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Abstract

 

We have identified and partially characterized the autoanti-

bodies in sera of 60 patients with chronic fatigue syndrome.

Approximately 52% of the sera were found to react with nu-

clear envelope antigens. The combination of nuclear rim

staining observed in immunofluorescence microscopy and

immunoblot analysis of highly purified nuclear envelope

proteins provided initial characterization of these autoanti-

bodies. Further characterization showed that some sera im-

munoprecipitated the in vitro transcription and translation

product of a human cDNA clone encoding the nuclear enve-

lope protein lamin B1. The autoantibodies were of the IgG

isotype. The occurrence of autoantibodies to a conserved in-

tracellular protein like lamin B1 provides new laboratory

evidence for an autoimmune component in chronic fatigue

syndrome. (

 

J. Clin. Invest.

 

 1996. 98:1888–1896.) Key words:
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Introduction

 

Chronic fatigue syndrome (CFS)
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 is a clinically defined condi-
tion, consisting of profound fatigue associated with a variety of
nonspecific and constitutional symptoms (1–3). CFS affects up
to 267 per 100,000 people (4) and can occur sporadically or in
clusters. Diagnosis of CFS can be made only after alternative
medical and psychiatric causes have been excluded. So far, no
pathognomonic signs or diagnostic tests have proven to be use-
ful for recognizing the illness or for studies to elucidate its etio-
logic or pathogenic mechanisms. Routine tests are usually nor-
mal, and the recommended evaluation includes physical
examination, CBC and differential, ESR, complete blood
chemistry, urinalysis, chest roentgenograms, personal and fam-
ily psychiatric history, and determination of thyroid-stimulat-
ing hormone (3) to exclude another condition that might ex-
plain abnormalities in any of these tests.

Some manifestations of CFS suggest that it may be associ-
ated with immunologic dysfunction. These include abnormali-
ties or alterations in T cell function (5), natural killer cell cyto-
toxicity (6), cytokine production (7), mitogen stimulation (6),
and lymphocyte phenotypes (8). The presence of circulating
immune complexes and antinuclear antibodies (ANAs) in as
high as 30% of patients with CFS has also been reported (9).
While each of these laboratory tests lacks sufficient sensitivity
and specificity to be diagnostic, the immunologic abnormali-
ties described are in accordance with a growing body of evi-
dence suggesting chronic, low-level activation of the immune
system in CFS. Some investigators also suggest that immune
dysfunction leading to chronic infection might be an etiologic
factor (10, 11).The association of CFS and a disorder resem-
bling Sjogren’s syndrome with positive Schirmer’s test, ANA,
and abnormal salivary gland biopsy, but absence of SS-A/Ro
antibodies, has been described (12).

We have found that 

 

z

 

 52% of patients with CFS develop
autoantibodies to components of the nuclear envelope (NE),
mainly nuclear lamins. Our findings suggest that in addition to
other disturbances of the immune system, humoral autoimmu-
nity against polypeptides of the NE is a prominent immune de-
rangement in CFS.

 

Methods

 

CFS patients.

 

CFS patients were recruited from a university-based
fatigue clinic in the Pacific Northwest which accepts both self- or phy-
sician referrals. Patients underwent an extensive medical and psycho-
logical intake evaluation as recommended by the Centers for Disease
Control and Prevention (CDC), National Institutes of Health, and
the National Institute of Mental Health (13, 14). This evaluation con-
sisted of a standardized physical examination which included palpa-
tion of tender points, a questionnaire specific to CFS symptoms also
containing items on past and current medical problems, routine blood
tests, and a structured psychiatric interview which yielded DSM-III-R
diagnoses. Each subject was also interviewed by a physician assistant
and by one of us (D. Buchwald). The laboratory battery included a
complete blood count, erythrocyte sedimentation rate, chemistry
panel, liver and thyroid function tests, and ANAs. In addition, pa-
tients underwent an unanesthetized Schirmer’s test. Other studies
were ordered as clinically indicated.

Psychiatric diagnoses were determined using the National Insti-
tutes of Mental Health Diagnostic Interview Schedule Version III-A
(13). The Diagnostic Interview Schedule is a widely used, highly
structured interview which assigns current and lifetime diagnoses
based on DSM-III-R criteria (14). An abridged version with sections
on major depression, alcohol abuse, agoraphobia and somatization,
generalized anxiety, dysthymic, and panic disorders was administered
by a psychometrist trained in its use.

Patients were classified as having CFS using the 1988 criteria (1)
and subsequent modifications (2) which explicitly do not exclude
most psychiatric disorders. The presence of affective, anxiety, and so-
matization disorders did not exclude patients from meeting the CDC
criteria for CFS. However, as specified by the criteria, patients who
met the CDC criteria had no evidence of a medical condition or pre-
viously documented schizophrenia, bipolar depression, or personality
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disorders which could explain their fatigue. The 1988 case definition
requires the presence of persistent or recurrent, disabling (50% re-
duction of pre–morbid activity levels) fatigue lasting at least 6 mo
which is not explained by exertion or circumstances. In addition, at
least 8 of the following 11 symptoms must be present: 1, mild fever
between 99.4 and 101.4
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C or chills; 2, sore throat; 3, painful cervical
or axillary lymph nodes; 4, unexplained, diffuse, muscle weakness; 5,
muscle pain or discomfort; 6, new or different regular headaches; 7,
noninflammatory, multi-joint aches; 8, postexertional fatigue/malaise;
9, neurocognitive difficulties (e.g., difficulty concentrating); 10, prob-
lems falling or staying asleep or sleeping too much; 11, acute onset.
Of note, the newly formulated 1994 international CDC case defini-
tion (3) has similar psychiatric and medical exclusionary criteria and
incorporates the major components, including symptoms of the origi-
nal criteria (1). The new definitions were not used because they had
not been published at the time this study was commenced and be-
cause they require the collection of some data (e.g., patient height)
that were not routinely obtained by our group (or others) at the time.

 

Control subjects.

 

Controls consisted of two groups (Table I). The
first control group (I) was a community-based sample of individuals
not seeking medical care and recruited by newspaper advertisements
for participation in a research study in Denver, CO. This group, com-
prising 30 individuals (10 with current major depression, 10 with aller-
gies, and 10 in good health), was selected since affective and allergic
conditions are prominent features of CFS. All subjects in control
group I underwent a standardized evaluation including a structured
psychiatric assessment, physical examination, skin testing, and labo-
ratory studies. No subject had evidence of a primary active medical
disorder (except allergies). Subjects with allergies and healthy con-
trols denied fatigue and did not meet criteria for any current or life-
time psychiatric illness. No subject in this control group met the case
definition for CFS.

The Seattle (CFS patients) and Denver (control group I patients)
patients came from two centers which are part of an NIH-funded CFS
Cooperative Research Group. One of the objectives of the Clinical
Cores of these centers was to develop banks of sera and clinical data
as a source of patients for other investigations. Although the CFS
sera and the control group I sera came from different geographical lo-
cations, they were collected following guidelines established by the
CFS Study Group and should be comparable from one center to an-
other.

The second control group (II) consisted of 41 blood donors at the
General Clinical Research Center at the Scripps Clinic and The
Scripps Research Institute. These blood donors came from a cohort
of healthy individuals who had participated in many studies as normal
controls. These donors were employees who were screened at least
annually for blood counts and for HBV, HCV, and HIV serology.
They were known to be working on a regular basis and would there-

fore not meet the CFS case definition, because they would not meet
the sine qua non criterion of persisting or relapsing fatigue for 

 

$

 

 6 mo.
Informed consent was obtained from all subjects and approval

was obtained from the appropriate Institutional Review Board. Se-
rum was the only patient material used in the laboratory analysis and
since antibodies are stable during storage in the frozen condition,
transportation of sera from Seattle and Denver was always in the fro-
zen state.

 

Reference antibodies.

 

Mouse monoclonal antibody (RL12, IgM)
to lamins A/C (15), Armenian hamster monoclonal antibody (RL29,
IgG) to lamina-associated polypeptide 2 (LAP 2; 16), mouse mono-
clonal antibody (RL1, IgM) to a group of nuclear pore complex
(NPC) glycoproteins (17), mouse monoclonal antibody (V-7505;
Sigma Chemical Co., St. Louis, MO; IgG) to vimentin, rabbit poly-
clonal antibody to p80 coilin (18), and a previously characterized
anti–lamin B serum from a patient with systemic lupus erythematosus
(19) were used as reference antibodies. The NE specific monoclonal
antibodies (RL12, RL29, and RL1) were prepared against proteins of
a pore complex-lamina fraction from rat liver NEs as described (15).
Antilamin and anti-NPC monoclonal antibodies were prepared by
immunization of mice, while anti-LAP 2 antibodies were produced by
immunization of an Armenian hamster.

 

Indirect immunofluorescence (IIF) microscopy.

 

Human HeLa and
HEp-2 cells were obtained from the American Type Culture Collec-
tion (Rockville, MD) and grown in DMEM containing 10% fetal bo-
vine serum at 37
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C in a 5% CO

 

2

 

 atmosphere. IIF microscopy was per-
formed on HeLa or HEp-2 cells grown on coverslips or commercially
available prefixed HEp-2 cell substrates (Bion, Park Ridge, IL). Cov-
erslips and commercial slides were incubated with the human sera
starting at serum dilution of 1:50 and followed by titration to end
point in 4% (wt/vol) nonfat dry milk in PBS. Incubation was carried
out at 25

 

8

 

C for 1 h. Double IIF was performed by mixing a human se-
rum with one of the following: monoclonal antivimentin (mouse),
anti-LAP 2 (Armenian hamster), or anti-NPC (mouse) antibodies at
10 

 

m

 

g/ml or rabbit anti-p80 coilin antibodies diluted 1:100. After
washing three times for 10 min in PBS, the substrates were incubated
with a 1:100 dilution of the appropriate secondary antibodies (FITC
or rhodamine-conjugated goat anti–human, anti–mouse, or anti–rab-
bit Fab-specific IgGs; Caltag Laboratories, San Francisco, CA) for 1 h
at 25

 

8

 

C, washed with PBS, and mounted in Vectashield (Vector Lab-
oratories, Inc., Burlingame, CA). Antibody class was determined by
using anti-IgG, anti-IgM, and anti-IgA detecting reagents. DNA was
counterstained by including 1 

 

m

 

g/ml 4

 

9

 

6-diamidino-2-phenylindole
(DAPI; Sigma Chemical Co.) in the last PBS wash. Slides were exam-
ined under an Olympus BH-2 fluorescence microscope and photo-
graphed with Kodak Ektachrome 400 film. FITC and rhodamine flu-
orochromes were merged with a triple filter to determine presence or
absence of antigen colocalization.

 

Table I. Demographic Data on Subjects

 

CFS Control group I Control group II

 

Feature CFS Allergy MD HC BD

(

 

n

 

 

 

5

 

 60) (

 

n

 

 

 

5

 

 10) (

 

n

 

 

 

5

 

 10) (

 

n

 

 

 

5

 

 10) (

 

n

 

 

 

5

 

 41)

Age (yr) 38.0 41.3 42.7 45.0 37.1

Gender (% female) 51 (85) 9 (90) 9 (90) 10 (100) 23 (56)

Race/ethnicity (% Caucasian) 54 (90) 8 (80) 10 (100) 9 (90) 32 (78)

Illness duration, mean years 4.0 ND ND 0 0

Concurrent psychiatric disorder (%) 30 (50) 0 100 0 ND

Concurrent FM (%) 30 (50) 0 0 0 ND

Positive Schirmer’s test (%) 17 (28) ND ND ND ND

Concurrent allergies (%) 33 (58) 100 9 (90) 0 ND

 

MD

 

, major depression; 

 

HC

 

, healthy controls; 

 

BD

 

, blood donors; 

 

ND

 

, no data.
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In the immunofluorescence assay, control negative sera as well as
control positive sera were always included. Also, each serum which
was positive was titrated in doubling dilutions to determine the end
point titer of the antibody. This was an added factor which gave a semi-
quantitative estimation of the antibody content. The immunofluores-
cence readings were made initially by two of the authors (K. Konstan-
tinov and A. von Mikecz) and were further evaluated in equivocal
cases by a technician with 20 yr of experience in reading immunofluo-
rescent ANAs and by a senior author (E.M. Tan).

 

Preparation of extracts.

 

NEs were isolated from rat liver as de-
scribed previously (20). In brief, this procedure consisted of frac-
tionation of liver homogenate from Sprague Dawley rats to obtain
highly purified nuclei. Crude NEs were obtained by successive DNase
(1 

 

m

 

g/ml) and RNase (1 

 

m

 

g/ml) digestions. These preparation of NEs
were depleted of weakly adherent components and contaminants by
suspending 0.5–2 mg in each ml of a high salt buffer containing 10 mM
Hepes, pH 7.4, 500 mM NaCl, 0.1 mM MgCl

 

2

 

, 1 mM dithiothreitol,
and protease inhibitors (1 mM phenylmethylsulfonyl fluoride and
1 

 

m

 

g/ml aprotinin, pepstatin, and leupeptin). The suspension was in-
cubated for 5 min at 4

 

8

 

C and spun for 20 min at 5,000 rpm in a JS 5.2
rotor (Beckman Instruments Inc., Palo Alto, CA) yielding a superna-
tant and pellet. The latter was designated “salt-washed NEs”
(SWNEs). All fractionation procedures were conducted at 0–4

 

8

 

C.
MOLT-4 cells were obtained from the American Type Culture

Collection and grown in DMEM containing 10% fetal bovine serum.
The MOLT-4 whole cell extract was prepared as described previously
(21). Briefly, cells grown in culture dishes were scraped into ice-cold
PBS. After centrifugation, cell pellets were lysed in Laemmli’s sam-
ple buffer (22) and sheared by passage through a fine needle. Samples
were boiled for 5 min and cellular debris was removed by centrifuga-
tion at 15,000 

 

g

 

.

 

Gel electrophoresis and immunoblotting.

 

Samples were prepared
for SDS-PAGE according to Laemmli (22). SWNEs were directly sol-
ubilized in SDS sample buffer. Samples containing 25–30 

 

m

 

g protein
per lane were separated under reducing conditions by SDS-PAGE on
either 7.5 or 12.5% gels. Proteins were electrophoretically transferred
to nitrocellulose (Schleicher & Schuell Inc., Keene, NH) at 200 mA
(60 min) with a semidry blotting apparatus, containing transfer buffer
(20% methanol, 25 mM Tris, 192 mM glycine). Transferred proteins
were visualized by staining the nitrocellulose sheets in 0.5% Ponceau S,
3% trichloroacetic acid, followed by destaining in H

 

2

 

O. Nitrocellu-
lose strips were then blocked for 1 h at room temperature with 5%
(wt/vol) nonfat milk in PBS containing 0.05% Tween-20 (PBST), and
given sequential 1-h incubations at room temperature with patient
sera, followed by peroxidase-conjugated goat anti–human IgG (Cap-
pel Laboratories, Cochranville, PA) in blocking buffer. Primary anti-
bodies were used in 1:100 dilution and secondary antibodies in 1:2,000
dilution. After each incubation, blots were given three 10-min washes
in PBST to remove any unbound antibody. Bound antibody was de-
tected by enhanced chemiluminescence (Amersham Corp., Arlington
Heights, IL) according to the manufacturer’s instructions. To obtain
autoradiograms, immunoblots were first exposed to ECL reagent for
1 min immediately followed by a 3-min film exposure and develop-
ment. Apparent molecular masses of proteins were determined from
their mobilities when compared with prestained molecular mass pro-
tein standards (GIBCO BRL, Gaithersburg, MD).

Numerous experiments were carried out to optimize the immuno-
blotting conditions and to establish the specificity of data observed.
We used sera from healthy subjects and CFS sera with weak and
strong anti-NE reactivity to analyze how changes in the incubation
time, composition of blocking buffer, concentrations of the primary
antibodies, and length of autoradiographic film exposure affected the
detection of specific immunoreactivities. We found that the use of 3%
BSA/PBST as blocking buffer generated strong nonspecific diffuse
background. Increased incubation time (overnight at 4

 

8

 

C) with the
primary antibodies (23) resulted in nonspecific extra bands in both
the negative and positive control sera. Titration of the CFS sera
showed optimal results at 1:100 dilution. Autoradiographic films were

exposed to blots optimally for up to 3 min, as longer exposures re-
sulted in high background. In every experiment, negative and positive
controls were included in order to ensure that each assay was consis-
tent by reference to the performance of the controls.

 

Affinity purification of autoantibody fraction from nitrocellulose

paper.

 

Antibodies against the most common reactivity (68-kD region
of SDS gels of SWNEs) were affinity purified from nitrocellulose-
bound antigen as described previously (24). Bound antibodies were
eluted with 50 mM glycine, 150 mM sodium chloride (pH 2.3) and im-
mediately neutralized with 0.5 M sodium phosphate (pH 7.7). Eluted
antibodies were concentrated with Centricon 100 microconcentrator
(Amicon, Inc., Beverly, MA) and used without dilution for immuno-
fluorescence microscopy or diluted 1:2 for immunoblotting.

 

Immunoprecipitation using in vitro translated human lamin B1 as

antigen.

 

[

 

35

 

S]Methionine-labeled human lamin B1 was produced by
in vitro transcription and translation from a cDNA clone previously
isolated in this laboratory (19). RNA transcripts were synthesized in
the presence of T3 polymerase using the TNT kit (Promega, Madi-
son, WI) according to the manufacturer’s instructions. Briefly, in
vitro translation products were obtained by incubation of 2 

 

m

 

g of
lamin B1 cDNA (1 

 

m

 

g/

 

m

 

l) in 50 

 

m

 

l of rabbit reticulocyte lysate
(Promega) containing an amino acid mixture without methionine, but
with added [

 

35

 

S]methionine (ICN Radiochemicals, Irvine, CA) and
RNasin in a 100 

 

m

 

l reaction volume at 30

 

8

 

C for 60 min.
Immunoprecipitation of lamin B1 was performed using protein

A–conjugated Sepharose CL-4B beads (Pharmacia, Uppsala, Swe-
den) as described (19). Briefly, using a final volume of 600 

 

m

 

l, 100 

 

m

 

l
of beads was incubated overnight at 4

 

8

 

C with 10 

 

m

 

l of serum in NET 2
buffer. After incubation, beads were washed four times in NET 2, fol-
lowed by overnight incubation with 10 

 

m

 

l of translation product in 1 ml
NET 2. After five washes, bound proteins were eluted by boiling in
Laemmli sample buffer under reducing conditions and analyzed by
SDS-PAGE.

 

Statistical analyses.

 

x

 

2

 

 analyses were used to compare propor-
tions. Due to the number of comparisons, only 

 

P

 

 values 

 

,

 

 0.01 were
considered significant. Sensitivity and specificity were calculated
using all CFS patients (

 

n

 

 

 

5 

 

60) and combining control groups I and II
(

 

n

 

 

 

5

 

 71).

 

Results

 

Demographic and clinical characteristics.

 

The characteristics
of the CFS patients and two control groups reported in this
study are shown in Table I. These include features like dura-
tion of illness, concurrent psychiatric disorder, concurrent fi-
bromyalgia and allergies, and positive Schirmer’s test in the
CFS group of patients. The age, gender, and race/ethnicity in
the CFS group and control group I were comparable. Control
group II was intended to represent a random sample of
healthy individuals defined as regularly working people with-
out disability.

 

Autoantibodies to nuclear and cytoplasmic antigens in se-

rum of patients with CFS.

 

IIF analysis of 60 sera from patients
diagnosed with CFS showed that 52% (31/60) contained anti-
bodies against NE proteins by this technique (Table II). This
involved a characteristic rim-like staining of the nuclear pe-
riphery in interphase cells and lack of labeling of mitotic chro-
mosomes. The latter characteristic was used to exclude anti-
bodies to dsDNA, which can also give peripheral nuclear
labeling (25). We observed two types of nuclear rim labeling,
examples of which are presented in Fig. 1: continuous or
smooth nuclear rim staining which when superimposed over
the domain of the nucleoplasm appears as a less intense fine
grainy staining, typical of lamins and lamina-associated pro-
teins (Fig. 1, 

 

a–c

 

). The other type was a punctate nuclear rim
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staining associated with a coarser type of grainy staining,
which is characteristic of the NPC proteins (Fig. 1, 

 

d–f

 

).
In the sera positive for NE staining, 18 of 31 exhibited reac-

tivity at a dilution of 1:50. Reactivity at a dilution of 1:100 was
found in nine sera and four sera yielded antibody staining of
NE at dilutions of 1:200 or greater.

In addition to the NE staining, 20 sera gave a thread-like,
wavy cytoplasmic staining that seemed to abut the nuclear
membrane and extend to the plasma membrane. This pattern
is characteristic of members of the intermediate filament pro-
tein family. By double IIF, we colocalized the cytoplasmic
staining pattern of these 20 CFS sera with vimentin (Table II).
Although the labeling produced by antivimentin autoantibod-
ies seemed to overlap with the staining of the NE, it possessed
some unique features which were used to differentiate them
(Fig. 2). Usually, the antivimentin antibodies labeled the nu-
clear rim incompletely (Fig. 2 

 

b

 

), and with varying thicknesses,

while anti-NE antibodies showed uniform labeling and uni-
form thickness (Fig. 2 

 

a

 

). Moreover, the vimentin fibers aggre-
gated in bundles around the nucleus, producing fluorescent la-
beling in many focal planes at the nuclear periphery, in
contrast to the labeling of antigens restricted to the NE, which
were observed in a more restricted focal plane at the nuclear
rim. In our study, six of the CFS sera contained both the NE
and vimentin type reactivities. All positive sera were exclu-
sively of the IgG class and we were unable to detect any low ti-
ter IgM autoantibodies to either NE antigens or vimentin.

In addition to antibodies against the NE and vimentin, 28
of the 60 CFS sera were positive for staining of nucleoplasmic
and nucleolar structures. These findings will be described in
greater detail elsewhere. Examples are shown by CFS serum
411 (Fig. 3), which exhibited two nucleoplasmic staining pat-
terns: one of these was a reticulated pattern, which covered the
whole nucleus except for the nucleolus, and which titrated out
at serum dilution of 1:800 (Fig. 3 

 

d

 

); and another pattern with
one to five bright dots per nucleus (Fig. 3 

 

d

 

), and which had a
titer 

 

.

 

 1:2,000. The latter pattern colocalized with antibodies
to p80 coilin (Fig. 3, 

 

h–j

 

). In addition, this specimen exhibited a
cytoplasmic staining pattern, which did not colocalize with a
mouse monoclonal antibody to vimentin (Fig. 3, 

 

e–g

 

). The si-
multaneous presence of high-titered autoantibodies against
nucleoplasmic or cytoplasmic cell components complicates the
detection of anti-NE antibodies, and in such cases IIF alone is
not sensitive enough to detect specific anti-NE antibodies.

In control group I consisting of 10 healthy individuals, 10
patients with major depression who did not meet the CFS case
definition, and 10 patients with allergies, only one serum
stained the nuclear rim weakly, while four sera (13%) yielded
low-titer antibodies to cytoskeletal components, which were
colocalized with vimentin. In control group II consisting of 41

 

Table II. Antibody Staining Patterns in CFS

 

CFS
(

 

n

 

 

 

5

 

 60)
Control group I

(

 

n

 

 

 

5

 

 30)
Control group II

(

 

n

 

 

 

5

 

 41)

 

ANA positive*, 

 

n

 

 (%) 41 (68) 3 (10)

 

‡

 

6 (15)

 

‡

 

Nuclear rim staining*, 

 

n

 

 (%) 31 (52) 1 (3)

 

‡

 

1 (2)

 

‡

 

Nucleoplasmic staining*, 

 

n

 

 (%) 28 (47) 2 (7)

 

§

 

5 (12)

 

§

 

Cytoplasmic staining, 

vimentin-like pattern*, 

 

n

 

 (%) 20 (33) 4 (13)

 

i

 

1 (2)

 

§

‡

 

Designated group vs. CFS, 

 

P

 

 

 

,

 

 0.00001. 

 

§

 

Designated group vs. CFS,

 

P

 

 

 

,

 

 0.001. 

 

i

 

Designated group vs. CFS, 

 

P

 

 

 

,

 

 0.05. *Titer of 1/50 or

greater.

Figure 1. Representative anti-NE antibody patterns in immunofluorescence microscopy from CFS patients. Human HEp-2 cells were double-
stained with CFS serum 555 (a) and hamster monoclonal antibody (RL29, IgG) to LAP 2 (c). Both antibodies show smooth and continuous, rim-
like peripheral staining of the nucleus. In merged images (b) yellow color denotes colocalization. When HEp-2 cells were double stained with 
CFS serum 905 (d) and mouse monoclonal antibody (RL1, IgM) to a group of NPC proteins (f), both sera demonstrate punctate fluorescence at 
the nuclear rim with the merged image (e). The DNA-binding dye 4,6-diamidino-2 phenylindole (DAPI) (blue) was used to delineate the nucle-
oplasmic compartment. Merged images were performed with a triple filter. The human sera were diluted 1:100. Note that CFS serum 905 (d) also 
shows nucleoplasmic staining, suggesting the presence of other antibodies.
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healthy blood donors, only one of the sera showed weak nu-
clear rim staining. Table II also shows the significance values
between CFS and the control groups with regard to the differ-
ent patterns of staining.

 

Immunoblotting.

 

To establish the composition of antigens
in the SWNE preparations and to determine the presence or
absence of antigens that are frequently targets in other autoim-
mune diseases, we analyzed our SWNE preparations in immu-
noblotting against a battery of 10 reference human autoim-
mune sera which recognized 13 different autoantigens: Sm, U1

snRNP, SS-A/Ro, SS-B/La, rRNP, and Ku (Fig. 4, lanes 

 

1–6

 

),
and also CENP-A, B, C, CENP-F, Jo-1, Scl-70, PCNA (not
shown). The same sera were used to analyze MOLT-4 whole
cell extracts in order to demonstrate that several nucleoplas-
mic autoantigens were absent in SWNEs. With the exception
of a 37-kD band, recognized by a serum containing anti-rRNP
antibodies (Fig. 4, lane 

 

4

 

), no reactivities with these reference
autoimmune sera were observed with SWNEs. Since the outer
nuclear membrane of the NE contains attached ribosomes and
is continuous with the endoplasmic reticulum, it is likely that

Figure 2. Double-IIF staining 
of human HEp-2 cells with CFS 
serum 441 (a) and mouse mono-
clonal antibodies to vimentin 
(b). The NE-specific antibodies 
produced a labeling pattern 
characterized by a complete nu-
clear rim staining (a, arrows). 
Antibodies to vimentin also 
stain the nuclear rim in some 
cells (b) but the labeling of the 
nuclear rim is discontinuous in 
most cells (b, arrows).

Figure 3. IIF staining of human HEp-2 cells with serial dilutions of CFS serum 411. The dilutions shown are: a, 1:50; b, 1:100; c, 1:400; d, 1:800. 
Double-staining of cells with CFS serum (e) and with a mouse monoclonal antibody to vimentin (g) does not show colocalization of the cytoplas-
mic patterns (f, merge). Double-staining of CFS serum (h) with rabbit polyclonal antibody to p80 coilin (j) shows colocalization of the nuclear 
dot pattern. In the merged image (i), the yellow color denotes colocalization.
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the antiribosomal reactivity comes from the phosphoprotein
component (PO) of the large ribosomal subunit, which exhib-
its this molecular size in SDS gel electrophoresis (for compari-
son see Fig. 4, lane 10). Two other ribosomal components, P1
and P2 which migrate as a doublet at 16/18 kD (Fig. 4, see lane
10), were absent from the SWNE preparation. Thus, possibly
with the exception of the PO component of ribosomal RNP, 12
of the common autoantigens which are targets of autoantibod-
ies in specific autoimmune diseases were not detectable in the
SWNE preparation. In contrast, lanes 13–18 of Fig. 4 demon-
strate the presence of some peripheral and integral NE
polypeptides in the SWNE preparation: lamins A and C (70-
and 60-kD bands), lamin B (68-kD band), LAP 2 (a set of 80/
53/43/41-kD bands), gp210 (210-kD band), and Tpr (translo-
cated promoter region protein; major 175-kD band and other
minor degradation products). It is important to note that
MOLT-4 whole cell extracts prepared in the standard way for
detection of autoantibodies in sera of patients with systemic
autoimmune diseases vary in the content of NE antigens so
that the same sera used in Fig. 4 (lanes 13–17) would give
highly variable results in immunoblotting of lamins or other
NE proteins.

When sera from CFS patients were analyzed by immuno-
blotting against SWNEs, a number of different reaction pat-
terns were observed, often involving two or more bands (Fig.
5). Since it was established that many known nuclear and cyto-
plasmic autoantigens were not detectable in the SWNE prepa-
rations, and in contrast, many integral and peripheral NE pro-
teins were present, we characterized the reactive bands of CFS
sera relative to the known mobilities of NE proteins in this sys-
tem. 67% of the CFS patients were positive for NE reactivity,
compared to 10% (5/51) found among the normal subjects in
control groups I and II. In addition, none of the patients with
chronic depression or atopy showed reactivity to NE proteins.
The most frequently recognized band detected by the CFS

sera migrated at 68 kD (for example Fig. 5, lanes 7, 9, 10, 13,
18, 22, 23, 26, 29–32). This 68-kD band migrated at a position
between the two markers for lamins A and C in the control
lanes (extreme right in each panel) and is typical for migration
of lamin B (refer to Fig. 4, lanes 13 and 14). Blotting reactivity
of sera varied in intensity. Three of the CFS sera recognized a
38-kD band, which comigrated with the PO component of the
rRNP (Fig. 5, lanes 7, 14, 18). However, definitive confirma-
tion that this 38-kD band was the PO component of rRNP was
not pursued.

Recognition of nuclear lamins by CFS antisera. Affinity-
eluted antibodies were obtained from the 68-kD band, which
comigrated with lamin B1. As shown in Fig. 6 A, the antibodies
that were isolated by immunoaffinity purification were found
to rebind specifically to a 68-kD component of SWNEs. They
reacted with a single band, which comigrated with a band
obtained with a control lamin B antiserum (Fig. 6 A, lanes 2
and 3). Immunofluorescence staining of HEp-2 cells obtained
with unfractionated patient serum is shown in Fig. 6 C. The af-
finity-purified antibody reacted only with the NE. This experi-
ment was reproduced three times with two different sera.

To confirm that the reactivities of CFS sera with the 68-kD
antigen were produced by anti–lamin B1 antibodies, we
randomly selected sera with and without 68-kD reactivity
and analyzed them in immunoprecipitation with in vitro trans-
lated radiolabeled human lamin B1. The translated product
revealed the expected electrophoretic mobility of lamin B1
(Fig. 7, lane T). Immunoprecipitation with defined anti–lamin
B human serum as positive control was also performed (Fig. 7,
lane 4). Seven CFS sera which were positive in immunoblot-
ting with the 68-kD band, three which were negative, and two
normal human sera were tested. Five of the seven 68-kD–posi-
tive CFS sera immunoprecipitated in vitro translated human
lamin B1 (Fig. 7), while the rest of the sera were negative.
These results confirmed that the NE reactivity of some CFS

Figure 4. Characterization of 
antigens in rat liver SWNEs. 
Samples of SWNEs (lanes 1–6 
and 13–18) or a total cell ex-
tract of MOLT-4 cells (lanes
7–12) was subjected to electro-
phoresis on the same SDS gel 
and processed for immunoblot 
analysis. Lanes were probed 
with 1:100 dilution of human 
sera with defined reactivity: 
anti-Sm, lanes 1 and 7; anti-
U1snRNP, lanes 2 and 8; anti-
SS-A/Ro and SS-B/La, lanes 3 
and 9; antiribosomal (r) RNP, 
lanes 4 and 10; and anti-Ku, 
lanes 5 and 11. Control denotes 
lanes probed with normal hu-
man serum. Lanes 13–17, con-
taining SWNEs, were probed 
with known reference sera con-
taining autoantibodies to NE 
antigens: lamin A/C, lane 13; 
lamin B, lane 14; LAP 2, lane 
15; gp210, lane 16; Tpr, lane 17. 
Molecular weight markers are 
designated on the left.
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sera is against lamin B. The two CFS sera which were positive
in Western blotting but negative in immunoprecipitation could
have resulted from reactivity with a different NE antigen or
with a lamin B epitope not revealed in the immunoprecipita-
tion system, but this was not further analyzed.

Discussion

Of the 60 CFS patients examined in our study, about half had
detectable levels of autoantibodies by immunofluorescence
microscopy. The most frequently observed labeling was a peri-
nuclear rim of enhanced staining intensity, a pattern suggestive
of reactivity with NE antigens. Because HEp-2 cells in culture
are monolayers and are flattened against the plane of the sub-
stratum, most focal planes that image the nucleus include the
dorsal or ventral nuclear surface, as well as the nuclear edge.
Hence, antigens that may be restricted to the NE give a picture
of relatively uniform staining overlying the area of the nucleo-
plasmic domain but have a characteristic of accentuated pe-
ripheral rim labeling. As shown in Fig. 1, the rim-like periph-
eral nuclear labeling obtained with sera from CFS patients was
very similar to the patterns obtained with experimentally pro-
duced monoclonal anti-NE antibodies.

The finding of characteristic NE staining in fluorescence
immunohistology was confirmed by immunoblotting using iso-
lated rat liver NEs. It should be noted that the immunoblotting
studies would be detecting human autoantibodies cross-react-
ing with homologous rat antigens and recognizing epitopes
conserved between human and rat species. There was a slightly
higher incidence of antibodies to NE in immunoblotting
(67%) than in immunofluorescence (52%) which could be re-
lated to the higher sensitivity of the former technique and also
to the purification and concentration of NE antigens in the rat
liver NE preparation. In a previous study (24) rat liver NE
preparations were shown to provide a good source of reagents
to identify novel autoimmune antigens of the NE. However,
since the rat liver NE preparations contain more than NE pro-
teins (such as the presumptive PO of rRNP), the conservative
estimate of antibodies reactive with NE antigens might be
closer to 52% than 67%. The combination of the staining pat-
tern and corresponding molecular weight estimation by immu-
noblotting provided the initial lead to the possibility that lamin
B1 might be involved. This was confirmed by immunofluores-
cence results obtained with affinity-purified antibodies and im-
munoprecipitations with in vitro translated lamin B1. No anti-
bodies to lamins A and C or to gp210, Tpr, and LAP 2 were
detected in the CFS sera.

Contradictory results have been reported regarding the
presence of ANA in CFS patients. The prevalence of ANAs in
our study is higher than the previously reported data (9). Our
CFS patients have a low level of ANA and anti-NE antibodies,
some with titers in the 1:50 range. This is in contrast with reac-
tivities observed in classic autoimmune diseases, such as lupus
and Sjogren’s syndrome, where the autoantibodies are usually
high-titered and therefore readily detected by standard assays.
For Western blotting, we used a highly purified antigen prepa-
ration (the SWNEs) which is far superior in detection of spe-
cific antibodies to NE components than unfractionated cell
extracts, thus possibly explaining the higher frequency of auto-
antibodies among our samples. Among the components of the
NE, the known autoantigens include lamins A/C, lamin B,
gp210, Tpr, LAP 1 and 2, and p58/lamin B–binding protein
(24–26). It is interesting that the NE-specific autoantibodies in
CFS sera predominantly react with lamin B1.

Autoantibodies to NE proteins are relatively infrequent in
routine ANA serology; their true prevalence is not known, and
only a few of the antigens recognized by these antibodies have
been characterized in detail. To date, a clinical association is

Figure 5. Detection of IgG autoantibodies against antigens of the NE 
in sera of a representable group of 36 patients with CFS by immuno-
blotting. Proteins of SWNEs were separated in a 7.5% SDS-polyacryl-
amide gel and transferred to a nitrocellulose membrane. Blots were 
probed with a 1:100 dilution of patient sera (lanes 1–36), normal hu-
man sera (NHS), or mouse monoclonal antibody (RL 12, IgM) to nu-
clear lamins A/C. Several other reference anti-NE sera were used as 
in Fig. 4, but are not shown in this micrograph. A common reaction 
was with a 68-kD antigen, but reactive antigens of other molecular 
sizes were frequently present. Molecular weight markers are indi-
cated on the left. Note that the 68-kD band migrated between the two 
marker bands for lamins A and C, in the control lanes (extreme right 
lane of each panel).
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known only for autoantibodies to gp210 and p58, which appear
in a subset of primary biliary cirrhosis patients (27, 28). Anti-
bodies to nuclear lamins have been rarely characterized by ex-
amination of specific disease groups and have been previously
reported in a small number of patients with diverse disease
conditions. Most of these fall into the broad category of sys-
temic rheumatic diseases (29, 30), chronic active hepatitis (31),
and an unusual connective tissue disease subset characterized
by steroid-responsive blood cytopenia, hepatitis, and brain or
skin vasculitis (32). Studies in systemic lupus erythematosus
patients showed that both the initiation and maintenance of
lamin B antibody production are independent of the level of
polyclonal B cell activation (33).

In this study we find that the NE in general, and lamin B1
in particular, become targets of the autoimmune response,
raising the question of whether this cellular structure may be a
target of the postulated ongoing immune system activation in
CFS. Although such activation could be the result of various
triggering agents, such as infections or environmental toxins,
despite extensive investigations, infectious agents have not
been definitely associated with CFS. However, some cases of
CFS have been noted after L-tryptophan ingestion (34). It
would be of interest to determine if CFS cases related to xeno-
biotic agents have similar immune reactivities with NE anti-
gens as the general population of CFS patients. In this regard,
Varga et al. (35) recently described a patient who developed
autoantibodies to lamin C after L-tryptophan ingestion.

Future work should be directed at a better understanding
of the autoimmune response of CFS patients to other NE anti-
gens using recombinant NE proteins in Western blotting and
ELISAs. Such studies examining larger series of patients could
provide more definitive information on the utility of these
autoantibodies in the diagnosis and classification of patients
with CFS.
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