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SERUM ANTI-NUCLEAR FACTOR

LABORATORY STUDIES

BY

D. M. WEIR* AND E. J. HOLBOROW
Rheumatism Research Unit (Medical Research Council), Canadian Red Cross Memorial Hospital,

Taplow, Berkshire

In a previous report (Weir, Holborow, and
Johnson, 1961) we have described the clinical
incidence of a serum factor with an affinity for
cell nuclei (anti-nuclear factor (ANF)) demonstrated
by the fluorescent antibody technique. The factor
is present in most cases of systemic lupus erythe-
matosus and also occurs to a variable extent in some
other conditions, namely rheumatoid arthritis,
liver disease, and thyroid disease.

This factor is one of several somewhat similar
factors reacting with nuclear components (Selig-
mann, 1958; Hijmans and Schuit, 1959; Holman,
1960). These factors react variously with whole
nuclei, isolated nucleoprotein, desoxyribonucleic
acid (DNA), histone, and protein extractable from
nuclei by phosphate buffer, and can be shown to be
distinct gamma globulins by cross-absorption
techniques (Holman, 1960).

This paper reports the results of work carried out
in an attempt to define the nuclear components with
which ANF gamma globulin reacts, and to compare
the properties and reactions of the factor as it
occurs in the four main disease groups listed above.
In addition the failure to immunize animals to these
nuclear components is reported.

Materials and Methods

Mercapto-ethanol Treatment

Deutsch and Morton (1957) have shown that the
sulphydryl compound mercapto-ethanol dissociates
macroglobulins into components with sedimentation
constants of 7S. In the present study, mercapto-ethanol
(0-2 M) in 0-2 M phosphate buffer was used, with a
duplicate serum specimen treated with buffer only.
Dialysis was carried out against 0-02 M iodoacetic acid
to prevent possible reassociation of the macroglobulin
fragments.

* E.R.C. Research Fellow. Present address: Department of
Bacteriology, University New Buildings, Teviot Place, Edinburgh 8.

Absorption by Nuclear Materials

Calf thymus or guinea-pig liver nucleoprotein was
prepared by the method of Mirsky and Pollister (1956),
in which fresh tissue, frozen at -700 C. immediately
after death, is homogenized in a Waring Blender with
0 14 M saline at 40 C. After repeated homogenization
and centrifugation, until the supernatant is no longer
cloudy, the deposit is dissolved in I M saline, reprecipi-
tated three times by the addition of six volumes of water,
redissolved in I M saline and stored at 40 C. The calf
thymus nucleoprotein preparation obtained in this way
contained I 2 mg./ml. DNA as measured by ultra-
violet absorption and 1 *2 mg./ml. protein (biuret).
DNA and calf thymus histone (Worthington Biochemical
Corporation) were dissolved in water and saline respec-
tively. Absorptions of 1/10 dilutions of ANF positive
sera in saline were carried out by adding the respective
nuclear preparation, incubating at 370 C. for half an hour,
and centrifuging. Anti-nuclear factor in the supernatant
was detected using thyroid tissue sections with Coons's
indirect method.

Enzyme Treatment

Desoxyribonuclease (DNAse) (Worthington Bio-
chemical Corporation) 1 mg./ml. in 0 003 M MgSO,
was used. Sections of unfixed tissue on slides were
covered with the solution, incubated at 370 C. for 30 min.,
and washed in buffered saline (pH 7). In sections
treated in this way, the Feulgen-positive nuclear material
present in control sections had been completely removed,
but the positive Sakaguchi stain for arginine remained
unchanged. This was taken as evidence that DNAse
treatment did not significantly remove the basic protein
components of the nucleus.

Citric acid treatment was carried out similarly, using
a 0-5 per cent. solution.

Other enzymes used were trypsin 0-001 per cent. (in
borate buffer pH 8), papain 0-1 per cent. (buffer con-
taining cysteine pH 6-0), ficin 0-1 per cent. (phosphate
buffer pH 810), and ribonuclease (Worthington Bio-
chemical Corporation) 0 1 per cent. (phosphate buffer
pH 8).
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SERUM ANTI-NUCLEAR FACTOR

ANF Test quantity required for complete absorption of the
Coons's indirect method was used as previously other sera.

described (Holborow, Weir, and Johnson, 1957).
TABLE 11

Results

Mercapto-ethanol Treatment
ANF-positive sera from each of the four clinical

groups were treated with mercapto-ethanol. Table I
shows the effect of this on ANF staining. None
of the systemic lupus erythematosus (S.L.E.) sera
showed a fall in titre after this treatment as compared
with control preparations in which buffer was
substituted for mercapto-ethanol. However, some
of the sera from the other disease groups lost their
ANF activity. Mercapto-ethanol is known to
inactivate certain antibody macroglobulins (Grubb
and Swahn, 1958), probably by splitting the macro-
globulin molecule into smaller inactive components.
These results therefore suggest that ANF activity
can occur in both the major (7S) gamma globulin
fraction of serum and in the macroglobulin com-
ponent, but that in S.L.E. sera activity is predomi-
nantly in the 7S fraction. The L.E.-cell factor,
which is known to be present in the 7S fraction
(Holman and Kunkel, 1957) is unaffected by
mercapto-ethanol treatment.

TABLE I

MERCAPTO-ETHANOL TREATMENT OF
ANF-POSITIVE SERA

0-2 M in 0-2 M phosphate buffer, dialysed against
0 02 M iodoacetic acid

Result
(after treatment)

Sera No.
Tested Positive Negative

ANF ANF

S.L.E. .8 8 0
Rheumatoid Arthritis .. 7 4 3
Liver Disease. 3 2 1
Thyroid Disease..2 1I
Dermatomyositis..1 1 0
Pulmonary Tuberculosis with
Drug Sensitivity .. 1 0 I

Total.22 16 6

Absorption Studies
Table II shows the results of absorption with calf

thymus nucleoprotein of sera from the various
disease groups. Whilst ANF activity of sixteen
of the sera was completely, and of five sera almost
completely removed by absorption with nucleo-
protein, three sera in the thyroid and liver groups
were unaffected even by absorption with 36 mg.

nucleoprotein per ml. serum, three times the

ABSORPTION STUDIES

Result ofAbsorption on ANF Test
Calf Thymus Nucleoprotein

Sera No. (12 mg./ml. serum)
Tested (

Complete Incomplete None

S.L.E. .7 3 4 0
Rheumatoid Arthritis 6 6 0 00
Liver Disease .. .. 5 3 1 1
Thyroid Disease .. 6 4 0 2

Total .. .. 24 16 5 3

The nuclear component effective in absorbing
ANF from sera was calf thymus nucleoprotein.
Absorption with DNA consistently failed to affect
ANF activity. Although absorption with histone
rendered sera negative, this must be regarded as a
non-specific effect, since other antibodies (i.e. those
against the thyroid antigens present in the thyroid
group of sera) were equally removed.

Histochemical Studies

Pretreatment of unfixed sections with DNAse or
citric acid prevented the nuclei from taking up ANF
(Table III). However, if this treatment was carried
out after the nuclei had been exposed to S.L.E.
serum, no change in the subsequent nuclear fluores-
cence was noted despite the fact that DNA was
removed as shown by a negative Feulgen stain. It
would, therefore, appear that both DNA and histone
are required for the ANF reaction, since specific
removal of DNA before treatment with ANF
prevents subsequent staining, while its specific
removal after treatment with ANF does not release
the latter from combination with the nucleus.
Pretreatment of sections with ribonuclease, ficin,
trypsin, pepsin, or papain had no effect on sub-
sequent ANF staining, or on Feulgen positivity.

TABLE III

EFFECT OF DNAse AND CITRIC ACID
ON ANF STAINING

No. of Result
ANF-

Treatment of Section positive Positive Positive
Sera ANF Feulgen

Tested Test Stain

DNAse BEFORE ANF-positive Serum .. 12 0 0

Citric Acid before ANF-positive Serum 12 0 12

DNAse AFFER ANF-positive Serum .. 18 17 0
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ANNALS OF THE RHEUMATIC DISEASES
Immunization with Nuclear Materials

These experiments were undertaken with the
object of detecting, if possible, immune responses to
nuclear components manifested as either delayed
skin hypersensitivity or as circulating antibody.
As Table IV shows, the intradermal or subcutaneous
inoculation of guinea-pigs with calf thymus nucleo-
protein gave rise to delayed skin sensitivity on

testing with the preparation used for immunizing
but similar reactions and anaphylaxis were also
elicited by a saline extract of calf thymus, and delayed
skin reactions by bovine s'rum, and by bovine
albumin and Fraction II gamma globulin. Further,
when guinea-pigs were immunized with saline
extract of calf thymus, or with an insoluble complex
of calf thymus DNA and bovine albumin, delayed
skin reactions were obtained to calf thymus nucleo-
protein, to saline extract of calf thymus, to calf
thymus histone, and also to bovine albumin. These
positive results, therefore, could all be attributed to
delayed reactions involving bovine serum albumin,
and probably other serum constituents, present in
the preparations of nucleoprotein used for immun-
izing, and in the reagents used for skin testing.
When nucleoprotein derived from guinea-pig liver

was used for skin test, no reaction was obtained,
and purified DNA from bovine sources was also
negative, in skin tests. In one group of twelve
guinea-pigs, calf thymus nucleoprotein in complete
adjuvant was injected intradermally at weekly
intervals for 3 weeks, and these animals gave essen-
tially the same results.
These skin reactions following immunization with

calf thymus nucleoprotein were obtained whether
or not adjuvant was used in the immunizing injec-
tions. However, guinea-pigs injected intradermally
with artificially-prepared insoluble complexes of
purified DNA and histone with incomplete adjuvant
gave no delayed reactions to calf thymus nucleo-
protein, or histone. Injections of similar complexes
of DNA with other basic proteins (protamine,
polylysine) in incomplete adjuvant did not give rise
to delayed hypersensitivity to these proteins.

Discussion

Comparison of the ANF in specimens of serum
from the four main disease groups has shown that
some differences exist in the reactions of the factor
within and also between the groups.

3LE IV

SKIN TESTS AND ANAPHYLAXIS IN GUINEA-PIGS IMMUNIZED WITH NUCLEAR MATERIALS

Results of
No. of Skin Tests

Immunizing Material and Dose Guinea- Route Testing Material Anaphylaxis
Pigs Immediate Delayed

Calf Thymus Nucleoprotein (NP) in 0 + Calf thymus NP 0
I M Saline (4 ,ug.-2 5 mg.) 38* Intradermal (+) + + Saline extract calf thymus + +(death)

With complete or incomplete adjuvant (+) + + Bovine serum, F.It and albumin
or without adjuvant 1 5 Subcutaneous 0 0 DNA (calf thymus)

o + Histone (calf thymus)
o 0 Guinea-pig NP

Saline Extract of Calf Thymus (2 mg. 0 (+) Calf thymus NP 0
protein) Saline extract calf thymus

Complete adjuvant 4 Intradermal (+) (+) + +(death)

Insoluble Complex from: Calf thymus NP
DNA (300 iug.) + Histone (300 tLg.) 2 Intradermal 0 0 DNA
DNA (300 tg.) + Protamine (125 tg.) 2 Intradermal
DNA (500 tkg.) + Polylysine (2 * 5 mg.) 2 Intradermal 0 0 Histone, protamine, polylysine

Incomplete adjuvant

Calf Thymus DNA Comolex with Bovine 0 + I Calf thymus NP
Albumin (125 Vg. DNA + 2-5 mg. 2 Intradermal 0 + Saline extract calf thymus
BSA) Complete adjuvant 0 0 DNA

0 + + Bovine albumin

Calf Thymus Histone (500 gg.), 0 0 Calf thymus NP
Polylysine (2-5 mg.), or Protamine 0 0 DNA
(125 mg.) 6 Intradermal 0 0 Polylysine, protamine, histone

Incomplete adjuvant

0, (+), +, +± negative, or grades of positive results.
- not done.

* Twelve animals of this group received 600 tug. nucleoprotein at weekly intervals with complete adjuvant for 3 weeks.
Skin tests were carried out using 0-1 ml. of 1/5 or 1/20 dilutions.
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SERUM ANTI-NUCLEAR FACTOR

In S.L.E. sera, the factor, as judged by absorption
and mercapto-ethanol studies, appears to react with
whole nucleoprotein and to be mainly 7S gamma
globulin, properties also shared by the L.E. cell
factor (Holman and Kunkel, 1957; Hijmans and
Schuit, 1958).

In rheumatoid arthritis, the factor is similar to
that in S.L.E., being absorbed by nucleoprotein,
but not by DNA. In some rheumatoid sera the
factor appears to be mainly in the macroglobulin
fraction, and this was also true for some sera from
thyroid and liver disease cases. Our failure to
absorb the antinuclear activity from three sera in
the latter groups suggests that, in these cases at any
rate, the specificity of the factor was directed at a
nuclear component other than nucleoprotein.
The histochemical studies (carried out mainly

with lupus sera) indicate that both DNA and histone
in combination are required for the ANF reaction,
and that neither alone is sufficient. One inter-
pretation of this finding is that the reaction of ANF
with nucleoprotein is at least partly determined by the
presence in the nucleoprotein of DNA, which may
perhaps confer a specific configuration on the histone
protein (Annotation, 1959). Some support for this
concept is provided by the work of Phillips, Braun,
and Plescia (1958), who obtained a rabbit antiserum
to a preparation of bacterial DNA containing
protein, and found that the antigen-antibody
precipitation curve and the lines observed in gel-
diffusion plates were modified on pretreatment of
the antigen with DNAse. We have already sug-
gested a specific role for histone in the ANF reaction
as a result of previous work (Holborow and Weir,
1959), in which we showed that mature sperms, in
which protamine replaces histone in the nucleo-
protein, are not capable of taking up ANF, although
the histone-containing nuclei of the immature germ
cells and somatic cells of the testis take up the factor
strongly. Pretreatment of sperms with enzymes
(ficin, papain, trypsin, pepsin) or with thioglycollic
acid (Zittle and O'Dell, 1941) in an attempt to
disrupt the sperm membrane did not render the
sperms positive in the ANF test, although their
heads remained Feulgen-positive.

Failure to sensitize guinea-pigs to nucleoprotein
has been reported by Seligmann (1960) and Kunkel
(1960), and also by Hijmans and Friou (personal
communications). Miescher, Cooper, and Bena-
cerraf (1960), however, have reported circulating
antibody (as shown by complement-fixation and by
passive cutaneous anaphylaxis) obtained by pro-
longed immunization of guinea-pigs and rabbits
with calf thymus and bacterial nucleoprotein. Our
inability to stimulate a specific immune response to

nucleoprotein could therefore be due to insufficient
immunization.
Our experiments also failed to produce an immune

response to a DNA-histone complex prepared
in vitro and injected intradermally with incomplete
adjuvant into guinea-pigs. Such an artificial com-
plex is clearly far removed from natural nucleo-
protein, but our negative findings indicate that
DNA, under these conditions, did not play an
adjuvant role in relation to histone. In preliminary
experiments, however, we have some indication that
whole nucleoprotein injected with saline extract
of calf thymus in complete adjuvant enhances the
production of delayed hypersensitivity to the
extract, which with adjuvant alone gave rise to weak
sensitization only. The suggestion has been made
by Snell (1957) that nucleoprotein may exert an
adjuvant effect in immunizing procedures, and this
possibility merits further investigation.

Summary
Anti-nuclear factor (ANF) has been found mainly

in the 7S gamma globulin fraction of serum, but
in some sera in the macroglobulin also. It is
usually removed by absorption with nucleoprotein.

Histochemical studies suggest that the reaction
between ANF and nuclei requires the presence of
both desoxyribonucleic acid (DNA) and histone,
probably in combination.

Immunization of guinea-pigs with nucleoprotein
failed to produce a specific immunological response.

Dr. Deborah Doniach kindly provided sera from her
thyroid cases, and Dr. W. Dolle some of the liver disease
sera.
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Facteur anti-nuclaire s6rique
Etudes de laboratoire

RESUME

Le facteur anti-nucleaire (ANF-anti-nuclear factor)
fut trouve surtout dans la fraction serique globulin

cipalmente en la fracci6n serica globulin gamma 7S,
pero tambien, en ciertos sueros, en la macroglobulina.

Estudios histoquimicos indican que la reacci6n entre
el ANF y los nucleos exige la presencia del Acido desoxy-
ribonucleinico (DNA) y de un hist6n, probablemente en
combinaci6n.
La inmunizacion de cobayos con nucleoproteina no

llego a provocar una respuesta inmunologica especifica.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.21.1.40 on 1 M
arch 1962. D

ow
nloaded from

 

http://ard.bmj.com/

