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Measurement of deoxyribonuclease I (DNase) in the serum and urine of systemic
lupus erythematosus (SLE)-prone NZB/NZW mice by a new radial enzyme
diffusion assay
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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 &-1500 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 | 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/NZ\Whyhrids, 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 F; 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 |, this shows that there is actin as well as DNase | in the serum. Actin is not only
ATP-dependent, but also heat-labile. Heating the sera for 10 mirf@tiB0reases 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 concentrattdmg/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 NZBAWybrid mice.
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INTRODUCTION activity has been assayed usitf§-labelledEscherichia colDNA

DNase | is a specific endonuclease that hydrolyses double-strand&d the substrate [7]. DNase activity in murine serum has also been

(ds) DNA to short oligonucleotides having-ghosphate and’3 assayed by a synthetic end-labelled oligonucleotide substrate assay
hydroxyl termini. For full enzymatic activity a pH of around (D. Sinicropi, personal communication). Chitrabamrnigl. [8]
7.5 and C&', Mg?* or Mn?* in micromolar concentrations are and Nadancet al. [9] have reported the measurement of DNase |

required. Human serum DNase has a molecular weight of 33_actlwty in human tissues and body fluids by single radial enzyme-

. . . diffusion methods. The method is based on the hydrolysis of
38KkD. Primary structures of DNase of various species have bee NA in a DNA-agar plate. The area of hvdrolvsed DNA was
described, and cDNA sequences are available for human [1], rat [ ! \-agar plate. yaroly AW
and mouse [3]. i e_nt_lfled by either 0.1 an_udo black [8] or ethidium bromld(_a [9]

Methods for the quantification of DNase | include colorimetry a}:;gmg and was proportional to the amount of enzyme in the
[4,5], precipitation, fluorometry and viscometry. There are draw- o . . L
backs with these methods due to difficulties in spectroscopy as a Distribution studies show high levels of the enzyme in diges-

result of turbidity of the solution and the need for large amounts of“ve tissues such as the parotid, the supmaxﬂlary glands, the
pancreas and the lining of the small intestine. Appreciable levels

material. Immunoreactive DNase | (immunochemical concentra? f DNase | can be found in the kidnev. where the enzvme probabl
tion) has been measured by radioimmunoassay [6]. Enzymati  fou . Y, yme p y
plays a scavenging role, and in the lymph nodes and thymus [10].
Correspondence: Professor Peter J. Lachmann, Molecular ImmundJrine also contains DNase in substantial amounts. Human serum
pathology Unit, MRC Centre, Hills Road, Cambridge CB2 2QH, UK. DNase concentrations have been reported in the range of 3 ng/ml
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[11] to 239ng/ml [7]. Previous studies showed that abnormal Calf thymus deoxyribonucleic acid

DNase levels occurred in association with a variety of diseases. ALalf thymus DNA was from Sigma-Aldrich Co. Ltd (Poole, UK). It

high serum DNase concentration was found in patients with renalvas dissolved in distilled water at a concentration of 5 mg/ml and

failure [6,7]; advanced liver diseases [12]; acute haemorrhagiavas stored as-93-ml aliquots at-70°C.

pancreatitis [13]; breast cancer [14]; oral cancer [15] and genito-

urinary cancer [16]. A low concentration of urine DNase was foundNucleosomal DNA

in patients with xeroderma pigmentosum [17]. The reduced serunNucleosomal DNA (146 bp) was a gift from Mrs Sandra Searles

activity of DNase | found in patients with chronic pancreatitis or (Structural Division Studies, Laboratory of Molecular Biology,

pancreatic cancer [18] may be due to the presence of DNas€ambridge, UK). Deoxyribonuclease | (DNase ) was from bovine

inhibitors. pancreas (Sigma-Aldrich Co.). It was dissolved f@miml in buffer
Several studies have found a connection between DNase (0-05m Tris—HCI pH 72 containing @5m MgCl,, 0-:025m CaCl,

activity and the development of human or animal SLE. The0-0015v NaNs3) and was kept in aliquots of 1Q0 at —70°C.

hallmark of SLE is the production of anti-nucleosome antibodies

and immune complexes involving DNA-containing antigens. TheAdenosine Striphosphate disodium salt

mechanisms responsible for the production of antibodies to DNAAdenosine 5triphosphate disodium salt (ATP) was obtained from

nucleoproteins remain obscure, although it is clear that the autoSigma-Aldrich Co. and dissolved in distilled water t@@4m.

antibody response is antigen-driven [19]. A defect in nucleosome

breakdown may stimulate anti-DNA nucleoprotein antibody pro-Method for the assay of deoxyribonuclease |

duction. Therefore, the studies of DNase and inhibitor levels inThe method for the assay of DNase | was based on radial enzyme-

human or experimental SLE may provide an insight into thediffusion in agarose gel containing the substrate (dsDNA or in an

abnormalities which underlie the autoantibody formation. Theadditional experiment nucleosomal DNA). T® Tl of 0-05m Tris

possibility that the prolonged survival of DNA nucleoproteins in Ca/Mg buffer, 1 ml of @004m ATP, 093 ml of DNA at 5 mg/ml,

the extracellular fluid could be involved in the production of 0:047 ml of ethidium bromide at 10 mg/ml and 10 ml of melted 2%

antinuclear antibodies was raised by Lachmann [20,21], whaagarose in distilled water, were added. The assay was also done

showed that the serum levels of heat-labile DNase | inhibitorwithout ATP in DNA/agarose buffer; 88 cm plates were poured.

were significantly higher in patients with SLE than in sera of Wells were cut of 1 mm diameter &5 wells/plate), filled with 2l

normal individuals. Frost & Lachmann [22] demonstrated ansamples and the plates were incubated &C3in a plastic box,

increased amount of an inhibitor of DNase | in SLE sera, andovernight. The plates were then overlaid witb®v EDTA (to stop

Hadjiyannaki & Lachmann [23] using a viscometric technique the reaction) and photographed on a UV Transilluminator (UVP Inc,

found significantly higher concentrations of heat-labile DNase 1San Gabriel, CA). The area of dark circles of hydrolysed DNA was

inhibitor in the serum of NZB/NZW Fmice at the time when they scanned on an Optomax Image analyser (UM Micromeasurements,

develop antinuclear antibodies. The inhibitor level in hybrid mice Pampisford, Cambridge, UK). The values for standards and samples

without antinuclear antibodies was not significantly different from were plotted and the concentration of DNase in samples was

that found in the control groups of NZB, NZW and BALB/c mice. calculated using a Microplate manager computer program. The

These findings support the hypothesis that excessive inhibition aflentical protocol was used for testing the effects of DNase | on

DNase may play a part in rendering DNA nucleoproteins antigenicnucleosomes. Nucleosomes were incorporated into agarose gel in

Serum DNase | activity in SLE patients was shown to be lower tharNunc TC plate wells of 17 mm diameter.

in healthy people or patients with rheumatoid arthritis or sclero-

derma [8]. DNase | has recently been implicated in cell death byStandards

apoptosis [3], a process which is accompanied by chromatin DNATwo microlitres of six double dilutions of DNase in Tris/Ca/Mg

degradation to 180—200 bp oligonucleosomal fragments that fornbuffer from 500 to 1%2 ng/ml were used.

a distinctive ladder in agarose gels [24]. Apoptosis-specific endo-

nuclease, extractable from both thymocytes and lymph node cell$;-actin

is functionally and antigenically indistinguishable from DNase | G-actin is a potent and specific inhibitor of DNase. Monomeric

[25]. Impairment of the effector pathway of apoptotic processesG-actin binds to and almost completely inhibits the nucleolytic

may result in the extracellular escape of nucleosomes and stimulatectivity of DNase |. Rabbit G-actin, mol. wt 43kD, 13G/m

anti-DNA antibody production. (559 mg/ml) was a gift of Dr Sutherland Maciver (Structural
Therefore, the quantification of DNase in tissues and fluids hastudies Division, Laboratory of Molecular Biology, Cambridge,

many applications. The aim of this work is to describe a simple,UK). Actin was dissolved in 2m Tris at pH80, G2 mm ATP,

reproducible and sensitive assay method for the quantification o®-5mv DTT, 0-2mm CaCh and 1 nu NaNs. Double dilutions of

DNase in serum and urine. The assay has been applied to the studgtin were made (5598y/ml to 5pg/ml) and the wells of DNA-

of the serum and urine DNase concentration in lupus-prone NZBAgarose plate were filled either with (iuRof each actin dilution

W mice and the relevance of the detected DNase | deficit to thend the plates left for a few minutes to adsorb. Thehd DNase

pathogenesis of SLE in mice. (500 ng/ml) were poured in the wells; or (ii)p2 of a solution

consisting of 5Q of each actin solution (dilutions 5590-+8/ml)

and 5Qul of DNase at Jug/ml. Double dilutions of DNase 500—

156 ng/ml were used as standards.

Agarose The plates were incubated overnight atG7

Agarose was ultra pure, electrophoresis grade, low melting point

(LMP) from BRL (Life Technologies Inc., Gaithersburg, MD). EDTA inhibition of DNase

Agarose (2%) was dissolved in distilled water. EDTA inhibition of DNase was tested by chelating Ca/Mg in Tris

MATERIALS AND METHODS
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Fig. 1. Measurement of DNase activity by radial enzyme diffusion (RED) method. 1-6, DNase standards-62@ghBl; 7—12, DNase in
the urines of six control (C3H/km) mice, diluted 1: 2.

buffer with 005m EDTA. Standard DNase solutions (500-4Bg/  female mice (6 weeks of age) and female NZB/NZ\WHybrids

ml) and normal mice sera were tested. (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 Rybrids (4—6

The effect of circulating anti-DNA antibodies on the hydrolysis ofweeks old) were also tested after heating atC5@r 10 min).

DNA by DNase Double dilutions of DNase (500—5ng/ml) were used as stan-
Sequential caprylic acid and saturated ammonium sulphate pretards. Urine was tested in dilutions of 1: 2.

cipitation [26] were used to isolate 1gG from 30ml of effluent
gbtainedda:]terhplasmapheresis treatmebntdof two patiEntsf witlh acéivgtatistical analysis

LE and high serum anti-DNA antibody titre. The final Ig L . .
preparation was tested for the presence of anti-DNA antibodie§ tatlst|p al analysis was done using Studeftist for two samples
by an indirect immunofluorescence test (antinuclear factor (ANF))assumlng equal variances.
and anti-DNA antibody ELISA. IgG at 1 mg/ml was double-diluted
with Tris/Mg/Ca buffer (final dilutions ®—-0015 mg/ml). To 5Ql
of 1gG solution, 5Q:I of DNase at 250 ng/ml were added (final
DNase concentration was 125ng/ml) and incubated 15min aRED
37C. Of this solution, 2l were added to the wells of DNA- The RED method is based on the fact that ethidium bromide
agarose plates. The hydrolysis of DNA was read after 12h andluoresces only with unhydrolysed DNA and not with DNA

RESULTS

compared with standard dilutions of DNase (500-61&/ml). digested by DNase. A dark circular zone, visible under UV light,
) is formed as DNase diffuses from the well into the agarose gel
Serum concentration of DNase containing DNA and ethidium bromide (Fig. 1). Longer incubation

The serum concentration of DNase in normal (24 female C3H/kMpcreases the assay sensitivity. The diffusion radius is linearly
mice 5-12 weeks old) and sera from lupus mice (24 female NZBfyroportional to the DNase concentration. The concentration of
NZW F, hybrids 5-115 weeks old) was investigated, Rybridsat  pnase | determined by the RED method was expressed inng/ml
this age had no serum anti-DNA antibodies either by ANF test, Farhsing specific activity of double dilutions of purified bovine
assay or ELISA. pancreatic DNase | as standard (Fig. 2).

Identical rings of DNA hydrolysis (slightly delayed) were

The effects of ATP in the Tris buffer observed when calf thymus DNA was substituted by nucleosomes

Serum DNase concentration was measured in the presence

02mm ATP in the reaction buffer and without ATP. Thirty 9. 3).
normal mice sera were tested.
G-actin
Detection of DNase inhibitors in sera G-actin caused no change in the immunoreactivity of DNase I,

The radial enzyme diffusion (RED) method was applied forwhereas it caused a striking decrease in its activity. Identical
detecting DNase inhibitors in sera. The presence of heat-labilénhibition of DNase was achieved either by first adding actin to
DNase inhibitors was examined directly in 30 unheated and heatethe wells of the DNA/agarose plate and then adding the DNase
(10 min at 50C) normal mice sera. Of each serum samplg| 2 solution; or by pre-incubating actin and DNase and then filling the
were tested by the standard method for estimating DNase activitywells of the DNA/agarose gel with the mixture. Actin in concen-

trations of 60 ng/ml or higher completely inhibited DNase (1 ng/
Urinary DNase ml). If the concentration of actin in the wells was decreased, DNase
Concentration of DNase in the urine of control, healthy C3H/km activity increased (Fig. 4).
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500 Table 1.Effect of anti-DNA-contain-
ing 1IgG on DNase activity
§ 400 19G, mg/ml DNase, ng/ml
(2]
2 05 121
g 300 0-25 104
Z 0125 111
< 0-062 107
Z 200 0031 114
% 0-015 102
§ 0 125
< 100
0 O | | | | | The mean serum concentration of DNase in normal mice was

0 100 200 300 400 500 600 37 ng/ml (F:oefficient of yariatioa: 39-38%). The mean serum
concentration of DNase in NZB/NZW Fhybrids was 10 ng/ml

_ _ ‘ (coefficient of variation=852%). There was a significant differ-
Fig. 2. Dose-response curve of bovine DNase | in DNA agarose platesgnce P <0:0001) between the mean serum concentration of
Values (ng/ml) of DNase concentration in the wells (abscissa) are pIotte(bNase in normal mice and that in NZB/NZW hybrid mice

against means (in arbitrary units) of duplicate measurements of the area S _
hydrolysis. Radial enzyme diffusion method. ?‘I’able 2) The mice in both groups were 5—-12 weeks old.

DNase (ng/ml)

Effects of ATP in Tris buffer
EDTA If the assay was done without ATP in the DNA/agarose buffer,
EDTA abolishes DNase | activity. EDTA is a specific inhibitor of values for serum concentration of DNase | in mice sera were over
DNase, as this enzyme requires ﬁgand C&* for maximal 70% higher (Table 2). Serum DNase concentrations in the absence
activity. When 005m EDTA was added to Tris—HCI buffer, and presence of ATP were significantly differeRt< 0-001).
DNase activity was inhibited and no DNA hydrolysis was seen
in the gels either in the DNase standards or in normal mice seraDetection of DNase inhibitors in sera

The RED method was used for measuring the presence and the
Effects of anti-DNA antibodies effects of DNase inhibitors in sera of NZB/NZW Rybrids. Sera
IgG was isolated from 30 ml of effluent from the plasmapheresisfrom 30 normal mice or 30 NZB/NZW Fhybrids, 5-12 weeks
treatment of two patients with active SLE. The final IgG prepara-old, were tested directly in DNA/agarose plates before and after
tion was strongly positive for anti-DNA antibodies in the indirect heating for 10 min at 5€. Heated sera showed a significant
immunofluorescent test (ANE +4) and also in anti-DNA anti- (P < 0-:001) increase in DNase activity (Table 2).
body ELISA (317 and 332 anti-DNA antibody units at IgG
concentration of 28 and 21 mg/ml). Equal volumes of DNaseDNase in urine
(final concentration 125 ng/ml) and IgG at various dilutions wereThe RED method was used to detect DNase in urine. Circular rings
incubated for 15 min at 3T. Afterwards, the solution was tested of DNA hydrolysis were visualized in urine dilutions 1:1-1:125.
for DNase activity. No reduction of DNase activity was demon- The urinary concentration of DNase in 6-week-old female C3H/km
strated in any of the anti-DNA-containing IgG dilutions (Table 1). mice was 521 ng/ml (mean value of six tests on pooled 12h

Fig. 3. Two microlitres of DNase (at 250 ng/ml)/well were incubated overnight &3 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.
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0-8— Table 3.DNase in urine

y = 0.694 x 107%™ _ 0.996

a0 DNase, ng/ml

Group (mean (s.e.m.))
Normal mice 521 (71)
Normal mice 10at 50C 516 (99)
NZB/W F; (4—6 weeks old) 23 (3)

> NZB/W F, (4—6 weeks old) 10at 50C N/A

2 NZB/W F; (3 months old) 12

E NZB/W F; (4 months old) 29

S NZB/W F; (5 months old) 37

£ NZB/W F; (6 months old) 32

2 NZB/W F; (7 months old) 15

z

a

sensitive technique for detecting DNase in body fluids. It was
possible to detect DNase | in the range of6t5500 ng/ml. The testis
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 | by Chitrabamrung
0 10 20 30 20 S'OA—GIO et al [8] and Nadanet al. [9]. _Conditions f[o max_imize detection of
. DNase—Ilow salt concentration and a high ratio of DNA/DNase—
Actin (ng/mi) were used. Measurement of DNase 1 under physiological conditions
Fig. 4. Inhibition of DNase by actin. Two microlitres of actin -(0L— is more difficult, since DNA and DNA nucleoprotein are then not
0-06 ug/well) were added to the wells of DNA/agarose plates. There was nGreely soluble and the enzyme itself shows some inhibition by salt
actin in the first well. The plates were left for a few minutes forthe actin to (D. Sinicropi, personal communication). When whole nucleosomes
absorb. DNase [ (001,.0) was then added to all the wells and incubated | oo o hstityted for calf-thymus DNA, rings of hydrolysed DNA
overnight at 37C. Logarithmic DNase activity was determined and plotted . . : .
against the concentration of actin. This gives the best fit to the data{]UdeOp,rOtem of matching S'Z? were prqduced,showmg that DNase |
(r = 0:996). cuts native DNA nucleoprotein as efficiently as DNA alone.

The specificity of the method for DNase | was demonstrated
collection of urine from six cohorts, four mice/cohort). Pooled in vitro, by showing inhibition by G-actin. The test was negative
urine from NZB/NZW R hybrids of the same age and sex (six when actin was incubated with DNase prior to filling the wells of
cohorts, three with nine and three with 15 mice/cohort) hadthe DNA/agarose gel or when the actin solution was poured first,
significantly less P < 0-0001) DNase in urine (mean24ng/ml).  followed by DNase. This inhibition requires the presence of ATP
DNase concentration in the urine pool from 10 7-month-old femalen the reaction. If ATP is omitted, serum DNase levels increase by

NZB/NZW F; hybrids was even lower (15 ng/ml) (Table 3). about 70%, showing the presence of actin in the serum. Lazarides
Heating the urine of normal mice for 10 min at°80did not & Lindberg [28] identified actin, the most abundant protein in
significantly increase DNase activity. 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
DISCUSSION specifically binds to DNase | [24]. In this complex, DNase |

The RED method described here is a simple, reproducible andctivity is inhibited (about 95% inhibition at equimolar ratio)

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 182 157 (A —0-25) (A —029)
Actin, pg/ml 245 285
NZB/W

DNase, ng/ml 21 9

Log DNase 132 095 A —-037)

Actin, ug/ml 361

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

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$08220—-226
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and the actin is unable to repolymerize [9] even in the presence of The presence of free dsDNA in the form of nucleosomes in
high salt or other actin-binding proteins known to induce actincirculation might be due to a defective clearance mechanism either
polymerization. Rat DNase | carries two mutations (E 13 to D andintracellularly (a defect in the effector pathway of apoptosis or the
V 67 to 1) responsible for the decrease in actin-binding of ratdefective endonuclease digestion of chromatin in the cells and
DNase | [3]. leakage of nucleosomes through the plasma cell membrane) or
Contrary to the findings of Emleet al. [29] and Pucettet al. extracellularly (a decrease in serum DNase I) due to the presence of
[30], we were unable to demonstrate any inhibitory or protectiveDNase inhibitors or low expression of the genes responsible for
effect of anti-DNA antibodies on the reaction of DNase with DNA DNase production.
in agarose gels. Emleet al. [29] have shown that a 35-45 base Is the presence of circulating DNA nucleoprotein responsible
pair (bp) DNA fragment in SLE sera is protected from DNasefor the induction of anti-DNA antibodies and involved in the
digestion and remains bound to antibody, thereby forming a smallformation of circulating immune complexes? McCoubrey-Hoyer
DNase-resistant DNA—anti-DNA immune complex. IgG from two et al. [33] reported that the serum concentration of DNA in normal
of the SLE plasma exchange effluents that we tested did not blockeople was in the range of 4—13ng/ml, and in SLE patients in the
DNase digestion of DNA. range of 4—400 ng/ml. Taet al. [34] detected increased levels of
We used the RED method to detect and quantify DNase in micenative (ds) DNA in some lupus sera using the gel diffusion method.
sera and also in urine. Normal mice sera and sera of NZB/NZW F Lambert & Dixon [31] found circulating DNA in sera of NZB/
hybrids were tested repeatedly. NZB/NZ\WHrybrid mice (5—165 NZW mice. In 1973, using an assay based on the inhibition of
weeks old) had significantly lower serum concentrations of DNasénaemagglutination, circulating ssDNA (mean concentration 53 mg/
(mean 10 ng/ml) than normal mice (mean 37 ng/ml). These miceml) was reported to occur in about 50% of patients with SLE [35].
develop anti-DNA antibodies (measured either by Farr assay o6ano & Morimoto [36] have isolated DNA from immune com-
solid-phase ELISA) after the age of 12—16 weeks. Therefore, th@lexes in SLE sera. Results from this and follow-up studies further
effects of anti-DNA antibodies on the serum DNase concentratiorsupported the view that extracellular DNA was present in the blood
were excluded. Young ;Fhybrid mice have significantly less and that it may play a pathogenic role in the formation of DNA—
serum DNAse activity in comparison with normal mice of the anti-DNA immune complexes [37—-39].
same sex and age. This is true in the presence and absence of ATP, The rate of clearance of extracellular plasma DNA in man has
and is therefore a genuine reduction in enzyme level and not dugnportant implications for the pathological mechanisms of SLE.
only to the raised level of actin. Plasma DNA in SLE consists of oligonucleosome-like molecules
We were able to confirm earlier findings on the presence ofof 200bp unit size. These multimeric complexes of DNA are
DNase inhibitors in sera of normal and lupus mice [22]. Low bound to histone [40]. A decrease of serum DNase activity may
molecular weight inhibitors diffuse rapidly in the gel and do not play a vital role in rendering DNA nucleoproteins antigenic.
interfere with the reaction. To detect actin, the heat-labile, highTherefore, the estimation of DNase activity may be important in
molecular weight DNase inhibitor, mice sera and urine were testedhe studies of complex immunopathological mechanisms of SLE.
unheated and heated (10 min atG Heating restored up to 70% Chitrabamrunget al. [8] demonstrated that patients with SLE had
of serum DNase activity. lower serum DNase activity than healthy people. They also showed
Analogous to the findings in the sera, we were also able tca relationship between DNase concentration and SLE activity, with
demonstrate the presence of DNase in the urine of normal angatients with active lupus nephritis having the lowest levels of
NZB/W F; hybrid mice. NZB/W hybrid mice were tested at the age enzymatic activity. The method used in this work offered an
of 6 weeks, before the appearance of anti-DNA antibodies in theipbpportunity to re-investigate the activity of serum DNase in
sera, and between 3 and 7 months of age, at the height of their lupligpus-prone mice. Compared with control animals, lupus-prone
disease activity. Lupus-prone mice and mice with active lupusmice have lower enzyme levels not only in sera, but also in urine.
nephritis had significantly less DNase in the urine. This findingWe also demonstrated the presence of DNase inhibitors in the sera
may have implications for the clearance of immune complexes irof lupus mice. Due to its simplicity and sensitivity, the method may
lupus nephritis. Urinary DNase degradation of antigen may play dind an application in numerous other conditions where DNase is
significant role in breaking down the complexes in the basemeninvolved in cell/tissue physiology or disease. Low serum concen-
membrane. Low levels of DNase | may allow more immune trations of DNase in lupus-prone mice and high concentrations of
complexes to persist and allow disease progression. To our knowbNase inhibitors in their sera may have a role in the complex
edge, this is the first report on the low concentration of DNase inpathogenic mechanism of murine SLE.
urine in SLE.
The implications of the finding of low serum DNase concen-
tration (activity) in young NZB/NZW E hybrids are manifold. It REFERENCES
has been known for decades that circulating DNA—anti-DNA 1 Shak S, Capon DJ, Hellmiss R, Marsters SA, Baker CL. Recombinant
immune complexes are responsible for the systemic lesions in human DNase | reduces the viscosity of cystic fibrosis sputum. Proc
lupus patients and in NZB/NZW mice [31]. A great deal was  Natl Acad Sci USA 199087:9188-92.
learned about the physicochemical and immunologic properties of2 Polzar B, Mannherz HG. Nucleotide sequence of a full length cDNA
anti-DNA antibodies, but data on extracellular DNA appeared to be Clone.ench'ng the deox}'”bonumease | from the rat parotid gland.
. L Nucleic Acids Res 199(t8:7151.
Contradlctory. NO_ qgreement was reaphed on the_orlgln, IMMUNO-5 peitch MC, Irmler M, French LE, Tschopp J. Genomic organisation and
logical characteristics and concentration of DNA in the blood of expression of mouse deoxyribonuclease I. Biochem Biophys Res
healthy persons and lupus patients. Labelled DNA itself was cleared commun 1995207:62-8.
rapidly from the circulation by digestion with circulating nucleases 4 Kurnick NB. The determination of desoxyribonuclease activity by
and by the liver cell surface nucleases [32]. The half life of that DNA  methyl green: application to serum. Arch Biochem 195@41-53.
is 4 min. 5 Sinicropi D, Baker DL, Prince WS, Shiffer K, Shak S. Colorimetric
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