci USA 1982;79:5312–6.

23 Dubinett SM, Huang M, Dhanani S, et al. Down-regulation
of macrophage transformation growth factor-beta messen-
ger RNA expression by IL-7. J Immunol 1993;151:6670–
80.

24 Sharp BM, Matta SG, Peterson PK, et al. Tumor necrosis
factor-alpha is a potent ACTH secretagogue: comparison
to interleukin-1 beta. Endocrinology 1989;124:3131–3.

25 Ayanlar Batuman O, Ferrero AP, Diaz A, et al. Regulation of
transforming growth factor-â1 gene expression by gluco-
corticoids in normal human T lymphocytes. J Clin Invest
1991;88:1574–80.

26 Shull S,Meisler N, Absher M, et al. Glucocorticoid-induced
down regulation of transforming growth factor-beta 1 in
adult rat lung fibroblasts. Lung 1995;173:71–8.

27 Keramidas M, Chambaz EM, Feige JJ. Inhibition of adreno-
cortical steroidogenesis by á2-macroglobulin is caused by
associated transforming growth factor â.Mol Cell Endocri-
nol 1992;84:243–51.

28 Alderson MR, Tough TW, Ziegler SF, et al. Interleukin-7
induces cytokine secretion and tumoricidal activity by
human peripheral blood monocytes. J Exp Med 1991;173:
923–30.

29 Kiefer R, Streit WJ, Toyka KV, et al. Transforming growth
factor-â1: a lesion-associated cytokine of the nervous
system. Int J Dev Neuroscience 1995;13:331–9.

30 Miller A, Lider O, Roberts AB, et al. Suppressor T cells gen-
erated by oral tolerization to myelin basic protein suppress
both in vitro and in vivo immune responses by the release
of transforming growth factor â after antigen-specific trig-
gering. Proc Natl Acad Sci USA 1992; 89:421–5.

31 Chen Y,Kuchroo VK, Inobe J, et al. Regulatory T cell clones
induced by oral tolerance: suppression of autoimmune
encephalomyelitis Science 1994;265:1237–40.

32 Gamble JR, Vadas MA. Endothelial cell adhesiveness for
human T lymphocytes is inhibited by transforming growth
factor-â1. J Immunol 1991;146:1149–54.

33 Tsunawaki S, Sporn M, Ding A, et al. Deactivation of mac-
rophages by transforming growth factor-â. Nature 1988;
334:260–2.

34 Vodovotz Y, Bogdan C, Paik J, et al. Mechanisms of suppres-
sion of macrophage nitric oxide release by transforming
growth factor â. J Exp Med 1993;178:605–13.

35 Czarniecki CW, Chiu HH,Wong GHW, et al. Transforming
growth factor-â1 modulates the expression of class II histo-
compatibility antigens on human cells. J Immunol 1988;
140:4217–23.

36 Jung S, Schluesener HJ, Schmidt B, et al. Therapeutic eVect of
transforming growth factor-â2 on actively induced EAN but
not adoptive transfer EAN. Immunology 1994;83:545–51.

37 Johns LD, Flanders KC, Ranges GE, et al. Successful treat-
ment of experimental allergic encephalomyelitis with trans-
forming growth factor-â1. J Immunol 1991;147:1792–6.

38 Harpel JG,Metz CN, Kojima S, et al. Control of transform-
ing growth factor-â activity: latency v activation. Prog
Growth Factor Res 1992;4:321–35.

39 Lefaucheur J-P, Gjata B, Lafont H, et al. Angiogenic and
inflammatory responses in injured skeletal muscle are
altered by immune neutralization of endogenous bFGF,
IGF-I or TGF-â1. J Neuroimmunol 1996;70:37–44.

40 Kiefer R, Funa K, Schweitzer T, et al. Transforming growth
factor-â1 in experimental autoimmune neuritis. Cellular
localization and time course. Am J Pathol 1996;148:211–23.

41 Roberts AB, Joyce ME, Bolander ME, et al. Transforming
growth factor beta (TGF-â): a multifunctional eVector of
both soft and hard tissue regeneration. In: Westermark B,
Betsholtz C, Hökfelt B, eds. Growth factors in health and
disease: basic and clinical aspects. Amsterdam: Excerpta
Medica, 1990:89–101.

42 Einheber S, Hannocks MJ, Metz CN, et al. Transforming
growth factor-â1 regulates axon/Schwann cell interactions.
J Cell Biol 1995;129:443–58.

43 Guenard V, Gwynn LA, Wood PM. Transforming growth
factor-â blocks myelination but not ensheathment of axons
by Schwann cells in vitro. J Neurosci 1995;15:419–28.

44 Rogister B, Delree P, Leprince P, et al. Transforming growth
factor â as a neuronoglial signal during peripheral nervous
system response to injury. J Neurosci Res 1993;34:32–43.

45 Chalazonitis A, Kalberg J, Twardzick DR, et al. Transform-
ing growth factor â has neurotrophic actions on sensory
neurons in vitro and is synergistic with nerve growth factor.
Dev Biol 1992;152:121–32. .

Circulating transforming growth factor beta 1 (TGF-â1) in Guillain-Barré syndrome 165

 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.64.2.162 on 1 F

ebruary 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/

