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A Soluble Acidic Protein of the Cell Nucleus which
Reacts with Serum from Patients with Systemic Lupus

Erythematosus and Sjogren's Syndrome

MASASHIAKIZUKI, RUNASPOWERS,JR., and HALSTEDR. HOLMAN
Froml the Division of Immunology, Department of Medicine, Stanford University School of Medicine,
Stanford, California 94305

A B S T RA C T A soluble nuclear antigen that reacts
with sera obtained from patients with systemic lupus
erythematosus and Sjogren's syndrome has been
described. The antigen, tentatively named the Ha
antigen after the prototype serum, was shown to
react with specific antibodies by precipitin, comple-
ment fixation, and immunofluorescence techniiques.
The Ha antigen prepared from isolated nuclei of
calf thymus glands, calf liver, and rat liver showed
identical immunological reactivities; a wide distribu-
tion among different species and tissues is presumed.
The Ha antigen was destroyed by trypsin and relatively
mild heat or pH variation from neutrality, but was
resistant to DNase or RNase. Many of these charac-
teristics are similar to those of the "B" antigen to
which antibodies have recently been described in
Sj6gren's syndrome. The nuclear origin of the Ha
antigen was confirmed by the speckled nuclear
immunofluorescence staining pattern given by purified
antibody to Ha obtained from a specific immune
precipitate. Preliminary results showed approximately
13% of patients with systemic lupus erythematosus
and 30% of patients with Sj6gren's syndrome had
precipitating antibodies to the Ha antigen.

INTRODUCTION

Antinuclear antibodies are common in serums of
patients with systemic lupus erythematosus. Specifici-
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ties of antinuclear antibodies have been shown to be
directed toward a variety of antigens .such as DNA
(1-4), deoxyribonucleohistone (5), histone (6, 7), RNA
(8, 9), nucleolar antigens (10-12), and constituents of
the soluble nuclear extract (13-17). The soluble
nuclear extract cointaiins several macromiiolecules witlh
different antigenic specificities. Antibodies to at least
two of them, the nuclear ribonucleoproteiin antigen
(RNP)1 described by Mattioli and Reichlin, and the
Sm antigen described by Tan and Kunkel have
clinical implications (15-20).2

This report concerins another antigen found in the
soluble nuclear extract from calf thvmus glands,
calf liver, and rat liver. Sera which react specifically
with this antigen, designated the Ha antigen after the
original serum, were obtained from patients with
systemic lupus erythematosus (SLE) and Sjogren's
syndrome. The characteristics of the antigen will be
compared with those of the Smand RNPantigens.

Recently Alspauigh iand Tan and Alspaugh et al.
reported three precipitating systems between serumnls
from patients with Sjogren's syndrome and an extr-act
from cultured human lymphocytes. (21, 22). Properties
of their "B" antigen were similar to, but not identical
with, those of the Ha antigen. Comparative immuino-
diffusion of the "B" anitigen and its antiserums with
the Ha antigen ancl its antiserums shows lines of
identity.

We have retained the informal practice of labeling
an unknown cellular antigen by the first two letters
of the name of the patient whose serulm was uisedl

Abbreviations used in this paper: MCTD, mixed connec-
tive tissue disease; RNP, ribonucleoprotein antigen.

2 Powers, R., M. Akizuki, M. J. Boehm-Truitt, V. Daly, and
H.Holman. 1976. Substantial purification of the SMAntigen
and association of high titer antibody to SM with a clinical
subset of SLE. Abstract presented to American Rheumatism
Association Scientific Meeting, December 1976.
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in identifying the antigen (eg., Sm, Ro, Ha). While
undesirable, this system is well established in the
literature. As these antigens are better characterized,
more accurate names will be substituted (e.g.,
nuclear ribonucleoprotein or RNP).

METHODS

Reference sera. Reference sera were selected from the
serum bank of the Clinical Immunology Laboratory, Stanford
University Medical Center. The serum HA showed a pre-
cipitin reaction in agar against the nuclear extract which was
distinct from the Smor RNPprecipitins. It gave a high titer
(1:1280) speckled fluorescent antinuclear antibody reaction,
was negative for the Smand RNPantibodies by hemaggluti-
nation, and had a rheumatoid factor titer of 1:2560. Two
other sera, HU from a patient with SLE and DA from a
patient with mixed connective tissue disease (MCTD), were
utilized to identify the Smand RNPantigens, respectively.
These sera were identical in immunological specificities to
standard sera used by Drs. E. M. Tan and M. Reichlin.

Patients. Serums were obtained from 271 patients with
various connective tissue diseases. 137 patients with SLE
showed the characteristic multisystem disease and immuno-
logical abnormalities (23). 47 patients with scleroderma had
typical skin changes with at least two organ systems involved.
45 patients with classical or definite rheumatoid arthritis
were chosen according to the criteria of the American
Rheumatism Association (24). 11 patients with polymyositis
met the criteria described by Medsger et al. (25). 16 patients
with MCTDwere described in previous papers (16, 18). Sera
from 15 patients with Sjogren's syndrome were kindly
supplied by Dr. N. Talal. The 20 normal controls were
healthy laboratory personnel.

Nuclear extract

Isolation of nuclei. Preparation of calf thymocyte nuclei
has been described elsewhere (26). The nuclei of calf
liver and rat liver were isolated by the method described
by Maggio et al. with some modifications (27). Briefly, the
fresh liver was irrigated with cold saline via portal veins,
cleansed of visible vessels and connective tissue, cut into
small pieces, and gently homogenized in 0.88 M sucrose
solution with 1.5 mMCaCl2 with a Teflon homogenizer.
The sucrose concentration of the homogenate was raised
to approximately 1.6 M by adding 1.2 vol of 2.2 M sucrose
with 1.5 mMCaC12. After filtering through four layers
of gauze, 25 ml of homogenate was layered over 10 ml of
2.2 M sucrose solution containing 0.5 mM CaCl2 and
centrifuged for 90 min at 76,000 g. The pellets of nuclei were
washed twice with 0.25 M sucrose with 0.5 mMCaCl2 and
used for an extraction of antigens. The nuclei showed less
than 1% contamination with intact cells by crystal violet
staining.

Preparation of the soluble nuclear extract. Washed nuclei
were resuspended in cold 0.15 MNaCl solution (one part of
nuclear pellet to nine parts of saline), disrupted by a Virtis
homogenizer (Virtis Company, Gardiner, N. Y.) at maximum
speed for 45 s, and allowed to stand at 40C overnight.
The suspension was centrifuged at 106,000 g for 120 min.
The antigen preparation that has been used to detect the
anti-Sm and anti-RNP antibodies by hemagglutination in our
laboratory is prepared by precipitation of the supemate with
ethanol at 86% saturation at room temperature (14).
Because this procedure damages the Ha antigen, the super-

nate was dialysed against isotonic saline, and stored at
-20°C. This final material was designated as the nuclear
extract and used throughout this study. All procedures to
prepare the nuclear extract were carried out at 40C.
Because the soluble nuclear antigens in this study showed
the same immunological and physiochemical characteristics
regardless of source of nuclei, results obtained with the calf
thymus nuclear extract will be presented in this paper unless
otherwise indicated.

Immunological techniques
Immunodiffussion. The Ouchterlony double diffusion

method was used to demonstrate and identify the precipitin
reactions between the nuclear extract and specific antibodies.
25 ml of 0.6% agarose in phosphate buffered saline (pH 7.2,
0.01 Mphosphate containing 0.1% sodium azide and 0.01%
trypan blue) were pipetted into a Petri dish (100 x 15 mm)
(28). Wells of 7 mmin diameter were placed 4 mmapart.

Complement fixation test. A quantitative complement
fixation microtest was performed by the method of Wasserman
and Levine in a total reaction vol of 0.7 ml (29). A veronal
buffered saline with Mg and Ca containing bovine serum
albumin at a concentration of 0.1% was used (30).

Passive hemagglutination. The method of hemagglutina-
tion described by Sharp et al. and Stavitsky was used,
modified as reported elsewhere (16, 31).

Immunofluorescent test. The standard indirect fluorescent
antibody technique was employed with cryostat-cut rat or
mouse liver sections and antiserum to human IgG conjugated
with fluorescein isothiocyanate (32).

Gel filtration. The nuclear extract was fractionated on
Sephadex columns of various porosities.

Ion exchange chromatography. The active antigen prepara-
tions were chromatographed on DEAE cellulose as well as
DEAESephadex A-50 according to the method of Clark et al.
(33). Ion exchangers were equilibrated with an initial buffer
(0.05 MTris-HCl, pH 7.2) and the nuclear extract was eluted
with a linear salt gradient with 0.05 M Tris-HCl, 0.40 M
NaCl, pH 7.2 as a limiting buffer.

Zone centrifugation. Sucrose density gradient centrifuga-
tion of patients' serum and the nuclear extract was carried
out according to the method of Kunkel (34). A sample of
0.2 ml was layered over 5 ml of sucrose gradient from 10 to
30%o, centrifuged at 100,000 g for 18 h in SW-50 rotor
and fractions were collected from the bottom.

Immunoelectrophoresis. The patients' sera and the nuclear
extract were studied by a standard immunoelectrophoresis
(35). A Veronal buffer, 0.05 ionic strength, pH 8.2, and
1.2% agarose were used.

Specific antibody to the Ha antigen. To determine the
intracellular location of the Ha antigen, the specific antibody
was prepared with immune precipitates (17). Precipitates from
the early equivalence zone were washed three times with
cold saline and dissolved in 0.02 M citrate buffer, pH 3.2.
The suspension was heated at 56°C for 45 min and then
dialyzed against cold saline. Immunoglobulins were re-
covered by gel filtration on Sephadex G-100 or ammonium
sulfate precipitation at 40% saturation.

Removal of rheumatoid factor. The latex particles coated
with human gammaglobulins (latex globulin reagent, Div.,
Hyland Travenol Laboratories, Inc., Costa Mesa, Calif.) were
convenient for this purpose. The latex reagent was concen-
trated by a pressure dialysis and mixed with a test serum.
After incubation at 37°C for 30 min, the latex particles
were removed by centrifugation at 10,000 g for 30 min and
the supemate was tested for rheumatoid factor activity by
latex fixation test.
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Sm and RNP systems are clearly seen. Differences
among the three antigens, were also demonstrated by
enzyme treatment of the nuclear extract. The Ha
antigen was resistant to DNase at final concentration
20 Ag/ml (Fig. 1B) and RNase at 20 Ag/ml (Fig. 1C) but
was destroyed by trypsin at 100 ,ug/ml (Fig. 1D). The
RNPantigen was abolished by both RNase and trypsin
treatment whereas the Smantigen was unaffected by
either. Various enzyme to substrate ratios (DNase:
100:1, 10:1, 1:1, 1:10, 1:100, RNase: 10:1, 1:1, 1:10,
1:100, trypsin: 1:100, 1:500) gave the same results.

The immunological reactions of the Ha system were
next studied by complement fixation (Fig. 2). The
results of the quantitative complement fixation micro-
tests obtained by the original nuclear extract (no

(A)

100

FIGURE 1 Double diffusion demonstration of the inde-
pendence of the Ha system from the Smand the RNPsystems.
Serum HA (a-Ha) was placed in wells 1,4. Serum HU
(a-Sm) in wells 2,3, and serum DA (a-RNP) in wells 5,6. The
central well contained the calf thymus nuclear extract (50
mg/ml). The apparent spurrings of the Ha system through
the precipitin lines of the Sm and the RNP systems are
seen (Fig. 1A). The different antigen sensitivities to the
enzyme treatments are also illustrated (DNase 20 ,ug/ml,
Fig. 1B: RNase 20 ,ug/ml, Fig. 1C and trypsin 100 ,ug/ml,
Fig. ID).

Sensitivity to enzyme treatment, heating, and pH
variations. Enzymatic digestion of the nuclear extract was
performed according to Holman and Deicher (26). Since
the activity of the antigen was shown to decline at 37°C,
enzyme treatment was done at 22°C for 2 h. Bovine pancreatic
trypsin, soy bean trypsin inhibitor, deoxyribonuclease
(DNase), and ribonuclease (RNase) were obtained com-
mercially (Worthington Biochemical Corp., Freehold, N. J.).
The protein, DNAand RNA concentrations of the nuclear
extract were measured chemically (36-38) and various
enzyme: substrate ratios were employed. The sensitivity of the
Ha antigen to a wide range of pH changes, and heating
at 370 or 56°C were studied by the method of Mattioli and
Reichlin (17).

RESULTS

Distinctive specificity of the Ha antigen. The im-
munological specificity of the Ha antigen was first
demonstrated by double diffusion (Fig. 1). The pre-
cipitin lines developed by the serum HA (wells 1,4)
against the nuclear extract (Ag) showed independence
from the Sm (serum HU, wells 2,3) and the RNP
(serum DA, wells 5,6) systems (Fig. LA). The spurrings
of the Ha lines through the precipitin lines of the
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FIGURE 2 Differentiation of the Ha antigen from the Smand
RNPantigens by quantitative complement fixation. The reac-
tions between the serum HA and the calf thymus nuclear
extract were abolished by digestion of the nuclear extract
with trypsin (100 ,ug/ml) but not with RNase (20 ,ug/ml)
(Fig. 2A). The Sm system (serum HU, Fig 2B) was not af-
fected by the enzymes and the RNP reaction (serum DA,
Fig. 2C) was destroyed by both. None of the antigens were
affected by DNase (20 gg/ml).
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TABLE I
Comparison of the Immunological Methods to Detect the Reactions of the Ha, Sm, and RNPSystems

Complement fixation§ Haemagglutinationu
Immuno-

Patient FANA* diffusiont Control RNase Trypsin¶ Control RNase Trypsinl

H. A. 1:640 S i-Ha 98 97 0
C. O. 1:1280 S a-Ha 92 95 6
H. U. 1:640 S a-Sm 88 90 90 1:10,000 1:10,000 1:10,000
L. 0. 1:640 S a-Sm 90 84 86 1:20,000 1:20,000 1:20,000
D. A. 1:1280 S a-RNP 100 0 0 1:100,000
V. A. 1:640 S a-RNP 98 0 0 1:100,000

* FANA, Fluorescent antinuclear antibody titer; S, speckled pattern.
t Specificity of precipitating antibodies identified by gel diffusion.
§ Maximum percent of complement fixation with 1:200 diluted serum.
"Titer of haemagglutination.
¶ Control: nuclear extract in buffer (no enzyme); RNase: RNase digested nuclear extract; trypsin: trypsin
digested nuclear extract.

enzyme) and the nuclear extract digested by enzymes
(RNase or trypsin) are shown. The strong complement
fixing reaction of the Ha system was abolished by
trypsin but not altered by RNase treatment (Fig. 2A).
The Smsystem was not affected by enzymatic digestion
(serum HU, Fig. 2B) and the RNP reaction was
eliminated by both RNase and trypsin treatment (serum
DA, Fig. 2C). The treatment by DNase did not
change the complement fixation curves of any of the
three systems (not shown in the Figure).

Reactivity of antibody to the Ha antigen was un-
affected by absorption of sera with DNA, nucleo-
protein, histones, yeast RNA, or polyinosinic-poly-
cytidylic acid.

Table I summarizes the results of fluorescent
antibody, complement fixation, and hemagglutination
reactions with the nuclear extract by sera specific
for Ha, Sm, and RNP antigens as demonstrated by
gel diffusion. All the sera had high fluorescent
antinuclear antibody titers with speckled nuclear
staining and fixed complement strongly. A minimal
degree (6%) of complement fixation was observed
by serum COwith the trypsin-treated nuclear extract.
Because this serum exhibited only a single precipitin
line, the Ha system, the specificities of the post-
trypsin complement fixing reaction could not be
identified.

Repeated attempts to detect the Ha system by
hemagglutination were not successful. Nuclear ex-
tracts from the calf thymus, liver, and rat liver as
well as Ha antigen preparations enriched by salt
fractionation or chromatography were tried without
success.

Sensitivity of Ha antigen to pH and heat. The Ha
antigen, like the Sm and RNP antigens, was stable
for several months once the nuclear extract was
lyophilized. In solution, the antigen was relatively

sensitive to pH and temperature change. Because the
demonstration of residual antigenic activity after these
treatments depends upon the initial amounts of
antigen, complement fixation and precipitation at
optimal antigen concentrations were employed for
this study. Fig. 3 shows the sensitivities of the
antigen to pH and heat studied by complement
fixation. The gradual loss of activity of the Ha
antigen at pH below 6 and above 10 is seen (Fig. 3A).
The RNP antigen was also sensitive to pH changes
(serum DA) but the Smantigen was stable with only
a small reduction of complement fixation at extreme
conditions (serum HU). Figs. 3B and 3C show the high
susceptibility of the Ha antigen to heat treatment.
Even at 37°C, steady loss of activity occurred
and no reactivity was seen after 4 h. At 56°C, no
reaction was observed after 60 min. Here again, the
Sm antigen was not affected whereas the RNP was.
By immunodiffusion, the precipitin lines of the Ha
system were not observed at pH 3.0, or after
240 min at 37°C, or after 60 min at 56°C. The RNP
system was abolished by pH below 5 or above 11,
by 360 min at 37°C, and by 60 min at 56°C. The
precipitin reactions of the Smsystem were not altered
by these treatments.

Purification of Ha antigen by salt fractionation and
precipitation by alcohol. The bulk of the Ha antigen
was precipitated between 60 and 80%o saturation of
ammonium sulfate. A small amount of Smbut no RNP
activity was found in this fraction. This proved a
reasonable method to purify the Ha antigen because
only about 20%o of the nuclear extract, measured by
dry weight, was precipitated in this range. The Ha
antigen was partially soluble at 50%o and insoluble at
86% saturation of ethanol. Exposure to alcohol
reduced Ha activity and was avoided in this study.

Purification and characterization of the Ha antigen
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FIGURE 3 Comparison of the susceptibilities of the Ha,
Sm, and RNP antigens to pH and heat. The calf thymus
nuclear extract (20 mg/ml) was dialyzed overnight in
the cold room against buffers of varying pH, neu-
tralized, and the remaining antigenic activities were as-

sessed at antigen concentrations giving maximum comple-
ment fixation (Fig 3A). The nuclear extract was exposed
to heat (Fig 3B, at 37°C; Fig 3C, at 56°C) for varying periods
and the antigenic activities were similarly evaluated.

by gel filtration, ion exchange chromatography, and
zone centrifugation. The Ha antigen was com-

pletely excluded by Sephadex G-50, partially excluded
by G-75, and included by G-100 columns. Fig. 4 shows
the elution curve of the calf thymus nuclear extract
with Sephadex G-200. The antigenic activities of
fractions examined by complement fixation and gel
diffusion are shown. The complement fixation was

performed with 50 ul of each fraction. The intensity
of precipitin reaction was graded by the thickness and

position of the lines. The Ha antigen was eluted
between the 7S y-globulin and bovine serum albumin
markers, and in later fractions than the Smand RNP
antigens. The mol wt of the Ha antigen was estimated
between 50,000 and 150,000 by this method.

II Ion exchange chromatography was useful for
purification of the nuclear extract (33). A large
amount of inactive materials did not bind to the
solid phase whereas the antigens Ha, Sm, and RNP
did, and could be eluted by a salt gradient

. . . technique. The elution pattern from a DEAEcellulose
8 9 10 11 column is shown in Fig. 5. The Ha antigen eluted

from the column at the concentration of NaCl
between 0.26 and 0.35 M. For the DEAE Sephadex
column slightly higher concentrations of NaCl, 0.28
to 0.38 Mwere required. The Smand RNPactivities
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FIGURE 4 Sephadex G-200 chromatography of the calf
thymus nuclear extract. The antigenic activities were studied
by complement fixation and confirmed by precipitin reaction.
The Ha antigen was eluted between 7 S y-globulin and
bovine serum albumin. The Smantigen (detected by serum
HU) and the RNP antigen (detected by serum DA) were

eluted in earlier fractions.
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were eluted at lower salt concentration but there
was overlap among the three antigens.

After a sequence of ammonium sulfate fractionation,
gel filtration, and ion exchange chromatography, the Ha
antigen was purified approximately 20 times over the
original nuclear extract as judged by quantitative
complement fixation and agar diffusion techniques.
Nevertheless when examined by polyacrylamide gel
electrophoresis, the final product showed multiple
bands and was therefore still quite impure.

On sucrose density ultracentrifugation, the factor
in the serum HA that reacts with the Ha antigen
was found to sediment in the IgG region (Fig. 6A).
The Ha antigen showed slower sedimentation than the
Smand RNPantigens confirming the results obtained
by gel filtration (Fig. 6B).

Characterization of the Ha antigen by immuno-
electrophoresis. Electrophoretic mobilities of the
serum factor and Ha antigen were analyzed by standard
immunoelectrophoresis (Fig. 7).
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FIGURE 6 Sucrose density gradient ultracentrifugation for
fractionation of the serum HA and the calf thymus nuclear
extract. 25 Al of fractions of the serum HAand 0.1 mg of the
nuclear extract were used for complement fixation (Fig 6A).
50 Al of fractions of the nuclear extract were used for comple-
ment fixation against the serum HA (1:200) (Fig. 6B).

First, serum HA was electrophoresed for 120 min
and precipitin lines were developed against the calf
thymus nuclear extract (upper trough) and antiwhole
human serum (a-WHS) (lower trough) (Fig. 7A). The
specific arc was observed exclusively in the y-globulin
region and considered to be characteristic of IgG by
its location and curvature. Five more sera with
precipitin antibodies to the Ha antigen demonstrated
the precipitin arcs in the same region.

In Fig. 7B, the electrophoretic mobility of the Ha
antigen was compared with that of normal human
serum. The nuclear extract (upper well) and normal
human serum (lower well), were electrophoresed for
90 min. In the upper trough, the serum HA was

placed and the lower trough was filled with antiwhole
human serum (ai-WHS). The middle trough was cut and
left empty to prevent the reactions between the upper

and lower troughs. An anodal mobility of antigen HA
was seen in the a-globulin region. The Sm and RNP
antigens showed a slower anodal mobility (not shown
in the Figure).

Intracellular location of the Ha antigen. Purified
antibody prepared from the immune precipitates
showed a single precipitin line against the nuclear
extract and the characteristic features of the Ha
system by gel diffusion or complement fixation. When
the purified antibody was placed on cryostat sections
of rat or mouse liver, kidney or thyroid gland, and
examined by immunofluorescent antibody technique,
the staining was observed exclusively in the nuclei
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FIGURE 7 Electrophoretic mobility of the Ha antigen and
anti-Ha. The serum HA was electrophoresed and reacted
against calf thymus nuclear extract in the upper trough
(nuclear extract) and anti-whole human serum (ii-WHS,
lower trough) (Fig. 7A). The calf thymus nuclear extract and
normal human serum were electrophoresed simultaneously.
The rapid anodal mobility of the Ha antigen is illustrated
(Fig 7B).

and had a "speckled" pattern (Fig. 8). Identical
speckled nuclear fluorescence patterns were given by
the original serum HA (Fig. 8A) and the purified
antibody (Fig. 8B). Antibodies purified with nuclear
extract of calf or rat liver showed the same results.

Distinguishing antibody to Ha antigen from the
rhteumatoid factor. Four sera with both precipitating
antibodies to the Ha antigen and the positive latex
fixation test for rheumatoid factor (titers, 1:640 to 1:
5120) were absorbed with latex particles coated with
human IgG. After absorption all the sera became
negative for rheumatoid factor at 1:20 dilution but the
precipitin reactions to the Ha antigen were not

FIGURE8 The speckled nuclear fluorescence pattern yielded
by the original serum HA (1:20 dilution) (Fig 8A) and the
purified antibody (Fig 8B).
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TABLE II
Incidence of Precipitating Antibodies to the HA

Antigen in Various Rheumatic Diseases

Number
of Number Percent

Diagnoses* patients positive positive

SLE 137 18 13
Sjogren's syndrome 15 5 30
Scleroderma 47 0 0
Polymyositis 11 0 0
RA 45 0 0
MCTD 16 0 0
Healthy subjects 20 0 0

* RA, rheumatoid arthritis.

changed. Treatment of sera with 2-mercaptoethanol
also did not affect the antibody reactivity.

Frequency of antibodies to the Ha antigen. Table
II shows the incidence of antibodies to the Ha antigen
examined by immunodiffusion. For this purpose, the
optimal dilution of the serum and the concentration
of the nuclear extract were first determined for each
test serum which was positive on the screening
test. The specificity of precipitin lines was established
with reference sera. 18 of 137 sera of SLE patients
(13%) and 5 of 15 sera obtained from patients
with Sjogren's syndrome (30%o) contained precipitating
antibodies to the Ha antigen. In the present study,
none of the patients with scleroderma, polymoysitis,
rheumatoid arthritis, MCTD, or healthy controls had
the antibodies to Ha.

DISCUSSION

This report describes an antigen in the nuclear
extract, tentatively named the Ha antigen, which is
distinct from the Sm and RNP antigens. The Ha
antigen is also different from other nuclear antigens
such as DNA, DNA-histone, histone, single or double-
stranded RNA, and the soluble nuclear antigen
described by Holman (14). Some of the features of the
Ha antigen resemble those of the antigen de-
scribed by Beck as the "speckled" nuclear antigen
(13). Beck's saline soluble antigen was a heat labile
protein with a sedimentation coefficient of approxi-
mately 2.0 S; however, other characteristics of that
system such as gel diffusion pattern were not reported.
Another antigen described by Anderson et al. and Beck
et al., SjT, was susceptible to trypsin digestion and
heating for 60 min at 55°C (39, 40). But the intra-
cellular location of Sj was not determined.

The Alspaugh and Tan "B" antigen (21, 22), while
prepared from whole cell lysates rather than nuclei
and not characterized in detail, is similar to Ha in
trypsin sensitivity and the speckled nuclear fluores-



cence given by its antibody. It differs in heat
stability and the apparent absence of antibody in
SLE serums. Together with Alspaugh and Tan, we have
compared the two systems by immunodiffusion and
find them to form lines of identity. Presumably the
antigens are identical or very similar.

The soluble nature of the Ha antigen was confirmed
by the fact that it could be extracted with physiologic
saline and recovered in the supernate of high speed
centrifugation (106,000 g, 120 min). The results of
immunoelectrophoresis suggest an acidic character.
Susceptibility to proteolytic but not to nucleolytic
enzymes, plus heat and pH sensitivities, suggest that
Ha is a protein.

The intracellular location of the Ha antigen
was established by specific antibody prepared from
immune precipitates. The Ha antigen localized within
the nuclei of the liver, kidney, or thyroid cells of
the rat or mouse. The nuclear fluorescence pattern
was "speckled," adding the Ha system to the Smand
RNP systems in causing a speckled fluorescent
antinuclear antibody pattern (17, 41).

Results obtained by sucrose density centrifugation,
immunoelectrophoresis, and 2-mercaptoethanol treat-
ment of reactive sera indicate that antibodies to the
Ha antigen belong to IgG class (within the limitation
of sensitivities of the methods used). Nevertheless,
the fact that the majority (90%) of sera with precipitat-
ing antibodies to the Ha antigen were also positive for
rheumatoid factor raised the possibility that rheuma-
toid factor was the reactant. Absorption studies ex-
cluded this possibility.

It appears that there are correlations between clinical
characteristics and autoantibody patterns in immuno-
logical diseases. The antibody to DNA is related to
the renal disease of SLE (42). The antibody to
the RNP antigen, found in patients with SLE and
scleroderma, is characteristically present in MCTD
(18-20, 41). Antibody to the Smantigen, when present
in high titer, appears to be associated with a hypo-
complementemic variant of SLE with low titers of
antibody to DNAand mild renal disease.2 We have
found antibodies to the Ha antigen only in patients
with SLE and Sjbgren's syndrome in this study.
Preliminary evidence indicates that many of these
SLE patients have the sicca syndrome. Thus, it is
possible that another autoantibody correlates with a
particular clinical expression of disease.

At this time, only the antibody to DNA can be
implicated in pathogenesis of lesions. It is possible
that the other autoantibodies are a consequence of
lesions rather than a cause. Nonetheless, the emer-
gence of the correlations aids in focusing study of
particular subsets of SLE. Perhaps discriminating
information about pathogenesis, prognosis, and treat-
ment will result.
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