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Human Deficiency of the Eighth Component of Complement

THE REQUIREMENTOF C8 FORSERUM

NEISSERIA GONORRHOEAEBACTERICIDAL ACTIVITY

B. H. ftTmEN, J. A. GRaum, and G. F. BROOKS

From the Lilly Laboratory for Clinical Research and the Department of
Medicine, Division of Infectious Diseases, Indiana University School of
Medicine, Indianapolis, Indiana 46202

A B S T R A C T The serum of a 23-yr-old woman with
prolonged disseminated gonococcal infection syndrome
failed to normally promote hemolysis of sensitized sheep
red blood cells (RBC). The patient's serum was deficient
in the eighth component of complement (C8) as deter-
mined by functional assays, immunoelectrophoresis, and
quantitative immunoprecipitation. Functional titers of
each of her other complement components were normal.
No serum inhibitors of C8 were detected. The patient's
serum supported activation of both the classical and
alternate complement pathways. Her fresh serum lacked
any bactericidal activity against Neisseria gonorrhoeae,
but addition of purified C8 or complement donor serum
restored bactericidal activity as well as RBC hemolytic
activity. Her serum gave normal opsonization of yeast
particles and staphylococci and had normal capacity to
coat sensitized RBC with C3 and C4 and to generate
chemotactic activity. No defects were observed in the
patient's blood coagulation mechanisms. Complement-
mediated bacterial lysis may be important in human de-
fense against bacteremic Neisseria infections.

INTRODUCTION

Since the description of a genetically transmitted de-
fect in the synthesis of the Cl 1 inhibitor by Donaldson
and Evans (1), human deficiencies or abnormalities in
the function of each of the earlier acting components of
complement have been reported (2, 3). Recently, re-
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'Nomenclature used for the classical complement path-
way conforms with that agreed upon by the World Health
Organization (Bull. W. H. 0. 39: 935-938, 1968).

ports have described hereditary deficiencies in man of
two of the later acting complement components, the sixth
(4) and seventh (5, 6). The purpose of this report is
to describe a hereditary deficiency in the eighth compo-
nent of complement in a woman with a disseminated
gonococcal infection (DGI)' and the possible relation-
ship of this defect to her disseminated infection.

PATIENT HISTORY
A 23-yr-old black women was admitted to the hospital in
October 1974, because of progressive polyarthralgia, ma-
laise, and fever of 3i wk duration. Initially, the patient
had swelling, pain, and tenderness in the second through
fifth metacarpal-phalangeal and proximal interphalangeal
joints of her right hand. This persisted for 2-3 days and
was associated with fever to 1020F; the symptoms abated
with aspirin and bed rest treatment. Subsequently, she again
had fever and myalgia with swelling and tenderness of both
ankles. 3 days before admission her right knee became
swollen and warm. The fever and malaise persisted. At
the time of admission the angle and knee pain were severe
and the patient could no longer walk without assistance.
She did not note skin lesions and did not have a history
of previous arthritis, Raynaud's phenomenon, or unusual
bleeding.

In 1973, while 7 mo pregnant, the patient had painful
swelling of her right arm. Pyuria was found and she was
treated with oral ampicillin. A cervical culture done at the
time of that examination yielded Neisseria gonorrhoeae.
It was not determined if she had DGI.

The patient had previous hospitalizations including two
for delivery by cesarean section. An umbilical herniorrha-
phy was done at age 1 and a tonsillectomy and adenoidec-

'Abbreziations used in this paper: Cd, complement donor
serum; CFU, colony-forming unit; CH50, hemolytic whole
complement assay; C3PA, C3 proactivator; DGI, dis-
seminated gonococcal infection; EA, hemolysin-sensitized
sheep erythrocyte; GCI, GC agar base with IsovitaleX;
Gl-GVB, glucose-gelatin Veronal buffer; MBH, Mueller-
Hinton broth; PBS, phosphate-buffered saline; PMN, poly-
morphonuclear leukocyte; SRBC, sheep red blood cell.
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tomy at age 5. At age 14 she had cardiac catheterization
for evaluation of a possibly significant systolic murmur.
Chest roentgenogram, electrocardiogram, echocardiogram,
cineangiography, and cardiac catheterization data were all
borderline normal or within normal limits. Subsequent
evaluations have not disclosed evidence of heart disease.
Pyelonephritis and iron deficiency anemia were diagnosed
in June 1973; her serum iron was 49 ,ug/ml and the total
iron binding capacity was 621 /Ag/ml, with 8% saturation.
She was given oral iron therapy. Her other medications
were birth control pills and aspirin.

The patient's father is healthy. Her mother has diabetes,
hypertension, and heart disease. Two stepbrothers and four
stepsisters, ages 9-21 yr, are healthy. The patient has two
children with different fathers. The 4-yr-old daughter is
healthy, but the 1-yr-old son had staphylococcal osteomye-
litis.

On physical examination her temperature was 101.80F;
the pulse was 88 per min and regular; her blood pressure
was 110/80 mm Hg. She was well developed and well
nourished, but uncomfortable. Her right knee was slightly
swollen, warm, and tender to palpation; however, fluid in
the joint was not detectable. No skin lesions were present.
Her genitalia and pelvis were normal to examination. Eso-
tropia was present on the left, but extraocular muscle mo-
tion was intact. A grade 2 of 6 systolic murmur and an S3
gallop were heard along the left sternal border. The re-
mainder of her physical examination was normal.

Her hematocrit was 34%o and white blood cell count
7,800/mm3. The urinalysis, serum electrolytes, serum glu-
tamic oxalocetic transaminase, and alkaline phosphatase,
glucose, protein, bilirubin, and uric acid were within nor-
mal limits. An electrocardiogram and chest roentgenogram
were normal. The right knee roentgenogram showed pos-
sible soft tissue swelling. A tuberculosis skin test was
negative and a mumps skin test was positive. Other tests
included: Venereal Disease Research Laboratory test, nega-
tive; hepatitis-associated antibody, negative; rheumatoid
factor, negative; antistreptolysin 0 titer, 166 Todd U;
blood type A, Rh positive; and rubella titer (in 1973),
1: 160. An initial impression of possible systemic lupus
erythematosis results in analysis for her hemolytic comple-
ment level; her serum had no red blood cell hemolytic
complement activity, precipitating the investigation reported
here.

A blood culture and cervical culture taken at admission
were positive for N. gonorrhoeae, confirming the diag-
nosis of DGI. Therapy was 12 million U of penicillin in-
travenously per day for 4 days followed by oral ampicillin
for 7 days. After 1 day of penicillin therapy the patient
was asymptomatic. Follow-up genital, rectal, nasopharyn-
geal, and blood cultures were negative for N. gonorrhoeae.

In April 1975, the patient was again admitted to the
hospital with a 3-day history of fever with swelling and
pain in her right elbow and right knee. Skin lesions typical
of DGI were noted on a hand and a foot. A cervical cul-
ture was positive for N. gonorrhoeae, but blood cultures
were negative. The patient had remarkable improvement
with intravenous penicillin therapy.

The patient has had two episodes of documented DGI
and a third episode of possible DGI.

METHODS
Sera. Human sera used in these studies were obtained

from blood drawn by venipuncture. Sera used for comple-
ment assays were either freshly drawn or freshly frozen
in aliquots at -70°C. Samples were discarded after thaw-

ing. Normal sera were obtained and stored in a similar
manner. Complement donor serum (Cd) used in bacteri-
cidal assays was obtained from a 15-yr-old boy with familial
hypogammaglobulinemia. He had no demonstrable antibodies
to N. gonorrhoeae and a serum CH5o of 50 U. Sera from
four normal persons were pooled and used as a reference
serum in the hemolytic assays.

Guinea pig serum was obtained from Cordis Laboratories,
Miami, Fla., stored in aliquots at - 70'C, and discarded
after thawing.

Specific antisera. Anti-human C3 and anti-human C4
antisera prepared in rabbits was obtained from Behring
Diagnostics, Somerville, N. J. C3 proactivator (C3PA)
levels were determined by single radial diffusion using
plates obtained from Behring Diagnostics. Monospecific
goat anti-human C8 antisera was provided by Dr. H. J.
Mfiller-Eberhard, Scripps Clinic and Research Foundation,
La Jolla, Calif. Rabbit antisera (hemolysin) to sheep eryth-
rocytes was purchased from Grand Island Biological Co.,
Grand Island, N. Y.

Sheep red blood cells (SRBC). SRBC were obtained
from Colorado Serum Co., Denver, Colo., preserved in
modified Alserver's solution. Cells were used within 5 days
of receipt. Before use cells were washed three times in 20
vol of 5 mMphosphate-buffered saline (PBS), pH 7.2-7.4.

Complement assays. Hemolytic whole complement as-
says (CH5o) were performed as described by Taliaferro
and Taliaferro (7) with SRBC sensitized with hemolysin
(EA). Individual complement component titers (Cl through
9) were determined by the procedures of Nelson et al. (8)
with modifications suggested by Cordis Laboratories. Re-
action tubes were prepared containing a final volume of 2.5
ml of reactants, incubated, and the percent lysis determined
with a Coleman Jr. Spectrophotometer model 6/35 (Cole-
man Instruments Div., Perkin Elmer Corp., Oak Brook,
Ill.) at 415 nm. The CHso titer was read as the reciprocal
of the dilution giving 50%o lysis. Functionally pure com-
plement components (C1-9) and cellular intermediates were
obtained from Cordis Laboratories. Human or guinea pig
serum used to reconstitute the deficient serum was diluted
1: 20 in glucose-gelatin Veronal buffer (Gl-GVB) con-
taining 0.01 M EDTA (Calbiochem, La Jolla, Calif.); 2
ml of 1% EA was added to 1 ml of serum, the mixture
incubated 20 min at 30'C and 1 ml of EDTA-treated serum
added. After incubation at 370C for 30 min the degree of
hemolysis was determined at a wave length of 541 nm in a
Coleman Jr. Spectrophotometer.

Quantitative determination of C8 was done in the labora-
tory of Dr. H. J. Muller-Eberhard by single radial diffu-
sion (9) with monospecific goat anti-human C8 antisera.
Immunoelectrophoresis of normal and patient's serum was
performed as described elsewhere (10).

Activation of the alternate pathway. Serum samples
were divided into two 0.5-ml aliquots and inulin (Difco
Laboratories, Detroit, Mich.), 1 mg, was added to one
aliquot. The samples were then incubated for 30 min at
370C and functional C3 and C4 titers were determined on
both the inulin-treated and untreated samples.

Complement coating of red blood cells. Sensitized SRBC,
1 ml of a 1%o suspension, were incubated with 1 ml of CS-
deficient serum diluted 1/20 in GI-GVB for 30 min at
300C, centrifuged, washed three times in 5 vol of PBS,
and the cells resuspended in 1 ml of PBS. Coating with
C3 or C4 was determined by an antiglobulin (Coombs)
reaction with anti-human C3 and C4. Untreated EA and
EA treated with heat-inactivated, 560C for 30 min, C8-
deficient serum served as controls.
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Phagocytosis of yeast cells. Phagocytosis of unsensitized
yeast particles was performed as described by Miller and
Nilsson (11). Polymorphonuclear leukocyte (PMN) sus-
pensions were prepared as described by B6yum (12).

Chemotaxis. The generation of chemotactic factors was
studied by techniques similar to those as described by
Leddy et al. (4) and Miller and Nilsson (11) with cham-
bers described by Horwitz and Garrett (13). Chemotactic
factors were generated by mixing 1 vol of undiluted serum
with 4 vol of heat-aggregated IgG (650C for 20 min),
1 mg/ml, and incubating the mixture at room temperature
for 20 min. The lower chamber was then filled with the
chemotactic factor and the upper chamber was filled with
0.5 ml of PMNsuspension. The chamber was incubated at
370C for 90 min, the filter removed and stained and the
average number of PMNper high-power field determined.
Only PMN which had migrated through the filter were
counted. A minimum of 10 fields were counted.

Coagulation studies. Activated partial thromboplastin
time was performed as described by Davidsohn and Henry
(14). Activated clotting time was determined by the method
of Hattersley (15). Recalcification time was determined by
the method described by Colman et al. (16).

Isolation of N. gonorrhoeae. N. gonorrhoeae in the pa-
tient's blood culture were subcultured once on GCI agar
(GC agar base [Bioquest, Oxnard, Calif.] with IsovitaleX
[Bioquest]) and incubated at 36.5 0C in a 5% CO2 incubator.
The organisms were then frozen at -70'C in small ali-
quots in a mixture of equal parts of MHB (Mueller-Hinton
Broth [Bioquest]) and defibrinated calf serum (Grand
Island Biological Co.). N. gonorrhoeae to be used for the
bactericidal assays were grown for 16 h on GCI agar
after inoculation from the frozen specimens or after sub-
culture of type 1 gonococcal colonies (17).

N. gonorrhoeae bactericidal assay. Serum bactericidal
antibody activity was assayed in a buffered medium con-
taining medium 199 (obtained 10 X concentrated, Micro-
biological Associates, Bethesda, Md.); 0.025 M N-2-hy-
droxyethylpiperazine-N'-2-ethane sulfonic acid buffer, pH
7.4 (Microbiological Associates); and 0.5% bovine serum
albumin (Miles Laboratories, Inc., Kankakee, Ill.). N.
gonorrhoeae were gently taken from the agar surface, placed
into the buffered medium, and adjusted to an OD of 0.12
(Coleman Jr. Spectrophotometer) which corresponded to
108 colony-forming units (CFU) per ml. The bactericidal
reaction mixture contained: 0.1 ml of the N. gonorrhoeae
inoculum, 0.1 ml of the patient's freshly frozen serum or
heated serum (56°C, 30 min), 0.2 ml of Cd (10 CH50 U),
and sufficient buffered medium to make a final volume of
1.0 ml. Cd containing 10 CH50 U, when added to heated
serum, had previously been shown to reconstitute the serum
gonococcal bactericidal activity.! In experiments using func-
tionally pure C8 in place of Cd serum 10,000 U of C8 in
0.15 M NaCl was added to the reaction mixture with 2 X
concentrated buffered medium, yielding a final concentration
of buffered medium equivalent to the standard assay mix-
ture. The bactericidal assay reaction mixtures were incu-
bated at 37°C in snap-cap plastic tubes (Falcon Plastics
Div., Bioquest) on a rotating rack (Fisher Scientific Co.,
Pittsburgh, Pa.) at 20 rpm. At appropriate intervals 0.1-ml
samples were removed and serially diluted in MHB, plated
on GCI agar, and incubated at 36.5°C overnight in 5%o C02
for CFUdeterminations.

Opsonization, phagocytosis, and killing of staphylococcus.
The staphylococcus opsonization experiments were done with

'Brooks, G. F. Unpublished observations.

modifications of the techniques of Klebanoff (18, 19).
Briefly, to prepare PMN 10-ml volumes of whole blood
from normal donors were mixed with 10-ml volumes of
2% dextran 250 (Pharmacia Fine Chemicals, Piscataway,
N. J.) in physiological saline, pH 7.4. After sedimentation
of the red blood cells for 20 min the supernates were col-
lected and the white blood cells gently pelleted (150 g,
10 min). The white cells were gently washed with 0.87%o
ammonium chloride to lyse the remaining red cells, re-
centrifuged, mixed with calcium-free Krebs-Ringer phos-
phate buffer, and the percent and absolute number of PMN
enumerated.

Staphylococcus aureus 502A was grown overnight on
agar containing 5%o sheep blood. Growth from several colo-
nies was transferred to MHBand growth was continued
for 3 h in a shaker water bath (370C, 90 oscillations/min).
The bacteria were sedimented by centrifugation, washed
twice with sterile water, and resuspended in sterile water
at a concentration of about 108 CFU per ml.

The complete reaction mixture contained about 107 CFU
of staphylococcus 502A, 0.2 ml of the patient's freshly
frozen serum, 2 X 107 PMNcells, and sufficient buffer with
0.1 M glucose to make a final volume of 1.0 ml. Controls
included tubes containing the patient's serum heated (560,
30 min), freshly frozen serum from a normal donor with
type AB, Rh-positive blood, and PMN, each alone and in
combination.

RESULTS
Determination of C8 deficiency. The initial whole

complement assays (CH5o) revealed that the patient's
serum lacked any demonstrable hemolytic activity. The
serum caused no hemolysis of EACI, EAC4, or EAC1,4
cells, indicating that the deficiency was not in Cl or C4.
Addition of EDTA-treated normal human or guinea pig
serum to the patient's serum produced strong hemolysis
of EA; addition of EDTA alone did not promote he-
molysis. No hemolysis was observed after the addition
of functionally pure complement components C2-6. The
capacity of the patient's serum to coat RBC with C3
and C4 was demonstrated by the agglutination of EA,
after incubation with the patient's serum, with antisera
monospecific for C3 and C4. These results indicated that
the patient's serum contained functionally active C1
through C3 and was probably deficient in one of the
later acting components. Heat-inactivated Cd serum
failed to restore the bactericidal activity of the patient's
serum. Analysis of the results suggested that the pa-
tient's serum might be deficient in the heat-labile com-
ponent C8. The addition of 100 U of functionally pure
C8, but not C9, restored the hemolytic activity of the
patient's serum. Hemolysis of EA after the addition of
C8 was dose related. The results of these assays ex-
pressed as a dose-response curve (Fig. 1) support a one-
hit hypothesis (20) for C8. After the addition of a mini-
mumof 100 U of C8 the CHMOof the patient's serum was
57, which falls within the normal range (40-70 CHMm
U).

Complement components assays. Functional assays
for each of the complement components in the serum of
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FIGURE 1 Dose-response curve after the addition of C8
to the patient's serum. Lysis of EA is expressed as percent
hemolysis. Units of C8 are relative to the CH5o titer of
the C8 determined by Cordis Laboratories.

the C8-deficient patient and those in the pool of normal
sera were determined simultaneously. The results are
shown in Table I. With the exception of the absence of
C8 and a lower level of C9, all of the complement com-
ponents in the serum of the C8-deficient patient were
normal. The absence of any functional C8 activity dem-
onstrated that the lack of serum hemolytic complement
activity could be attributed to this deficiency.

Analysis of the patient's serum by single radial dif-
fusion with monospecific goat anti-C8 antisera did not
produce any visible precipitin line. Normal serum used
as a reference contains approximately 80 /Ag/ml of C8.
After immunoelectrophoresis of the patient's serum, and
normal serum, formation of a precipitin line with anti-
C8 antisera was observed only with the normal serum.

The lack of C8 activity did not appear to be the re-
sult of the presence of an inhibitor. The CHbo activity

TABLE I
Functional Assay of Individual Complement Components and

Levels of C3 Proactivator*

C8-deficient Reference
Component serum serumt

CHGo U/ml

C1 80,000 57,000
2 5,620 4,200
3 1,260 1,000
4 44,600 41,600
5 2,630 2,180
6 1,860 1,740
7 1,780 1,860
8 0 174,000
9 25,700 50,550

C3PA 20 mg/dl 12-30 mg/dl

* C3 proactivator (C3PA) levels were measured by radial
diffusion.
t Pool of serum from four individuals whose C1-9 values were
within 1 SD of the mean values of normal subjects determined
in our laboratory (n = 20).
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FIGURE 2 Bactericidal activity of CS-deficient serum (S)
for N. gonorrhoeae isolated from the patient at admission.
The addition of Cd containing 10 CH60 U yielded bacteri-
cidal activity. The bactericidal activity of heated patient's
serum (AS) was also reconstituted by addition of Cd.

of normal serum was not altered after incubation with
equal volumes of the patient's undiluted serum.

Alternate pathway activation. The alternate pathway
was intact and functional. Normal levels of C3PA were
present in the patient's serum (Table I). The incubation
of the patient's serum with inulin reduced the functional
C3 CH60 titer in the patient's serum from 1,200 to 600 U
and in the normal control from 850 to 410 U while no
decrease in C4 titers were observed.

Bactericidal activity of C8-deficient serum. The pa-
tient's serum was not observed to possess any bacteri-
cidal activity against N. gonorrhoeae either after the
initial subculture or after selective subculture of colony
type 1 or 3 cells. However, the addition of Cd containing
10 CH60 U to the patient's freshly frozen serum or
heated serum reconstituted the bactericidal activity
(Fig. 2). The reconstituted serum yielded a 10,000-fold
or greater reduction in CFU regardless of the number
of prior subcultures or N. gonorrhoeae colony type.
Neither the patient's freshly frozen serum, heated serum,
nor the Cd serum had any bactericidal activity. The ad-
dition of functionally pure C8, in a concentration equiva-
lent to 100,000 U/ml of serum, to the patient's freshly
frozen serum restored serum bactericidal activity (Fig.
3). Addition of functionally pure complement compo-
nents C2-7 did not reconstitute serum bactericidal
activity.

Opsonization. The patient's serum promoted the
phagocytosis of yeast cells as efficiently as normal serum
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FIGuRE 3 Restoration of bactericidal activity in C8-de-
ficient serum (S) after the addition of purified C8 (C8)
or Cd.

(Table II). The phagocytosis of N. gonorrhoeae by
PMNwas enhanced by the patient's serum (21). This
activity was lost after heat inactivation (560C for 30
min) of the patient's serum.

Opsonization, phagocytosis, and killing of staphylo-
coccus 502A. The patient's serum yielded opsonization
with resultant phagocytosis and killing of the test
staphylococcus (Fig. 4). The results were similiar to
those obtained with the normal, AB, Rh-positive serum,

much as previously reported (19). Serum alone, PMN
alone, or heated serum with PMNdid not yield a fall in
the number of colony-forming units.

Chemotactic activity. The patient's serum was shown
to generate chemotactic substances after incubation with
heat-aggregated human IgG. The capacity to generate

TABLE II
Phagocytosis of Yeast Cells

Yeast particles/PMN*

Incubation time.... 30 min 45 min 60 min

Serum from PMNdonor 3.9 3.8 3.9
Normal serum 3.3 4.1 4.3
C8-deficient serum 3.0 4.4 3.7

Yeast cells were incubated with normal or patient serum for
30 min at 370C, washed, and added to the PMNsuspension.
The mixture was incubated at 370C and aliquots removed at
the times indicated.
* Results are in terms of average number of yeast cells in-
gested by PMNs.

TABLE III
Generation of Chemotactic Activity for HumanPMN

in C8-Deficient Serum Incubated with Heat-
Aggregated HumanIgG (Hu IgG)

PMN/HPF*

C8-deficient Normal
Generating agent serum serumt

Aggregated Hu IgG 3.3 3.7
Buffer control 0 0.1

* Average number of cells per high-power field for 10 random
fields.
t Pool from four normal donors.

chemotactic substances was similar to that observed with
normal serum. The results are summarized in Table III.

Coagulation studies. The kaolin-activated clotting
time and activated partial prothrombin clotting time were
normal. The recalcification time of plasma collected in
siliconized glassware showed a significant shortening.
After contact with kaolin the n-tosyl-L-arginine methyl
esterase activity generated was within normal limits.
These findings provided evidence that contact activation
of the intrinsic pathway of blood coagulation as well
as generation of kallikrein mediated by activated Hage-
man factor were intact in the C8-deficient patient.

Family studies. The family pedigree is shown in Fig.
5. The CHM0, C8 functional titers, and C8 levels deter-
mined by radial diffusion are listed in Table IV. The
proband (II-2) lacks C8 while her parents (I-1, 2) and
children (III-1, 2) have about one-half normal levels of
C8. There was no known consanguineous marriage in
the three generations preceeding the proband.

~ ~ 5
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Srum
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o4k1 -

CQ Go

0
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0 q i s \ < Control Serum
U PU

FIGURE 4 Opsonization of staphylococcus 502A by C8-
deficient serum (S). Serum from a normal person with
type AB, Rh-positive blood served as a control.
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FIGURE 5 Pedigree of family with C8 deficiency. The pro-
band is marked with an arrow. A dot below the symbol
indicates the individual's serum was tested.

DISCUSSION

The presence of hereditory deficiencies in the comple-
ment system of man has provided opportunities to better
evaluate the role of complement in vivo. In this paper we
have presented evidence of the discovery of a patient
with a deficiency of the eighth component of complement.
The patient's serum has no detectable functionally ac-
tive or immunologically reactive C8.

Activation of complement components Cl through C7
via the classical pathway or through alternate pathway
activation of C3 is a complex process with multiple bio-
logically functional interrelationships (22). The absence
of C8 does not appear to modify most of these biological
effects as evidenced by normal activation in our patient's
serum of the classical and alternate pathways, genera-
tion of opsonic and chemotactic activity, and normal
coagulation. It appears from these studies that the key,
if not only, role of C8 in man is the production of com-
plement-mediated membrane damage; only a few mole-
cules of C8 are required for red cell lysis (23).

The absence of C8 in the proband's serum indicates
she is homozygous for C8 deficiency since approximately
half-normal C8 levels are present in her parents' and
children's sera, demonstrating that they are obligate
heterozygotes (Fig. 5). The fathers of the proband's
children are presumed to be homozygous for the normal
C8 alleles. These results are consistent with the inter-
pretation that C8 deficiency is genetically transmitted
as part of the autosomal codominant system. We sug-
gest that the locus be named "C&." Then the homozygous
deficiency phenotype would be designated "C8 BB," the
heterozygous phenotype "C8 AB," and the normal ho-
mozygous phenotype "C8 AA."

Deficiencies in the earlier acting components, Cl
through C5, and in the inhibitors of the human comple-

TABLE IV
Whole Complement and C8 Levels of the C8-Deficient Patient,

Her Parents, and Her Children

Whole
Family member complement Functional C8 C8

CH6o U/ml pg/mi

I-1 71 95,000 40
I-2 65 92,000 -40
I1-2 (proband) 0 0 0
III-1 33 97,000 '-40
I 1 1-2 50 100,000 -40
Reference serum 50 174,000 80

ment system have been associated with a variety of
clinically apparent diseases (2). Patients with C3 de-
ficiency or abnormalities and patients with C5 abnormali-
ties are known to be susceptible to gram-negative infec-
tions (3, 11, 24, 25). One C3-deficient patient had two
hospitalizations for meningococcal meningitis (24) while
two patients with C3 abnormalities had either meningo-
coccal bacteremia or meningitis (25, 26). Patients with
C3 abnormalities could have increased susceptibility to
infection because of the failure of their sera to support
opsonization (27, 28). However, the meningococcal in-
fections may also have been associated with lack of a
functional complement-mediated bactericidal system. The
patients with C5 dysfunction had normal hemolytic com-
plement levels and would presumably have normal com-
plement-mediated bacterial lysis (11). Their suscepti-
bility to infection may have resulted from an altered ca-
pacity to opsonize as mediated through C5 enhancement
of C3 opsonization (11). Patients deficient in the earlier
acting components (C1, C4, C2) are presumed to be
protected from gram-negative infections through acti-
vation of the alternate pathway (28-31).

Meningococcal bacteremia or meningitis is fortunately
a relatively infrequent complication of the nasopharyn-
geal infection with Neisseria meningitidis. Persons may
be uniquely susceptible to meningococcal meningitis be-
cause of a selective deficiency of antibodies or because
they do not develop antibodies to N. meningitidis (32,
33). Certainly, a functional serum meningococcal bac-
tericidal antibody system is important in protection
against N. meningitidis bacteremia and meningitis (32).
It is likely that a similar mechanism exists for protec-
tion against N. gonorrhoeae bacteremia.

Wehave learned of five patients with deficiencies or
abnormalities of the later acting components of comple-
ment. Neither of the C7-deficient persons had repeated
severe infections (5, 6). A woman with C6 deficiency
had two documented episodes of DGI but no history of
other recurrent infections. A child with C6 deficiency
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had repeated episodes of N. meningitidis infections.' Our
patient with C8 deficiency has had two, possibly three,
episodes of DGI.

The association of bacteremic Neisseria infections,
C6, C8, or bactericidal antibody deficiencies is very
strong (4, 32, 33). While there is no definitive informa-
tion on the importance of an intact complement or bac-
tericidal antibody system in protection against N. gonor-
rhoeae bacteremia the two known sexually-active adults
with C6 or C8 deficiency had repeated gonococcal bac-
teremia. The 6-yr-old child with C6 deficiency had re-
peated N. meningitidis bacteremia and probably had not
been exposed to N. gonorrhoeae. DGI can mimic diseases
such as rheumatoid arthritis or systemic lupus erythema-
tosis, where physicians might frequently request comple-
ment evaluations. Regardless, the finding of patients
with complement or antibody deficiency, nonfunctional
bactericidal systems, and bacteremic Neisseria infections
indicates that serum bactericidal function is important
in protection against N. meningitidis and N. gonorrhoeae
bacteremia.

A possible role for opsonic antibodies in protection
against DGI is not clear. The importance of N. gonor-
rhoeae pili or other gonococcal cell surface antiphago-
cytic substances has yet to be clarified (34-38). Regard-
less, opsonization with phagocytosis may be of secondary
importance compared to protective serum bactericidal
mechanisms. Our patient had a positive blood culture
for N. gonorrhoeae after 3J wk of DGI syndrome. It is
very unusual for DGI patients to have positive blood cul-
tures after the first 2 or 3 days of illness (39). Further,
serum from her blood specimen which was culture posi-
tive for N. gonorrhoeae had opsonic activity, but her
bactericidal system was not functional and she had a
positive blood culture-again highlighting the impor-
tance of a bactericidal mechanism in protection against
DGI.

In summary, the results of these studies suggest the
major if not singular role of C8 in the human comple-
ment system is to promote complement-associated mem-
brane damage. It appears this lytic activity may be im-
portant for adequate host resistance to infection by or-
ganisms of the genus Neisseria.
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