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ABSTRACT 61 biopsies of normal skin from the
deltoid area and lesional skin from various sites from
48 patients with systemic lupus erythematosus (SLE)
were studied for the presence of properdin, C3, C4, and
immunoglobulins (IgG, IgM, and IgA) in the dermal-
epidermal junction (DEJ) using direct and indirect im-
munofluorescence. Properdin was present in 509% of
normal and 409 of lesional skins. Properdin was pres-
ent without C4 in only 2 of 38 nonlesional skin biopsies
and in only 2 of 20 lesions. There was no significant
difference in incidence of deposition of any of the six
proteins studied between nonlesional and lesional skin.

The frequency of deposition of each of the proteins
correlated with clinical disease activity. The presence
of proteins in the DEJ did not correlate with the
presence of active renal disease at the time of biopsy
nor with previously documented active nephritis. In
addition, no other single clinical manifestation corre-
lated with the presence of DE]J deposition of any pro-
tein studied. IgA was not demonstrated in the DEJ of
nonlesional skin of 16 patients in remission and was
present in 7 of 23 patients with active disease (P <
0.05). Deposition of properdin in lesional skin corre-
lated with the presence of extracutaneous disease ac-
tivity (P < 0.05).

Analysis of serologic studies on serum obtained at
the time of biopsy revealed a statistically significant
correlation between C4 and C3 (r =0.67). This corre-
lation was stronger than that between properdin and
C3 (r =0.49) which in turn was stronger than that be-
tween properdin and C4 (r=0.37). Titer of antinu-
clear antibody and percent of DNA binding correlated
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better with C4 levels than with properdin levels. Serum
properdin levels were significantly lower in patients
with active disease than in those in remission (P <
0.05). Serum properdin levels were significantly lower
in patients with properdin deposits in lesional skin
than in those without properdin deposits.

The data suggest that both alternative and classical
pathways are activated in patients with clinically active
SLE.

INTRODUCTION

The complement system is a group of serum proteins
known to play a role in the inflammatory response (1).
There is ample evidence to implicate the classical path-
way of complement activation in the production of
tissue damage in systemic lupus erythematosus (SLE)*
(2). The initiating event in this sequence is presumed
to be the formation of immune complexes involving
DNA and anti-DNA antibodies (3, 4).

The existence of an additional pathway capable of
activating the terminal complement components (C3, C5-
C9) without consumption of the early classical com-
ponents (C1, C4, C2) was first suggested by Pillemer
et al. (5). Independent investigations in several labora-
tories have recently confirmed the existence of such a
group of proteins which is now known as the alterna-
tive or properdin pathway (1, 6, 7). This sequence may
be activated in vitro by a variety of substances including
complex polysaccharides, aggregated IgA (8), and C3
nephritic factor (C3NeF) (9). Although the precise
nature of the pathway is not yet completely clear, the

! Abbreviations used in this paper: ANA, antinuclear anti-
body; C3NeF, C3 nephritic factor; DEJ, dermal-epidermal
junction; FITC, fluorescein isothiocyanate; SLE, systemic
lupus erythematosus.
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following proteins have been identified: properdin, a
highly basic gamma globulin with a mol wt of 186,000
(10) ; factor A, a hydrazine-sensitive protein identical
to C3 (11); factor B, a glycine-rich B-glycoprotein
identical to C3 proactivator which in its active form
participates in the cleavage of C3 (12, 13); and factor
D, a low molecular weight proteolytic enzyme capable
of cleaving factor B to its active form (14). This
system requires magnesium. A feedback loop has been
described in which C3b produced by the classical path-
way interacts with factors B and D to promote further
cleavage of C3 (15, 16). Recent data suggest that pro-
perdin may also increase the efficiency of this feedback
loop (17).

Patients with SLE and nephritis have deposits of
immunoglobulins and complement components in the
mesangium and glomerular basement membrane (3).
Similar deposits have been described in the dermal-
epidermal junction (DEJ) of normal and lesional skin
of SLE patients (18-21). Several authors have corre-
lated the presence in normal skin of immunoglobulins
and complement (the “lupus band test”) with lupus
nephritis (21, 22). Others have found no such correla-
tion (23, 24).

Westberg et al. demonstrated that properdin, in addi-
tion to proteins of the classical pathway, was present
in the glomerular basement membrane of 3 of 13 SLE
patients (25). We have confirmed this observation and
have shown that properdin is also present in the DE]J
of skin lesions from SLE patients (26). Provost and
Tomasi demonstrated properdin in the DEJ of normal
skin from several SLE patients (27) and recently
Jordon et al. found both properdin and factor B in
clinically normal and lesional skin (28). Additional
evidence for activation of the alternative pathway in
patients with SLE is provided by studies showing that
serum levels of properdin and factor B may be reduced
(29-31) and properdin and factor B metabolism in-
creased in lupus nephritis (32, 33).

In this report, we describe the presence of properdin
in both lesional and normal skin from SLE patients
and demonstrate that reduced serum properdin levels
and deposition of properdin in the DE]J of skin lesions
occur during periods of clinically active disease. Cor-
relations between serum antinuclear antibody titers,
antiDNA antibodies, C3 and C4, immunofluorescent
findings in the DE]J, and clinical disease activity sug-
gest that both the alternative and classical pathways
are involved during clinical disease activity.

METHODS

Patients and controls. 48 patients with SLE whose ages
ranged from 10 to 65 yr (mean 34.2 yr) were studied. There
were 4 males and 44 females, and the group consisted of
44 whites, 2 blacks, and 2 Latin Americans. All patients
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had multisystem disease and fulfilled the preliminary cri-
teria for the classification of SLE (34). Patients were
seen at the Rheumatic Diseases Clinics at the University of
Connecticut Health Center (Hartford, Conn.) and at affili-
ated hospitals. In 29 patients clinically normal skin was
biopsied; in 12, lesional skin; in 10, clinically normal and
lesional skin were obtained simultaneously. Three of the
patients were studied on two separate occasions. Clinical
activity was assessed according to the guidelines of Roth-
field and Pace (35) on the basis of history and physical
findings alone as follows: 0—no clinical evidence of disease
activity (remission); 14+ —active disease in only one sys-
tem; 2+ —active disease in more than one system without
fever or in one system with fever; 3+ —active disease in
two or more systems with fever. The presence of either
hematologic abnormalities (white blood count < 4,000, plate-
let count < 100,000, or hemolytic anemia) or renal disease
did not alter the assessment of clinical disease activity.
Although renal disease was present in 14 patients (27.5%),
it was active in only 5 at the time of skin biopsy. Active
renal disease was defined as the presence of five or more
red blood cells per high power field, cellular casts, and/or,
increasing proteinuria. Renal biopsies performed before this
study on these five patients had shown diffuse proliferative
lupus nephritis in two patients and membranous lupus
nephritis in one (36). Two had never been biopsied.
Previous renal biopsies had been performed on eight of nine
patients with inactive renal disease. Of these, four had focal
proliferative lupus nephritis, three had diffuse proliferative,
and one had membranous lupus nephritis.

At the time of skin biopsy, 42 patients were receiving
corticosteroids in doses ranging from 5 to 80 mg of pred-
nisone or its equivalent per day. The mean daily dose was
18.2 mg. 18 patients were receiving antimalarials at the time
of biopsy in a dose of either 200 or 400 mg of hydroxy-
chloroquine or its equivalent per day. Only two patients,
both with diffuse proliferative lupus nephritis, were re-
ceiving immunosuppressive therapy in addition to corti-
costeroids. One was taking cyclophosphamide, 75 mg daily
and had clinically inactive renal disease, mild azotemia,
(creatinine 2.1 mg/100 ml) and “0” clinical disease activity.
The other was receiving azathioprine, 50 mg daily, and
had an active sediment, a serum creatinine of 1.4 mg/100
ml, and “14” clinical disease activity (mucosal ulcers).

Normal skin was obtained from 5 healthy individuals and
13 patients with a variety of diseases. These included one
healthy, serologically normal sister of an SLE patient, four
patients with musculo-skeletal symptoms without definite
evidence of rheumatic diseases, one patient with fever of
unknown origin, one with chronic active hepatitis, two with
rheumatoid arthritis, one of whom had a positive LE cell
test, one with sun-sensitive eruption, one with a history
of cutaneous vasculitis, and one with Raynaud’s disease.
None of these control patients had a positive antinuclear
antibody test (ANA) or any serologic abnormalities except
for the one patient with rheumatoid arthritis and a positive
LE cell test. .

Lesional skin was obtained from 24 patients with the
following diagnoses: systemic sclerosis (7), psoriasis (1),
cutaneous vasculitis (4), Weber-Christian Disease (1),
urticaria (3); eczema (2), nonthrombocytopenic purpura
(2), erythema multiforme and juvenile rheumatoid arthritis
(1), poikiloderma (1), rheumatoid arthritis and lichen
planus (1), and nonspecific dermatitis (1).

Skin biopsies. Punch biopsies, 4-6 mm in diameter, were
taken from normal and lesional areas. Most normal. skin
biopsies were obtained from the deltoid region. Biopsies of
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Ficure 1 Immunoelectrophoresis of antiproperdin serum.
1 and 3 are normal human serum; 2 and 4 normal human
plasma; A is rabbit antiproperdin; B is rabbit antifibrino-
gen; C is goat anti-whole human serum. The arc between
B and 2 is not present between A and 2 indicating the
absence of antifibrinogen in the antiproperdin serum.

lesions were taken from clinically active areas. All samples
were bisected immediately. One portion was fixed in 10%
formalin for routine processing; and the other segment was
snap frozen in isopentane and dry ice and transferred to
Cryoform (Ames Co., Elkhart, Ind.). Tissue was sectioned
at 4 um thickness within 72 h, and cut sections were stored
at — 70°C until use.

Serologic methods. All patients had a battery of hemato-
logical and serological studies, and a urinalysis at the
time of skin biopsy. The indirect fluorescent antibody tech-
nique for antinuclear antibodies (ANA) was carried out
using mouse liver as previously described (37). Patients’
sera were tested undiluted and at serial twofold dilutions.
Fluorescein isothiocyanate-(FITC) conjugated goat anti-
human IgG (gamma chain specific) was purchased from
Antibodies, Inc.,, Davis, Calif.

Levels of complement components C3 and C4 were de-
termined by single radial immunodiffusion on commercially
prepared plates (Behring Diagnostics, American Hoechst
Corp., Somerville, N. J.). All determinations were done in
duplicate on the same lot of plates by the same individual
and results were averaged. Discordant results were repeated.

Antibodies to native, double-standard DNA were mea-
sured in each test serum by modification of the Farr tech-
nique (38). Tritiated DNA was prepared from a thymidine
minus strain of Escherichia coli K12 as described previously.
Column chromatography of this material on hydroxyapatite
confirmed the absence of any contamination by denatured,
single-stranded DNA (39). Binding of more than 50% of
the labeled DNA by the test serum using this technique
has been shown to be quite specific for active SLE (38).

Properdin levels were determined by electroimmunoassay
(40) using a water-cooled electrophoresis apparatus (MRA
Corp., Boston, Mass.) and rabbit antihuman properdin.?
Properdin concentrations were expressed as a percentage
of the normal pool described below. All sera were run on
duplicate plates and results averaged. Maximum variation
in properdin concentration on a single sample determined in
this manner was *5%. In 24 patients comparison of this
technique with the solid-phase radioimmunoassay (41) has
shown a high correlation (r=090) between the two
methods?

Control sera used for all of the serological tests were
obtained from 49 normal individuals ranging in age from

* Kindly supplied by Dr. I. H. Lepow.
3Schrager, M., J. Chapitis, I. H. Lepow, and N. F.
Rothfield. Unpublished observations.
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17 to 69 yr (mean 357). All of the individuals in this
group were white and there were 4 males and 45 females.

Skin immunofluorescence. Immunofluorescent studies were
done within 5 days of the biopsy, although tissue remained
in satisfactory condition for up to 1 yr at —70°C. The
following FITC-conjugated goat antisera were used: IgG
(Antibodies, Inc., Davis, Calif.), Molar F/P ratio 3.3, dilu-
tion 1:4. IgM (Hyland Div., Travenol Laboratories, Inc.,
Costa Mesa, Calif.), F/P ratio 2.6, dilution 1:16. IgA
(Hyland Lab., Costa Mesa, Calif.), F/P ratio 3.3, dilution
1:16. C3 (Meloy Laboratories, Inc., Springfield, Va.),
F/P ratio 1:8, dilution 1:8. C4 (Meloy Lab., Springfield,
Va.), F/P ratio 1.2, dilution 1:8. These dilutions produced
the best resolution between specific apple-green fluorescence
in the DEJ and background fluorescence of known positive
control skin. All these conjugates produced a single arc
on immunoelectrophores against normal human serum. The
anti-C3 gave one line against aged human serum (3 days
at 37°C) reacting only with the C3c antigen, and not with
C3d. Appropriate positive and negative control slides were
run with each conjugate.

Properdin was detected by means of the indirect immuno-
fluorescent technique (22), using the same rabbit anti-
properdin employed in the properdin assay and FITC con-
jugated goat antirabbit IgG (Microbiological Associates,
Bethesda, Md.), F/P ratio 1.4. Both antisera were used at
1:16 dilution. Specific immunofluorescence could be abol-
ished completely by incubating the antiproperdin with puri-
fied properdin (42) before incubation with the tissue. Fur-
thermore, incubation of FITC goat antirabbit IgG alone
with tissue produced no specific fluorescence. The antipro-
perdin did not react with fibrinogen on immunoelectro-
phoresis using plasma as antigen (Fig. 1).

All slides were viewed on a Leitz Ortholux II microscope
(E. Leitz, Inc., Rockleigh, N. J.) equipped with a Ploem
vertical illuminator. Illumination was by means of an HBO-
100 Mercury lamp, 4 mm BG 38 and 2 mm UGI exciter
filters, a TK 400 dichroic beam-splitting mirror with a K400
suppression filter, and a K430 filter in the eyepiece slot.
This combination of filters produced excitation in the UV
range with emissions in the green (520 nm) range and
gave excellent resolution between specific and nonspecific
fluorescence. A biopsy was recorded as positive only if there
was definite fine or medium granular, or fibrillar fluores-
cence at the DEJ. Larger cytoid globules of fluorescence
in the DEJ in the absence of such granular fluorescence
were not considered significant since they were seen in
several skin sections from a variety of normal controls
and patients with other diseases.

Statistical analysis. - All- statistical analyses were per-
formed on a Univac (Univac Corp., Philadelphia) 1106
Computer using the standardized SPSS programs (43).
The Yates correction was applied automatically to any
chi-square calculations which involved small numbers of
samples.

RESULTS

Skin histology. Studies of the lesional skin in 19
of 22 biopsies from patients with SLE revealed changes
typical of SLE or discoid lupus in 12 patients (acute
SLE in five specimens, discoid lupus in three speci-
mens, nonspecific vasculitis in two, subepidermal bullae
in one, and basal liquefaction in one). Six other speci-
mens showed mild or nonspecific changes (e.g. hyper-
keratosis, edema without vasculitis, “acute” and “chro-



TaBLE 1
Protein Deposition in the DEJ of Patients with SLE

Histologically typical

Clinically normal skin Lesional skin lesional skin
No. +/ No. +/ No. +/

Protein No. tested Percent + No. tested Percent + No. tested Percent +
IgG 14/39 46 11/22 50 6/12 50
IgM 27/39 69 14/22 64 11/12 92
IgA 7/39 18 1/22 5 1/11 9
C3 19/39 49 13/22 59 11/12 92
C4 26/39 67 11/20 55 10/12 83
Properdin 19/38 50 8/20 40 7/12 58
Any protein 33/39 85 17/22 77 11/12 92

nic” inflammation) and one specimen showed changes
typical of lichen planus.

Clinically normal skin from SLE patients was studied
histologically in 37 biopsies. In 34, no abnormalities
other than atrophy or folliculitis were seen. However,
in three specimens, the skin was found to be signifi-
cantly abnormal, showing changes of acute LE in two
and basal liquefaction in one. These three specimens
have been included with other clinically normal ap-
pearing biopsies for the purpose of analysis. It should
be noted that the two specimens of normal skin which
showed histologic changes were from patients with
severe skin lesions elsewhere and in both patients his-
tologic changes in normal skin were milder than those
in the lesional skin.

Skin immunofluorescence. The incidence of each
protein in the DEJ is shown in Table I. A few biopsy
specimens were not studied for the presence of all six
proteins because of insufficient tissue. In general, de-
posits of IgA were less intense and less dense than
other proteins. A typical example of DEJ fluorescence
using antiproperdin is shown in Fig. 2. The incidence
of positive DEJ immunofluorescence was similar in both
normal and lesional skin. There was no statistically
significant difference between normal and all lesional
skin for any of the proteins studied. Of the five biopsies
of lesional skin which showed no deposits of any pro-
tein, one revealed histologic changes of discoid lupus,
three showed nonspecific changes, and a fourth was not
examined histologically. 12 of the 22 biopsies of lesional
skin revealed histologically typical abnormalities (see
above) while 10 of the 22 biopsies did not reveal his-
tologically typical abnormalities. Of the lesional skin
from 12 patients with typical histologic findings of
either discoid or systemic lupus, 11 or 929 had deposits
of at least one protein. IgM and C3 were seen in all
but one of the patients (92%), while C4 was seen in
10 (83%). There was a significantly higher incidence
of deposition of IgM, C3, and C4 in the 12 histologi-
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cally typical lupus lesions than in the 10 lesions which
were not typical (P < 0.05), using Fischer’s exact test,
IgG was present in 509 and IgA in 8% of the his-
tologically typical lesions, an incidence similar to that
of the histologically nonspecific lesions.

Because the alternative pathway has been shown to
be activated by aggregated IgA (8), we analyzed the
data in relation to deposition of properdin and IgA in
the same specimen. Properdin was found in 19 biopsies
in which no IgA could be demonstrated, IgA was found
in 4 biopsies which did not contain properdin, and in
9 biopsies both proteins were present.

The biopsy which showed histologic changes typical
of atrophic lichen planus had large globules of immuno-
fluorescence when stained for properdin and showed
weak, finely granular DE]J fluorescence when stained
for IgG.

Biopsies of clinically normal and lesional skin were
performed simultaneously in 10 patients. There was no
significant difference in individual protein deposition be-
tween lesional and normal skin except for C3 which
was present in 9 of the 10 lesions and in only 3 of
the 10 normal skin samples (chi-square 5.2083, P <
0.05). In none of the 10 patients was C3 present in
normal skin without it also being found in the lesion.

None of the skin from the normal individuals stained
for any protein except for the skin from the sister of
the SLE patient in which properdin was present. Nor-
mal skin from the 13 control patients with other dis-
eases was negative except in 3 patients. C4 was the
only protein detected in the skin from the patient with
Raynaud’s disease and one patient with arthralgias. C3
alone was present in the skin from the patient with a
history of cutaneous vasculitis. Weak staining was
present in the DEJ from lesional skin of seven control
patients with other diseases: three of seven patients
with systemic sclerosis had positive tests (properdin
in one, IgM, and C4 in one, and IgM, C3, and C4 in
one). The latter patient was unusual in that she had
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Ficure 2 Immunofluorescence of the DEJ of normal skin from the deltoid region from a
patient with active SLE stained for properdin. An intensely staining band of granular fluores-
cence is present at the DEJ. (Original magnification X 216).

systemic sclerosis with sclerodactyly, Raynaud’s phe-
nomena, rheumatoid nodules, latex fixation of 1:320,
ANA speckled pattern with a titer of 1:256, C3 of
116 mg/100 ml, and a negative LE cell test. Two of
four patients with cutaneous vasculitis were positive (C3
and properdin in one, and C3, and C4 in one). The
patient with juvenile rheumatoid arthritis whose eryth-
ema multiforme-like rash was biopsied had C3 in the
DEJ. The patient with rheumatoid arthritis whose
lichen planus lesion was biopsied had C3 deposited in
a granular pattern as well as globular deposits in the
DE].

Complement profile. A total of 38 specimens of nor-
mal SLE skin and 19 specimens of lesional skin from
SLE patients were studied for the presence of C3, C4,
and properdin. For the purpose of analysis of the data,
the classical pathway was considered to be involved in
the skin if C4 was present with or without C3. The
alternative pathway was considered to be involved if
properdin was present. Both pathways were considered
to be involved if both C4 and properdin were present.
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C3 alone was considered to be evidence for the in-
volvement of either pathway. The results of such anal-
ysis in normal and lesional skin from SLE patients are
shown in Table II. The alternative pathway was in-
volved without involvement of the classical pathway in
only two normal and two lesional skins in four patients.
Although properdin was present in 509 of normal and
in 409, of lesional skin, it was unusual to find properdin
without also finding C4. 74% of clinically normal and
65% of lesional skin showed deposition of at least
one of the three proteins (C3, C4, or properdin).
Correlation between clinical disease activity and pro-
tein deposition in DEJ. The correlation between de-
gree of clinical disease activity and the presence of each
protein in the DEJ of normal skin of SLE patients is
shown in Table III. The presence of IgA was associated
with disease activity: i.e., none of the 16 patients in
remission had IgA in the DEJ while 4 of the 12 patients
with 14 activity and 3 of the 11 patients with 24+ to
3+ activity had IgA deposits. The higher incidence of
IgA deposits in normal skin from SLE patients with



TasLE II ,
Complement Proteins in Normal and Lesional Skin
from SLE Patients

Lesion skin
(20 patients)

Normal skin
(38 patients)

Pathway involved No. + Percent +

Both* 17 45 6 30
Classical} 8 21 5 25
Alternative§ 2 5 2 10
C3 alone 1 3 0 o
No C components 10 26 7 35

* C4 and properdin with or without C3.
} C4 with or without C3.
§ Properdin with or without C3.

disease activity was statistically significant (P < 0.05)
by chi-square. Although there was a trend towards a
higher incidence of both C3 and properdin with increas-
ing degree of disease activity, the data did not achieve
statistical significance (0.1 > P > 0.05).

The correlations between clinical disease activity and
protein deposition in lesional skin from SLE patients
are shown in Table IV. Since all patients with active
skin lesions showed, by definition, at least 14 activity,
the comparison was made between those with only skin
manifestation (14 active) and those with additional
extradermal manifestations of activity (2-34+). Each
protein was found more frequently in the skin lesions
of patients with additional extradermal evidence of
activity than in skin lesions of patients whose only
evidence of clinical disease activity at the time of biopsy
was skin lesions. This correlation with disease activity
was statistically significant only for the deposition of
properdin (P < 0.02). Patients with renal disease (14
patients) or those with hematologic manifestations (8
patients) were found to have no significant difference
in frequency of protein deposition from those patients

TasLe ITI
Correlation between Protein Deposition in the DEJ of
Normal Skin from SLE Patients and
Clinical Disease Activity

Clinical disease activity, Percent +

0o 14 24 or 3+
Protein (16 patients) (12 patients) (11 patients)
IgG 25 42 46*
IgM 56 75 82*
IgA 0 33 27t
C3 38 42 73*
C4 63 58 82*
Properdin 33 50 73*

* Not significant (P > 0.05) by chi-square.
1 P < 0.05 by chi-square.

No. +  Percent +
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H TaBLE IV
Correlation between Protein Deposition in the DEJ of
Lesional Skin from SLE Patients and
Clinical Disease Activity

Clinical disease activity, Percent +

1+ 2+ or 3+
Protein (14 patients) (8 patients)
IgG 43 63*
IgM 50 88*
IgA 0 13*
C3 43 88*
C4 50 67 (6 cases)}
Properdin 21 83 (6 cases)§

* Not significant (P > 0.05) by chi-square with Yates

correction.
t Not significant (P > 0.05) by Fisher’s exact test.
§ P < 0.02 by Fisher’s exact test.

without these manifestations. The presence of skin le-
sions did not apppear to affect the frequency of deposits
in normal skin since there was not a higher frequency
of protein deposition in normal skin from patients with
skin lesions than in those without skin lesions. Thus,
the frequency of protein deposition correlates with gen-
eral disease activity rather than with any specific mani-
festation of the disease.

Serologic studies. The results of tests for antinuclear
antibody titers, DNA-binding, C3, C4, and properdin
in the sera of 51 SLE patients and 49 healthy individ-
uals are shown in Table V. The SLE patients showed
abnormalities for all tests performed except that the

TABLE V
Serological Parameters in SLE Patients and Controls
Normal
SLE patients individuals
Mean+1 SD Mean=2 SD
(range) (range)
Serological test 1t (48)t
ANA titer (n)* 6.0+2.6 3.7+21
(0-11) (0-5)
DNA binding, % 43421 16+23
(0-100) (0-55)
C3, mg/100 mi 6422 80128
(22-114) (48-112)
C4, mg/100 ml 17411 34424
(1-55) (17-70)
Properdin, (% of normal pool) 10724 99434
(40-157) (47-125)

* 5 is the —logs of the geometric mean titer of antinuclear
antibody. Only patients with a positive ANA test are included
in the calculation. 21 of the normal individuals and 2 of the
SLE patients had negative ANA at the time of study.

t Number of determinations.
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TaBLE VI
Correlation between Serological Parameters and Clinical Disease Activity

Clinical disease activity

0 14 24 or 3+
Serologic test (16 patients) (19 patients) (15 patients) Significance}
ANA Titer (n) 4.943.1* 5.8+2.5 7.3+1.2 P < 0.05
DNA binding, % 24416 3327 61+32 P <001
C3, mg/100 ml 80422 6416 43415 P <0.01
C4, mg/100 ml 25413 1447 108 P <0.01
Properdin, %, of normal pool 113421 112424 92422 P < 0.05

* Mean=1 SD.
{ Analysis of variance.

mean properdin level for the entire group of SLE
patients was normal. The relation between the serologic
parameters and clinical disease activity is shown in
Table VI, Antinuclear antibody titer and DNA binding
both correlated positively with clinical disease activity,
while C3, C4, and properdin levels correlated negatively
with disease activity. Correlation with disease activity
was strongest for C3, followed in order by C4, DNA
binding, properdin, and antinuclear antibody titer.

The correlation between each pair of serologic pa-
rameters was calculated using regression analysis. ANA
titers had a stronger negative correlation with C4
levels (r =—0.51, P=1.3 X 10™*) than with properdin
levels (r=—0.2, P=6.5X10%). Similarly, DNA
binding had a stronger negative correlation with C4
levels (r=—048, P =48x 10™) than with pro-
perdin levels (r=—043, P=104 X 10®*). C4 levels
correlated strongly with C3 levels (r =067, P=1X
10®*) and poorly with properdin levels (r=0.37,
P=356X107).

Correlation between serologic parameters and protein
deposition. The relationship between the deposition of
C3, C4, or properdin in the DEJ and the serum level
of that particular protein was evaluated by analysis of
variance, The deposition of a specific protein correlated
with depression of the serum level of that protein in
only one instance: properdin in lesional skin. The mean
(%xSD) serum properdin level in the 12 patients in
whom properdin was not demonstrated in lesional skin
was 119%+229, while that in the 8 patients with pro-
perdin in the lesional skin was 83+229, (P < 0.05).
Although serum C3 levels were lower in patients with
C3 skin deposits in both normal and lesional skin than
in those without C3, the difference was not statistically
significant.

The data were analyzed to determine if the presence
of skin lesions was associated with changes in the vari-
ous serologic parameters. There was no significant
difference in DNA binding (mean*1SD) in sera from
patients with or without skin lesions. Similarly the
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mean properdin level in patients without skin lesions
was not significantly different from that in patients with
skin lesions. On the other hand, the mean C3 level was
significantly lower in patients with skin lesions (57
+18 mg/100 ml) than in those without skin lesions
(72+25 mg/100 ml) (P < 0.05) and the mean C4 level
was significantly lower in patients with skin lesions
(13%8 mg/100 ml) than in patients without skin lesions
(22+13 mg/100 ml (P < 0.01).

DISCUSSION

In this study we have shown several significant corre-
lations between clinical disease activity, serologic abnor-
malities, and dermal immunopathology in SLE patients.

We have shown that there is a significant correlation
between clinical disease activity and the presence of
IgA in the DE]J of nonlesional skin. Others have corre-
lated a positive lupus band test with disease activity
(21, 22, 24) and we now document an association be-
tween deposition of a specific protein and disease ac-
tivity, Our data revealed that IgA was absent in all
nonlesional skin from patients with no evidence of clini-
cal disease activity, while it was present in 7 of 23 with
active disease. A higher but not statistically significant
increase in incidence of IgG, IgM, and complement
proteins was also found in normal skin from patients
with clinically active disease.

We were unable to correlate the presence of any
single immunoglobulin or complement protein with
the presence of clinical disease activity in any specific
organ system. The association between the presence of
these proteins in the DEJ and lupus nephritis has
been suggested by Burnham and Fine (21) and subse-
quently by Gilliam et al. (22). Caperton et al. in evalu-
ating a population with a higher incidence of lupus
nephritis (23 of 29 patients), found no such correlation
(23). Some of the differences noted in incidence of
deposition of proteins may be related to the sites biop-
sied. Immunoglobulins have been generally found in a
much lower incidence (35-55%) in biopsies taken from



the flexor surface of the forearm (21, 22, 44-46). Since
we used the deltoid area for biopsies of normal skin,
the high incidence of deposits found in the SLE pa-
tients without clinical evidence of renal disease may be
due to our choice of the site of biopsy. Because of the
high incidence of deposition of proteins in nonlesional
skin from our patients without clinical evidence of
renal disease, we cannot conclude that studies of non-
lesional skin taken from sun-exposed areas are of value
in assessing the presence of renal disease in SLE. Our
patients have been followed for 8 mo—4 yr after skin
biopsy and none of the patients without clinical renal
disease at the time of biopsy have developed renal
disease. Thus, although the deposition of proteins, es-
pecially IgA, in nonlesional skin from the deltoid region
reflects clinical disease activity at the time of biopsy,
no correlation with renal disease can be made, Further
long-term serial studies on individual patients during
disease activity and remission are needed to confirm
this observation.

We have shown that properdin was deposited in bi-
opsies of nonlesional skin from 509, of patients with
SLE. This is a somewhat higher incidence than that
reported by Provost and Tomasi (27) who found pro-
perdin in 5 of 25 biopsies, or by Jordon et al. (28) who
found it in 2 of 9 biopsies of normal skin from SLE
patients. In our series, properdin was present in 5 of 15
biopsies from nonlesional skin of patients in remission
and in 8 of 11 from patients with active disease. Al-
though not statistically significant, the data suggest a
correlation between disease activity and properdin depo-
sition in nonlesional skin.

We have previously reported the presence of proper-
din in lesional skin from SLE patients (26). In the
present study, properdin was found in 8 of 20 biopsies
of skin lesions from SLE patients. It is of interest that
the 12 biopsies of clinically abnormal skin which showed
histologic changes typical of SLE revealed properdin
in7.

These data suggest that the alternative pathway is
involved in tissue damage in SLE. The serologic data
support this hypothesis. Serum properdin levels from
patients with clinical disease activity were significantly
lower than levels from patients in remission. In addi-
tion, patients with properdin in their skin lesions had a
significantly lower serum properdin level than patients
without properdin deposition. These findings suggest
that properdin is being more rapidly consumed in pa-
tients during periods of nonrenal clinical disease ac-
tivity. Increased catabolism of properdin has been di-
rectly demonstrated in patients with active lupus ne-
phritis (33), but further turnover studies are necessary
to confirm our findings in patients without nephritis.

Properdin Levels and Dermal Deposits in SLE

While the evidence for the involvement of a protein
from the alternative pathway was present in both
lesional and nonlesional biopsies, the classical pathway
was clearly involved in the majority of patients. Pro-
teins from the classical pathway were demonstrated in
the majority of skin biopsies of both normal and
lesional skin. The serologic data also support the con-
clusion that the classical pathway is involved. Thus,
C4 levels were significantly lower in patients with
disease activity at the time of biopsy than in those in
remission. In addition, DNA binding and titer of anti-
nuclear antibodies also correlated with the presence of
disease activity.

We have studied the relationship between proteins
of the alternative and classical pathways by regression
analysis of the serologic data. We have shown that
the strongest association exists between serum levels of
C3 and C4 suggesting primary activation of the classi-
cal pathway. The involvement of the classical pathway
was also suggested by the association between elevated
DNA binding and ANA titer with C4. Additional in-
volvement of the alternative pathway is suggested by
the association between properdin and C3. Thus, the
data suggest that both pathways are activated in pa-
tients with clinically active SLE.

In previous serologic studies neither Perrin et al.
(30) nor McLean and Michael (31) were able to show
a correlation between serum properdin levels and serum
C3 levels. These investigators limited their patients to
those with lupus nephritis and studies of DNA anti-
bodies or antinuclear antibodies were not reported. Al-
though no attempt was made to correlate their findings
with disease activity, McLean and Michael described
a significant decrease in properdin levels in SLE pa-
tients before immunosuppressive therapy. Perrin et al.
(30) were unable to show a positive correlation be-
tween C3 levels and properdin, but they did find sig-
nificant depression of properdin in those patients with
low C3 levels as compared to normal controls. No anal-
ysis of antinuclear antibodies was included in their
studies. Additional evidence for involvement of proteins
of the alternative pathway in SLE patients with nephri-
tis has been reported by these authors and others, (32,
47) in studies of factor B.

Recent studies by Chapitis and Lepow (48) and
Fearon and Austen (17) indicate that properdin binds
to native C3, C3b, or C3c in free solution, or to red
cells coated with complement (EAC 43B). Thus, the
possible consumption or binding of properdin via C3
was investigated in our patients. Properdin and C3
were present together in normal skin from 12 patients;
properdin was detected alone in 1, and C3 alone in 7.
Both proteins were present in lesional skin from 7
patients ; properdin alone in 1, and C3 alone in 4. Thus,
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in 19 biopsies either properdin or C3 was demonstrated
in the absence of the other. We would therefore con-
clude that such binding of properdin to C3 is not regu-
larly detectable in SLE skin.

The activation of the classical pathway in SLE may
be attributed to the immune complexes demonstrable in
the serum of patients with this disease. The mechanism
for activation of the alternative pathway is unknown in
SLE. The possible presence in the sera of patients of
substances similar to complex microbial polysaccha-
rides cannot be excluded. Aggregated IgA has also been
shown to activate the alternative pathway in vitro, and
Evans et al. (49) have described four patients with
Henoch-Schonlein purpura or focal nephritis in whom
only IgA, properdin, and C3 could be demonstrated in
mesangium of kidney biopsies. No such distribution of
these three proteins was demonstrated in the skin of our
patients, and properdin was present in a much greater
number of biopsies than IgA. The alternative pathway
can be activated by C3NeF which has been demon-
strated in sera from patients with chronic glomerulo-
nephritis. A similar factor has not yet been observed
in sera from patients with SLE.

ACKNOWLEDGMENTS

We wish to thank Dr. Peter B. Hukill, Department of
Pathology, for his reading of the light microscopy of the
skin biopsies. We also thank Ms. Bonnie Bordwell, Ms.
Carol Manning, and Mrs. Loretta Albert for their excellent
technical assistance, and Mrs. Marilyn Cowles and Mrs.
Susan Crawford for preparation of the manuscript.

This work was supported by research grant AM 16576, a
grant from the Connecticut Lupus Foundation and an Ar-
thritis Foundation Clinical Research Center Grant.

REFERENCES

1. Lepow, I. H. 1971. Biologically active fragments of
complement. In Progress in Immunology. B. Amos,
editor. Academic Press, Inc., New York. 579-595.

2. Schur, P. H,, and K. F. Austen. 1968. Complement in
human disease. Annu. Rev. Med. 19: 1-24.

3. Koffler, D., P. H. Schur,.and H. G. Kunkel. 1967. Im-
munological studies concerning the nephritis of systemic
lupus erythematosus. J. Exp. Med. 126: 607-624 + plates
47-50.

4. Schur, P. H.; and J. Sandson. 1968. Immunologic factors
and clinical activity in systemic lupus . erythematosus.
N. Engl.J. Med. 278 533-538.

5. Pillemer, L., L. Blum, I. Lepow, O. A. Ross, E. W.
Todd, and A. C. Wardlaw. 1954. The properdin system
and immunity. I. Demonstration and isolation of a new
serum protein, properdin, and its role in immune phe-
nomena. Science (Wash. D. C.). 120: 279-285.

6. Sandberg, A. L., A. G. Osler, H. S. Shin, and B.
Oliveira. 1970." The biologic activities of guinea pig
antibodies. II. Modes of complement interaction with
1 and 42 immunoglobulins. J. Immunol. 104: 329-334.

7. Gotze, O, and H. J. Miiller-Eberhard. 1971. The C3-
activator system: an dlternate pathway of complement
activation. J. Exp. Med. 134: 90s-108s.

220 M. A. Schrager and N. F. Rothfield

10.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.
" cent study of the skin lesions in systemic lupus erythe-

21.

24,

25.

. Spiegelberg, H. L., and O. Gotze. 1972. Conversion of

C3 proactivator and activation of the alternate pathway
of complement activation by different classes and sub-
classes of immunoglobulins. Fed. Proc. 31: 655. (Abstr.)

. Vallota, E. H.,, O. Gotze, H. L. Spiegelberg, J. Forris-

tal, C. D. West, and H. J. Miiller-Eberhard. 1974. A
serum factor in chronic hypocomplementemic nephritis
distinct from immunoglobulins and activating the al-
ternative pathway of complement. J. Exp. Med. 139:
1249-1261.

Minta, J. O., and I. H. Lepow. 1974. Studies on the
sub-unit structure of human properdin. Immunochem-
istry. 11: 361-368.

Goodkofsky, I, A. H. Stuart, and I. H. Lepow. 1973.
Relationship of C3 and Factor A of the properdin sys-
tem. J. Immunol. 111: 287. (Abstr.)

Goodkofsky, I., and I. H. Lepow. 1971. Functional re-
lationship of Factor B in the properdin system to C3
proactivator of human serum. J. Immunol. 107: 1200-
1204, :
Alper, C. A, I. Goodkofsky, and I. H. Lepow. 1973.
The relationship of glycine-rich 8-glycoprotein to Factor
B in the properdin system and to the cobra factor-bind-
ing protein of human serum. J. Exp. Med. 137: 424-437.
Fearon, D. T, K. F. Austen, and S. Ruddy. 1973.
Formation of a hemolytically active cellular intermedi-
ate by the interaction between properdin factors B and
D and the activated third component of complement.
J. Exp. Med. 138: 1305-1313.

Miiller-Eberhard, H. J., and O. Gétze. 1972. C3 pro-
activator convertase and its mode of action. J. Exp,
Med. 135: 1003-1008. :

Nicol, P. A. E,, and P. J. Lachman. 1973. The alternate
pathway of complement activation. The Role of C3
and its inactivator (KAF). Immunology. 24: 259-275.
Fearon, D. T. and K. F. Austen. 1975. Interaction of
properdin with C3b: participation of properdin in the
alternative pathway amplification loop. Fed. Proc. 34:
981. (Abstr.)

Burnham, T. K, T. R. Neblett, and G. Fine. 1963. The
application of the fluorescent antibody: technique to the
investigation of lupus erythematosus and various derma-
toses. J. Invest. Dermatol. 41: 451-456. )
Cormane, R. H. 1964. “Bound” globulin in the skin of
patients with chronic discoid lupus erythematosus and
systemic lupus erythematosus. Lancet. 1: 534-535.
Tan, E. M., and H. G. Kunkel. 1966. An immunofluores-

matosus. Arthritis Rheum. 9: 37-46.

Burnham, T. K., and G. Fine. 1971. The immunofluores-
cent “Band” test for systemic lupus erythematosus. III.
Employing clinically normal skin. Arch. Dermatol. 103:
24-32.

. Gilliam, J. N, D. E. Cheatum, E. R. Hurd, P. Stastny,

and M. Ziff. 1974. Immunoglobulin in clinically unin-
volved skin in systemic lupus erythematosus. Associa-
tion ‘with renal disease. J. Clin. Invest. 53: 1434-1440.

. Caperton, E. M,, Jr.,, S. F. Bean, and F. R. Dick. 1972.

Immunofluorescent skin test in systemic lupus erythema-
tosus. Lack of relationship with renal disease. J. Am.
Med. Assoc. 222: 935-937.

Grossman, J.,, M. L. Callerame, and J. J. Condemi.
1974. Skin immunofluorescence studies on lupus erythe-
matosus and other antinuclear-antibody-positive diseases.
Ann. Intern. Med. 80: 496-500.

Westberg, N. G., G. B. Naff, J. T. Boyer, and A. F.
Michael. 1971. Glomerular deposition of properdin in



26.

27.

28.

30.

31

32.

33.

34.

35.

36.

 temic

acute and chronic glomerulonephritis and hypocomple-
mentemia. J. Clin. Invest. 50: 642-649.

Rothfield, N., H. A. Ross, J. O. Minta, and I. H. Le-
pow. 1972. Glomerular and dermal deposition of proper-
din in systemic lupus erythematosus. N. Engl. J. Med.
287: 681-685.

Provost, T. T., and T. B. Tomasi, Jr. 1973. Evidence
for complement activation via the alternate pathway in
skin diseases I. Herpes gestationis, systemic lupus ery-
thematosus, and bullous pemphigoid. J. Clin. Invest. 52:
1779-1787.

Jordon, R. E, A. L. Schroeter, and R. K. Winkelmann.
1975. Dermalepidermal deposition of complement com-
ponents and properdin in systemic lupus erythematosus.
Br. J. Dermatol. 92: 263-271.

. Perrin, L. H,, P. H. Lambert, V. E. Nydegger, and

P. A. Miescher. 1973. Quantitation of C3PA (Proper-
din Factor B) and other complement components in
diseases associated with a low C3 level. Clin. Immunol.
Immunopathol. 2: 16-27.

Perrin, L. H., P. H. Lambert, and P. A. Miescher.
1974. Properdin levels in systemic lupus erythematosus
and membranoproliferative glomerulonephritis. Clin. Exp.
Immunol. 16: 575-581.

McLean, R. H, and A. F. Michael. 1973. Properdin
and C3 proactivator: alternate pathway components in
human glomerulonephritis. J. Clin. Invest. 52: 634-644.
Charlesworth, J. A, D. G. Williams, E. Sherington,
P. J. Lachman, and D. K. Peters. 1974. Metabolic
studies of the third component of complement and the
glycine-rich beta glycoprotein in patients with hypo-
complementemia. J. Clin. Invest. 53: 1578-1587.

Ziegler, J. B, F. S. Rosen, C. A. Alper, W. Grupe,
and I. H. Lepow. 1975. Metabolism of properdin in
normal subjects and patients with renal disease. J.
Clin. Invest. 56: 761-767.

Cohen, A. S.,, W. E. Reynolds, E. C. Franklin, J. P.
Kulka, M. W. Ropes, L. E. Shulman, and S. L. Wallace.
1971. Preliminary criteria for the classification of sys-
lupus erythematosus. Bull. Rheum. Dis. 21:
643-648.

Rothfield, N. F., and N. Pace. 1962. Relation of positive
L. E.-Cell preparations to activity of lupus erythema-
tosus and corticosteroid therapy. N. Engl. J. Med. 266:
535-538.

Baldwin, D. S., J. Lowenstein, N. F. Rothfield, G.
Gallow, and R. T. McCluskey. 1970. The clinical course

37.

38.

39.

41.

42.

43.

45.

47.

49.

of the proliferative and membranous forms of lupus
nephritis. Ann. Intern. Med. 73: 929-942.

Gonzalez, E. N, and N. F. Rothfield. 1966. Immuno-
globulin class and pattern of nuclear fluorescence in
systemic lupus erythematosus. N. Engl. J. Med. 274:
1333-1338.

Luciano, A., and N. F. Rothfield. 1974. Patterns of
nuclear fluorescence and DNA-binding activity. Ann.
Rheum. Dis. 32: 337-341.

Tibbetts, C., K. Johansson, and L. Philipson. 1973. Hy-
droxyapatite chromatography and formamide denatura-
tion of adenovirus DNA. J. Virol. 12: 218-225.

. Laurell, C. B. 1972. Electroimmuno assay. Scand. J.

Clin. Lab. Invest. 29(Suppl.): 124, 21-37.

Minta, J. O, I. Goodkofsky, and I. H. Lepow. 1973.
Solid phase radioimmunoassay of properdin. Immuno-
chemistry. 10: 341-350.

Pensky, J., C. F. Hinz, Jr., E. W. Todd, R. J. Wedg-
wood, J. T. Boyer, and 1. H. Lepow. 1968. Properties
of highly purified properdin. J. Immunol. 100: 142-158.
Nie, N. H,, D. H. Bent, and C. H. Hull. 1970. Statisti-
cal package for the social sciences. McGraw-Hill Book
Co., New York. 343.

. Kay, D. M,, and D. L. Tuffanelli. 1969. Immunofiuores-

cent techniques in clinical diagnosis of cutaneous dis-
ease. Ann. Intern. Med. 71: 753-762.

Tuffanelli D. L. 1975. Cutaneous immunopathology:
recent observations. J. Invest. Dermatol. 65: 143-153.

. Gilliam, J. N. 1975. The significance of cutaneous im-

munoglobulin deposits in lupus erythematosus and NZB/
NZW F, hybrid mice. J. Invest. Dermatol. 65: 154-161.
Hunsicker, L. G, S. Ruddy, C. B. Carpenter, P. H.
Schur, J. P. Merrill, H. J. Miiller-Eberhard, and K. F.
Austin. 1972. Metabolism of third complement compo-
nent (C3) in nephritis. Involvement of the classic and
alternate (properdin) pathways for complement acti-
vation. N. Engl. J. Med. 287: 835-840.

. Chapitis, J., and I. H. Lepow. 1975. Multiple sediment-

ing species of properdin (P) in human serum and inter-
action of purified P with C3. Fed. Proc. 34: 981.
(Abstr.)

Evans, D. J, D. G. Williams, D. K. Peters, J. G. P.

- Sisons, J. M. Boulton-Jones, C. S. Ogg, J. S. Cameron,

Properdin Levels and Dermal Deposits in SLE

and B. I. Hoffbrand. 1973. Glomerular deposition of
properdin in Henoch-Schénlein syndrome and idiopathic
focal nephritis. Br. Med. J. 3: 326-328.

221



