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C5 Chemotactic Fragment Induces Leukocyte
Production of Tissue Factor Activity
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A B S T RA C T Complement-activated human plasma
causes generation of tissue factor in human leukocytes.
This phenomenon appears to be related to the fifth com-
ponent of complement (C5) as demonstrated by the
use of C5 deficient-plasma and suppression of activity
with antibody to C5. Isolation of the chemotactic
factor from activated serum or trypsinization of puri-
fied C5 reproduces the phenomenon. These data
provide evidence for a direct link between complement
products and activation of the coagulation system. Be-
cause chemotactic peptides from C5 can be generated
by a variety of enzymes, our findings suggest a relation-
ship between complement, coagulation, and inflam-
mation.

INTRODUCTION

Blood coagulation has long been recognized to be a
part of the inflammatory response. Examples include
the defibrination syndrome and the demonstration of
fibrin deposits, leukocytes, and complement com-
ponents in tissues of patients with a variety of in-
flammatory conditions. A similar process is found in
experimental immune complex injury of kidneys and
blood vessels, conditions which are associated with
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complement activation. Several of these in vivo reac-
tions can be diminished or abolished if coagulation is
impeded or leukopenia induced (1-3).

Fibrin deposition may result by activation of either
the intrinsic- or extrinsic- (tissue factor) dependent
pathway. Leukocytes can be induced to generate
tissue factor activity by incubation with bacterial
endotoxin, phytohemagglutinin, antigen-antibody
complexes, platelets, and renal dialysis membranes
(4-7).

In the following report we demonstrate that activa-
tion of the complement system in human plasma, and
in particular of the fifth component of complement
(C5), causes a marked increase in tissue faictor content
of human leukocytes.

Ml ETHODS
Leukocytes from human blood were prepared after sedimenta-
tion with dextran, by the method of Boyum as described (6).
Platelet-rich plasma was prepared as previously described
(6). Sterile heparinized plasnma was obtained from blood
anticoagulated with 5 U heparin/ml blood. The blood was
centrifuged at 2,000 g for 20 min, the plasmiia pipetted off,
and this step repeated. Plasma deficient in the fifth com-
ponent of complement was obtained from the previously de-
scribed patient (8).

Sterile, pyrogen-free, renal dialysis membranes (8 cm2)
(Gambro Inc., Newport News, Va.) were introduced into
sterile plastic tubes (Falcon Plastics, Division of BioQuest,
Oxnard, Calif.). The following reagents were obtained:
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zymosan, inulin, limulus lysate, trypsin, soybean trypsin
inhibitor, Dextran 250 (Sigma Chemical Co., St. Louis,
Mo.), antibody to C5 and the third component of comple-
ment (C3) (Behring Diagnostics, American Hoechst Somer-
ville, Corp., N. J.). The chemotactic factor of C5 was pre-
pared from serum treated with 1 M epsilon aminocaproic
acid (Sigma Chemical Co.) and zymosan 10 mg/ml. After
acidification, the sera was chromatographed on a Sephadex
G-100 column (Phannacia Fine Chemicals, Piscataway, N. J.)
(9), the C3 fragment was prepared as described (9), and
cobra factor (10) and citrated saline (6) were prepared
as described. Purified C5 was prepared by the method of
Nilsson et al. (11).

Gammaglobulins from anti-C5 sera (2980F, University
of Connecticut) and control sera were the breakthrough
fraction from DEAE-cellulose columns. The sera heated
to 56°C for 30 min, dialyzed against pyrogen-free 0.02 M
phosphate buffer pH 6.2, were applied to a DEAE-23
(Whatman Inc., Clifton, N. J.) column equilibrated with
same buffer, and the breakthrough fraction collected. Anti-
sera to C5 (2341B) and C3 (5104C) were used after heating at
56°C for 30 min, dialyzing for 48 h, and adsorption with
tricalcium phosphate (6). Meticulous care was taken to pre-
serve sterility and apyrogenicity (6). Tests for endotoxin
were as described (12).

Chemotaxis was measured in the modified Boyden chamber
and results expressed as ED50' (9), which is the amount of
chemotactic factor that gives 50% of a maximal chemotactic
response for that factor. The coagulant activity was assayed
by the two-stage assay (6); the standard preparation of
thromboplastin (Difco Laboratories, Detroit, Mich.) was
arbitrarily assigned a value of 1,000 U/ml (6).

RESULTS

The first experiments have involved the incubation of
human peripheral blood leukocytes with human plasma
and other factors. As shown in Table I, incubation of
human leukocytes with normal human plasma caused
moderate generation of tissue factor activity. How-
ever, complement activation of the plasma, either by
addition of cobra venom factor, zymosan, inulin, or
contact with renal dialysis membranes, in each case,
led to the production of much higher amounts of tissue
factor. To assess whether platelets were responsible
for the generation of tissue factor, leukocytes were in-
cubated with membrane-contacted hepariinized plasma
that was platelet poor or platelet rich. As the data in
Table I indicate, generation of tissue factor occurs
with plasma whether or not platelets are present.
Furthermore, washed leukocytes, in medium 199, con-
tacted with membrane generated no activity. The
presence of a chelator (EDTA) of divalent metal cat-
ions, thus blocking complement activation, or the use
of preheated plasma (56°C, 0.5 h) before contact with
dialysis membranes, prevented appearance of tissue
factor activity. Addition of antibody to C5 after activa-
tion of plasma with dialysis membranes also prevented,

'Abbreviation used in this paper: ED50, the amount of
chemotactic factor that gives 50% of a maximal chemotactic
response for that factor.

TABLE I
Tissue Factor Production by Leukocytes Contacted with

Complement Activation Products

Generation of tissue factor activity
by leukocytes

Material incubatecl with leukocytes Expts. A B C

U

Plasma 23 35 11
+ Cobra factor* 180 240 140
+ Zymosan 260 160 160
+ Inulin 240 350 140

Platelet-poor plasma 27 18 25
+ Renal dialysis membranet 82 56 75

Platelet-rich plasma 32 65 22
+ Renal dialysis membrane 157 100 80

Heated plasma + renal dialysis
membrane 3 3

EDTA(10 mM)plasma + renal
dialysis membrane 1 1

EDTAplasma + renal dialysis
membrane, then dialyzed 1

Medium 199 + renal dialysis
membrane 1 1

Dialysis membrane activated
plasma

+ saline 60 50
+ Anti C5 10 10

C5 chemotactic factor
+ Control 104 107 200
+ Anti C5 64 18 74
+ Control 128 36 106
+ Anti C3 184 43 136

C5 (40 ,ug) + trypsin§ 400 340 360
C5 (40 gg) 180 180 250

Approximately 2 x 107 leukocytes/ml were incubated with
plasma or fractions thereof and medium 199. After 16 h at
37°C, samples were centrifuged at 2,000 g for 10 min, the
plasma was decanted and the leukocytes washed four times in
citrated saline, brought to initial volume, sonically disrupted,
and assayed for tissue factor activity.
* Plasma treated with cobra factor (10 U/ml, 0.5 h), zymosan
(5 mg/ml, 1 h), or inulin (10 mglml, 1 h) (40% of final incuba-
tion mixture).
I Plasma (1.2 ml for 8 cm2 renal dialysis membrane) was
incubated at 37°C for 3 h (80% of final irncubation mixture).
§ Purified C5, 100 ,ug, was incubated with 1 ,ug trypsin for 2
min, at 37°C followed by soybean trypsin inhibitor, 5 ,ug, for
0.5 h at 250C.

significantly, generation in leukocytes of tissue factor
activity.

The ability of the CS chemotactic factor, which was
isolated from activated human serum, to cause genera-
tion of tissue factor from leukocytes is shown in
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Fig. 1. A linear dose response is demonstrated. In
contrast, C3 fragments with similar chemotactic ac-
tivity had very weak stimulatory effect. To rule out
that the stimulatory effect was caused by the presence
of contaminating bacterial endotoxin, two experiments
were done. Titration of the C5 chemotactic factor
preparation indicated 0.1 ,ug endotoxin present when
40 ED50 U of chemotactic factor were used. This amount
of endotoxin caused about 55 U of tissue factor activity
to be elaborated from leukocytes. With higher amounts
of endotoxin (up to 1,000-fold), a plateau of tissue fac-
tor activity was reached at about 60 U (Fig. 2). Further-
more, the addition of three different antibody prepara-
tions led to 49, 63, and 83% suppression in genera-
tion of tissue factor activity, whereas the addition of
antibody to the third component of complement had
no inhibitory effect (Table I). These data reinforce
the conclusion that the generation of tissue factor is
not caused by the presence of contaminating bac-
terial endotoxin. Furthermore, the antibody to C5 had
no effect on the stimulatory activity of endotoxin.

The data in Table I show that the trypsinization of
C5 also produces an activity that will induce the
generation of tissue factor. The control for the prepara-
tion, intact C5, also resulted in the generation of
significant amounts of tissue factor, albeit less than
when the trypsinized C5 preparation was used. These
findings are probably explicable by the release of a
C5-cleaving enzyme from lysosomal granules of
leukocytes (13).

The possibility that complement activation is re-
quired for plasma to induce formation in leukocytes of
tissue factor was explored with the use of human
plasma genetically deficient in C5. The incubation of
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FIGURE 1 Stimulatory effect of C5 chemotactic factor. Ap-
proximately 2 x 107 leukocytes/ml were incubated with
various concentrations of chemotactically active C5 in
medium 199. After incubation for 16 h at 37°C, the leuko-
cytes were sonically disrupted and assayed for tissue factor
activity (TFa).
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FIGURE 2 Stimulatory effect of endotoxin. Approximately
2 x 107 leukocytes/ml were incubated with endotoxin in
medium 199. Same conditions as for Fig. 1. TFa, tissue factor
activity.

this plasma with renal dialysis membranes did not
cause generation of tissue factor activity by leukocytes.
However, the reconstitution with control plasma of
the CS-deficient plasma resulted in the production of
tissue factor from leukocytes (Fig. 3).

DISCUSSION

Fragments of the C5 molecule play a major role in
inflammation-inducing chemotactic, and anaphylatox-ic
reactions; membrane and shape changes in leukocyte
and release of leukocytic enzymes (13-15).

A direct linkage between the complement and
coagulation system has been difficult to demonstrate.
Although rabbits deficient in the sixth component of
complement (C6) have some coagulation abnormalities,
which are correctible with the addition of purified
C6 (16), similar abnormalities have not been found in
humans (17).
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FIGURE 3 Lack of stimulatory effect of C5-deficient plasma
(C5D). C5D was incubated with dialysis membranes alone,
or 1:1 with control plasma. Plasmas were then incubated with
leukocytes as described for Table I. TFa, tissue factor
activity.
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A brief report suggested that C3b may induce
leukocyte coagulant activity. However, no evidence
was provided that contamination with endotoxin was
not the inducing agent (18).

The results presented here, taken together, strongly
suggest that complement's C5-derived fragments can
induce generation of tissue factor in leukocytes and
point to a direct link between complement activation
and triggering of the clotting system via the extrinsic
pathway.

ACKNOWLEDGMENTS

Weare indebted to Dr. T. Bowers and Dr. H. Jacob for send-
ing us a C5 antiserum with known antichemotactic activity.

This work was supported in part by National Institutes of
Health grant 13155 and by Veterans Administration grants
AI 09651 and HL 22437.

REFERENCES

1. Kincaid-Smith, P. 1972. Coagulation and renal disease.
Kidney Int. 2: 183-190.

2. Rowlands, D. I., Jr., G. S. Hill, and C. M. Zmijewski.
1976. The pathology of renal homograft rejection. Am. J.
Pathol. 85: 774-804.

3. Vassali, P., and R. T. McCluskey. 1976. The pathogenic
role of coagulation process in glomerular diseases of
immunologic origin. In Advances in Nephrology. J.
Hamburger, J. Crosnier, and M. H. Maxwell, editors.
Year Book Medical Publishers, Inc., Chicago. 1: 47-63.

4. Rickles, F. R., J. A. Hardin, F. A. Pitlick, L. W. Hoyer,
and M. E. Conrad. 1972. Tissue factor activity in lympho-
cyte cultures from normal individuals and patients with
hemophilia. J. Clin. Invest. 52: 1427-1434.

5. Rothberger, H., T. S. Zimmerman, H. L. Spielberger,
and J. M. Vaughan. 1977. Enhancement of human mono-
nuclear leukocyte procoagulant activity IgG and anti-
gen-antibody complexes. J. Clin. Invest. 59: 549-557.

6. Niemetz, J., and A. J. Marcus. 1974. The stimulatory effect
of platelets and platelet membranes on the procoagulant
activity of leukocytes. J. Clin. Invest. 54: 1437- 1443.

7. Niemetz, J., T. Muhlfelder, M. E. Cheriego, and B.

Troy. 1977. Procoagulant activity of leukocytes. Ann.
N. Y. Acad. Sci. 283: 208-217.

8. Rosenfeld, S. I., M. E. Kelly, and J. P. Leddy. 1976.
Hereditary deficiency of the fifth component of comple-
ment in man. I. Clinical, immunochemical, and family
studies.J. Clin. Invest. 57: 1626-1634.

9. O'Flaherty, J. T., D. L. Kreutzer, and P. A. Ward. 1977.
Neutrophil aggregation and swelling induced by chemo-
tactic agents. J. Immunol. 119(1): 232-239.

10. Johnson, K. J., and P. A. Ward. 1974. Acute immunologic
alveolitis.J. Clin. Invest. 54: 349-357.

11. Nilsson, V. R., R. M. Tomar, and R. B. Taylor, Jr. 1972.
Additional studies on human C5:development of a modi-
fied purification method and characterization of the
purified product by polyacrylamide gel. Immuno-
chemistry. 9: 709-723.

12. Levin, J., T. E. Poole, N. P. Zauber, and R. S. Oser. 1970.
Detection of endotoxin in the blood of patients with
sepsis due to gram-negative bacteria. N. Engl. J. Med.
283: 1313-1316.

13. Brozna, J. P., R. M. Senior, D. L. Kreutzer, and P. A.
Ward. 1977. Chemotactic factor inactivators of human
granulocytes.J. Clin. Invest. 60: 1280-1288.

14. Craddock, P. R., J. Fehr, A. P. Dalmasso, K. L. Brigham,
and H. S. Jacob. 1977. Hemodialysis leukopenia: pul-
monary vascular leukostasis resulting from complement
activation by dialyzer cellophane membranes. J. Clin.
Invest. 59: 879-888.

15. Hugli, T. E. 1977. Complement factors and inflammation:
effect of a-thrombin on components C3 and C5. In
Chemistry and Biology of Thrombin. R. L. Lundblad,
J. W. Fenton II, and K. G. Mann, editors. Ann Arbor
Science Publishers, Inc., Ann Arbor, Mich. 345-360.

16. Zimmerman, T. S., C. M. Arroyave, and H. J. Muller-
Eberhard. 1971. A blood coagulation abnormality in
rabbits deficient in the sixth component of complement
(C6) and its correction by purified C6. J. Exp. Med. 143:
1591-1600.

17. Heusinkveld, R. S., J. P. Leddy, M. R. Klemperer, and
R. T. Breckenridge. 1974. Hereditary deficiency of the
sixth component of complement in man. II. Studies on
hemostasis. J. Clin. Invest. 53: 554-558.

18. Prydz, H., A. C. Allison, and H. V. Shorlemmer. 1977.
Further link between complement activation and blood
coagulation. Nature (Lond.). 270: 173-174.

150 Muhlfelder, Niemetz, Kreutzer, Beebe, Ward, and Rosenfeld


