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Immunofluorescent techniques have been used
extensively to detect the presence of antinuclear
factors (ANF) in sera from patients with systemic
lupus erythematosus and related disorders. Fur-
thermore, morphological differences in the character
of nuclear immunofluorescence have been con-
sidered to be of clinical as well as immunological
significance (Casals, Friou, and Teague, 1963;
Burnham, Fine, and Neblett, 1966).

Four patterns of nuclear staining have been
described, namely, homogeneous, peripheralt, speck-
led, and nucleolar. The homogeneous and peri-
pheral patterns, reflecting antibodies to nucleopro-
tein and desoxyribonucleic acid respectively, have
been correlated primarily with the clinical diagnosis
of systemic lupus erythematosus (SLE) (Friou,
1958; Casals and others, 1963). Less well defined
are the specific antigen-antibody systems responsible
for speckled fluorescence and preferential staining
of nucleoli. Moreover, these latter two immuno-
fluorescent patterns have been correlated for the
most part with disorders other than SLE, notably
progressive systemic sclerosis and Sj6gren's syn-
drome (Beck, 1963; Burnham and others, 1966).

In the present study, the clinical significance of
immunofluorescent patterns and factors which
influence the morphology of nuclear staining have
been evaluated in sera from 76 patients with SLE,
34 patients with rheumatoid arthritis, and 39 patients
with miscellaneous disorders. No pattern ofnuclear
immunofluorescence proved to be specific for any
clinical syndrome. Furthermore, the morphology
of nuclear immunofluorescence was found to vary
with serum dilution. Finally, mercaptoethanol
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tAlso termed membranous or shaggy.

sensitivity of antinuclear antibodies failed to
correlate with either clinical syndrome or immuno-
fluorescent pattern.

Material and Methods
Sera.-Thesewere selected from the frozen serum bank of
the Connective Tissue Division ofthe Johns Hopkins Hos-
pital onthe basis ofprevious demonstration ofantinuclear
factor (ANF) in undiluted serum by the immunofluores-
cent method, and certainty of clinical diagnosis. A
single specimen of serum from each of 149 patients was
studied.

Ciical Diagnosis.-76 patients had a clinical diagnosis
of systemic lupus erythematosus (SLE) with L.E.-cells
demonstrated at some time during the course in each
individual. 34 fulfilled the A.R.A. criteria (Ropes,
Bennett, Cobb, Jacox, and Jessar, 1959) for definite or
classical rheumatoid arthritis. Of these, seven were
patients with Felty's syndrome. The third group of
39 patients with miscellaneous disorders included eight
patients with Raynaud's phenomenon, five with pro-
gressive systemic sclerosis, five with myasthenia gravis,

x four with Sjogren's syndrome, three with a chronic
biological false positive test for syphilis, three with hepa-
tocellular disease, and eleven with unrelated disorders.

TImmunofluorescent Assay for Antinuclear Factors (ANF).
-This was performed by the method of Holborow,
Weir, and Johnson (1957), using frozen 4t-thick sections
of mouse liver as nuclear substrate and rabbit antiserum
to human F-Il gamma globulin, conjugated with fluores-
cein as indicator. Each serum containing ANF was
tested undiluted and at dilutions of 1: 10 and 1: 100.
All sera and dilutions were coded and slides were
arranged in random order before fluorescent microscopy
(320 x magnification).

Studies with 2-Mercaptoethanol.-Sera from 47 of the
patients with SLE and 33 of those with rheumatoid
arthritis were also studied after treatment with 2-mercap-
toethanol. Sera were incubated at room temperature
with an equal volume of 0-2 M 2-mercaptoethanol for
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ANNALS OF THE RHEUMATIC DISEASES

16-18 hours; this mixture was then incubated with an

equal volume of 0 04 M iodoacetic acid for 2 hours and
subsequently dialysed overnight against three changes of
pH 7 * 3 phosphate buffer. This resulted in a final serum
dilution of 1: 4. Untreated sera were similarly diluted
1: 4 and dialysed against same equilibrating buffer. Ali-
quots, with and without mercaptoethanol treatment,
were tested simultaneously at the dilutions 1: 4, 1: 10,
and 1: 100 by the previously stated technique.

Results
Patterns of Nuclear Immunofluorescence in Undiluted
Sera
As shown in Table I, a single pattern of nuclear

immunofluorescence was observed in the majority
(60 per cent.) of patients when undiluted sera were
tested. However, 59 (40 per cent.) of the sera

showed mixed or multiple patterns of staining with
more than one type of fluorescence observed in a
single tissue section. Such multiple patterns oc-
curred with sera in all clinical groups.

The frequency of each pattern or combination
of patterns of nuclear staining for each clinical
group is also shown in Table I. Homogeneous,
peripheral, and speckled fluorescence each occurred
alone and in all possible combinations. No
instance of nucleolar immunofluorescence was found.
The peripheral (P) pattern of immunofluorescent
staining, occurring singly or in combination, was
the most frequent type observed, being found in
102 (68 per cent.) of the 149 sera. Homogeneous
(H) staining was found in 69 (46 per cent.) and
speckled staining in 41 (28 per cent.) of the sera
studied.
No immunofluorescent pattern, singly or mixed,

was specific for any clinical group. Among patients
with SLE, peripheral fluorescence was most frequent,
while the homogeneous type was most frequent
among those with rheumatoid arthritis. Least

common in these two clinical groups was the
speckled pattern of immunofluorescence.
While peripheral staining was the most frequently

observed pattern in patients with miscellaneous
disorders, speckled fluorescence appeared in a
larger proportion of these patients than was ob-
served for the other two groups. Immunofluores-
cent speckling was most prominent in sera from
patients with Raynaud's phenomenon (5 of 8), with
Sj6gren's syndrome (4 of 5), and with progressive
systemic sclerosis (2 of 4).

Effect of Serum Dilution on Immunofluorescent
Pattern
The number of ANF positive sera decreased with

serum dilution in each of the three clinical groups
(Table II). However, while 32 (42 per cent.) of the
76 sera from patients with SLE were still positive at
a 1: 10 dilution, only nine (26 per cent.) of those
from patients with rheumatoid arthritis and six
(15 per cent.) of those from patients with mis-
cellaneous disorders remained positive at that
dilution.

Table II shows that all single and mixed patterns
still occurred at each dilution with the exception of
the homogeneous-peripheral-speckled combination
which was not found at the maximum dilution.
Mixed patterns of fluorescence, which occurred in
40 per cent. of undiluted sera, were found with 57
(48 per cent.) of the 119 sera positive at 1: 10 dilution
and with thirteen (28 per cent.) of the 47 sera positive
at 1: 100 dilution.
The effect of serum dilution upon the pattern of

nuclear immunofluorescence may be expressed in
one of several ways:

(1) The pattern observed in undiluted serum may
persist with dilution.

(2) The sample may become negative as serum is
diluted.

TABLE I
FREQUENCY OF SINGLE, MULTIPLE, AND SPECIFIC PATTERNS OF NUCLEAR IMMUNOFLUORESCENCE

WITH UNDILUTED SERA

Pattern of Immunofluorescence

Clinical Diagnosis No. of ___ __ Single Multiple
Patients Total Total

H P 5 H-P H-S P-S H-P-S
No. Per cent. No. Per cent.

Systemic Lupus Erythematosus 76 7 30 6 43 56 18 6 6 3 33 44

Rheumatoid Arthritis 34 13 9 2 24 71 9 0 0 1 10 29

Miscellaneous 39 1 17 5 23 59 4 7 5 0 16 41

Total 149 21 56 13 90 60 31 13 1 1 4 59 40

H = Homogeneous P= Peripheral S = Speckled
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SIGNIFICANCE OF NUCLEAR IMMUNOFLUORESCENT PATTERNS
TABLE II

PATTERNS OF NUCLEAR IMMUNOFLUORESCENT STAINING WITH SERUM DILUTION

315

Number of Patterns of Immunofluorescence
Serum AntinuclearClinical Diagnosis Dilution Factor Single Multiple

Positive
Patients H P S H-P H-S P-S H-P-S

Undiluted 76 7 30 6 18 6 6 3
Systemic Lupus Erythematosus 1: 10 63 6 12 13 20 6 3 3

1:100 32 7 3 12 5 4 1 0

Undiluted 34 13 9 2 9 0 0 1
Rheumatoid Arthritis 1: 10 32 1 1 7 1 10 1 I I

1: 100 9 4 2 1 2 0 0 0

Undiluted 39 1 17 5 4 7 5 0
Miscellaneous 1: 10 24 3 5 4 5 6 1 0

1:100 6 1 0 4 0 1 0 0

H =Homogeneous P =Peripheral S =Speckled

(3) The pattern observed in undiluted serum, whether
single or multiple, may change with dilution.
This change may be expressed as loss of one or
more components of a mixed pattern or as the
emergence of a type of immunofluorescence not
observed in the undiluted sample.

The first two of these possibilities represent com-
mon phenomena in immunological assays, represent-
ing variation in the serum concentration of antibody.
The emergence of new immunofluorescent staining
types with serum dilution was a more surprising
finding. As seen in Table III, all three types of
nuclear immunofluorescence demonstrated this
finding as serum was diluted. This was, however,

TABLE III
EMERGENCE OF IMMUNOFLUORESCENT
PATTERNS WITH DILUTION OF SERUM

Pattern of
Nme fPtet

Immunofluorescence Number of Patients

Serum Dilution Systemic Lupus Rheumatoid Miscel-

None 1: 10 Erythematosus Arthritis laneous

Non-H H 17 8 9
Non-P P 5 8 I
Non-S S 12 3 5

H - Homogeneous P =Peripheral S = Speckled

most common for the homogeneous and speckled
types. The tendency for fluorescent types to emerge
with dilution was not confined to any one of the
three clinical groups of patients.

Sensitivity of Antinuclear Fluorescence to
2-mercaptoethanol

Sera from 47 patients with SLE and 33 with
rheumatoid arthritis were examined before and after
treatment with 2-mercaptoethanol (ME)*.

ME-sensitive ANF occurred both in patients with
SLE and in those with rheumatoid arthritis (Table
IV). However, 21 per cent. (7/33) of those with

*The effectiveness of ME-treatment in abolishing
activity of 19S immunoglobulin is supported by the
following observations:

(1) Serum from a patient with rheumatoid arthritis
whose ANF activity was completely abolished by
treatment with ME was subjected to gel filtration
on a Sephadex G-200 column. Before ME
treatment, ANF was found only in the macro-
globulin peak, further defined as IgM by Ouchter-
lony gel diffusion.

(2) Rheumatoid factor was determined by the latex
fixation technique of Singer and Plotz (1956) using
human F-IL gamma-globulin as antigen. Treat-
ment of serum with ME resulted in loss of rheuma-
toid factor activity from all those sera which
originally contained it.

TABLE IV
SENSITIVITY OF ANTINUCLEAR FACTOR TO 2-MERCAPTOETHANOL (ME)
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ANNALS OF THE RHEUMATIC DISEASES

rheumatoid arthritis produced only ME sensitive
ANP as compared with 4 per cent. (2/47) of those
with SLE. Interestingly, four of the seven rheuma-
toid arthritis patients whose antinuclear fluorescence
was completely abolished by ME-treatment were

patients who had Felty's syndrome.
Table V presents the ME-sensitivities of individual

patterns of nuclear immunofluorescence. Of the
47 sera studied from patients with SLE, forty had
peripheral fluorescence, 34 had homogeneous
fluorescence, and twenty had speckled fluorescence
occurring at one or more dilutions, either singly or
in combination with another pattern. Similarly, of
the 33 sera from rheumatoid arthritis patients, 23
had peripheral, 27 homogeneous, and six speckled
fluorescence occurring at some dilution as a single
or mixed pattern.
The incidence of ME-sensitive homogeneous and

speckled fluorescence types was essentially the same
in both SLE and rheumatoid arthritis. Thus, 36
per cent. of the homogeneous fluorescence in patients
with SLE was ME-sensitive compared with 29
per cent. in patients with rheumatoid arthritis.
Speckled fluorescence was ME-sensitive in 35 per
cent. of those SLE sera and in 33 per cent. of those
rheumatoid arthritis sera which originally produced
it.

However, the incidence of ME-sensitive peripheral
fluorescence was significantly different in the two
groups of patients. In fourteen of the 23 rheuma-
toid arthritis sera (61 per cent.) having peripheral
fluorescence, this type was completely or partially
sensitive to destruction with ME, while ME-
sensitivity occurred in only seven of the forty SLE
sera (18 per cent.) with peripheral fluorescence. Of
interest was the fact that, in patients with Felty's
syndrome, peripheral fluorescence was ME-sensitive
in five of the six patients in whom this pattern
occurred.

Discussion
Since the recognition of various patterns of nuclear

immunofluorescent staining produced by sera from
patients with connective tissue disorders, large
numbers of patients have been surveyed in an
attempt to establish diagnostic or prognostic signifi-
cance for a given staining type. Authors have
differed in the frequency with which various immuno-
fluorescent patterns are found in different disease
states (Table VI).

In our patients, homogeneous fluorescence oc-
curred in a significant number of sera in all clinical
groups. Like Beck (1961, 1963), we found homo-
geneous staining to be the most frequent type of

TABLE V
RELATIONSHIP OF 2-MERCAPTOETHANOL (ME) SENSITIVE ANTIBODY TO IMMUNOFLUORESCENT PATTERN

ME-Sensitive
Pattern of Clinical Diagnosis Number of Patients Antinuclear Factor

Immunofluorescence Ciia igoi ubro ains ________
No. Per cent.

Peripheral Systemic lupus 40 7 18
Rheumatoid arthritis 23 14 61

Homogeneous Systemic lupus 34 12 36
Rheumatoid arthritis 27 8 29

Speckled Systemic lupus 20 7 35
Rheumatoid arthritis 6 2 33

TABLE VI
PATTERNS OF NUCLEAR IMMUNOFLUORESCENCE IN SERIES REPORTED BY VARIOUS AUTHORS

Patterns of Immunofluorescence

Authors Date Systemic Lupus R-heumatoid MiscellaneousErythematosus Arthritis

H P S H P S H P S

Beck 1961 3 NE 4 4 NE 1 7 NE 11

Beck 1963 33 NE 15 17 NE 4 103 NE 46

Casals and others 1963 22 5 1 NE NE NE NE NE NE

Gonzalez and Rothfield 1966 59 39 2 32 0 11 27 0 25

Burnham and others 1966 43 17 0 27 12 0 70 23 15

NE=Not examined
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SIGNIFICANCE OF NUCLEAR IMMUNOFLUORESCENT PATTERNS

immunofluorescence in patients with rheumatoid
arthritis, in contrast to the observations of Friou
(1958), who reported that the antinuclear factor
reacting with nucleoprotein spots and responsible
for the homogeneous staining of cell nuclei was
almost entirely confined to SLE sera and only rarely
associated with rheumatoid disease or Sjogren's
syndrome.

Speckled fluorescence was most frequent in our
miscellaneous group, especially in patients with
systemic sclerosis, Raynaud's phenomenon, and,
in agreement with Beck (1963), Sj6gren's syndrome.
The almost complete specificity of speckling for
systemic sclerosis observed by Burnham and others,
(1966) was not confirmed. However, as suggested
by these authors, such a discrepancy between their
observations and the reports of others might result
from differences in the definition of speckled
fluorescence.

Peripheral immunofluorescence has been reported
to occur solely (Gonzalez and Rothfield, 1966) or
predominantly (Casals and others, 1963) in patients
with systemic lupus. Such a striking association
was not apparent in our sera. While peripheral
immunofluorescence did represent the most frequent
type of staining found in our patients with SLE,
it was also the most frequent type in the miscella-
neous group. Burnham and others (1966) similarly
observed peripheral immunofluorescence in all
disease groups studied; and Barnett, Ruderman,
Jeannet, and Bloch (1966) described the peripheral
pattern in their patients with Felty's syndrome.

No instance of nucleolar staining was observed
in our patients. Although Burnham and others
(1966) found nucleolar staining to be specific for
systemic sclerosis, Beck (1963) demonstrated this
rare pattern in systemic and discoid lupus, Sjogren's
syndrome, and pernicious anaemia also. Thus, it
would appear that this immunofluorescent type of
staining, like the other more common ones, cannot
be considered diagnostically specific.
Among the several variables to be controlled when

performing immunofluorescent assays for anti-
nuclear factors is the dilution of serum. Patterns of
immunofluorescence not apparent in undiluted sera
may appear with dilution. Thus, while more than
one type of nuclear immunofluorescence occurred
in 59 (40 per cent.) of the 149 positive undiluted
sera, when all dilutions were considered 116 (78
per cent.) of the 149 sera produced more than one
type of staining. This emergence of new patterns
of immunofluorescence with dilution occurred in all
clinical groups and with all staining patterns. The
explanation for this phenomenon remains unclear.

As noted previously by Beck (1961), when homo-
geneous and speckled fluorescence occur in the same
undiluted serum, loss of the homogeneous pattern
with dilution may allow speckled staining to become
clearly visible. This visual masking of one type
of fluorescence by another cannot represent the
sole explanation, as evidenced by sera which,
undiluted, show speckling but with dilution produce
the homogeneous or peripheral patterns. While
Ritchie, Bayles, and Harter (1965) have reported
that 8 per cent. of rheumatoid sera which were
negative undiluted became positive after a dilution
of 1: 8, sera from more than 1,500 patients with a
wide variety of disorders (including rheumatoid
arthritis) have been routinely assayed in our labora-
tory undiluted and at dilutions of 1: 10 and 1: 100
and in no instance has antinuclear factor appeared
with dilution in a serum which was negative un-
diluted.

Finally, immunofluorescent patterns were con-
sidered in relation to the immunoglobulin class of
antinuclear antibody, using 2-mercaptoethanol as a
means of inactivating antibodies of high molecular
weight. Mercaptoethanol has been shown com-
pletely to inactivate immunoglobulins of the IgM
class (Deutsch and Morton, 1957). While IgG anti-
body is not affected by treatment with 2-mercapto-
ethanol, antibody of the IgA class may be altered
to a variable degree. Barnett, Condemi, Leddy,
and Vaughan (1964) found IgA antinuclear factor
activity to be completely or partially destroyed in
six of eight so tested. Thus, in the present study,
sensitivity of antinuclear factor to inactivation by
mercaptoethanol may represent IgM antibody alone
or a combination of IgM and IgA antibody. Studies
by other groups have failed to demonstrate in sera
antinuclear antibody of only the IgA class.

While both mercaptoethanol-sensitive and mer-
captoethanol-insensitive antinuclear factors were
found in patients with SLE and rheumatoid arthritis,
the incidence of mercaptoethanol-sensitive antibody
was greater in cases of rheumatoid disease. These
findings are consistent with the observations of
Weir and Holborow (1962), using mercaptoethanol
dissociation, and Baum and Ziff (1962), usingcolumn
chromatography, who also reported an increased
incidence of macroglobulin antinuclear antibody in
rheumatoid arthritis. Barnett and others (1964)
found antinuclear antibody of all three immuno-
globulin classes in patients with SLE and rheumatoid
arthritis with the mean titre of IgG antibody in
rheumatoid arthritis less than its mean titre in SLE.
The IgM antibody titres were comparable in the
two disease states. These observations further
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ANNALS OF THE RHEUMATIC DISEASES

suggest an increased tendency in patients with rheu-
matoid arthritis to produce antinuclear antibody
of the macroglobulin type.

Finally, in the present study, antibody sensitivity
to mercaptoethanol was not specific for any pattern
of nuclear immunofluorescence, either in patients
with systemic or those with rheumatoid arthritis.
Gonzales and Rothfield (1966) similarly found
homogeneous and speckled staining to be produced
equally by the three immunoglobulin classes, in
contrast to the observations of Bonomo, Tursi,
and Dammacco (1965) who fractionated nine sera
by DEAE-cellulose chromatography and found
homogeneous nuclear staining related to 7S antibody
and speckling associated with antibody in the
macroglobulin fraction. In our series, comparing
patients with systemic lupus to those with rheuma-
toid arthritis, homogeneous and speckled patterns
sensitive to mercaptoethanol were comparable in
frequency. However, a significantly greater pro-
portion of rheumatoid sera producing the peripheral
pattern had mercaptoethanol-sensitive antibody.
Sensitivity to mercaptoethanol was found in five of
the six patients with Felty's syndrome and peripheral

staining, but even when these cases are excluded,
the observed difference between systemic lupus and
rheumatoid disease remains as further evidence
supporting the trend in rheumatoid patients towards
a macroglobulin antinuclear antibody response to
certain, though not all, nuclear antigens.

Summary
Patterns of nuclear immunofluorescence produced

by the sera from 76 patients with systemic lupus
erythematosus, 34 with rheumatoid arthritis, and
39 with miscellaneous disorders have been studied.
Homogeneous, peripheral, and speckled patterns

occurred singly or in all possible combinations in
each of the clinical groups. No instance of nucleo-
lar staining was found.
Serum dilution proved to be a major determinant

with respect to the morphology of nuclear immuno-
fluorescence.

Neither the pattern of immunofluorescent staining
nor the patient's clinical syndrome was found to
correlate specifically with sensitivity of antinuclear
antibody to 2-mercaptoethanol.
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La signification des images nucleaires immunofluorescentes

REsUME
Les images nucleaires immunofluorescentes produites

par le serum de 76 malades atteints de lupus erythemateux
dissemine, de 34 malades atteints de polyarthrite rhuma-
toide et 39 malades atteints d'affection variees ont e
etudiees.

Les images homogenes, peripheriques et tachetees
avaient apparu s6par6ment ou dans toutes les combinai-
sons possibles dans chaque groupe clinique. Aucun
cas de coloration nucleolaire n'avait et6 trouve. La
dilution du serum a ete un determinant majeur quant 'a
la morphologie d'immunofluorescence nucleaire.
On n'a demontre aucune correlation specifique entre

les images de la coloration immunofluorescente ou le
syndrome clinique et la sensibilite de l'anticorps anti-
nucleaire au 2-mercaptoethanol.

El significado de imagenes inmunofluorescentes
nucleares

SUMARIO
Se han estudiado los imagenes inmunofluorescentes

nucleares producidos por el suero de 76 pacientes con
lupus eritematoso sistemico, 34 pacientes con poliar-
tritis reumatoide y 39 pacientes con des6rdenes variados.
Los esquemas homogeneos, perif6ricos y jaspeados se

presentaron separadamente o en todas las combinaciones
posibles en cada uno de los grupos clinicos. No se
encontro ningfin caso de coloraci6n nucleolar.
La diluci6n de suero resulto ser un determinante de

importancia con respecto a la morfologia de la inmuno-
fluorescencia nuclear.

Se descubrio que ni el esquema de coloracion nmmuno-
fluorescente ni el sindrome clinico del paciente tenian
correlaci6n especffica con la sensibilidad del anticuerpo
antinuclear al 2-mercaptoetanol.
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