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SUMMARY

A new radial enzyme diffusion (RED) method for the measurement of DNase activity in serum and urine
is described. The sensitivity of the assay is in the range of 15.6–500 ng/ml. The assay is based on the
hydrolysis of double-stranded (ds) DNA (or nucleosomes) in agarose. The specificity of the reaction for
DNase I was established by showing that either EDTA in the reaction buffer or G-actin abolished DNase
activity. Being a functional assay, RED has advantages over radioimmunoassay (RIA) or ELISA, since
antigenic assays may also measure complexes of DNase with actin. This method was used to measure
DNase activity in the sera and urine of lupus-prone mice (NZB/NZW F1 hybrids, aged 4–6 weeks).
Serum DNase activity in these mice was significantly lower (mean 9 ng/ml) than in control, normal mice
of the same age and sex (mean 37 ng/ml). Concentration of DNase in the urine of 4–6-week-old female
NZB/NZW F1 hybrids (24 ng/ml) was significantly lower then in control mice (521 ng/ml). The RED
method was used to measure the concentration of actin as the DNase inhibitor in serum. G-actin in the
presence of ATP binds DNase and inhibits its nucleolytic activity. Since ATP is necessary for the actin
inhibition of DNase I, this shows that there is actin as well as DNase I in the serum. Actin is not only
ATP-dependent, but also heat-labile. Heating the sera for 10 min at 508C increases DNase activity. This
is an alternative method for measuring the concentration of actin in the serum. An almost identical
estimate of actin concentration in sera of normal mice was found from the difference of DNase activity
in the presence or absence of ATP (mean actin concentration¼ 21 ng/ml) or from the difference of
DNase activity in heated and non-heated serum (mean actin concentration 18 ng/ml). We were not able
to demonstrate DNase inhibitors in the urine of either control or NZB/W F1 hybrid mice.

Keywords deoxyribonuclease systemic lupus erythematosus radial enzyme diffusion assay
NZB/NZW F1 hybrids

INTRODUCTION

DNase I is a specific endonuclease that hydrolyses double-stranded
(ds) DNA to short oligonucleotides having 50-phosphate and 30-
hydroxyl termini. For full enzymatic activity a pH of around
7.5 and Ca2þ, Mg2þ or Mn2þ in micromolar concentrations are
required. Human serum DNase has a molecular weight of 33–
38 kD. Primary structures of DNase of various species have been
described, and cDNA sequences are available for human [1], rat [2]
and mouse [3].

Methods for the quantification of DNase I include colorimetry
[4,5], precipitation, fluorometry and viscometry. There are draw-
backs with these methods due to difficulties in spectroscopy as a
result of turbidity of the solution and the need for large amounts of
material. Immunoreactive DNase I (immunochemical concentra-
tion) has been measured by radioimmunoassay [6]. Enzymatic

activity has been assayed using32P-labelledEscherichia coliDNA
as the substrate [7]. DNase activity in murine serum has also been
assayed by a synthetic end-labelled oligonucleotide substrate assay
(D. Sinicropi, personal communication). Chitrabamrunget al. [8]
and Nadanoet al. [9] have reported the measurement of DNase I
activity in human tissues and body fluids by single radial enzyme-
diffusion methods. The method is based on the hydrolysis of
DNA in a DNA-agar plate. The area of hydrolysed DNA was
identified by either 0.1 amido black [8] or ethidium bromide [9]
staining and was proportional to the amount of enzyme in the
wells.

Distribution studies show high levels of the enzyme in diges-
tive tissues such as the parotid, the submaxillary glands, the
pancreas and the lining of the small intestine. Appreciable levels
of DNase I can be found in the kidney, where the enzyme probably
plays a scavenging role, and in the lymph nodes and thymus [10].
Urine also contains DNase in substantial amounts. Human serum
DNase concentrations have been reported in the range of 3 ng/ml
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[11] to 23.9 ng/ml [7]. Previous studies showed that abnormal
DNase levels occurred in association with a variety of diseases. A
high serum DNase concentration was found in patients with renal
failure [6,7]; advanced liver diseases [12]; acute haemorrhagic
pancreatitis [13]; breast cancer [14]; oral cancer [15] and genito-
urinary cancer [16]. A low concentration of urine DNase was found
in patients with xeroderma pigmentosum [17]. The reduced serum
activity of DNase I found in patients with chronic pancreatitis or
pancreatic cancer [18] may be due to the presence of DNase
inhibitors.

Several studies have found a connection between DNase I
activity and the development of human or animal SLE. The
hallmark of SLE is the production of anti-nucleosome antibodies
and immune complexes involving DNA-containing antigens. The
mechanisms responsible for the production of antibodies to DNA
nucleoproteins remain obscure, although it is clear that the auto-
antibody response is antigen-driven [19]. A defect in nucleosome
breakdown may stimulate anti-DNA nucleoprotein antibody pro-
duction. Therefore, the studies of DNase and inhibitor levels in
human or experimental SLE may provide an insight into the
abnormalities which underlie the autoantibody formation. The
possibility that the prolonged survival of DNA nucleoproteins in
the extracellular fluid could be involved in the production of
antinuclear antibodies was raised by Lachmann [20,21], who
showed that the serum levels of heat-labile DNase I inhibitor
were significantly higher in patients with SLE than in sera of
normal individuals. Frost & Lachmann [22] demonstrated an
increased amount of an inhibitor of DNase I in SLE sera, and
Hadjiyannaki & Lachmann [23] using a viscometric technique
found significantly higher concentrations of heat-labile DNase 1
inhibitor in the serum of NZB/NZW F1 mice at the time when they
develop antinuclear antibodies. The inhibitor level in hybrid mice
without antinuclear antibodies was not significantly different from
that found in the control groups of NZB, NZW and BALB/c mice.
These findings support the hypothesis that excessive inhibition of
DNase may play a part in rendering DNA nucleoproteins antigenic.
Serum DNase I activity in SLE patients was shown to be lower than
in healthy people or patients with rheumatoid arthritis or sclero-
derma [8]. DNase I has recently been implicated in cell death by
apoptosis [3], a process which is accompanied by chromatin DNA
degradation to 180–200 bp oligonucleosomal fragments that form
a distinctive ladder in agarose gels [24]. Apoptosis-specific endo-
nuclease, extractable from both thymocytes and lymph node cells,
is functionally and antigenically indistinguishable from DNase I
[25]. Impairment of the effector pathway of apoptotic processes
may result in the extracellular escape of nucleosomes and stimulate
anti-DNA antibody production.

Therefore, the quantification of DNase in tissues and fluids has
many applications. The aim of this work is to describe a simple,
reproducible and sensitive assay method for the quantification of
DNase in serum and urine. The assay has been applied to the study
of the serum and urine DNase concentration in lupus-prone NZB/
W mice and the relevance of the detected DNase I deficit to the
pathogenesis of SLE in mice.

MATERIALS AND METHODS

Agarose
Agarose was ultra pure, electrophoresis grade, low melting point
(LMP) from BRL (Life Technologies Inc., Gaithersburg, MD).
Agarose (2%) was dissolved in distilled water.

Calf thymus deoxyribonucleic acid
Calf thymus DNA was from Sigma-Aldrich Co. Ltd (Poole, UK). It
was dissolved in distilled water at a concentration of 5 mg/ml and
was stored as 0.93-ml aliquots at¹708C.

Nucleosomal DNA
Nucleosomal DNA (146 bp) was a gift from Mrs Sandra Searles
(Structural Division Studies, Laboratory of Molecular Biology,
Cambridge, UK). Deoxyribonuclease I (DNase I) was from bovine
pancreas (Sigma-Aldrich Co.). It was dissolved to 1mg/ml in buffer
(0.05M Tris–HCl pH 7.2 containing 0.05M MgCl2, 0.025M CaCl2,
0.0015M NaN3) and was kept in aliquots of 100ml at ¹708C.

Adenosine 50-triphosphate disodium salt
Adenosine 50-triphosphate disodium salt (ATP) was obtained from
Sigma-Aldrich Co. and dissolved in distilled water to 0.004M.

Method for the assay of deoxyribonuclease I
The method for the assay of DNase I was based on radial enzyme-
diffusion in agarose gel containing the substrate (dsDNA or in an
additional experiment nucleosomal DNA). To 7.9 ml of 0.05M Tris
Ca/Mg buffer, 1 ml of 0.004M ATP, 0.93 ml of DNA at 5 mg/ml,
0.047 ml of ethidium bromide at 10 mg/ml and 10 ml of melted 2%
agarose in distilled water, were added. The assay was also done
without ATP in DNA/agarose buffer; 8×8 cm plates were poured.
Wells were cut of 1 mm diameter (6×6 wells/plate), filled with 2-ml
samples and the plates were incubated at 378C in a plastic box,
overnight. The plates were then overlaid with 0.05M EDTA (to stop
the reaction) and photographed on a UV Transilluminator (UVP Inc,
San Gabriel, CA). The area of dark circles of hydrolysed DNA was
scanned on an Optomax Image analyser (UM Micromeasurements,
Pampisford, Cambridge, UK). The values for standards and samples
were plotted and the concentration of DNase in samples was
calculated using a Microplate manager computer program. The
identical protocol was used for testing the effects of DNase I on
nucleosomes. Nucleosomes were incorporated into agarose gel in
Nunc TC plate wells of 17 mm diameter.

Standards
Two microlitres of six double dilutions of DNase in Tris/Ca/Mg
buffer from 500 to 15.62 ng/ml were used.

G-actin
G-actin is a potent and specific inhibitor of DNase. Monomeric
G-actin binds to and almost completely inhibits the nucleolytic
activity of DNase I. Rabbit G-actin, mol. wt 43 kD, 130 mM

(5.59 mg/ml) was a gift of Dr Sutherland Maciver (Structural
Studies Division, Laboratory of Molecular Biology, Cambridge,
UK). Actin was dissolved in 2 mM Tris at pH 8.0, 0.2 mM ATP,
0.5 mM DTT, 0.2 mM CaCl2 and 1 mM NaN3. Double dilutions of
actin were made (5590mg/ml to 5mg/ml) and the wells of DNA-
agarose plate were filled either with (i) 2ml of each actin dilution
and the plates left for a few minutes to adsorb. Then 2ml of DNase
(500 ng/ml) were poured in the wells; or (ii) 2ml of a solution
consisting of 50ml of each actin solution (dilutions 5590–5mg/ml)
and 50ml of DNase at 1mg/ml. Double dilutions of DNase 500–
15.6 ng/ml were used as standards.

The plates were incubated overnight at 378C.

EDTA inhibition of DNase
EDTA inhibition of DNase was tested by chelating Ca/Mg in Tris
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buffer with 0.05M EDTA. Standard DNase solutions (500–15.6 ng/
ml) and normal mice sera were tested.

The effect of circulating anti-DNA antibodies on the hydrolysis of
DNA by DNase
Sequential caprylic acid and saturated ammonium sulphate pre-
cipitation [26] were used to isolate IgG from 30 ml of effluent
obtained after plasmapheresis treatment of two patients with active
SLE and high serum anti-DNA antibody titre. The final IgG
preparation was tested for the presence of anti-DNA antibodies
by an indirect immunofluorescence test (antinuclear factor (ANF))
and anti-DNA antibody ELISA. IgG at 1 mg/ml was double-diluted
with Tris/Mg/Ca buffer (final dilutions 0.5–0.015 mg/ml). To 50ml
of IgG solution, 50ml of DNase at 250 ng/ml were added (final
DNase concentration was 125 ng/ml) and incubated 15 min at
378C. Of this solution, 2ml were added to the wells of DNA-
agarose plates. The hydrolysis of DNA was read after 12 h and
compared with standard dilutions of DNase (500–15.6 ng/ml).

Serum concentration of DNase
The serum concentration of DNase in normal (24 female C3H/km
mice 5–12 weeks old) and sera from lupus mice (24 female NZB/
NZW F1 hybrids 5–11.5 weeks old) was investigated. F1 hybrids at
this age had no serum anti-DNA antibodies either by ANF test, Farr
assay or ELISA.

The effects of ATP in the Tris buffer
Serum DNase concentration was measured in the presence of
0.2 mM ATP in the reaction buffer and without ATP. Thirty
normal mice sera were tested.

Detection of DNase inhibitors in sera
The radial enzyme diffusion (RED) method was applied for
detecting DNase inhibitors in sera. The presence of heat-labile
DNase inhibitors was examined directly in 30 unheated and heated
(10 min at 508C) normal mice sera. Of each serum sample, 2ml
were tested by the standard method for estimating DNase activity.

Urinary DNase
Concentration of DNase in the urine of control, healthy C3H/km

female mice (6 weeks of age) and female NZB/NZW F1 hybrids
(4–6 weeks, 3, 4, 5, 6 and 7 months of age) was estimated by the
RED method. Urine of normal mice and NZB/W F1 hybrids (4–6
weeks old) were also tested after heating at 508C for 10 min).
Double dilutions of DNase (500–15.6 ng/ml) were used as stan-
dards. Urine was tested in dilutions of 1 : 2.

Statistical analysis
Statistical analysis was done using Student’st-test for two samples
assuming equal variances.

RESULTS

RED
The RED method is based on the fact that ethidium bromide
fluoresces only with unhydrolysed DNA and not with DNA
digested by DNase. A dark circular zone, visible under UV light,
is formed as DNase diffuses from the well into the agarose gel
containing DNA and ethidium bromide (Fig. 1). Longer incubation
increases the assay sensitivity. The diffusion radius is linearly
proportional to the DNase concentration. The concentration of
DNase I determined by the RED method was expressed in ng/ml
using specific activity of double dilutions of purified bovine
pancreatic DNase I as standard (Fig. 2).

Identical rings of DNA hydrolysis (slightly delayed) were
observed when calf thymus DNA was substituted by nucleosomes
(Fig. 3).

G-actin
G-actin caused no change in the immunoreactivity of DNase I,
whereas it caused a striking decrease in its activity. Identical
inhibition of DNase was achieved either by first adding actin to
the wells of the DNA/agarose plate and then adding the DNase
solution; or by pre-incubating actin and DNase and then filling the
wells of the DNA/agarose gel with the mixture. Actin in concen-
trations of 60 ng/ml or higher completely inhibited DNase (1 ng/
ml). If the concentration of actin in the wells was decreased, DNase
activity increased (Fig. 4).
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Fig. 1. Measurement of DNase activity by radial enzyme diffusion (RED) method. 1–6, DNase standards 500–15.62 ng/ml; 7–12, DNase in
the urines of six control (C3H/km) mice, diluted 1 : 2.



EDTA
EDTA abolishes DNase I activity. EDTA is a specific inhibitor of
DNase, as this enzyme requires Mg2þ and Ca2þ for maximal
activity. When 0.05M EDTA was added to Tris–HCl buffer,
DNase activity was inhibited and no DNA hydrolysis was seen
in the gels either in the DNase standards or in normal mice sera.

Effects of anti-DNA antibodies
IgG was isolated from 30 ml of effluent from the plasmapheresis
treatment of two patients with active SLE. The final IgG prepara-
tion was strongly positive for anti-DNA antibodies in the indirect
immunofluorescent test (ANF¼ þ4) and also in anti-DNA anti-
body ELISA (317 and 332 anti-DNA antibody units at IgG
concentration of 28 and 21 mg/ml). Equal volumes of DNase
(final concentration 125 ng/ml) and IgG at various dilutions were
incubated for 15 min at 378C. Afterwards, the solution was tested
for DNase activity. No reduction of DNase activity was demon-
strated in any of the anti-DNA-containing IgG dilutions (Table 1).

The mean serum concentration of DNase in normal mice was
37 ng/ml (coefficient of variation¼ 39.38%). The mean serum
concentration of DNase in NZB/NZW F1 hybrids was 10 ng/ml
(coefficient of variation¼ 85.2%). There was a significant differ-
ence (P < 0.0001) between the mean serum concentration of
DNase in normal mice and that in NZB/NZW hybrid mice
(Table 2). The mice in both groups were 5–12 weeks old.

Effects of ATP in Tris buffer
If the assay was done without ATP in the DNA/agarose buffer,
values for serum concentration of DNase I in mice sera were over
70% higher (Table 2). Serum DNase concentrations in the absence
and presence of ATP were significantly different (P < 0.001).

Detection of DNase inhibitors in sera
The RED method was used for measuring the presence and the
effects of DNase inhibitors in sera of NZB/NZW F1 hybrids. Sera
from 30 normal mice or 30 NZB/NZW F1 hybrids, 5–12 weeks
old, were tested directly in DNA/agarose plates before and after
heating for 10 min at 508C. Heated sera showed a significant
(P < 0.001) increase in DNase activity (Table 2).

DNase in urine
The RED method was used to detect DNase in urine. Circular rings
of DNA hydrolysis were visualized in urine dilutions 1 : 1–1 : 125.
The urinary concentration of DNase in 6-week-old female C3H/km
mice was 521 ng/ml (mean value of six tests on pooled 12 h
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Fig. 2. Dose–response curve of bovine DNase I in DNA agarose plates.
Values (ng/ml) of DNase concentration in the wells (abscissa) are plotted
against means (in arbitrary units) of duplicate measurements of the area of
hydrolysis. Radial enzyme diffusion method.

Fig. 3. Two microlitres of DNase (at 250 ng/ml)/well were incubated overnight at 378C in calf thymus DNA/agarose gel (upper row) and
146 bp nucleosomal DNA/agarose gel (lower row). Hydrolysis of DNA was evident in both substrates, although slightly delayed in
nucleosomal DNA.

Table 1.Effect of anti-DNA-contain-
ing IgG on DNase activity

IgG, mg/ml DNase, ng/ml

0.5 121
0.25 104
0.125 111
0.062 107
0.031 114
0.015 102
0 125



collection of urine from six cohorts, four mice/cohort). Pooled
urine from NZB/NZW F1 hybrids of the same age and sex (six
cohorts, three with nine and three with 15 mice/cohort) had
significantly less (P < 0.0001) DNase in urine (mean¼ 24 ng/ml).
DNase concentration in the urine pool from 10 7-month-old female
NZB/NZW F1 hybrids was even lower (15 ng/ml) (Table 3).

Heating the urine of normal mice for 10 min at 508C did not
significantly increase DNase activity.

DISCUSSION

The RED method described here is a simple, reproducible and

sensitive technique for detecting DNase in body fluids. It was
possible to detect DNase I in the range of 15.6–500 ng/ml. The test is
similar in principle to the radial immunodiffusion method for
measuring antigen concentration in agarose gels using a specific
antibody [27]. A comparable method, but with different solutions and
conditions, was used for measuring serum DNase I by Chitrabamrung
et al. [8] and Nadanoet al. [9]. Conditions to maximize detection of
DNase—low salt concentration and a high ratio of DNA/DNase—
were used. Measurement of DNase 1 under physiological conditions
is more difficult, since DNA and DNA nucleoprotein are then not
freely soluble and the enzyme itself shows some inhibition by salt
(D. Sinicropi, personal communication). When whole nucleosomes
were substituted for calf-thymus DNA, rings of hydrolysed DNA
nucleoprotein of matching size were produced, showing that DNase I
cuts native DNA nucleoprotein as efficiently as DNA alone.

The specificity of the method for DNase I was demonstrated
in vitro, by showing inhibition by G-actin. The test was negative
when actin was incubated with DNase prior to filling the wells of
the DNA/agarose gel or when the actin solution was poured first,
followed by DNase. This inhibition requires the presence of ATP
in the reaction. If ATP is omitted, serum DNase levels increase by
about 70%, showing the presence of actin in the serum. Lazarides
& Lindberg [28] identified actin, the most abundant protein in
mammalian cells, as the heat-labile inhibitor of DNase I. Actin is a
42-kD molecule with a pivotal role in the biology of cells, not only
as an intracellular cytoskeletal element, but also as a protein that
specifically binds to DNase I [24]. In this complex, DNase I
activity is inhibited (about 95% inhibition at equimolar ratio)

224 M. Macanovic & P. J. Lachmann

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 108:220–226

Fig. 4. Inhibition of DNase by actin. Two microlitres of actin (0.01–
0.06mg/well) were added to the wells of DNA/agarose plates. There was no
actin in the first well. The plates were left for a few minutes for the actin to
absorb. DNase I (0.001mg) was then added to all the wells and incubated
overnight at 378C. Logarithmic DNase activity was determined and plotted
against the concentration of actin. This gives the best fit to the data
(r ¼ 0.996).

Table 3. DNase in urine

DNase, ng/ml
Group (mean (s.e.m.))

Normal mice 521 (71)
Normal mice 100 at 508C 516 (99)
NZB/W F1 (4–6 weeks old) 23 (3)
NZB/W F1 (4–6 weeks old) 100 at 508C N/A
NZB/W F1 (3 months old) 12
NZB/W F1 (4 months old) 29
NZB/W F1 (5 months old) 37
NZB/W F1 (6 months old) 32
NZB/W F1 (7 months old) 15

Table 2. Activity of DNase and DNase inhibitor (actin) in sera of 5–12-week-old mice

Mice No ATP ATP Heated Unheated

Normals
DNase, ng/ml 66 37 53 27
Log DNase 1.82 1.57 (D ¹ 0.25) (D ¹ 0.29)
Actin, mg/ml 2.45 2.85

NZB/W
DNase, ng/ml 21 9
Log DNase 1.32 0.95 (D ¹ 0.37)
Actin, mg/ml 3.61

Actin concentrations are calculated from the differences in DNase levels using the curve in Fig. 4. Units are given/ml of serum.



and the actin is unable to repolymerize [9] even in the presence of
high salt or other actin-binding proteins known to induce actin
polymerization. Rat DNase I carries two mutations (E 13 to D and
V 67 to I) responsible for the decrease in actin-binding of rat
DNase I [3].

Contrary to the findings of Emlenet al. [29] and Pucettiet al.
[30], we were unable to demonstrate any inhibitory or protective
effect of anti-DNA antibodies on the reaction of DNase with DNA
in agarose gels. Emlenet al. [29] have shown that a 35–45 base
pair (bp) DNA fragment in SLE sera is protected from DNase
digestion and remains bound to antibody, thereby forming a small,
DNase-resistant DNA–anti-DNA immune complex. IgG from two
of the SLE plasma exchange effluents that we tested did not block
DNase digestion of DNA.

We used the RED method to detect and quantify DNase in mice
sera and also in urine. Normal mice sera and sera of NZB/NZW F1

hybrids were tested repeatedly. NZB/NZW F1 hybrid mice (5–10.5
weeks old) had significantly lower serum concentrations of DNase
(mean 10 ng/ml) than normal mice (mean 37 ng/ml). These mice
develop anti-DNA antibodies (measured either by Farr assay or
solid-phase ELISA) after the age of 12–16 weeks. Therefore, the
effects of anti-DNA antibodies on the serum DNase concentration
were excluded. Young F1 hybrid mice have significantly less
serum DNAse activity in comparison with normal mice of the
same sex and age. This is true in the presence and absence of ATP,
and is therefore a genuine reduction in enzyme level and not due
only to the raised level of actin.

We were able to confirm earlier findings on the presence of
DNase inhibitors in sera of normal and lupus mice [22]. Low
molecular weight inhibitors diffuse rapidly in the gel and do not
interfere with the reaction. To detect actin, the heat-labile, high
molecular weight DNase inhibitor, mice sera and urine were tested
unheated and heated (10 min at 508C). Heating restored up to 70%
of serum DNase activity.

Analogous to the findings in the sera, we were also able to
demonstrate the presence of DNase in the urine of normal and
NZB/W F1 hybrid mice. NZB/W hybrid mice were tested at the age
of 6 weeks, before the appearance of anti-DNA antibodies in their
sera, and between 3 and 7 months of age, at the height of their lupus
disease activity. Lupus-prone mice and mice with active lupus
nephritis had significantly less DNase in the urine. This finding
may have implications for the clearance of immune complexes in
lupus nephritis. Urinary DNase degradation of antigen may play a
significant role in breaking down the complexes in the basement
membrane. Low levels of DNase I may allow more immune
complexes to persist and allow disease progression. To our knowl-
edge, this is the first report on the low concentration of DNase in
urine in SLE.

The implications of the finding of low serum DNase concen-
tration (activity) in young NZB/NZW F1 hybrids are manifold. It
has been known for decades that circulating DNA–anti-DNA
immune complexes are responsible for the systemic lesions in
lupus patients and in NZB/NZW mice [31]. A great deal was
learned about the physicochemical and immunologic properties of
anti-DNA antibodies, but data on extracellular DNA appeared to be
contradictory. No agreement was reached on the origin, immuno-
logical characteristics and concentration of DNA in the blood of
healthy persons and lupus patients. Labelled DNA itself was cleared
rapidly from the circulation by digestion with circulating nucleases
and by the liver cell surface nucleases [32]. The half life of that DNA
is 4 min.

The presence of free dsDNA in the form of nucleosomes in
circulation might be due to a defective clearance mechanism either
intracellularly (a defect in the effector pathway of apoptosis or the
defective endonuclease digestion of chromatin in the cells and
leakage of nucleosomes through the plasma cell membrane) or
extracellularly (a decrease in serum DNase I) due to the presence of
DNase inhibitors or low expression of the genes responsible for
DNase production.

Is the presence of circulating DNA nucleoprotein responsible
for the induction of anti-DNA antibodies and involved in the
formation of circulating immune complexes? McCoubrey-Hoyer
et al. [33] reported that the serum concentration of DNA in normal
people was in the range of 4–13 ng/ml, and in SLE patients in the
range of 4–400 ng/ml. Tanet al. [34] detected increased levels of
native (ds) DNA in some lupus sera using the gel diffusion method.
Lambert & Dixon [31] found circulating DNA in sera of NZB/
NZW mice. In 1973, using an assay based on the inhibition of
haemagglutination, circulating ssDNA (mean concentration 53 mg/
ml) was reported to occur in about 50% of patients with SLE [35].
Sano & Morimoto [36] have isolated DNA from immune com-
plexes in SLE sera. Results from this and follow-up studies further
supported the view that extracellular DNA was present in the blood
and that it may play a pathogenic role in the formation of DNA–
anti-DNA immune complexes [37–39].

The rate of clearance of extracellular plasma DNA in man has
important implications for the pathological mechanisms of SLE.
Plasma DNA in SLE consists of oligonucleosome-like molecules
of 200 bp unit size. These multimeric complexes of DNA are
bound to histone [40]. A decrease of serum DNase activity may
play a vital role in rendering DNA nucleoproteins antigenic.
Therefore, the estimation of DNase activity may be important in
the studies of complex immunopathological mechanisms of SLE.
Chitrabamrunget al. [8] demonstrated that patients with SLE had
lower serum DNase activity than healthy people. They also showed
a relationship between DNase concentration and SLE activity, with
patients with active lupus nephritis having the lowest levels of
enzymatic activity. The method used in this work offered an
opportunity to re-investigate the activity of serum DNase in
lupus-prone mice. Compared with control animals, lupus-prone
mice have lower enzyme levels not only in sera, but also in urine.
We also demonstrated the presence of DNase inhibitors in the sera
of lupus mice. Due to its simplicity and sensitivity, the method may
find an application in numerous other conditions where DNase is
involved in cell/tissue physiology or disease. Low serum concen-
trations of DNase in lupus-prone mice and high concentrations of
DNase inhibitors in their sera may have a role in the complex
pathogenic mechanism of murine SLE.

REFERENCES

1 Shak S, Capon DJ, Hellmiss R, Marsters SA, Baker CL. Recombinant
human DNase I reduces the viscosity of cystic fibrosis sputum. Proc
Natl Acad Sci USA 1990;87:9188–92.

2 Polzar B, Mannherz HG. Nucleotide sequence of a full length cDNA
clone encoding the deoxyribonuclease I from the rat parotid gland.
Nucleic Acids Res 1990;18:7151.

3 Peitch MC, Irmler M, French LE, Tschopp J. Genomic organisation and
expression of mouse deoxyribonuclease I. Biochem Biophys Res
Commun 1995;207:62–8.

4 Kurnick NB. The determination of desoxyribonuclease activity by
methyl green: application to serum. Arch Biochem 1950;29:41–53.

5 Sinicropi D, Baker DL, Prince WS, Shiffer K, Shak S. Colorimetric

DNase in SLE mice 225

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 108:220–226



determination of DNase I activity with a DNA-methyl green substrate.
Anal Biochem 1994;222:351–8.

6 Miyauchi K, Ogawa M, Shibata T, Matsuda K, Mori T, Ito K,
Minamiura N, Yamamoto T. Development of a radioimmunoassay
for human deoxyribonuclease I. Clin Chim Acta 1986;154:115–23.

7 Miyauchi K, Ogawa M, Murata A, Nakano I, Funakoshi A, Mori T.
Serum deoxyribonuclease I determined by a radioimmunoassay and an
enzymatic assay in malignant diseases. Clin Chim Acta 1989;184:115-
20.

8 Chitrabamrung S, Rubin RL, Tan EM. Serum deoxyribonuclease I and
clinical activity in systemic lupus erythematosus. Rheumatol Int 1981;
1:55–60.

9 Nadano D, Yasuda T, Kishi K. Measurement of deoxyribonuclease I
activity in human tissues and body fluids by a single radial enzyme-
diffusion method. Clin Chem 1993;39:448–52.

10 Lacks SA. Deoxyribonuclease I in mammalian tissues. J Biol Chem
1981;256:2644–48.

11 Aitken ML, Burke W, McDonald G, Shak S, Montgomery AB, Smith
A. Recombinant human DNAse inhalation in normal subjects and
patients with cystic fibrosis. A phase 1 study. JAMA 1992;
267:1947–51.

12 Gavasto F, Buffa F, Moraini G. Serum deoxyribonuclease I and II in
pathologic conditions other than pancreas diseases. Clin Chim Acta
1959;4:192–6.

13 Kowlessar OD, McEvoy RK. Desoxyribonuclease I activity in pancreatic
disease. J Clin Invest 1958;35:1325–30.

14 Spandidos DA, Ramandanis G, Garas J, Kottaridis SD. Serum deoxy-
ribonucleases in patients with breast cancer. Eur J Cancer 1980;
16:1615–9.

15 Scully C, Spandidos DA, Ward Booth P, McGregor IA, Boyle P. Serum
alkaline deoxyribonuclease in oral cancer and premalignant lesions.
Biomedicine 1981;35:179–80.

16 Lykourinas M, Constantinidis C, Spantidos A, Manthopoulos A,
Dimopoulos C. The role of acid and alkaline DNases as tumour markers
in cancer of the genitourinary tract. Urol Res 1982;10:67–70.

17 Zollner EJ, Muller WE, Zahn RK. Mo¨glichkeiten zur gezielten Diag-
nose durch Bestimmung der sauren Desoxyribonucleasen im Urin
gesunder Kontrollpersonen und xeroderma pigmentosum-Patienten.
Klin Wochenschr 1971;49:1290–4.

18 Funakoshi A, Wakasugi H, Ibayashi H. Clinical investigation of serum
deoxyribonuclease II. Clinical studies of serum deoxyribonuclease
activity in pancreatic disease. Gastroenterol Jpn 1979;14:436–40.

19 Macanovic M, Sinicropi D, Shak S, Baugman S, Thiru S, Lachmann PJ.
Systemic treatment with murine DNase I slows the progression of
systemic LE in NZB/W F1 hybrid mice. Clin Exp Immunol 1996;
106:243–52.

20 Lachmann PJ. The immunological properties of cell nuclei with special
reference to the serological aspects and pathogenesis of systemic lupus
erythematosus. PhD thesis, University of Cambridge, 1961.

21 Lachmann PJ. An attempt to characterize the lupus erythematosus cell
antigen. Immunology 1961;4:153–63.

22 Frost PG, Lachmann PJ. The relationship of desoxyribonuclease inhi-
bitor levels in human sera to the occurence of antinuclear antibodies.
Clin Exp Immunol 1968;3:447–55.

23 Hadjiyannaki K, Lachmann PJ. The relation of deoxyribonuclease
inhibitor levels to the occurence of antinuclear antibodies in NZB/
NZW mice. Clin Exp Immunol 1972;11:292–5.

24 Hall AK. Molecular interactions between G-actin, DNase I and the beta-
thymosins in apoptosis: a hypothesis. Medical Hypotheses 1994;
43:125–31.

25 Peitsch MC, Polzar B, Stephan H, Crompton T, MacDonald HR,
Mannherz HG, Tschopp J. Characterization of the endogenous deoxy-
ribonucleases involved in nuclear DNA degradation during apoptosis.
EMBO J 1993;12:371–7.

26 Steinbuch M, Audran R. The isolation of IgG from mammalian sera
with the aid of caprylic acid. Arch Biochem Biophys 1969;134:279–
84.

27 Mancini G, Carbonara AO, Heremans JF. Immunochemical quantifica-
tion of antigens by single radial immunodiffusion. Immunochemistry
1965;2:235–54.

28 Lazarides E, Lindberg U. Actin is the naturally occurring inhibitor of
deoxyribonuclease I. Proc Natl Acad Sci USA 1974;71:4742–6.

29 Emlen W, Ansari R, Burdick G. DNA–anti-DNA immune complexes
antibody protection of a discrete DNA fragment from DNAase diges-
tion in vitro. Clin Invest 1984;74:185–90.

30 Puccetti A, Madaio MP, Bellese G, Migliorini P. Anti-DNA antibodies
bind to DNase I. J Exp Med 1995;181:1797–804.

31 Lambert PH, Dixon FJ. Pathogenesis of glomerulonephritis of NZB/
NZW mice. J Exp Med 1968;127:507–22.

32 Emlen W, Mannik M. Kinetics and mechanisms for removal of circulating
single-stranded DNA in mice. J Exp Med 1978;147:684–99.

33 McCoubrey-Hoyer A, Okarma TB, Holman HR. Partial purification and
characterization of plasma DNA and its relation to disease activity in
systemic lupus erythematosus. Am J Med 1984;77:23–34.

34 Tan EM, Schur PH, Carr RI, Kunkel HG. Deoxyribonucleic acid (DNA)
and antibodies to DNA in the serum of patients with systemic lupus
erythematosus. J Clin Invest 1966;45:1732–40.

35 Koffler D, Agnello V, Winchester R, Kunkel HG. The occurrence of
single-stranded DNA in the serum of patients with systemic lupus
erythematosus and other diseases. J Clin Invest. 1973;52:198–204.

36 Sano H, Morimoto C. Isolation of DNA from DNA/anti DNA antibody
immune complexes in systemic lupus erythematosus. J Immunol 1981;
126:538–49.

37 Raptis L, Menard HA. Quantitation and characterization of plasma
DNA in normals and patients with systemic lupus erythematosus. J Clin
Invest 1980;66:1391–9.

38 Steinman CR. Circulating DNA in systemic lupus erythematosus.
Isolation and characterization. J Clin Invest 1984;73:832–41.

39 Kalden JR, Winkler TH, Herrmann M, Krapf F. Pathogenesis of SLE:
immunopathology in man. Rheumatol Int 1991;11:95–100.

40 Rumore PM, Stainman CR. Endogenous circulating DNA in systemic
lupus erythematosus. J Clin Invest 1990;86:69–74.

226 M. Macanovic & P. J. Lachmann

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 108:220–226


