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Abstract

The pathogenesis of gastrointestinal (GI) dysmotility in scle-
roderma is incompletely understood, although previous
studies have proposed a neuropathic mechanism. Westud-
ied patients with scleroderma as compared with other con-
nective tissue disease patients and normal controls for the
presence of circulating antibodies to myenteric neurons. Se-
rial dilutions of sera were overlaid on rat intestine, double-
labeled with antineurofilament antibody as a myenteric
plexus marker, and imaged using indirect immunofluores-
cence techniques. High titer sera ( -1:50) from 19 out of 41
scleroderma patients stained myenteric neurons, whereas
none of 22 normals or 5 patients with idiopathic GI dysmoti-
lity were positive. Although 6 out of 20 SLE and 6 out of
10 mixed connective tissue disease patients' sera stained
myenteric plexus neurons, when positive sera were absorbed
with calf thymus extract to remove antinuclear antibody,
15 scleroderma sera, 0 SLE, and 2 mixed connective tissue
disease patients retained positive staining of myenteric neu-
rons. Western blotting using actin and neuronal intermedi-
ate filament preparations failed to show immunoreactivity
with scleroderma sera containing antimyenteric neuronal
antibodies. Paraneoplastic sera associated with GI dysmotil-
ity stained myenteric neurons in a different pattern than
seen with scleroderma sera. A positive correlation between
the presence of Raynaud's phenomenon and antimyenteric
neuronal antibodies was observed in scleroderma patients.
Our results indicate that IgG antibodies reacting with myen-
teric neurons are present in many patients with sclero-
derma. Although the neuronal antigen has not yet been iden-
tified, the presence of myenteric neuronal antibodies in pa-
tients with GI dysmotility and scleroderma suggests a
neuropathic process. (J. Clin. Invest. 1994. 94:761-770.)
Key words: myenteric plexus - cytoskeletal proteins . sclero-
derma, systemic * gastrointestinal motility

Introduction

Autoantibodies have long been recognized in association with
scleroderma but have not been related to the pathogenesis of
the disease. Several novel autoantibodies present in serum of
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scleroderma patients such as anticentromere or anti-topoisom-
erase I (Scl-70) antibodies have been correlated with disease
presentation (1-3). Although specific disease manifestations
vary in individual patients, various subgroups have been recog-
nized, such as the CRESTvariant (Calcinosis, Raynaud's phe-
nomenon, Esophageal dysmotility, Sclerodactyly, and Telangi-
ectasia)' which is often associated with the presence of anticen-
tromere antibodies. Several novel autoantibodies found in
scleroderma, including anti-RNA polymerase I, antifibrillarin,
and anti-PM-Scl, are directed at antigens present in the nucleo-
lus depending on cell function or cycle.

Gastrointestinal (GI) dysmotility can occur throughout the
clinical spectrum of scleroderma diseases and sometimes occurs
as the presenting manifestation. Although esophageal dysfunc-
tion is most often recognized, smooth muscle function through-
out the entire GI tract may be affected. The pathogenesis of
esophageal dysfunction and GI dysmotility in scleroderma is
poorly understood. Association of Raynaud's phenomenon with
GI dysmotility (4) suggests a common mechanism, such as
autonomic dysfunction or microvascular pathology. Some pa-
tients, however, have been noted to have severe GI dysmotility
without evidence for cutaneous disease, increase in esophageal
fibrosis or connective tissue, or other manifestations most often
recognized as scleroderma (5, 6). Moreover, previous studies
(7-9) have proposed a neuropathic mechanism to account for
the GI dysmotility seen in these patients.

Paraneoplastic syndromes with GI dysmotility have been
shown to be associated with the presence of circulating autoanti-
bodies to the myenteric plexus (10-12) and may actually herald
the appearance of the tumor. Although a distinct autoantibody
has not been described in association with GI dysmotility in
scleroderma, the possible involvement of autoantibody being
directly related has never been explored carefully. Therefore,
we undertook the present study for evidence of circulating anti-
myenteric neuronal antibodies in scleroderma patients.

Methods

Patients. 41 patients with scleroderma or a scleroderma-like connective
tissue disorder who had positive antinuclear antibodies (ANAs) were
prospectively selected from patients seen in the Rheumatology and Gas-
troenterology Clinics at the University of Florida Shands Hospital and
at Arthritis Associates clinic in Gainesville, FL. Many of these patients
had clinical, functional, or manometric evidence for GI dysmotility
involving the esophagus and upper GI tract. The treating physician
determined the appropriate GI tract workup in each patient. Clinical
profiles of all patients studied are shown in Table I. Nine patients
classified as definite scleroderma had the diagnosis confirmed by histo-

1. Abbreviations used in this paper: ANA, antinuclear antibody; ANNA-
1, antineuronal nuclear antibody, type 1; CREST, calcinosis, Raynaud's
phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia;
GI, gastrointestinal; MCTD, mixed connective tissue disease; NF-H,
high-molecular-weight neurofilament protein; RNP, ribonucleoprotein.
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Table I. Clinical Characteristics of Sclerodenna Patients

Diagnosis Age Raynaud's Skin disease GI symptoms and study profiles Other

Diffuse scleroderma
Patient 1

Patient 2
Patient 3

62 +

47 +
18 +

Patient 4

Patient 5
Patient 6

Limited scleroderma
Patient 7

Patient 8
Patient 9
Patient 10

Patient 11

Patient 12

Patient 13
Patient 14

Patient 15
Patient 16
Patient 17

Patient 18
Patient 19
Patient 20

(Biopsy proven)
67 + +

(Biopsy proven)
37 + +
64 n/a* +

83 +

76 +
59 +
68 +

65 +

56 +

67 n/a
42 +

64 +
76 +
52 +

+ Esophagram: poor contractions. Diarrhea,
cramping, constipation

+ Reflux symptoms
+ Reflux and dyspepsia

Reflux symptoms and diarrhea

Denies symptoms
Reflux symptoms and diarrhea

+ Denies symptoms

(Biops3

71 +
38 +
58 -

(Biops
Patient 21 69

- Denies symptoms
+ Denies symptoms
+ Small bowel manometry: poorly formed,

y proven) low amplitude contractions
+ Bacterial overgrowth. Recurrent

esophageal stricture.
Esophageal manometry: aperistalsis,

normal (17.7 mmHg)LESt
+ Reflux symptoms.

Barium esophagram: dilated with
decreased peristalsis

+ Constipation
+ Refused workup.

Subjective dysphagia
+ Reflux symptoms
+ Reflux symptoms with esophagitis
+ Barium esophagram: decreased

peristalsis, esophageal dilation, lower
esophageal stricture. Dilated small
bowel

+ Diarrhea, bloating
+ Dysphagia, constipation
+ Denies symptoms

y proven)
+

Severe pulmonary hypertension

Pulmonary hypertension
Pulmonary hypertension

Pulmonary hypertension
Myositis

Pulmonary fibrosis
Cardiomyopathy
Pulmonary fibrosis, severe

Restrictive lung disease

Pulmonary hypertension

Pulmonary fibrosis

Dysphagia, reflux symptoms, early
satiety, diarrhea

+ Gastric emptying study: 25.9% at 2 h
(Biopsy proven) (normal 70%).

Esophagram: no peristalsis lower 2/3.
Biopsies esophagus, stomach, and

duodenum: normal architecture
+ Reflux symptoms. Esophageal

manometry: LES 6 mmHg, occasional
aperistalsis.

Gastric emptying study: t1,2 = 100 min
(normal < 75 min). Diarrhea

+ Barium esophagram: lower esophageal
stricture, good peristalsis

+ Esophagoscopy: esophageal ulcers
+ Denies symptoms
+ Barium esophagram: dilated esophagus.

Reflux symptoms

Distal sensory neuropathy

Restrictive lung disease

Myositis
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CREST
Patient 22 59 +

Patient 23 38 +

Patient 24 58 +

Patient 25
Patient 26
Patient 27

54 +
41 +
71 -



Table I. (Continued)

Diagnosis Age Raynaud's Skin disease GI symptoms and study profiles Other

Morphea
Patient 28 63 +

Patient 29

Patient 30

Overlap (polymyositis-limited
scleroderma)

Patient 3 1
Overlap (SLE-limited

scleroderma)
Patient 32

Overlap (SLE-limited
scleroderma)

Patient 33

Overlap (SLE-morphea)
Patient 34

Overlap (polymyositis-limited
scleroderma)

Patient 35
Undifferentiated connective

tissue disease
Patient 36

Patient 37
Patient 38
Patient 39

Patient 40

Patient 41

52

57

+ Reflux symptoms.
(Biopsy proven)

_ +

(Biopsy proven)

(Biopsy proven)

69 +

29 +

59 +

21 +

64 +

41 +

72 -
36 -
52 -

50 +

22 +

Chronic abdominal pain (?pancreatitis)
Severe reflux.
Gastric emptying study: t1n = 110 min

(normal < 75 min)
Esophageal manometry: low amplitude

contractions with occasional
aperistalsis. LES = 10 mmHg

+ Denies symptoms

+ Bacterial overgrowth by D-xylose.
Gastric emptying study: t1,2 = 90 min,

with prompt emptying of stomach after
intravenous erythromycin

+ Dysphagia

(Biopsy proven)

Thyroiditis

Thyroiditis, myositis

Pulmonary fibrosis, diabetes,
proteinuria, pericarditis

Chorea, thrombocytopenia,
antiphospholipid syndrome

Denies symptoms

+ Denies symptoms

- Esophageal manometry: peristaltic and
aperistaltic contractile activity of low,
repetitive amplitude, occasional drop
out of amplitude. LES = 5 mmHg

- Gastroesophageal reflux, gastritis
- Denies symptoms
- Postprandial bloating and reflux. Delayed

gastric emptying
- Recurrent esophageal stricture

- Denies symptoms

Myositis

Polyarthritis

Autoimmune chronic active
hepatitis

* n/a, accurate information not available. I LES, lower esophageal sphincter pressure (mmHg), normal > 10-12 mmHg.

logic examinations of skin biopsies. Among all patients, six had diffuse
scleroderma involving face, extremities, neck, and trunk. 15 had limited
scleroderma (obvious skin thickening limited to the distal extremities
and face, or to a localized area of the skin), 6 had CRESTsyndrome,
and 3 had morphea (localized scleroderma without disseminated dis-
ease). Five patients had scleroderma overlap syndromes, two of which
had scleroderma associated with myositis, and three with scleroderma
and features of SLE. Six had undifferentiated connective tissue disease
syndromes (Raynaud's phenomenon, GI dysmotility, and strongly posi-
tive ANAs, but without a clearly definable single connective tissue
disorder). Charts were reviewed, and patients were interviewed for perti-
nent clinical data including Raynaud's phenomenon, skin disease, biopsy
reports, therapy, concurrent illnesses, and history of GI motility disor-
ders. Sera from 22 normal laboratory personnel and hospital staff with-

out history of scleroderma or GI dysmotility and 5 serum samples from
patients with idiopathic GI dysmotility (no history of autoimmune dis-
eases, cancer, diabetes, or thyroid disease) were obtained for compari-
son. Two serum samples from patients with paraneoplastic syndrome
known to contain type 1 antineuronal nuclear antibodies (ANNA- 1, also
known as "anti-Hu") (10-12) with antimyenteric neuronal immunolo-
calization (courtesy of Dr. Vanda Lennon, Mayo Clinic, Rochester, MN)
were obtained as positive controls.

Other connective tissue disease patient controls. Sera from several
groups of patients with other connective tissue diseases were also studied
in parallel. These included 20 patients with rheumatoid arthritis and 20
patients with SLE who satisfied American College of Rheumatology
criteria for definite disease (13, 14). An additional group of 10 patients
with mixed connective tissue disease (MCTD) but without clinical fea-
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tures of scleroderma (Raynaud's phenomenon or GI dysmotility) was
also studied.

Serology. Serum samples from patients were characterized in the
laboratory for fluorescent ANAusing mouse kidney sections and Hep-
2 cell substrates, for associated serology using MOLT-4 (T-lymphocyte
cell line) extracts for Western blots, and by double diffusion analysis
for Scl-70 and ribonucleoprotein (RNP) antibody (15). Three patients'
sera were not available for such further characterization.

Tissue and indirect immunofluorescence. Healthy adult Harlan
Sprague-Dawley rats were anesthetized and decapitated, and distal
esophagus, stomach, small intestine, and colon were removed. Studies
were approved by the University of Florida Animal Use Committee.
Tissues were frozen in super-cooled isopentane at -80'C and mounted,
and 5-8-pm cryostat sections were made longitudinally on a freezing
microtome (model 327; International Equipment Co., Needham Heights,
MA). Sections of longitudinal muscle and myenteric plexi were mounted
on glass slides, fixed in acetone at -20'C for 5 min, and air-dried
overnight before antibody labeling.

Serial dilutions (1:50, 1:100, 1:200, and 1:400) of test human serum
were made using Tris-buffered saline (pH 7.0) and overlaid on prepared
sections of rat ileum substrate. Because of the importance of phosphory-
lation affecting immunoreactivity with some antineuronal antibodies
(16), phosphate-free Tris-buffered saline was used for all primary anti-
body dilutions. Polyclonal rabbit IgG anti-high-molecular-weight neu-
rofilament (NF-H) antibody (17) (courtesy of Dr. Gerald Shaw, Depart-
ment of Neurosciences, University of Florida) diluted 1:200 in Tris-
buffered saline was used as a neuronal marker in double-labeling experi-
ments. This antibody was produced by injecting rabbits with recombi-
nant fusion protein NF-H and produces high titer neurofilament staining
on rat brain substrate, specifically binding to purified NF-H subunits on
immunoblots. Sections were incubated with samples of human and NF-
H antisera as primary antibodies for double-labeled, indirect immuno-
fluorescence microscopy as described previously (18). Goat F(ab' )2 spe-
cific for human Fc of IgG (Sigma Immunochemicals, St. Louis, MO),
1:40 dilution, linked to fluorescein isothiocyanate, and anti-rabbit whole
molecule IgG linked to Texas red isothiocyanate (Sigma Immunochemi-
cals), 1:20 dilution, were overlaid as the secondary detecting antibodies.
Fluorescent detecting antibodies were crossed, and antineurofilament
antibody and human serum were each omitted in early trials to exclude
the possibility of nonspecific staining.

To absorb antinuclear antibodies from the sera, 500 p1 of all serum
samples positive for antimyenteric neuronal antibodies was rocked over-
night at 37°C with 20 mg of lyophilized calf thymus extract (Sigma
Immunochemicals), diluted in Tris-buffered saline to an effective dilu-
tion of 1:50. Unfortunately, there was not sufficient serum from patient
26 for calf thymus extract absorption. After centrifugation, the superna-
tant from the absorbed sera and from the unabsorbed sera were each
diluted as before and overlaid on Hep-2 cells (ProTrac, Kerrville, TX)
to demonstrate absence of residual ANA and, therefore, adequate ab-
sorption. Absorbed and unabsorbed sera were overlaid on cryostat sec-
tions of rat ileum, labeled with fluorescent-conjugated antibodies as
before, and examined for fluorescence. Similar absorption studies were
done with 10 positive scleroderma and 2 MCTDpatient sera using rat
whole brain homogenate, brought to an effective serum dilution of 1:60
using PBS/BSA, rocked overnight at 4°C, and centrifuged. The resultant
supernatants at 1:60 dilution and unabsorbed serum at 1:60 dilution
were overlaid on cryostat sections of rat ileum and Hep-2 cells using
indirect immunofluorescence techniques and double-labeled with anti-
neurofilament antibody as before.

Double-labeled specimens were viewed with an Axiophot immuno-
fluorescence microscope (Zeiss, Oberkochen, Germany). Photographs
were made, and qualitative evaluations of myenteric neuronal staining
were made in a blinded fashion. Immunoreactivity for each dilution of
serum was judged as positive (+) if the serum revealed strongly positive
neuronal staining and negative (-) if staining was absent or equal to
the background.

Cytoskeletal protein preparation. To determine if circulating anti-
bodies reacted with cytoskeletal proteins, as has been reported in both

connective tissue disease patients and normal individuals (19-21), we
used intermediate filaments isolated from rat after the method of Shaw
(22) and Shelanski (23) and actin prepared from chicken gizzard (Sigma
Immunochemicals) and rat skeletal muscle (24).

Immunoblots. The intermediate filament preparation and actin pro-
tein were each transferred in 2x sample buffer with SDS to nitrocellu-
lose after the method described by Towbin (25) using a Pharmacia
Phastgel system (Uppsala, Sweden) (7.5% homogeneous gel, nonreduc-
ing conditions). Individual lanes were cut out of the nitrocellulose after
appropriate blocking and incubated with mouse monoclonal antibodies
for NF-H (NE14), medium-molecular-weight neurofilament (NN18),
and glial fibrillary acidic protein (GA5), rabbit antiactin antibody (Sigma
Immunochemicals), and six human sera positive for myenteric neuron
staining (1:100-1:400 dilutions) as primary antibodies. Dilutions of
1:2,500 in 1% gelatin of peroxidase-conjugated goat F(ab' )2 anti-
mouse, anti-human, or anti-rabbit IgG (Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA) were used as secondary antibodies.

Homogenates of rat brain in 5 ml of 50 mMMes and 2 mMEGTA
and 1 mMMgCl2 (pH 6.8) buffer were separated on 12.5% SDS-PAGE
gels, and separated proteins were transferred to nitrocellulose mem-
branes. Staining of separated proteins with known positive ANNA-
1 were compared with results obtained using scleroderma sera with
antimyenteric neuronal antibodies. Mouse anti-,3-tubulin antibody
(Sigma Immunochemicals) was used as a positive control.

Statistical analysis. Numerical data of groups were compared by
Chi-square analysis with Yates correction (26). A P value > 0.05 is not
significant.

Results

19 of the 41 patients with scleroderma had serum which stained
myenteric plexus neurons using indirect immunofluorescence
techniques (Table II). Two patterns were observed: homoge-
neous staining of neuron cell bVdies but not nuclei or axons,
and granular staining of neuron cell bodies and nuclei but not
axons (Figs. 1 and 2). Of those sera which stained in a granular
pattern, smooth muscle staining was also often seen. There was
no difference in staining pattern when rat ileum was compared
with lower esophagus, stomach, and colon. When positive se-
rum was absorbed using lyophilized calf thymus extract, Hep-
2 cell antinuclear staining was removed completely, but staining
of myenteric neurons persisted in 15 out of 18 positive sera
studied (Fig. 3). There was not enough serum available for
further studies in 1 of the 19 positive patients (patient 26).
In three sera from scleroderma patients, calf thymus extract
absorption abolished myenteric neuronal immunoreactivity.
When positive sera in 10 scleroderma patients were absorbed
with rat whole brain homogenate, in all 10 the myenteric plexus
staining and Hep-2 cell antinuclear staining were both dimin-
ished; in many instances, one absorption with brain homogenate
eliminated both antinuclear and antineuronal staining (Fig. 4).
The immunofluorescence pattern of staining seen with para-
neoplastic sera was similar but clearly distinguishable as a dif-
ferent pattern (Fig. 5) from the staining demonstrated with the
scleroderma sera (Figs. 1 and 2).

The presence of Raynaud's phenomenon in scleroderma pa-
tients was significantly associated with antimyenteric neuronal
antibodies in their sera (X2 = 14.9, P < 0.001). Of the sclero-
derma patients whose sera stained myenteric neurons, only one

patient did not report Raynaud's phenomenon. Nucleolar ANA
fluorescence patterns were found in 20% (3 out of 15) of patients
positive for myenteric neuronal staining compared with 13% (3
out of 20) without (X2 = 1.3, P = NS). Speckled ANA fluores-
cence patters were found in 40% (6 out of 15) of positive
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Table II. Serologic Characteristics of Scleroderma Patients

Myenteric
Patient neuron staining* FANAHep-2 cells MOLT-4 Western blots' Double diffusion

1 - 1:640 centromere pattern
2 + 1:400 G 1:640 fibrillarin
3 + > 1:400 D 1:640 speckled pattern
4§ + 1:400 D 1:640 homogeneous with some nucleolar

pattern
5 + > 1:400 D 1:640 diffuse homogeneous and

nucleolar
6 - 1:160 homogeneous pattern
7 +1:100 G 1:2,560 centromere pattern
8 - 1:160 diffuse fine speckled pattern
9 - 1:640 centromere pattern

10 +1:200 D 1:640 diffuse homogeneous, diffuse
speckled

11 - n/a
12 - None detected
13 + > 1:400 G 1:640 speckled pattern

14 - 1:640 centromere pattern
15 + > 1:400 G 1:640 centromere pattern
16 - 1:640 centromere pattern
17 + > 1:400 G 1:640 speckled pattern
18 - 1:640 centromere pattern
19 + > 1:400 G 1:640 homogeneous pattern
20 - 1:40 homogeneous
21 - 1:160 diffuse fine speckled pattern
22 - 1:640 centromere pattern
23 - 1:640 discrete speckles
24 - 1:640 centromere pattern
25 - n/a
26 + > 1:400 G 1:640 centromere and homogeneous

pattern, and nuclear membrane
27 - 1:640 centromere pattern
28 - 1:160 homogeneous pattern
29 +1:200 D 1:640 fine speckled/cytoplastic pattern
30 - 1:40 diffuse fine speckled
31§ + > 1:400 G 1:640 fine speckles with occasional

nucleolar pattern
32 + > 1:400 G 1:640 homogeneous and nucleolar

pattern
33 - 1:640 diffuse fine speckled pattern
34 - 1:640 granular nucleolar and

homogeneous pattern
35 + > 1:400 G 1:640 homogeneous pattern
36 + 1:100 D 1:160 homogeneous, nucleolar
37 - 1:640 centromere pattern
38 - 1:640 centromere pattern
391 + 1:50 G 1:640 homogeneous, scattered speckled

pattern
40 +1:200 D n/a
41 + > 1:400 G 1:640 speckled pattern

cenP-A, B, C, ?D, other
(-)
30-, 46-, and 76-kD bands
95- and 46-kD bands Scl-70

Weak 37-kD bands

Weak 97-, weak 46-kD bands
Doublet > 100, probable cenP-A
Weak 46-kD band
cenP-A
46-kD band

n/a
41-, 46-, weak 68-kD bands
Weak 18-, weak 23-, strong 31-, 42-, and

68-kD bands
cenP-A, B, C
cenP-A, cenP-B, cenP-C
Weak cenP-A
68-, > 116-, 42-kD bands and (RNP)
cenP-A, cenP-B, cenP-C
Strong 46-52-, 60-, weak 95-kD bands
(-)
Weak 69-, and 79-kD band
(-)
Strong 82-kD band
Weak cenP-A
n/a
cenP-A, weak cenP-B, weak cenP-C

RNP, SSA/Ro

RNP

SSA/Ro, SSBILa

cenP-A, B, C, others
(-3
46-, 52-kD bands
78-kD band
(-)

92-, 78-, weak 46-kD bands

> 116-, 100-, 95-, 46-, and 26-kD bands
Two bands > 116-kD 116-kD, weak 68-

kD bands
42-, 80-, Doublet > 100-kD bands
Weak 46-kD band
(-)
cenP-A
Approximately 200-kD band

n/a
30-, 40-, 46-, strong 68-, weak > 100-kD

band

Scl-70

Scl-70, other

RNP
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* D, diffuse neuronal staining pattern; G, granular neuronal staining pattern; > 1:400 means endpoint titer exceeds 1:400; - means negative for
myenteric staining; n/a means not available for further studies (patients expired or were lost to followup). t cenP-A (17-kD band), cenP-B (94-
kD band), cenP-C (> 100-kD band); § serumrs which subsequently was negative after thymus absorption.



Figure 1. Representative double-labeled in-
direct immunofluorescence microscopy of rat
ileum. A and B are corresponding double-
labeled views of the same longitudinal sec-
tion of ileum. C and D are corresponding
views of another section of ileum, and E and
F are corresponding views of a third section
of ileum. In A, C, and E, the tissue was
stained with the neurofilament antibody NF-
H (1:200 dilution) to allow localization of
many of the myenteric neuronal cell bodies
and processes. In B (1:200 dilution, serum
from patient 40) and D (1:400 dilution, serum
from patient 29), scleroderma sera stained
myenteric neuronal cell bodies diffusely,
with more intense staining in the cytoplasm
than in the nucleus (B, arrow). Axonal pro-
cesses did not stain. In F, serum (1: 100) from
a control subject failed to stain neurons. Bar
= 20 /,m.

patients compared with 30% (7 out of 23) without myenteric
staining (X2 = 1.78, P = NS). The absence of anticentromere
antibody and the presence of myenteric neuron staining were
associated (X2 = 14.7, P < 0.001), thus, only 3 out of 15
scleroderma patients with antimyenteric neuronal antibodies
showed positive patterns for anticentromere staining.

Serum antibody profiles are summarized in Table II. The
heterogeneity of antinuclear antibody reactivities among the
positive scleroderma patients studied is shown in Fig. 6 (15).
Antibodies reacting with myenteric neurons were found not
only in diffuse, generalized scleroderma, but also among pa-
tients with limited scleroderma, CREST, morphea, and a few
patients with overlap syndromes or undifferentiated connective
tissue disorders. 11 out of 16 patients with antibodies reacting
with myenteric neurons showed clinical or laboratory manifesta-
tions of GI dysfunction, however, 19 out of 25 patients without
demonstrable antimyenteric neuron antibodies also showed GI
dysfunction (X2 = 1.6, P = NS).

None of the sera from 22 normals or 5 patients with idio-
pathic GI dysmotility stained myenteric neurons. In addition,
none of the sera from 20 patients with clearcut rheumatoid

arthritis showed positive staining. 6 sera from 20 SLE patients
showed positive antimyenteric neuronal staining, but in each
case absorption with thymus extract completely extinguished
neuronal staining. 6 out of 10 MCTDpatients' sera showed
positive antimyenteric neuronal staining. After thymus extract
serum absorption and whole brain homogenate absorption, two
MCTDpatients' sera still showed positive myenteric neuronal
staining as well as persistent positive antinuclear staining with
Hep-2 cells. Both of these patients showed extremely high ANA
levels (1:5,120 and 1:20,480) and hypergammaglobulinemia.

Humanserum which demonstrated positive immunoreactiv-
ity in myenteric neurons did not bind intermediate filaments or
actin on Western blots. In parallel, polyclonal rabbit anti-
actin, mouse monoclonal anti-NF-H, anti-medium-molecular-
weight neurofilament protein, and anti-glial fibrillary acidic
protein antibodies all showed strong positive Western blot stain-
ing on homologous substrates (data not shown).

Western blots of rat brain homogenates stained with positive
scleroderma sera demonstrated weakly positive bands which
clearly differed from the pattern of staining with paraneoplastic
sera containing ANNA-1 antibody (data not shown).
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Figure 2. Representative double-labeled in-
direct immunofluorescence microscopy of rat
ileum. A and B are corresponding double-
labeled low power views (bar = 60 ,um) of
the same longitudinal section of rat ileum. C
and D are corresponding double-labeled
views of another section of ileum taken at
higher power (bar = 20 tim). In A and C, the
tissue was stained with the neurofilament an-
tibody NF-H (1:200 dilution) demonstrating
many of the myenteric neuronal cell bodies
and processes. In B (1:200 dilution, patient
17) and D (1:200 dilution, patient 19), sclero-
derma sera intensely stained the area of the
neuronal nucleus (D, straight arrow) with
granular, less intense staining of the cyto-
plasm. Axonal processes do not stain. With
this neuronal staining pattern, which differs
from the staining in Fig. 1, smooth muscle
cells (D, curved arrows) also demonstrated
characteristic granular staining.

Discussion

Positive fluorescent ANAs are found in 95-97% (27, 28) of
patients with scleroderma, but the presence of myenteric neu-
ronal antibodies in scleroderma has not been described pre-
viously. In the present study, we report for the first time that
some patients with scleroderma have myenteric neuronal anti-
bodies in their sera. The myenteric neuronal antibodies which
we have described appear to be relatively unique for sclero-
derma or scleroderma-like connective tissue disease patients
because we did not find the antibody in any normals or patients
with idiopathic GI dysmotility. Moreover, the antibodies were
not found in any of 20 rheumatoid arthritis patients. Although a
few of the 20 patients with SLE demonstrated positive neuronal

staining, in each instance the immunoreactivity was eliminated
by thymus preabsorption suggesting nonneuronal specific ANA.
2 of the 10 patients with MCTDshowed the presence of antimy-
enteric antibodies but were associated with extremely high titer
ANAand, as opposed to scleroderma sera, did not extinguish
with brain extract absorption.

Scleroderma sera with the myenteric neuronal antibodies,
when absorbed by calf thymus extract, lost ANAreactivity on
Hep-2 cell substrate but maintained a myenteric neuronal stain-
ing pattern in 15 out of 18 instances; thus, the antibodies which
react with myenteric plexus in our patients are not demonstra-
ting a nonspecific ANAreactivity but are antineuronal in speci-
ficity. This was further substantiated by our demonstration that
whole rat brain homogenate effectively absorbed antimyenteric
neuronal antibodies from test sera. In this regard, the absolute

Figure 3. Representative double-labeled indirect immunofluorescence microscopy of rat ileum. A and B are corresponding double-labeled views of
the same longitudinal section of ileum. In A, the tissue was stained with the neurofilament antibody NF-H (1:200 dilution) to allow localization of
many of the myenteric neuronal cell bodies and processes. In B, scleroderma serum (patient 32) preabsorbed with calf thymus extract (effective
dilution 1:40) to absorb antinuclear antibodies demonstrated no diminution in staining myenteric neurons (arrow) compared with unabsorbed serum.
Bar = 20 ,m.
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Figure 4. Representative double-labeled indirect immunofluorescence microscopy of rat ileum. A and B are corresponding double-labeled views of
the same longitudinal section of ileum. In A, the tissue was stained with the neurofilament antibody NF-H (1:200 dilution) which demonstrated
many of the myenteric neuronal cell bodies and processes. In B, scleroderma serum (patient 32), which showed positive myenteric neuronal staining,
was preabsorbed with whole brain homogenate (effective 1:60 dilution) to absorb neuronal antibodies and demonstrated a dramatic absence of
myenteric neuronal staining. Bar = 20 Am.

necessity for absorption of test sera with thymus extract to
confirm specific neuronal staining was emphasized by our re-
sults, particularly with SLE sera where all apparent neuronal
immunoreactivity was eliminated by thymus extract absorption.
Anticytoskeletal antibodies in several immune-mediated dis-
eases have been described but are relatively nonspecific, with
circulating autoantibodies described in numerous disease states
as well as in normals (19-21). The results of our immunoblots
support that the antibodies we observed are not directed against
intermediate filaments or actin. Moreover, as can be seen in
Table U and Fig. 6, most of the patients' sera showed heteroge-

neous antinuclear antibody profiles often associated with sclero-
derma, such as anti-Scl-70 or characteristic bands on Western
blots.

There was a negative reciprocal relationship of antimyen-
teric neuronal antibodies and anticentromere antibody. Thus, if
antimyenteric neuronal antibodies were present, they were much
less likely to be associated with the presence of anticentromere
staining. Our results also demonstrated a significant number
of patients with Raynaud's phenomenon having antimyenteric
neuronal antibodies. This is of particular interest because of
the association between esophageal dysmotility and Raynaud's

'Figure 5. Representative double-labeled indirect immunofluorescence microscopy of rat ileum. A and B are corresponding double-labeled views of
the same longitudinal section of ileum. In A, tissue was stained with the neurofilament antibody NF-H (1:200 dilution) which demonstrated many
of the myenteric neuronal cell bodies and processes. In B, serum (1:400 dilution) from a patient with paraneoplastic GI dysmotility (courtesy of V.
Lennon, Mayo Clinic) and known to contain ANNA-1 antibodies (10, 12) demonstrated intense clumped nuclear staining, with less cytoplasmic
staining, and the absence of axonal staining. This pattern differed from that seen with scleroderma. Bar = 20 yrm.
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Figure 6. Immunoblotting results of patients
with antimyenteric neuronal antibodies on

MOLT-4 whole cell extracts. N, normal hu-
man serum; Cl, control with antibodies to
Sm, RNP, SSAIRo, SSBJLa; C2, control with
antibodies to rRNP, Jo-l, Ku; C3, control
with antibodies to SCL-70, centromere. Pa-
tient numbers refer to Table II. The autora-
diograph was a long exposure to bring out
weaker reactions with the result that anti-
SSB/La in lanes 19 and 29 were overexposed.

phenomenon (4). Patients with Raynaud's phenomenon have
shown prolonged esophageal rewarming compared with con-

trols after cold challenge of the esophagus (29), suggesting that
an ischemic process may be related. Our results demonstrate
that a significant number of patients with Raynaud's phenome-
non have antimyenteric neuronal antibodies. Gastrointestinal
dysmotility may be the common link even though we were

unable to demonstrate a significant association between GI dys-
motility and presence of antimyenteric antibodies.

It has been suggested that scleroderma-associated GI dys-
motility may begin primarily as a neuropathic process and later
becomes a myopathic process (30). Cohen (7) showed that the
lower esophageal smooth muscular response was intact in scle-
roderma after testing with methacholine (directly acting at the
cholinergic receptor), edrophonium (enhancing acetylcholine
effects), and gastrin I (proposed to increase the release of acetyl-
choline), suggesting a primary neurogenic defect. A later study
by Cohen's group (8) of duodenal myoelectric activity in pa-

tients with scleroderma suggested that impaired intrinsic cholin-
ergic pathways in scleroderma were implicated, but the mecha-
nism for such neuropathogenicity is unknown. The provocative
response of enhanced propagating small bowel motility with
octreotide reported in scleroderma patients (31) indirectly sup-

ports the hypothesis that the process is neuropathic because
such organized small bowel motor activity is mediated via the
myenteric plexus.

The severity and clinical presentation of GI dysmotility in
scleroderma is variable and may remain clinically occult. One
problem in a disease like scleroderma is that patients often have
major abnormalities in GI function which are subclinical and
only apparent after invasive recording techniques are applied.
Some patients with minimal or no apparent skin disease, the

most prominent and easily recognized sign associated with scle-
roderma, have severe GI dysmotility, and others with severe

skin disease may not have clinically apparent GI dysmotility
until they have had the disease for several years. Examination
of Tables I and II indicate that, in fact, six of our patients,
though strongly positive for antimyenteric neuronal antibodies,
denied GI symptoms and did not undergo extensive motility
testing. 90% of patients with scleroderma undergoing esopha-
geal manometry during some course of their illness will demon-
strate esophageal aperistalsis in the lower two-thirds of the
esophagus (the smooth muscle portion) or decreased lower
esophageal sphincter pressure (32) with or without subjective
dysphagia. Since clinical GI tract symptoms do not necessarily
reflect GI dysmotility, our inability to link the presence of myen-

teric plexus neuronal antibodies in patients with such GI symp-

toms is not surprising. Clearly, a prospective study of GI tract
motility in scleroderma patients will be required to determine
whether myenteric antibodies predict early, neuropathic-based
dysmotility.

Lennon et al. (10-12) have reported that some patients with
cancer have circulating antimyenteric neuronal antibodies in
which pathophysiologic changes in intestinal neuromuscular
function are linked. These patients developed clinically evident
dysmotility in histologically normal intestine. Similarly, early
in the course of scleroderma, motility may be disturbed in the
presence of normal esophageal smooth muscle (33). However,
later on, at the extreme of disease, atrophy of smooth muscle,
fibrosis of the submucosa and lamina propria, and thinning of
the mucosa are seen. Even at that stage the myenteric plexus
and skeletal muscle portions of the esophagus are pathologically
normal at the light microscopic level (33, 34). The circulating
antimyenteric neuronal antibodies which we are reporting in
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scleroderma patients provide an attractive hypothesis to explain
GI dysfunction on a neurogenic basis. The myenteric neuronal
staining patterns, supported by preliminary Western blots, sug-
gest a different neuronal antigen reactivity than recognized by
ANNA-I antibody (10-12). Our laboratories are pursuing stud-
ies to delineate the antigen(s) involved and the pathophysiologic
significance of these observations in both animal and human
studies in hope that this may shed some light on the poorly
understood pathogenicity of scleroderma and provide a model
for future therapy.

Acknowledgments

Wethank Drs. Robert Thoburn, Bruce Yancey, and Seldon Longley for
providing patient serum; Laura Byres and Chris Malone for technical
assistance; Dr. Vanda Lennon (Mayo Clinic, Rochester, MN) for para-
neoplastic sera; Dr. Gerald Shaw and Laura Errante for advice and
intermediate filament preparations; Dr. Fred Southwick for rat skeletal
muscle actin preparation; and Kathy Stalnaker, Lee Starling, and Patti
Vance for help with transcription.

Dr. Eaker is a recipient of a National Institutes of Health/National
Institute of Diabetes and Digestive and Kidney Diseases Clinical Investi-
gator Award, K08-DK02007. Dr. Williams is supported in part by grants
RO1 AR40438-01 and R55-AR-13824-21A2 from the National Insti-
tutes of Health and in part by the Marcia Whitney Schott Endowment
for Rheumatic Diseases Research, University of Florida.

References

1. Tan, E. M. 1992. Antibody Markers in Systemic Autoimmunity. Ciba-
Geigy, Summit, NJ. 57 pp.

2. Weiner, E. S., W. C. Earnshaw, J.-L. Senhcal, B. Bordwell, P. Johnson,
and N. F. Rothfield. 1988. Clinical associations of anticentromere antibodies and
antibodies to topoisomerase I. Arthritis Rheum. 31:378-392.

3. Ferri, C., L. Bernini, R. Cecchitti, A. Latorraca, G. Marotta, G. Pasero, R.
Neri, and S. Bombardieri. 1991. Cutaneous and serologic subsets of systemic
sclerosis. J. Rheumatol. 18:1826-1832.

4. Stevens, M. B., P. Hookman, C. I. Siegal, L. E. Shulman, and T. R. Hendrix.
1964. Aperistalsis of the esophagus in patients with connective-tissue disorders
and Raynaud's phenomenon. N. Engl. J. Med. 270:1218-1222.

5. Rodnan, G., and R. H. Fennell. 1962. Progressive systemic sclerosis sine
scleroderma. J. Am. Med. Assoc. 180:665-670.

6. DeVilliers, W. J. S., H. F. Jordaan, and W. Bates. 1992. Systemic sclerosis
sine scleroderma presenting with vitiligo-like depigmentation and interstitial pul-
monary fibrosis. Clin. Exp. Dermatol. 17:127-131.

7. Cohen, S., R. Fisher, W. Lipshutz, R. Turner, A. Myers, and R. Schumacher.
1972. The pathogenesis of esophageal dysfunction in scleroderma and Raynaud's
disease. J. Clin. Invest. 51:2663-2668.

8. DiMarino, A. J., G. Carlson, A. Myers, H. R. Schumacher, and S. Cohen.
1973. Duodenal myoelectric activity in scleroderma: abnormal responses to me-
chanical and hormonal stimuli. N. Engl. J. Med. 289:1220-1223.

9. Akesson, A., and R. Ekman. 1993. Gastrointestinal regulatory peptides in
systemic sclerosis. Arthritis Rheum. 36:698-703.

10. Lennon, V. A., D. F. Sas, M. F. Busk, B. Scheithauer, J.-R. Malagelada,
M. Camilleri, and L. J. Miller. 1991. Enteric neuronal autoantibodies in pseudo
obstruction with small-cell lung carcinoma. Gastroenterology. 100:137-142.

11. Altermatt, H. J., C. L. Williams, and V. A. Lennon. 1991. Paraneoplastic

cerebellar autoantibodies associated with gynecological cancer bind to myenteric
plexus neurons. Ann. Neurol. 29:687-688.

12. Altermatt, H. J., M. Rodriguez, B. W. Scheithauer, and V. A. Lennon.
1991. Paraneoplastic anti-Purkinje and type I anti-neuronal nuclear antibodies
bind selectively to central, peripheral, and autonomic nervous system cells. Lab.
Invest. 65:412-420.

13. Arnett, F. C., S. Edworthy, and D. A. Block. 1987. The 1987 revised
ARAcriteria for rheumatoid arthritis. Arthritis Rheum. 30:S17.

14. Tan, E. M., A. S. Cohen, J. F. Fries, A. T. Masi, D. J. McShane, N. F.
Rothfield, J. G. Schaller, N. Talal, and R. J. Winchester. 1982. The 1982 revised
criteria for the classification of systemic lupus erythematosus (SLE). Arthritis
Rheum 25:1271-1277.

15. Tan, E. M. 1982. Autoantibodies to nuclear antigens (ANA): their immu-
nobiology and medicine. Adv. Immunol. 33:167-240.

16. Stemberger, L. A., and N. H. Sternberger. 1983. Monoclonal antibodies
distinguish phosphorylated and non-phosphorylated forms of neurofilaments in
situ. Proc. Natl. Acad. Sci. USA. 80:6216-6230.

17. Harris, J., C. Ayyub, and G. Shaw. 1991. A molecular dissection of the
carboxyterminal tails of the major neurofilament subunits NF-M and NF-H. J.
Neurosci. Res. 30:47-72.

18. Eaker, E. Y., G. Shaw, and C. A. Sninsky. 1990. Neurofilament immunore-
activity in myenteric neurons differs from that found in the central nervous system.
Gastroenterology. 99:1364-1371.

19. Senecal, J.-L., J. M. Oliver, and N. Rothfield. 1985. Anticytoskeletal
antibodies in the connective tissue diseases. Arthritis Rheum. 28:889-898.

20. Senhcal, J.-L., S. Ichiki, D. Girard, and Y. Raymond. 1993. Autoantibodies
to nuclear lamins and to intermediate filament proteins: natural, pathologic or
pathogenic? J. Rheumatol. 20:211-219.

21. Stefansson, K., L. S. Marton, M. E. Dieperink, G. K. Molnar, W. W.
Schlaepfer, and C. M. Helgason. 1985. Circulating autoantibodies to the 200,000-
dalton protein of neurofilaments in the serum of healthy patients. Science (Wash.
DC). 22:1117-1119.

22. Shaw, G., and Z. C. Hau. 1990. Bundling and cross-linking of intermediate
filaments of the nervous system. J. Neurosci. Res. 25:561-568.

23. Shelanski, M. L., S. Albert, G. H. De Vries, and W. T. Norton. 1971.
Isolation of filaments from brain. Science (Wash. DC). 174:1242-1245.

24. Spudich, J. A., and S. Watt. 1971. The regulation of rabbit skeletal muscle
contraction. J. Biol. Chem. 246:4866-4871.

25. Towbin, H., T. Staehlin, and J. Gordon. 1979. Electrophoretic transfer of
proteins from polyacrylamide gels onto nitrocellulose sheets. Procedure and some
applications. Proc. Natl. Acad. Sci. USA. 76:4350-4354.

26. Colton, T. 1974. Statistics in Medicine. Little, Brown and Co., Boston.
372 pp.

27. Bernstein, R. M., J. C. Steigerwald, and E. M. Tan. 1982. Association of
antinuclear and antinucleolar antibodies in progressive systemic sclerosis. Clin.
Exp. Immunol. 48:43-51.

28. Catoggio, L. J., R. M. Bernstein, C. M. Black, G. R. V. Hughes, and P. J.
Maddison. 1983. Serological markers in progressive systemic sclerosis: clinical
correlations. Ann. Rheum. Dis. 42:23-27.

29. Belch, J. J. F., D. Land, R. H. R. Park, J. H. McKillop, and J. F. MacKenzie.
1988. Decreased oesophageal blood flow in patients with Raynaud's phenomenon.
Br. J. Rheumatol. 27:426-430.

30. Greydanus, M. P., and M. Camilleri. 1989. Abnormal postcibal antral
and small bowel motility due to neuropathy or myopathy in systemic sclerosis.
Gastroenterology. 96:110-115.

31. Soudah, H. C., W. L. Hasler, and C. Owyang. 1991. Effect of octreotide
on intestinal motility and bacterial overgrowth in scleroderma. N. Engl. J. Med.
325:1461-1467.

32. Fulp, S. R., and D. 0. Castell. 1990. Scleroderma esophagus. Dysphagia.
5:204-210.

33. Treacy, W. L., A. H. Baggenstoss, C. H. Slocumb, and C. F. Code.
1963. Scleroderma of the esophagus. A correlation of histologic and physiologic
findings. Ann. Intern. Med. 59:351-356.

34. Schuffler, M. D., and R. G. Beegle. 1979. Progressive systemic sclerosis
of the gastrointestinal tract and hereditary hollow viscus myopathy: two distin-
guishable disorders of intestinal smooth muscle. Gastroenterology. 77:664-671.

770 Howe, Eaker, Sallustio, Peebles, Tan, and Williams


