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ABSTRACT

The molecular mechanism of complement resistance of the human
SK-MKL-170 melanoma cell line was investigated. The cells have been
shown to express the C3b-cleaving membrane protease p65. To delineate
the molecular consequences of the C3b-cleaving activity for the comple

ment cylotoxicity, the molecular events during the initiation (R24 mono
clonal antibody. CD. amplification (C4, C3), and membrane attack (C5,
C9) phases of complement were studied in comparison to a complement-
susceptible human melanoma line (SK-MEL-93-2). No cleavage of C4b

and (51). 2 molecules structurally similar to C3b, was observed on the cells
during classical pathway activation indicating the specificity of the p65
protease for the C3b molecule. The rapid degradation of C3b by p65 on the
surface of complement-resistant SK-MKL-170 cells generates a U, 30,000
C3(Â«'-chain-fragment detectable as early as 1 min after complement acti

vation, whereas no such fragment was present in detectable amounts on
complement-susceptible cells. As a result of the rapid C3b proteolysis by
p65 on resistant SK-MKL-170 cells, less C5 convertases are formed, which

in turn results in the formation of a lower number of terminal complement
components and membrane attack complexes. R24 antibody and Clq
binding to the resistant cells was slightly lower as to susceptible cells. C4
binding studies, however, revealed that the observed difference in anti
body and Clq binding has no influence on the complement resistance of
SK-MKL-170 cells: significantly more C4b was bound to complement-

resistant (1565 Â±92 fg/cell) as compared to susceptible cells (715 Â±31
fg/cell). On extraction of the molecular forms of C4 bound to the cell
membranes, an additional high molecular weight C4 speciesâ€”apparently
a C4b-C4b homodimerâ€”appeared only on the resistant SK-MKL-170
cells that may function as a residual back-up C5 convertase. Collectively,
these results show that SK-MKL-170 human melanoma cells evade com
plement-mediated cytolysis despite sufficient activation of early compo
nents of the classical complement pathway by p65-mediated rapid degra
dation of surface-bound C3b, leading to a significant reduction in

membrane attack complex formation. Thus, rapid cleavage of surface
deposited C3b was established as a powerful mechanism of complement
resistance.

INTRODUCTION

The complement system is an efficient mediator of antibody-in
duced tumor cell cytolysis (3). Thus, complement-activating niAb'

have been widely studied to inhibit various human tumors (6-8).

Many of the antitumor effects of mAb against human tumors are
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attributed to activation of the classical complement pathway with
formation of the MAC (6). Among the best studied antitumor anti
bodies is the complement-activating anti-GD1 mAb R24 of the murine
IgG3 subclass (3, 6, 9-11). Clinical trials have revealed regression of

metastatic melanoma concomitant with deposition of complement
components at tumor sites including late components of the MAC (6,
12. 13). However, tumor cells vary in their susceptibility to comple
ment-mediated killing due to several mechanisms. Some tumors are

resistant to the complement attack by expressing DAF or MCP (14,
15). Another mechanism of complement resistance of tumor cells is
the expression of p65, a C3b-cleaving membrane protease, on human

melanoma cells as recently identified in our laboratory (16. 17). The
rapid proteolytic degradation of C3b on the target cell surface by p65
after complement activation by the R24 mAb results in the generation
of a M, 30,000 C3 breakdown product on complement-resistant mel

anoma cells. Preincubation of the resistant melanoma cells with a
cross-reacting antiserum to a C3b-cleaving erythrocyte protease ( p57)

increased the extent of complement killing and the amount of intact
C3b during the activation phase of the classical pathway (17, 18). To
delineate the molecular consequences of the C3b-cleaving activity for

the complement cytotoxicity, we studied the molecular events during
the initiation (mAb. Cl ), amplification (C4, C3), and membrane attack
(C5, C9) phases of complement activation in comparison to a com
plement-susceptible melanoma cell line (SK-MEL-93-2).

MATERIALS AND METHODS

Melanoma Cell Lines. SK-MEL-170 and SK-MEL-93-2 human mela

noma cells were kept in continuous culture by using RPMI 1640 containing
0.3% (w/v) t-glutamine (Mediatech. Washington, DC), supplemented with
\0r/c (v/v) heat-inactivated fetal bovine serum (Inovar Biologicals, Gaithers-
burg. MD). \c/c (v/v) nonessential amino acids (Mediatech). 1% (v/v) sodium

pyruvate (Mediatech), and I7c (v/v) penicillin-streptomycin (GIBCO Labora
tories. Grand Island. NY). Cells were harvested either with trypsin-EDTA

(GIBCO) or by mechanical means. The 2 human melanoma cell lines used in
the present study have been described and characterized previously (9, 16. 17).
They differ in their susceptibility to complement-mediated killing by the R24
mAb using trypan blue dye exclusion (SK-MEL-170 <45% cytotoxicity;
SK-MEL-93-2 >95% cytotoxicity) (16).

Antibodies and Complement Components. Ascites containing the anti-

Go, mAb R24, obtained from BALB/c mice with i.p. growing hybridomas.
was used to sensitize cells in complement activation assays (9-11). For anti

body binding studies, the R24 antibody was purified through protein
G-Sepharose affinity chromatography. NHS. obtained from healthy volunteers

by cubital vein puncture, served as the source of complement in all experi
ments and was stored at -90Â°C until used. Human C3 and C5 were purified

from fresh frozen plasma (American Red Cross Blood Service. Washington.
DC) as described (19). Human complement components Clq. C4. and C9 were
obtained from Quidell-Cytotech (San Diego. CA). Protein concentrations of
the purified complement components were determined by measuring the ab-
sorbance at 280 nm using extinction coefficients (in ml â€¢¿�mg~' â€¢¿�cm"') of e =

0.68 for Clq (20), â‚¬¿�= 1.00 for C4 (21 ), â‚¬¿�= 0.97 for C3 (22), e = 1.09 for
C5 (23), and e = 0.96 for C9 (24).

Binding of I25l-labeled Complement Components to Melanoma Cells.
Cells (8 X IO6) were sensitized with the R24 antibody by incubation in 3.2 ml
R24 ascites (diluted 1/5 in GDPBS:\ pH 7.4) for 45 min at 0Â°C.Control cells
were incubated with GDPBS2 ' under identical conditions. Subsequently, the
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cells were washed once and incubated at 37Â°Cin 4 ml NHS (diluted 1/2 in
GDPBS2 +) spiked with the 12il-labeled complement component to be inves

tigated. The amount of 125l-labeled component added to the serum was 1/120

of the amount in normal serum except for Clq, where 1/40 was added. At the
time intervals indicated, quadruplicate aliquots containing 200.000 cells in a
total volume of 100 ul were removed, layered carefully onto cold 30% (w/v)
sucrose in a 500-ul Eppendorf tube, and spun immediately for 1.5 min in an

Eppendorf microfuge. After cenlrifugation. the tubes were rapidly frozen in
liquid nitrogen, the tips containing the cell pellets were cut off with a razor
blade, and the radioactivity of each tip was counted in a gamma-counter. The

counts sedimented with unsensitized control cells were subtracted from the
experimental values. Nonspecific binding was in the range between 5 and 10%
of the specific binding. The calculations of the amounts of each complement
component bound per cell are based on the respective specific activities and the
normal serum concentration of each component. The following serum concen
trations were used for calculations: 0.06 mg/ml for Clq, 0.60 mg/ml for C4.
1.30 mg/ml for C3,0.07 mg/ml for C5. and 0.06 mg/ml for C9 (25). Statistical
analysis of the obtained data was performed according to the Student's t test.

Binding of '"Â¡-labeled R24 mAb to Melanoma Cells. Melanoma cells
(2 x IO5) were incubated on ice for 45 min with various concentrations of R24
mAb spiked with 1% (w/w) '"I-labeled R24 mAb in a total volume of 100 ul
GDPBS2 +. The cells were then layered carefully onto 30% (w/v) sucrose and

were spun and processed as described above. The total amount of R24 bound
to the cells was calculated based on the number of cpm and the specific activity

as described (26).
Extraction of '"Â¡-labeled Complement Components from Melanoma

Cells. The extraction of complement components from the membranes of
melanoma cells was performed as described previously for C3 (16) with slight
modifications. Briefly, melanoma cells (2.5 x IO6) were incubated with 1 ml
of R24 ascites (diluted 1/5 in GDPBS2*) for 45 min at 0Â°C.Subsequently, the
cells were washed and incubated with 2.5 ml NHS (diluted 1/2 in GDPBS2' )

spiked with the respective I2sl-labeled complement component (see above) for
the times indicated. The cells were washed in Dulbecco's phosphate-buffered

saline2* (137 min NaCI, 2.7 mm KC1, 6.5 msi Na-phosphate. 1.5 m\i K-phos-

phate, pH 7.4) containing 25 mM /)-nitrophenylguanidino benzoate (Sigma

Chemical Co., St. Louis, MO), lysed in hypotonie buffer ( I mw NaHCO,. 2 mm
CaCli. 25 HIMp-nitrophenylguanidino benzoate. pH 8.0) at 0Â°C,the nuclei

were removed by centrifugation at 300 x g, and I25l-labeled complement

components were extracted from the plasma membranes with 1% (w/v) SDS
and 25 mvi methylamine at pH II as described (16). Samples were analyzed by
SDS-PAGE and subsequent autoradiography at -90Â°C.

Other Methods. SDS-PAGE was performed according to established pro

cedures (27) in 7.5% (w/v) and 9% (w/v) minigels. For the analysis of mem
brane-bound C9. a 2.5-10% (w/v) gradient gel was overlaid with a 2.5% (w/v)

separating gel and a 2.5% (w/v) stacking gel as described (24). Radiolabeling
of the R24 mAb and the complement components Clq, C4, C3, C5, and C9
was performed with Na'2il (Amersham) by using immobilized chloramine-T
(Iodo Beads: Pierce, Rockford, IL). Nonincorporated 12Ã•Iwas separated from

the labeled proteins by gel filtration through Sephadex G25 (Pharmacia, Inc..
Piscataway, NJ). Stock solutions had specific activities in the range of 2.9 to
3.8 X IO6 cpm/ug (R24 mAb). 3.13 to 4.40 x 10" cpm/ug (Clq), 1.83 to 2.94
X IO6 cpm/ug (C4), 5.87 to 8.75 x IO5 cpm/ug (C3), 2.44 to 3.18 x 10"
cpm/ug (C5), and 3.49 to 5.30 x 10" cpm/ug (C9).

RESULTS

Binding of C3. Maximum binding of C3 to melanoma cells was
significantly higher on complement-susceptible SK-MEL-93-2 cells
(4894 Â±29 fg/cell) as compared to complement-resistant SK-MEL-

170 cells (1125 Â±143 fg/cell) (Table 1; Fig. 1). To gain information
on the kinetics of C3 degradation and the size of the resulting degra
dation products, we extracted C3 at various time points from resistant
and susceptible melanoma cells. As expected, on susceptible mela
noma cells the majority of the a'-chain of C3b is degraded to the Mr
68,000 a'-chain fragment of iC3b within 1.5 to 3 min of incubation.

In addition, small amounts of 2 low molecular weight species of Mr
45,000 and 30,000. respectively, were detectable (Fig. 2). After 10 min
of incubation, iC3b is the predominant form of C3 on susceptible

Table 1 Minimum amounts ofClq, C4, C3, C5, and C9 on complement-resistant and
-susceplible human melanoma cells

Maximum amount/cell (fg)"

Cell line Clq C4 C3 C5

SK-MEL-170 53Â±7 1565Â±92 1123 Â±143 71 Â±11 81 Â±15
SK-MEL-93-2 88 t 19 715 Â±31 4894 Â±29 283 Â±58 207 Â±2

" Mean Â±SD of 4 independent experiments.

5000

INCUBATION AT 37 C [min]

Fig. 1. Kinetics of binding of C3 to susceptible (SK-MEL-93-2, O) and resistant
(SK-MEL-170, â€¢¿�)human melanoma cells. Shown is I of 4 representative experiments.

cells. This form is present on the cell surface for at least 30 min. In
contrast, on complement-resistant melanoma cells a M, 30.000
a'-chain-derived breakdown product is detectable on the cells as early
as 1 min after incubation. This Mr 30,000 a'-chain fragment is linked

via a disulfide bond to the intact ÃŸ-chain(Mr 72,000), as SDS-PAGE

under nonreducing conditions reveals a C3 species with an apparent
molecular weight of 102,000 (data not shown). This degradation prod
uct consisting of the M, 30.000 a'-chain fragment and the ÃŸ-chain

becomes the predominant form of C3 within 5 min and the only
detectable form after 15 min of incubation on the resistant melanoma
cells (Fig. 3). In addition to the M, 30.000 fragment, small amounts of
M, 45,000 and 25,000 fragments are detectable on resistant cells only
within the first 10 min of incubation (Fig. 3).

Binding of C4. Maximum binding of C4 is reached after 5 min of
incubation on both melanoma cell lines. Surprisingly, the comple
ment-resistant cells (1565 Â± 92 fg/cell) bound more than twice
as much C4 than complement-susceptible cells (715 Â±31 fg/cell)

(Fig. 4; Table 1). As expected, C4b is converted to C4d (M, 47.000)
on complement-susceptible cells, whereas the C4b was found to be

resistant to degradation on the resistant cells even after prolonged
incubation (60 min) (Fig. 5). In addition, a methylamine-resistant M,

\ 70.000 C4 species was detectable under reducing conditions after 5
min of incubation on resistant melanoma cells only (Fig. 5).

Binding of R24 Antibody and Clq. To answer the question of
whether complement resistance of SK-MEL-170 cells was a conse

quence of a significant lower binding of antibody and Clq, we deter
mined the binding of R24 mAb and Clq on SK-MEL-170 and
SK-MEL-93-2 cells. On binding studies with increasing amounts of
I25l-labeled R24 over a concentration range of 0.2 ug/ml up to 100

(jg/ml saturation was not observed on either cell line (Fig. 6); rather,
the known homophilic binding properties of the R24 antibody caused
a continuous increase in binding. At 200 ug/ml. saturation seemed to
have been reached on the SK-MEL-93-2 cells only (Fig. 6). At this

concentration (the approximate concentration used for sensitization in
complement binding studies), which represents a 10-fold excess of the
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Fig. 2. Forms of C3 extracted from susceptible
SK-MEL-93-2 cells. The cells were sensitized and
incubated in normal human serum containing I2?l-

labelcd C3. After time periods as indicated, extracts
of cells were prepared and subjected to SDS-PAGE
under reducing conditions with subsequent autorad-

iography. Apparent molecular masses (in kilodallons)
are shown.
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approximate number of antigens expressed on both cell lines, the total
amounts of R24 mAb bound to the cells differed by a factor of only
1.6 (I470 Â± HO fg/cell on SK-MEL-93-2; 910 Â±70 fg/cell on
SK-MEL-170).

Subsequently, both melanoma cell lines were compared for their
capacity to bind Clq. Binding of Clq was very rapid on both cell lines
and peaked after 10 to 20 s (88 Â±19 fg/cell on SK-MEL-93-2; 53 Â±
7 fg/cell on SK-MEL-170). The relative difference of 1.7 in Clq

binding between the 2 cell lines closely resembled that found with
R24 binding (Table I; Fig. 7). It should be noted that some of the Clq
was already bound at 0Â°Cbefore the incubation temperature was
raised to 37Â°C.Extraction of i:5I-labeled Clq from the membranes of

lysed melanoma cells revealed a single band of M, 25.000 under
reducing conditions on both cell lines, which represents the known
size of the Clq subunits (Fig. 7, inset).

Binding of Terminal Complement Components. Subsequently,
the effect of the rapid C3b degradation on resistant cells on the extent
of binding of the terminal complement components was studied. As
shown in Fig. 8, the binding kinetics of C5 on both cell lines resem

bled those obtained with C3: maximum binding of C5 was reached
within 10 min of incubation on both cell lines, with the complement-
susceptible SK-MEL-93-2 cells binding approximately 4 times as
much C5 (283 Â±58 fg/cell) as the complement-resistant SK-MEL-

170 cells (71 Â±II fg/cell) (Table I). During subsequent incubation,
the amount of C5 detectable on both cell lines decreased with time.
The extraction of 125I-labeled C5 from both cell lines showed no

apparent breakdown of C5b on either line (Fig. 9).
The molecular forms of C9 deposited on resistant and susceptible

melanoma cells are shown in Fig. K). Monomeric, dimeric. and cir
cularly polymeric C9 was detected on both cell lines at each time
point. As judged from the signal intensity, the total amount of C9
deposited onto susceptible SK-MEL-93-2 cells was significantly
higher as onto the resistant SK-MEL-170 cells. Quantitation by bind

ing experiments revealed that the maximum amount of C9 deposited
on the susceptible cells (207 Â±2 fg/cell) was 2.6-fold higher than on

the resistant cells (81 Â±15 fg/cell) (Fig. 11: Table 1). As with C5, a
continuous decrease of the amount of C9 with time was observed with
both cell lines.

Fig. 3. Forms of C3 extracted from resistant SK-
MEL-170 cells. The cells were sensitized and incu
bated in normal human serum containing '-^-labeled

C3. After time periods as indicated, extracts of cells
were prepared and subjected to SDS-PAGE under
reducing conditions with subsequent autoradiogra-
phy. Apparent molecular masses (in kiltxialtons) are
shown.

C3b 0.5

â€”¿�30
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Fig. 4. Kinetics of binding of C4 to susceptible (SK-MEL-93-2. O) and resistant
(SK-MEL-170. â€¢¿�)human melanoma cells. Shown is I of 4 representative experiments.

DISCUSSION

We have previously shown that complement-resistant SK-MEL-170
melanoma cells express a C3b-cleaving membrane protease (p65)

(17). The present study was designed to delineate the specificity and
molecular consequences of p65 activity and therefore to identify the
molecular basis of the complement resistance of SK-MEL-170 human

melanoma cells.
The present results indicate that the protease p65 is highly specific

for the C3 molecule. Both C4 and C5, although structurally very
similar to C3 (28), are not cleaved by p65. Within the C3 molecule the
membrane protease p65 leads to the generation of a A/r 30,000 a'-

chain fragment bound to the intact ÃŸ-chain.Since the Mr 30,000
a'-chain fragment must contain the thioester region of C3, these

results indicate that one putative cleavage site of pf>5 is located be
tween the 2 cysteines 794 and 851 of the NH2-terminal part of the C3
a-chain, while a second putative cleavage site may reside within the

a

ÃŸâ€”mm â€”¿�75
Fig. 5. Fonns of C4 extracted from susceptible

SK-MEL-93-2 cells and resistant SK-MEL-170 cells.

The cells were sensitised and incubated in normal
human serum containing l:sl-laheled C4. After time

periods as indicateli, extracts of cells were prepared
and subjected to SDS-PAGE under reducing condi

tions with subsequent autoradiography. Apparent mo
lecular masses (in kilodaltons) are shown.

C3d part of the C3 a-chain (Fig. 12). The results would further
suggest that Cys 794 is involved in C3 a-chain intrachain-, and Cys
851 in interchain-disulfide bonding of the C3 molecule.

The data of this study demonstrate that the specific cleavage of C3b
by the protease p65 is the principal molecular event responsible for the
complement resistance of SK-MEL-170 cells. Upon classical pathway
activation on the complement-susceptible SK-MEL-93-2 cells, large

numbers of C3b molecules are bound that are relatively quickly in
activated by conversion to iC3b. This relatively fast conversion of C3b
to iC3b is not surprising since these cells are not activators of the
alternative pathway, thereby providing basically no protection for C3b
molecules against inactivation by the serum regulatory protein factors
H and I (29). Nevertheless, despite the relatively short half-life of C3b
on the surface of these complement-susceptible cells, the number of

active C3b molecules must be sufficiently high to allow for the for
mation of the necessary numbers of C5 convertases required for
efficient complement cytotoxicity (>95% in the case of the SK-MEL-
93-2 cells). It appears, therefore, that the classical pathway on a

nonactivator surface of the alternative pathway is only functional due
to massive deposition of C3b. which in turn leaves only a short kinetic
window for C5 convertase formation and C5 activation before C3b
inactivation occurs. In contrast, on complement-resistant SK-MEL-
170 cells, the already short-lived C3b molecule is very rapidly de

graded by the p65 protease, causing the formation of a lower number
of C5 convertases, which in turn leads to less activation of terminal
complement components and increased cell survival. Therefore, lim
iting the number of C3b molecules, the apparent function of the p65
protease, is a powerful mechanism of protection against complement
killing. Consistent with this conclusion is our previous observation
that preincubating the resistant melanoma cells with an antiserum
cross-reacting with pfi5 increases both the number of intact C3b

molecules and cell survival (17).
It is interesting to note that another complement-resistant cell line

(HeLa T638) similarly showed a significantly reduced C3b binding
compared to the complement-susceptible wild-type cells (30). While

the molecular mechanism of reduced C3b deposition on T638 HeLa
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Fig. 6. Binding of R24 mAb to susceptible (SK-MEL-93-2, O) and resistant (SK-
MEL-I70. â€¢¿�)human melanoma cells. Shown is 1 of 2 representative experiments.
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Fig. 7. Kinetics of binding of Clq to susceptible (SK-MEL-93-2, O) and resistant
(SK-MEL-170. â€¢¿�)human melanoma cells. Shown is I of 4 representative experiments.
Insel, forms of Clq extracted from resistant SK-MEL-170 cells (Lane I ) and susceptible
SK-MEL-93-2 cells (Lane 2). The cells were sensitized and incubated in normal human
serum containing i:^I-labeled Clq. After 45 s of incubation, extracts of cells were

prepared and subjected to SDS-PAGE under reducing conditions with subsequent auto-

radiography. Apparent molecular masses (in kilodaltons) are shown.

cells is not known, the data reported could be fully explained by the
presence of a C3b cleaving protease. Whatever the mechanism may
be, these data corroborate our findings that limiting the amount of C3b
is a sensible mechanism for complement resistance.

The molecular events taking place before the activation of C3 are
not a critical factor in the complement resistance of SK-MEL-170

cells. Welt et al. (9) showed that the average number of Gw molecules
per cell as measured by R24 antibody binding is in good correlation
with a melanoma cell line's susceptibility to complement killing.

Therefore, major differences in R24 binding between the 2 cell lines
that could be responsible for the observed differences in C3b binding
had to be ruled out. R24 binding to the cells tested over a concentra
tion range of 0.2 to 200 ug/ml revealed a 1.4-1.8-fold higher antibody
binding to susceptible SK-MEL-93-2 cells (Fig. 6). On the level of
Clq, a 1.7-fold higher binding was found for susceptible as compared

to resistant melanoma cells (Fig 7; Table 1). The observation of an

unusually high molar ratio of bound R24 mAb to bound Clq of
approximately 50:1 on both melanoma cell lines can be explained by
the homophilic binding properties of the R24 mAb that prevent sat
uration of antibody binding (26). Thus, R24 binding to melanoma
cells increases as the concentration of R24 increases, leaving only
certain R24 molecules available for Cl binding. The relatively small
difference in R24 and Clq binding between the susceptible and the
resistant melanoma cell lines is unlikely to have any significant con
sequence on complement-mediated cytotoxicity of these cells. Further

support for this conclusion are the molecular events observed on the
level of C4: the 1.7-fold higher binding of Clq to susceptible SK-
MEL-93-2 cells should also give rise to a somewhat higher number of

C4b molecules on these cells. Quite to the contrary, the susceptible
SK-MEL-93-2 cells bind less than half the amount of C4 than the
resistant SK-MEL-170 cells (Fig. 4; Table 1). The higher binding of
C4 by resistant SK-MEL-170 cells was also found with complement-

resistant T638 HeLa cells (30).
Another remarkable difference was that C4b was degraded to the

physiological degradation product C4d on susceptible SK-MEL-93-2

cells from early time points on, whereas it was resistant to degradation
on resistant SK-MEL-170 cells for up to 60 min of incubation (Fig. 5).

These results indicate a protective mechanism against C4b cleavage
by the physiological regulatory proteins C4b binding protein and
Factor I on resistant melanoma cells. The reduced C4b inactivation
might be a consequence of the low numbers of C3b and C5b on the
resistant cells since a negative feedback regulation of the C4b,2a
convertase by C3b and C5b has been shown (31).

The higher amount of C4b on resistant cells not only may be caused
by the reduced inactivation but may also indicate the presence of
additional acceptor sites for C4b. Some evidence for the latter is
derived from the presence of a Mr 170,000 C4 species in extracts from
resistant cells after SDS-PAGE under reducing conditions, presum
ably representing a C4 a'-chain dimer (Fig. 5). Such C4 a'-chain

dimer found exclusively on complement-resistant cells must be part of
a C4b-C4b homodimer. It was resistant to treatment with methy-
lamine, thus ruling out the possibility of a C4b-C3b dimer that was
characterized as having an ester-mediated binding of C3b to the a'-

chain of C4b (32). Therefore, the nature of the covalent interaction
within the C4b-C4b homodimer seems to be an amide bond as it was
described recently (33). It was found that such a C4b-C4b homodimer

can serve as a subunit of a novel C5 convertase that involves no C3
derivatives (33). It was suggested that the physiological role of such
a C5 convertase (C4b,2a,4b) was to allow for residual complement

250

200

O

40

INCUBATION AT 37Â°C[min]

Fig. 8. Kinetics of binding of C5 to susceptible (SK-MEL-93-2. O) and resistant
(SK-MEL-170. â€¢¿�)human melanoma cells. Shown is 1 of 4 representative experiments.
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a

Fig. 9. Forms of C5 extracted from susceptible
SK-MEL-93-2 cells and resistant SK-MEL-170 cells.

The cells were sensitized and incubated in normal
human scrum containing I25l-labeled C5. After time

periods as indicated, extracts of cells were prepared
and subjected to SDS-PAGE under reducing condi
tions with subsequent autoradiography. Apparent mo
lecular masses (in kilodaltons) are shown.
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â€”¿�80

â€”¿�105

â€”¿�80
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SK-MEL-93-2 SK-MEL-170

I I I I

poly-C9 â€”¿�

dtmericC9 â€”¿�

monomeric C9 â€”¿�

any significant effect of other lysis restricting mechanisms such as the
presence of other membrane-bound regulatory proteins (CRI. DAF,

MCP. CD59, HRF) and the active shedding and imcrnalization of
terminal complement components has to be excluded. The presence of
CRl on either melanoma cell line was ruled out directly in immuno-

precipitation assays with a polyclonal antiserum against CRl (17).
Although DAF was detectable in small amounts on both cell lines,
preincubation of the resistant melanoma cells with a polyclonal anti-
DAF serum had no effect on complement-mediated cytotoxicity as it
was shown for melanoma cell lines that are characteri/.ed by DAF-

mediated complement resistance (14. 17). The presence of MCP on
the resistant cell line was not ruled out directly, but the known po
tential of MCP to act as a cofactor not only in Factor I-mediated

cleavage of C3b but also of C4b (34) makes an involvement of MCP
unlikely, for no C4b cleavage occurred on SK-MEL-170 cells. The
contribution of CD59 and HRF (C8-binding-protein) to the comple
ment resistance of SK-MEL-170 cells is unlikely because of the

known interaction of these restriction factors with the MAC. which
results in an inhibition of poly-C9 formation, a molecular form of C9

that was present in a similar molar ratio to monomeric C9 on both
melanoma cell lines (Fig. 10) (35. 36).

Another important mechanism of complement resistance is the
removal of C5b-9 complexes from the membranes of nucleated cells

C9 10 10

INCUBATION TIME (min)
Fig. 10. Forms of C9 extracted from susceptible SK-MEL-93-2 cells and resistant

SK-MEL-170 cells. The cells were sensitized and incubated in normal human serum
containing '-M-labeled C9. After time peruxis as indicated, extracts of cells were prepared
and subjected to 2.5-10% SDS-PAGE under reducing conditions with subsequent auto-
radiography. A C9 control is shown in the left lane.

activation in C3-deficient individuals. Our observations suggest an

other possible function of such a C5 convertase: in the case of
/705-bearing cells, in which rapid C3b degradation leads to ineffi

cient formation of the normal classical pathway C5 convertase
(C4b,2a,3b), the formation of a backup classical pathway C5 con
vertase (C4b,2a,4b) may account for some residual degree of C5
activation.

To allow the conclusion that the specific C3b cleavage by pf>5 is the
principal mechanism of complement resistance on SK-MEL-170 cells.

250

200

150

100-

50.

10 20 30

INCUBATION AT 37Â°C[min]

40

Fig. II. Kinetics of binding of C9 to susceptible (SK-MEL-93-2. O) and resistant
(SK-MEL-170. â€¢¿�)human melanoma cells. Shown is 1 of 4 representative experiments
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Pf5 0
C ISKÃŽ*794
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NH? 6.
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Fig. 12. Schematic representation of the C3 degradation product generated by the p65
protease. The degradation product (shaded) consists of a M, 30,000 a'-chain fragment

linked to the ÃŸ-chain.

either by shedding or by a process of internalization (3, 37-39). On

both melanoma cell lines the amounts of C5b and C9 found at later
time points (30-40 min) were lower as compared to early time points
(5-10 min) (compare Figs. 8 and 11). Thus, some degree of C5b-9

removal seems to occur on both cell lines. However, the absolute
amount of C9 removed from the cell surface was higher on susceptible
SK-MEL-93-2 cells (-100 fg/cell) compared to resistant SK-MEL-
170 cells (â€”70 fg/cell). Further experimental evidence that the re
moval of C5b-9 is not a critical factor in complement resistance of
SK-MEL-170 cells is derived from the kinetics of cytotoxicity that

approximate maximum killing after IO min of incubation when the
binding of C5b and C9 also is near maximum on both cell lines (data
not shown). The decline of cell surface-bound C5b and C9 is observed

only at later time points, thus making it rather unlikely that the
removal of MACs is causing the complement resistance of SK-MEL-

170 cells. In conclusion, the rapid degradation of C3b by the p65
protease appears to be the principal mechanism of complement resis
tance of human SK-MEL-170 melanoma cells.

The physiological role of the p65 protease remains to be investi
gated. At present, it is unknown which normal cells and tissues ex
press the p65 protease. However, its apparent function of restricting
complement-dependent lysis suggests that the p65 protease is another

membrane regulatory protein that protects against accidental lysis of
host cells by host complement along with DAF, MCP, CRI, CD59,
and HRF. However, it cannot be ruled out that the p65 protease may
serve additional purposes such as generating adhesion-promoting
bivalent C3 ligands on the cell surface, as it was suggested for pro-

teolytic C3 fragments on the promonocytic U937 cells and on stim
ulated peripheral blood lymphocytes (40, 41).

In addition to any physiological role of p65 in complement regu
lation as outlined above, p65 may be of clinical importance in human
melanoma. Expression of p65 by human melanoma cells in vivo may
represent the molecular basis for the rather infrequent remissions
observed in phase I clinical studies with the potent complement-

activating mAb R24 (12, 13). To address this issue, we are currently
purifying p65 with the aim to generate /?65-specific monoclonal an
tibodies and -cDNA clones as reagents to screen for the expression of

pf>5in human melanoma. These results can be expected to delineate a
possible clinical significance of p65 expression.
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