
The Complement System in Bullous Pemphigoid

I. COMPLEMENTANDCOMPONENTLEVELS IN SERA

ANDBLISTER FLUIDS

R. E. JoRDoN-, N. K. DAY, WV. MI. SAMS, JR., and R. A. GOOD
From the Department of Pathology, University of Minnesota, Minneapolis,
Minnesota 55455, and the Department of Dermatology, Mayo Clinic and

Iat o Foundationi, Rochester, Minnesota 55901

AB S T R A C T Compared with other serum and blister
fluid proteins. total hemolvtic complement was reduced
in the blister fluid of six serologicallv positive bullous
pemphigoid patients while four serologicallv negative
cases had blister fluid complement levels closely ap-
proaching the serum levels. Except for pemphigus vul-
garis blisters, blister fluids from most patients wvith other
bullotus diiseases and experimentally induced blisters had
blister fluid complement levels more closely approaching
the serum levels. WVith the exception of the two terminal
comlponents, C8 and C9, individual components of the
complement sequence were also reduced in the blister
fluids of the six bullous pemiphigoid patients with cir-
culating basement membrane zone antibodies. On the
other hand. transferrin and IgG levels of these same six
serologicallv positive blister fluids closely al)proached
the corresponding serum levels. Conversion of C3 proac-
tivator was also demonstrable in the serologicallv posi-
tive bullous pemphigoid blister fluids, but not in the cor-
responding sera. Otir studies, therefore, are suggestive
of local activation of the complement sequence, by both
the classical and alternate pathways, in blisters of sero-
logically positive bullous pemphigoid patients.
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INTRODUCTION

Bullous pemphigoid, a disease characterized clinically by
the presence of large, tense blisters and histopathologi-
callx by subepidermal bulla formation affects primarily
elderly individuals. The etiology of this (lisease is still
unresolved.

Indirect immunofluorescent (IF ) 1 procedures have
firmly established that antiepithelial autoantibodies spe-
chic for the basement membrane zone occur in the sera
of most patients with bullous pemphigoid (1-5 ). The
staining pattern observed is disease specific and when
present is of considerable diagnostic importance. Inter-
testinglv, these antibodies, also referred to as pemphigoid
antibodies, react rather precisely with the corresponding
histopathologic site, the basement membrane area, but
their role, if any, in disease production must still be
determined.

Past immunopathologic investigations of bullous pem-
phigoid lesions, using direct IF staining, have revealed
IgG and complement (C3 and C4) in virtually all skin
specimens examined to date (6-9). This includes, in ad-
dition. bullous pemphigoid patients with active disease
but wdithout demonstrable circulating antibodies (7-9).
The staining pattern observed is identical with the
indirect IF pattern.

With an in vitro complement-staining method, we
have also demonstrated that most serologically positive
bullous pemphigoid sera fix complement again with a
pattern identical with indirect IF staining (10). Blister

1 Abbreviations used in this paper: C3PA, C3 proactivator;
GGVB++, glucose gelatin Veronal buffer with Ca`+ and
Afg++; GVB++ and GVB--, gelatin Veronal buffers with and
without Ca++ and Mg++; IF, immunofluorescent.
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fluids from these patients, tested by both indirect IF
staining and complement IF staining, also contain com-
plement-fixing pemphigoid antibodies (10).

Since the above IF studies suggest that bullous pem-
phigoid might represent an immunologic disease mediated
by the complement system, the present studies were un-
dertaken to determine if abnormalities in the comple-
ment system occur in sera and blister fluids of these pa-
tients, and how such abnormalities might relate to the
IF findings.

METHODS
Patient population. All patients included in this study

had active disease when blood and blister fluid samples were
collected. Included were 10 cases of bullous pemphigold, 4
cases of pemphigus vulgaris, 3 cases of diabetes mellitus
and large spontaneous bullae of the lower legs and feet,
2 cases of erythema multiforme bullosum, 1 case of a
bullous id reaction, 1 case of epidermolysis bullosa, and 1
case of bullous contact dermatitis. Except for the pemphigus
vulgaris blisters which were characterized histologically by
acantholysis and intraepidermal bulla formation, all the other
patients had subepidermal bullae with varying degrees of in-
flammation. Overlying epidermal necrosis was seen in the
two erythema multiforme lesions, but not in the other sub-
epidermal lesions examined. All subepidermal lesions did
have cellular infiltrates, both perivascular and within the
bullous cavity. A mixture of lymphocytes, neutrophils, and
eosinophils was commonly seen.

Sera and blister fluids. Paired samples of venous blood
and blister fluid collected from patients under sterile condi-
tions were allowed to clot at 00C for 1 h and were then ali-
quoted. In most instances, blister fluids were collected within
48 h after bulla formation. For IF staining, serum and
blister fluid samples were stored at -20'C while those for
hemolytic complement studies were stored at -700C until
used. Studies on blister fluids, however, were limited by the
volumes available.

Experimentally induced blisters. Experimentally induced
suction blisters were produced on normal volunteers accord-
ing to the method of Kiistala and Mustakallio (11). Suction
blisters were chosen as one type of experimentally induced
blister because they closely resemble bullous pemphigoid
blisters. Both are characterized histologically by subepi-
dermal bulla formation with minimal epidermal cell necrosis
(11, 12). In addition, cantharidin2-induced blisters, charac-
terized by intraepidermal bulla formation (12), were pro-
duced by painting a small area of skin of a volunteer with
a 0.7% solution. The area was then covered, and the blister
fluid was harvested 24 h later. Liquid nitrogen-induced blis-
ters, characterized by subepidermal bulla formation with
epidermal necrosis (13), were produced by freezing a
small area of skin for about 60 s. These blisters were also
harvested 24 h later. Paired samples of venous blood and
blister fluid were then collected and handled as above.

IF studies. For both indirect IF staining and comple-
ment IF staining, guinea pig esophageal mucosa and normal
human skin sections were cut in a cryostat at - 20-C and
were used unfixed in both staining procedures. Antiserum to
human IgG, labeled with fluorescein isothiocyanate, was
prepared in goats and was standardized by methods described
previously in detail (14). Conjugated antiserum to p1C/

2Cantharone, Ingram Pharmaceutical Co., San Francisco,
Calif.

,81A globulins or C3 (Hyland Div., Travenol Laboratories,
Inc., Costa Mesa, Calif.), used for in vitro complement
staining was also tested as previously described (9, 10).
Units of antiserum, antibody protein assays, and molar
fluorescein-to-protein ratios for each antiserum were deter-
mined by routine methodology (9, 10), and each was used
at a strength of 1/4 U/ml. Indirect IF and complement IF
staining procedures were performed in the standard fashion
(6, 9, 10).

Reagents for complement assays. Gelatin Veronal buffers
with and without Call and Mg" (GVB4+, GVB--) and
glucose gelatin Veronal buffer with Call and Mg++ (GG-
VB++) were prepared as previously outlined (15). EDTA
reagent, used for cell intermediate preparations and in the
hemolytic complement component assays, was prepared in
the routine manner (16). Partially purified C2 of guinea
pig serum (Texas Biological Laboratories, Inc., Fort
Worth, Tex.) was prepared according to the method of
Nelson, Jensen, Gigli, and Tamura (17). Cell intermediates
(EAC1, EAC14, and EAC4) used in complement compo-
nent assays were prepared according to the methods of
Gewurz, Page, Pickering, and Good (18), and Boros and
Rapp (19).

Total complement and total protein assays. Total hemo-
lytic complement of sera and blister fluids measured by
methodology described by Day, Pickering, Gewurz, and
Good (20) were expressed in 50% hemolytic units (CHro).
Total protein concentrations for each of these fluid compart-
ments were also determined using a Folin method (21), and
the complement levels of both sera and blister fluids were
then expressed as a function of the total protein of each,
or as CH~o units per 10 mg of total protein.

Anticomplementary tests. All sera and blister fluids were
tested for anticomplementary activity. This was accom-
plished by adding equal volumes of the test serum or blister
fluid and normal human serum with a known complement
level. This mixture was incubated at 37'C for 1 h and
then tested for total complement in the routine manner
(20). A serum or blister fluid was considered anticomple-
mentary if it lowered the complement concentration of the
normal human serum to a greater degree than did an equal
volume of buffer (GVB++).

Individual complement component assays (C1-C9). Using
the appropriate cell intermediates, hemolytic Cl, C4, and C2
titers were determined by previously described methods
(18). Functionally pure complement components (Cordis
Laboratories, Miami, Fla.) were used for assays of compo-
nents C3, C5, C6, and C7 and EAC1-7 human (Cordis
Laboratories) were used for C8 and C9 assays according
to methodology described by Nelson et al. (17). Experi-
mental error for these component assays ranges between
5 and 10% (16). In this study the individual complement
components are also expressed as a function of the total
proteins, or as CHso units per 10 mg of total protein.

Transferrin and IgG measurements. Transferrin and IgG
were measured in both sera and blister fluids by the Man-
cini method (22). Immunodiffusion plates for measuring
transferrin were the gift of Dr. Hans J. Muiller-Eberhard,
La Jolla, Calif. IgG measurements were kindly performed
by Dr. Gary Litman, Department of Pathology, University
of Minnesota.

C3 proactivator (C3PA) and C3PA conversion. C3PA
was measured in both sera and blister fluids by the Mancini
method (22). C3PA conversion was demonstrated by im-
munoelectrophoresis according to the method of Gotze and
Muiller-Eberhard (23). Antiserum to C3PA was also pre-
pared according to Gotze and Muiller-Eberhard (23).
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FIGURE 1 Indirect IF staining of normal human skin with the serum of a bullous pemphigoid
patient (case 3 in Tables I and II) using labeled antiserum to IgG. Basement membrane zone
staining is evident. X 400.

RESULTS
IF studies. Indirect IF staining was positive for both

sera and blister fluids in 6 of the 10 cases (Table I).
Four cases (cases. 7, 8, 9, and 10 in Table I) did not
have circulating basement membrane zone antibodies,
despite the fact that IgG and C3 were bound to the base-
ment membrane zone in their skin lesions. None of the
control sera or blister fluids (other bullous diseases and
experimentally induced blisters) yielded staining reac-
tions with the basement membrane zone. Positive indi-
rect IF staining, demonstrating pemphigoid antibodies
in the serum of one of the serologically positive cases,
appears in Fig. 1. In vitro complement staining was
positive in both sera and blister fluids in five of the six
serologically positive bullous pemphigoid cases (Table
I).

Total complement and total proteins. A comparison
of total complement levels in both sera and blister fluids
revealed markedly reduced levels in the bister fluid com-
partments and relatively normal or elevated levels in the
corresponding sera of the six serologically positive pa-
tients. Blister fluid protein levels, on the other hand,
more closely approach their corresponding serum levels
than do the complement levels.

Since previous studies of rheumatoid joint fluids (24,
25) suggest that complement activity in pathologic
fluids is a function of the total protein content, we have
expressed the serum and blister fluid complement values
in CHm0 units per 10 mg of total protein (Table II).
As Table II shows, the total complement levels of the

blister fluids in the six serologically positive bullous
pemphigoid patients were lower than the corresponding
serum levels. In one case (case 4), the total complement
level of the blister fluid was too low to measure. The
blister fluid-to-serum ratio, the amount of complement
in blister fluid as compared with serum, expresses this
difference. The four serologically negative cases, on the
other hand, had levels more closely approaching their
corresponding serum values.

TABLE I
IF Studies of Sera and Blister Fluids of 10 Cases of Bullous

Pemphigoid for Basement Membrane Zone Staining

Indirect IF In vitro complement
staining* staining:

Case no. Serum Blister fluid Serum Blister fluid

1 + + + +
2 + + + +
3 + + + +
4 + + _
5 + + + +
6 + + + +
7 - _ _ _
8 - _ - _
9 - _ _ -

10 -

* Performed using monospecific antiserum to IgG.
t Performed using monospecific antiserum to jS1C/,61A
globulins (Hyland Div., Travenol Laboratories).
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TABLE I I
Bullous Pemphigoid Serum and Blister Fluid

Hemolytic Complement*

Indirect Blister fluid-
IF$ Blister to-serum

Case no. results Serum fluid ratio§

1 + 15.5 7.5 48
2 + 13.6 6.0 44
3 + 12.3 4.5 36
4 + 10.1 -
5 + 18.3 6.8 37
6 + 10.8 5.3 49
7 - 7.5 6.0 80
8 - 9.8 7.8 79
9 - 1i1.7 10.6 91

10 - 12.4 11.8 95

* Expressed in CH5o units per 10 mg of total protein.
t Indirect immunofluorescence for basement membrane zone
staining.
§ The ratio of the total complement in blister fluid com-
pared with serum.

Too low to measure.

Table III and IV summarize similar complement stud-
ies on 4 cases of pemphigus vulgaris, 8 cases of other
blistering diseases, and 20 experimentally induced blisters.
Except for the pemphigus vulgaris blisters, most of the
control blisters more closely approach their correspond-

TABLE I II
Other Diseases Serum and Blister Fluid

Hemolytic Conzplement*

Blister fluid-
Blister to-serum

Case no. Diagnosis Serum fluid ratiot

1 Pemphigus vulgaris
2 Pemphigus vulgaris
3 Pemphigus vulgaris
4 Pemphigtis vulgaris
5 Btillous contact

dermatitis
6 BtIllous id reaction
7 Diabetic bUllae
8 Diabetic bUllae
9 Diabetic bullae

10 Epidermolysis bullosa
11 Erythema multiforme
12 Erythema multiforme

14.9
13.4
13.0
11.6
11.3

12.5
13.0

7.6
5.7

12.5
2.5
7.4

3.4 23
5.0 37

§
1.9 16
9.4 83

5.0 40
11.2 86

4.8 63
5.0 87
5.2 42
2.2 88
7.0 95

ing serum levels as do the four serologicallY negative
bullous pemphigoid cases.

Two cases listed under "other bullous diseases" how-
evrer, did exhibit lowered blister fluid complement levels.
In this respect, one patient with epidermolysis bullosa
and one patient with a bullous "id" reaction did have
blister fluid-to-serum ratios of 42 and 40%, respectively.
It becomes apparent from these two cases, and from the
p)emphigus vulgaris cases, that lowered complement
blister fluid levels will not be confined solely to bullous
l)emphigoid blisters. The epidermolysis bullosa patient
grew Staphylococcus aureus coagulase positive from the

TABLE IV
Experimentally Induced Blisters Serum and

Blister Fluid Hemolytic Complement*

Blister fluid-
Blister to-serum

Case no. Type of blister Serum fluid ratiol

'/0

1 Suction blister 8.5 5.6 66
2 Suction blister 12.5 8.4 67
3 Suction blister 6.7 4.2 63
4 Suction blister 8.4 5.4 64
5 Suction blister 8.0 5.9 74
6 Suction blister 12.4 7.7 62
7 Suction blister 10.5 6.3 60
8 Suction blister 14.0 7.7 55
9 Suction blister 14.5 9.6 66

10 Suction blister 8.1 5.3 65
11 Cantharidin blister 11.1 9.2 82
12 Cantharidin blister 11.5 8.8 77
13 Cantharidin blister 10.7 8.8 82
14 Cantharidin blister 11.1 7.6 69
15 Cantharidin blister 12.6 9.2 73
16 Cantharidin blister 8.5 6.6 78
17 Cantharidin blister 11.4 10.0 88
18 Liquid N2 blister 10.1 7.2 71
19 Liquid N2 blister 10.1 7.6 75
20 Liquid N2 blister 10.7 8.4 78

* Values expressed as CH50 units per 1(0 mg of total protein.
TThe ratio of the total complement in blister fluid compared

with serum.

blood and blister fluid which might account for the low
value. The cause for the low value obtained in the id
reaction blister fluid is not known. However, id reactions
have been linked to antigen-antibody complex injury
(26).

Suction blister fluid values were low for both total
complement and total proteins, approximately 5 and 1 of
the serum values, respectively. This is true when the
blister fluid and serum is collected immediately after
blister formation. By expressing the complement values
as a function of the total proteins, however, blister fluid
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complement levels (except for case 8, Table IV) more
closely approach the serum levels as seen in Table IV.

By harvesting the suction blister fluid 24 and 48 h af-
ter blister formation, both total complement and total
protein content of the blister fluid rises; but by again
expressing the complement in terms of the total protein,
the complement levels of these older blisters are almost
identical with those harvested immediately after forma-
tion. The total complement blister fluid-to-serum ratios,
therefore, are essentially the same.

Cantharidin-induced blisters and liquid nitrogen-in-
duced blisters yielded higher levels of both total com-
plement and total proteins when compared with the suc-
tion blisters. When the complement values of these ex-
perimentallv induced inflammatory blisters are expressed

TABLE V
Complement Component Profiles A. Bullous Pemphigoid

(Case 3, Tables I and II)

Blister fluid-
Blister to-serum

Components* Seruml fluid: ratio§

Total C 12.3 4.5 36
C1 38,630 9230 23
C4 26,300 6831 25
C2 401 111 27
C3 371 166 44
C5 575 314 54
C6 712 255 35
C7 474 162 34
C8 13,700 10,150 74
C9 17,810 11,080 62

* Normal valties from this laboratory previously reported
by Day et al. (16).
T Values expressed as CH5o units per 10 mg of total protein.
§ The amount of total complement or individual complement
component in blister fluid compared with serum.

as a function of the total protein, their blister fluid-to-
serum ratios are higher than those obtained for the
suction blisters (Table IV). Further studies of comple-
ment activities in experimentally induced blisters are
currently under way.

Anticomnplcmtentary tests. Except for three pemphigus
vulgaris blister fluids, no serum or blister fluid demon-
strated anticomplementary activity including the 10
bullous pemphigoid sera and blister fluids. One pemphi-
gus vulgaris blister fluid, from a patient with widespread
bullous lesions, exhibited no complement activity and
completely inhibited complement activity in an equal
volume of normal human serum. Two other pemphigus
blister fluids reduced the complement level of an equal
volume of normal human serum by better than one-half.

TABLE XV
Complement Component Profiles B. Diabetic Rullae

(Case 7, Table III)

Blister fluid-
Blister to-serum

Components* Serum: fluidl ratio§

Total C 13.0 11.2 86
C1 44,600 14,600 33
C4 51,200 30,000 59
C2 175 153 87
C3 345 250 72
C5 560 404 72
C6 512 346 68
C7 1024 770 75
C8 12,900 10,000 78
C9 12,500 9800 78

*Normal values from this laboratory previously reported
by Day et al. (16).
t Values expressed as CH50 units per 10 mg of total protein.
§ The amount of total complement or individual complement
component in blister fluid compared with serum.

These blister fluids account for the low blister fluid-to-
serum ratios for the pemphigus vulgaris patients seen in
Table III. The nature of the anticomplementary activity
in pemphigus vulgaris blister fluids is not known at this
time but is currently under investigation.

Complcmcnt component assays. Individual complement
components (C1-C9) were then measured in the sero-
logically positive bullous pemphigoid patients using hemo-

TABLE V
Complement Component Profiles C. Suction Blister

(Case 2, Table IV)

Blister fluid-
Blister to-serum

Components* Serumt fluid: ratio§

Total C 12.5 8.4 67
C1 35,000 10,300 30
C4 4250 4420 104
C2 275 232 84
C3 156 116 74
C5 256 187 73
C6 169 112 66
C7 190 145 76
C8 47,500 17,370 37
C9 6625 7105 104

* Normal values from this laboratory previously reported by
Day et al. (16).
1 Values expressed as CH50 units per 10 mg of total protein.
§ The amount of total complement or individual complement
component in blister fluid compared with serum.
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TABLE VI
Bullous Pemphigoid

Transferrin and IgG Measurements in Sera and Blister
Fluids from Six Serologically Positive Patients*

Blister fluid-to-
Serum Blister fluid serum ratiol

Case no. TF§ IgG TF§ IgG TF§ IgG

% %
1 451 1984 437 2192 96 101
2 509 2424 382 2436 75 101
3 445 2630 459 2385 103 91
4 554 2549 208 2154 37 85
5 394 1968 389 1970 98 100
6 292 2105 296 2293 101 109

* Values expressed in micrograms per 10 mg of total protein.
$ The amount of transferrin or IgG in blister fluid compared
with serum.
§ TF, transferrin.

lytic assays (17, 18). Again, the serum levels of the indi-
vidual components of the complement sequence are rela-
tively normal. When serum levels are compared with
blister fluid levels, however, reduced concentrations of
individual complement components are noted in the blister
fluid compartments, except for the two terminal compo-
nents (C8 and C9) which more closely approximate the
serum levels. A complement component profile from a
representative case (case 3), appears in Table VA. As
Table VA shows, the blister fluid-to-serum ratios for C1
through C7 are less than 50% except for C5 (54%).
The C5 level still represents a significant reduction
when compared with other blister fluid proteins. C8
and C9 levels, on the other hand, more closely approach
the serum levels.

Complement component profiles were also determined
on one patient with diabetic bullae (Table V B) and
an experimentally induced suction blister (Table V C).
Interestingly, the hemolytic C1 levels in both of these
control blisters were low as in the bullous pemphigoid
blisters. The C4 level of the diabetic bulla was also some-

FIGURE 2 Immunoelectrophoretic pattern of serum and blis-
ter fluid from a patient with bullous pemphigoid using 2%o
agar, barbital buffer, pH 8.5, ionic strength 0.05, containing
0.01 M EDTA and a potential gradient at 6 V/cm for 21 h
at 10'C. Middle trough contains antiserum to C3PA. Pa-
tient's serum (upper well) does not demonstrate C3PA
conversion while the blister fluid (lower well) does.

what low (59% of serum level), but the remainder of the
components (with the exception of C8 and C9) were
higher than observed in the bullous pemphigoid blisters.
In addition to a low Cl value (30% of the serum level),
the C8 value of the experimentally induced suction blister
was also low (37% of the serum value). The remainder
of the components, however, more closely approached
the corresponding serum levels in contrast to bullous
pemphigoid blisters. C4 and C9 levels were slightly
higher in the suction blister fluid compared with the
serum.

Transferrin and IgG measurements. In an attempt to
rule out protein size as a factor for the observed low
complement and individual component blister fluid levels,
we have measured two proteins, transferrin (mol wt
90,000) and IgG (mol wt 150,000), again in the sera
and blister fluids of the six serologically positive bullous
pemphigoid patients (Table VI). Except for transferrin
levels in one patient (case 4), blister fluid levels of
transferrin and IgG closely approached the corresponding
serum levels. Again, the blister fluid-to-serum ratios
express these differences. Although the IgG level of
blister fluid closely approached the serum, case four ex-
hibited a ratio of only 37% for transferrin. No total
complement activity, however, was detected in this pa-
tient's blister fluid. In addition, the individual com-
ponents of this blister fluid were all low, and in fact C4,
C3, and C5 were not measurable at the lowest dilution
used.

C3PA studies. Except for case 4 (Table VII), sig-
nificantly reduced levels of C3PA using radial immuno-
diffusion were not detected in bullous pemphigoid blister
fluids. This includes both the serologically positive group
and the serologically negative group (Table VII). In
fact, five blister fluids had higher levels of C3PA than
did their corresponding sera.

Three blister fluids from serologically positive patients
(cases 3, 5, and 6) were then tested by immunoelectro-
phoresis against antiserum to C3PA. Interestingly, all
three blister fluids demonstrated C3PA conversion while
the corresponding sera did not. Similar C3PA conver-
sion was not demonstrable in diabetic bulla, suction, and
cantharidin blister fluid. Fig. 2 illustrates C3PA con-
version in one bullous pemphigoid blister fluid.

DISCUSSION

These studies show that hemolytic complement and indi-
vidual components of the complement sequence are pres-
ent in the blister fluids of bullous skin diseases of man
and experimentally induced blisters. Similar findings
have' been reported for other pathologic fluids, such
as synovial fluids in various types of joint diseases (25).

Katz, Inderbitzen, and Halprin (27) recently meas-
ured C3 levels in the serum of six bullous pemphigoid
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cases by radial imnmunodiffusion, and except for a few
elevated levels no abnormalities were noted. Blister fluid
levels were not included in their studies. These authors
did not exclude involvement of complement in bullous
pemphigoid, however, since consumption of C3 would
have to reach drastic levels to be detected as a decrease
in total serum complement. Our present studies, using
hemolytic assays, corroborate their serum findings.

In our initial studies, we decided to look at bullous
pemphigoid blister fluid complement levels using func-
tional hemolytic assays to ascertain if they would more
closely parallel the disease activity than do the serum
levels. Our studies suggest that activation of the com-
plement system occurs in blisters of patients who mani-
fest circulating pemphigoid antibodies, especially of the
complement-fixing type. Whether this relationship will be
borne out in subsequent definitive analyses of complement
activation must still be determined.

An analogous situation has been reported in patients
with rheumatoid arthritis (24, 25); that is, with nor-
mal serum levels of complement and complement com-
ponents, disproportionately low levels of complement
are present in synovial fluids when compared with other
joint fluid proteins and serum proteins (24, 25). In ad-
dition, the individual complement components (Cl
through C3) are significantly lowered, and by-products
of the complement sequence and active principals re-
flecting complement activation are found in synovial
fluids (24). Leukotatic factors, consisting of C5-related
products (28) and immune complexes (29, 30), have
also been identified in rheumatoid synovial fluids. Rheu-
matoid arthritis, therefore, represents at least in part
an important example of an immunologic disease in which
local activation of the complement system plays a patho-
genetic role.

The finding of relatively normal levels of the two
terminal components (C8 and C9) in the blisters from
the serologically positive bullous pemphigoid patients
is not clear at this time but is being investigated further.
It could, however, reflect the molecular relationships of
the terminal components to the more proximal compo-
nents in the cascade as has been clarified in a recent study
by Kolbe, Haxby, Arroyave, and Muller-Eberhard (31).
Our findings, however, are in contrast to similar studies
of rheumatoid joint fluids where the two terminal com-
ponents are lowered in addition to the early components
(32).

The low C1 levels observed in the blister fluids studied
thus far, including one diabetic bulla and one suction
blister in addition to the pemphigoid blisters, is puzzling
but might be related to the size of the C1 molecule. This
finding is being investigated further. The low C8 level
of one suction blister fluid also needs further clarification.

The abnormally elevated C3PA levels in some of the

TABLE VII
Bullous Pemphigoid Serum and Blister Fluid

C3PA Measurements*

Indirect Blister fluid-
IFt Blister to-serum

Case no. results Serum fluid ratio§

1 + 30.5 31.9 104
2 + 33.1 29.6 89
3 + 34.9 28.3 82
4 + 16.7 fl
5 + 33.9 51.4 151
6 + 33.3 39.2 117
7 - 45.7 42.4 92
8 - 27.4 27.3 99
9 - 35.9 49.0 136

10 - 42.5 45.1 106

* Values expressed in micrograms per 10 mgof total protein.
t Indirect immunofluorescence for basement membrane zone
staining.
§ The amount of C3PA in blister fluid compared with serum.
11 Too low to measure.

bullous pemphigoid blisters is not fully understood at
this time. This is possibly due to the conversion of C3PA
which was apparent in three blister fluids tested thus far.

Although our hemolytic studies suggest that comple-
ment activation in bullous pemphigoid occurs by the
"classical pathway," i.e. C1 through C9, our recent dem-
onstration of C3PA conversion in blister fluid suggests
recruitment of the alternate pathway (C3 through C9)
as well. Recent studies by Provost and Tomasi,3 who
have demonstrated both properdin and C3PA bound to
the basement membrane zone in bullous pemphigoid skin
lesions by direct IF staining, tend to support this con-
tention. Clq and C4 (9),3 however, have also been dem-
onstrated in bullous pemphigoid skin lesions, findings
which support our contention of involvement of the
classical pathway in addition to the alternate pathway.

Our studies of the complement system in bullous pem-
phigoid, although in the initial stages, are suggestive of
local activation and utilization of complement, i.e., in the
blister fluid. Other studies now in progress, including
complement-mediated functions and in particular chemo-
tactic activity, should further implicate complement in
the pathogenesis of this disease.

ACKNOWLEDGMENTS
The Department of Dermatology, University of Minnesota
Hospitals, supplied some of the sera and blister fluids used

'Provost, T. T., and T. B. Tomasi, Jr. 1972. Complement
activation via the alternate pathway in skin disease. I.
Herpes gestationis, systemic lupus erythematosus and hullous
pemphigoid. Manuscript submitted for publication.

Complement System in Bullous Pemphigoid 1213



in this study. Miss Susan L. Ward rendered technical as-
sistance.

Aided by research grants from The National Foundation-
March of Dimes, U. S. Public Health Service AI-10,704,
AI-08677, Minnesota Heart Association, and Minnesota
Chapter, Arthritis Foundation.

REFERENCES
1. Jordon, R. E., E. H. Beutner, E. Witebsky, G. Blu-

mental, W. L. Hale, and W. F. Lever. 1967. Basement
zone antibodies in bullous pemphigoid. J. Am. Med.
Assoc. 200: 751.

2. Chorzelski, T., S. Jablonska, M. Blaszczyk, and M. Jar-
zabek. 1968. Autoantibodies in pemphigoid. Dermatolo-
gica (Basel). 136: 325.

3. Peck, S. M., K. E. Osserman, L. B. Weiner, A. Lefko-
vits, and R. S. Osserman. 1968. Studies in bullous dis-
eases: immunofluorescent serologic tests. N. Engl. J.
Med. 279: 951.

4. Katz, S. I., K. M. Halprin, and T. M. Inderbitzin.
1969. The use of human skin for the detection of anti-
epithelial autoantibodies: a diagnostic and prognostic
test. J. Invest. Dermatol. 53: 390.

5. Muller, H. K., R. C. Sutherland, W. J. Jamison, and
W. G. deBoer. 1971. Autoantibodies in bullous pemphi-
goid. Med. J. Aust. 1: 429.

6. Beutner, E. H., R. E. Jordon, and T. P. Chorzelski.
1968. The immunopathology of pemphigus and bullous
pemphigoid. J. Invest. Dermatol. 51: 63.

7. Chorzelski, T. P., and R. H. Cormane. 1968. The
presence of complement "bound" in vivo in the skin of
patients with pemphigoid. Dermatologica (Basel). .137:
134.

8. Jordon, R. E. C. T. Triftshauser, and A L. Schroeter.
1971. Direct immunofluorescent studies of pemphigus
and bullous pemphigoid. Arch. Dermatol. 103: 486.

9. Beutner, E. H., T. P. Chorzelski, and R. E. Jordon.
1970. Autosensitization in Pemphigus and Bullous Pem-
phigoid. Charles C Thomas, Publisher, Springfield, Ill.

10. Jordon, R. E., W. M. Sams, Jr., and E. H. Beutner.
1969. Complement immunofluorescent staining in bullous
pemphigoid. J. Lab. Clin. Med. 74: 548.

11. Kfistala, U., and K. K. Mustakallio. 1969. Dermoepi-
dermal separation with suction. Electron microscopic
and histochemical study of initial events of blistering
on human skin. J. Invest. Dermatol. 48: 466.

12. Lever, W. F. 1965. Pemphigus and pemphigoid. Charles
C Thomas, Publisher, Springfield, Ill.

13. Grimmett, R. H. 1961. Liquid nitrogen therapy: histo-
logic observation. Arch. Dermatol. 83: 563.

14. Triftshauser, C., D. W. Hayden, and E. H. Beutner.
1970. Procedures for the immunization of goats with
human immunoglobulins and complement. Int. Arch.
Allergy Appl. Immunol. 38: 315.

15. Mayer, M. M. 1961. Procedure for titration of com-
plement. In Experimental Immunochemistry. E. A.
Kabat and M. M. Mayer, editors. Charles C Thomas,
Publisher, Springfield, Ill. 163.

16. Day, N. K., H. Geiger, R. Stroud, M. de Bracco, B.
Mancado, D. Windhorst, and R. A. Good. 1972. Clr de-
ficiency. An inborn error associated with cutaneous and
renal disease. J. Clin. Invest. 51: 1102.

17. Nelson, R. A., Jr., J. Jensen, I. Gigli, and N. Tamura.
1966. Methods for the separation, purification and mea-
surement of nine components of hemolytic complement
in guinea pig serum. Immunochemistry. 3: 111.

18. Gewurz, H., A. R. Page, R. J. Pickering, and R. A.
Good. 1967. Complement activity and neutrophil exuda-
tion in man. Studies in patients with glomerulonephritis,
essential hypocomplementemia and agammaglobulinemia.
Int. Arch. Allergy Appl. Immunol. 32: 64.

19. Boros, T., and H. Rapp. 1967. Immune hemolysis: a
simplified method for the preparation of EAC4 with
guinea pig or with human complement. J. Immunol.
99: 263.

20. Day, N. K. B., R. J. Pickering, H. Gewurz, and R. A.
Good. 1969. Ontogenetic development of the complement
system. Immunology. 16: 319.

21. Folin, O., and V. Ciocalten. 1927. On tyrosine and
tryptophane determination in proteins. J. Biol. Chem.
73: 627.

22. Mancini, J., A. 0. Carbonara, and J. D. Heremans.
1965. Immunochemical quantitation of antigens by single
radial immunodiffusion. Immunochemistry. 2: 235.

23. G6tze, O., and H. J. Mfiller-Eberhard. 1971. The C3-
activator system: an alternate pathway of complement
activation. J. Exp. Med. 134:(3, Pt. 2): 90s.

24. Ruddy, S., and K. F. Austen. 1970. The complement
system in rheumatoid synovitis. I. An analysis of com-
plement component activities in rheumatoid synovial
fluids. Arthritis Rheum. 13: 713.

25. Zvaifler, N. J. 1971. Immunoreactants in rheumatoid
synovial effusion. J. Exp. Med. 134(3, Pt. 2): 276s.

26. Turk, J. L. 1969. Immunology in Clinical Medicine.
Appleton-Century-Crofts, New York. 146.

27. Katz, S. I., T. M. Inderbitzen, and K. M. Halprin. 1970.
Serum complement (C3) levels in patients with auto-
immune bullous skin diseases. Arch. Dermatol. 102: 368.

28. Ward, P. A. 1971. Complement-derived leukotactic fac-
tors in pathological fluids. J. Exp. Med. 134: (3, Pt. 2):
109s.

29. Winchester, R. J., V. Agnello, and H. G. Kunkel. 1970.
Gammaglobulin complexes in synovial fluids of patients
with rheumatoid arthritis: partial characterization and
relationship to lowered complement levels. Clin. Exp.
Immunol. 6: 689.

30. Britton, M. C., and P. H. Schur. 1971. The complement
system in rheumatoid synovitis. II. Intracytoplasmic in-
clusions of immunoglobulins and complement. Arthritis
Rheum. 14: 87.

31. Kolb, W. P., J. A. Haxby, C. M. Arroyave, and H. J.
Mfiller-Eberhard. 1972. Molecular analysis of the mem-
brane attack mechanism of complement. J. Exp. Med.
135: 549.

32. Ruddy, S., L. K. Everson, P. H. Schur, and K. F. Aus-
ten. 1971. Hemolytic assay of the ninth complement
component; elevation and depletion in rheumatic dis-
eases. J. Exp. Med. 134(3, Pt. 2): 259s.

1214 R. E. Jordon, N. K. Day, W. M. Sams, Jr., and R. A. Good


