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different from the normal controls (31.4 Â± 6.1%). Similarly,
patient serum reactivity against fibroblasta (68.5 Â±6.0%) was
not significantly different from the normal controls (72.6 Â±
7.3%). In addition, the patients were divided into those whose
tumors went on to recur and those who remained disease free
after excision of the primary melanoma (follow-up minimum,

2.5 years; median, 3.8 years). Melanoma reactivity in the
recurrent patients (17.9 Â±7.0%), although lower than that of
the nonrecurrent patients (31.5 Â±7.7%), was not significantly
different at the p < 0.05 level. Fibroblast reactivity in the
recurrent patients (69.8 Â± 6.7%) also was not significantly
different from that of the nonrecurrent patients (66.5 Â±11.9%).

Reactivity of Sera from Stage I and II Postlymphadenec-

tomy Patients. Sera from 5 Stage I and 35 Stage II patients in
the adjuvant treatment trial were obtained shortly after lymph-

adenectomy but prior to initiation of treatment. These sera,
along with 20 sera from normal individuals with a similar age
and sex distribution, were tested against the melanoma-fibro-

blast pair 86 and 86A (data not shown). Again, a wide range of
cytotoxicity was observed against both cell types, and no
serum displayed melanoma-specific reactivity. Mean cytotox

icity of the patient group was not significantly different from
that of the normals for either target cell. However, when the
patients were divided into those whose tumors would recur and
those who would remain disease free, melanoma reactivity but
not fibroblast reactivity was significantly higher in the nonre
current patients.

As a result of this finding, a further experiment was performed
with sera from 25 Stage I and 134 Stage II postlymphadenec-

tomy patients and 50 normals. The sera were tested only with
the melanoma cell line 86. The results are shown in Chart 2
and Table 1. Patients were divided into those whose tumors
went on to recur and those who remained disease free after
lymphadenectomy (follow-up minimum 1 year; median, 2.5

years). As summarized in Table 1, sera from melanoma patients
had significantly higher levels of cytotoxicity than the normal
controls (p < 0.02). Patients who remained disease free had
significantly higher levels than either the controls (p < 0.001)
or the patients whose tumors recurred (p < 0.01). When the
data were stratified for sex, the trends remained in both males
and females, although differences were more pronounced in
the male sera. There was, however, considerable overlap in all
of these populations, and the cytotoxicity of any individual
patient serum was not of strong predictive value.

Serum control toxicity in the absence of complement was

similarly analyzed. Toxicity values for all patients (â€”2.9 Â±
1.1%), disease-free patients (-4.6 Â±1.7%), recurrent patients
(-1.4 Â±1.4%), and normal controls (-6.7 Â±2.3%) were not

significantly different from each other. This indicated that the
significant cytotoxicity differences among the groups in the
presence of complement were not due to nonspecific serum
toxicity.

A linear regression analysis was performed to determine
whether cytotoxicity values correlated with age at the time of
serum collection. A weak but significant negative correlation
was observed in the patient group (r = 0.23; p < 0.01),
indicating that older patients tended to have lower cytotoxicity
values. The normal controls did not show a significant corre
lation with age (r = 0.15; p > 0.05). Mean age (years) Â±S.E.
for all patients (42.1 Â± 1.1), disease-free patients (42.1 Â±

1.6), recurrent patients (42.0 Â±1.5), and normal controls (39.8
Â±1.9) did not differ significantly. Thus, although a significant
negative correlation was demonstrated between cytotoxicity
and age, it was unlikely that this effect accounted for the
observed cytotoxicity difference among the various groups.

Immunoglobulin levels were determined on sera from 106
patients. Sera were obtained within 1 month of those used in
the cytotoxicity study. A linear regression analysis indicated no
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Chart 2. Serum reactivity of 159 Stage I and II postlymphadenectomy patients
and 50 normal controls against allogeneic melanoma (line 86). Data were strati
fied for sex and clinical course.

Table 1

Summary of serum reactivity of Stage I and II postlymphadenectomy patients against allogeneic melanoma
(line 86)

% of cytotoxicity

Sera1

. Allpatients2.
Nonrecurrent3.
Recurrent4.
Normalsp

values1
vs.42
vs.43
vs.42
vs. 3Both

sexes25.2
Â±2.6a(159)"32.9

Â±4.1(75)18.3
Â±3.3(84)12.9
Â±3.3(50)p

<0.02p
<0.001NSp<0.01Males28.6

Â±3.4(109)37.1
Â±5.4(49)21

.6 Â±4.1(60)14.0
Â±4.3(35)p

<0.05p
<0.01NSp

< 0.05Females1

7.8 Â±3.8(50)25.1
Â±5.6(26)10.0
Â±4.8(24)10.6
Â±4.7(15)NSCp

=0.05NSp

< 0.05

Mean Â±S.E.
Numbers in parentheses, sample size.

c NS, not significant (p > 0.05).
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significant correlation between cytotoxicity and levels of IgG
(r = 0.05), IgA (r = 0.12), or IgM (r = 0.14). In addition,

immunoglobulin levels in the patients who went on to recur
were not significantly different from those who remained dis
ease free. It is unlikely, therefore, that the cytotoxicity results
were a simple reflection of total immunoglobulin levels.

Reactivity of Sera from 4 Stage II Patients to Autologous
Cells. Paired melanoma and normal skin fibroblasta from 4
Stage II recurrent patients in the adjuvant treatment trial were
established in tissue culture. Multiple sera obtained throughout
the clinical course of these patients were tested against their
autologous cells. The results are shown in Chart 3. Reactivity
against both tumor and normal cells was observed with all 4
patients, and in general, higher reactivity was obtained against
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Chart 3. Reactivity against autologous melanoma and skin fibroblasts of mul
tiple sera from 4 recurrent Stage II patients. Patient H. E. received BCG therapy.
Patients V. G., M. H., and T. H. were treated with BCG and allogeneic melanoma
cell vaccine (BCG + Vac).

fibroblasts than against melanoma. No unique tumor reactivity
was displayed with any sera. Patient M. H. showed a rapid rise
in melanoma and fibroblast reactivity within 2 months after start
of therapy with BCG and allogeneic melanoma. Patient V. G.,
also receiving BCG and allogeneic melanoma, displayed a
more gradual increase in tumor reactivity after start of therapy.
Because fibroblast cytotoxicity was nearly 100% prior to ther
apy, an increase in posttreatment reactivity could not be de
termined in this case. Patient T. H., treated with BCG and
allogeneic melanoma, and Patient H. E., treated with BCG only,
displayed less clearly defined changes in serum reactivities
over the clinical course.

Absorption with Fetal Fibroblasts. Reactive sera from 6
Stage II postlymphadenectomy patients were absorbed with
cultured human fetal fibroblasts and tested against the alloge
neic melanoma-fibroblast pair 86-86A (Table 2). Although the

single fetal cell absorption only partially removed fibroblast
reactivity, essentially all melanoma reactivity was removed from
the 6 sera. Thus, no evidence was obtained in any patient for
antibodies specifically reactive with allogeneic melanoma.

A fetal absorption analysis was also performed on sera
obtained from 2 Stage II patients during the course of therapy
with BCG and allogeneic melanoma. Because of possible in
terference due to anti-HLA reactivity generated during the

course of allogeneic immunization, the sera were tested against
autologous as well as allogeneic cells. The results are shown
in Table 3. Sera from Patient T. H. displayed essentially com
plete loss of reactivity against both autologous and allogeneic
cells after absorption. Although all autologous reactivity in sera
of Patient V. G. was removed, reactivity against both allogeneic
melanoma and fibroblasts remained essentially unchanged
after absorption, possibly due to high-titered anti-HLA anti

bodies. The results gave no evidence for an autologous or
allogeneic tumor-specific reactivity generated after immuno-

therapy with BCG and allogeneic melanoma.

DISCUSSION

The studies reported here indicate that sera of melanoma
patients and normal individuals contain various levels of anti
bodies reactive with both cultured melanoma and normal skin
fibroblasts. The assay used was a complement-dependent

Table 2

Cytotoxicity against allogeneic melanoma (line 86) and fibroblasts (line 86A) after absorption with cultured
fetal fibroblasts (line HF-3) of sera from Stage II postlymphadenectomy patients

% of cytotoxicityagainstPatientP.

L.A.

S.M.

M.D.

T.T.

F.E.

M.Ab-with"HF-3HF-3HF-3HF-3HF-3HF-3Melanoma163.57.739.8-6.873.30.039.8-33.929.2-14.230.71.0.,6Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±4.2C7.32.66.84.66.34.23.410.27.71.013.31:231.7

Â±9.6
Â±27.7

Â±8.7
Â±46.7

Â±4.2
Â±0.0

Â±-4.9
Â±-25.5

Â±0.9
Â±-12.9

Â±4.0
Â±2.99.52.37.612.15.82.65.86.83.38.68.11;73.847.794.942.698.553.548.635.195.020.341.0-11.6Fibroblasts1Â±

1.0Â±
5.8Â±
0.7Â±
9.4Â±
0.3Â±
5.7Â±
1.4Â±
2.3Â±
0.4Â±
8.9Â±
3.4Â±

8.0166.435.691.348.598.651.350.021.392.8-2.725.66.4:2Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±1.49.10.91.00.14.75.40.30.65.414.718.6
" Undiluted sera were absorbed with 8.4 x 107 HF-3 cells/ml.

Serum dilution.
c Mean Â±S.E.
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Table 3
Cytotoxicity against autologous and allogeneic cells after fetal fibroblast (line HF-3) absorption of sera from Stage II patients receiving

therapy with BCG plus allogeneic melanoma cells

% of cytotoxicityagainstPatient

Serum8T.

H. 1.0mos.16.0

mos.V.

G 21. 9mos.38.4

mos.Absorbsdwith*HF-3HF-3HF-3HF-3HF-3HF-3HF-3HF-3MelanomaTarget

cellscAutologousAllogeneicAutologousAllogeneicAutologousAllogeneicAutologousAllogeneic1:1"51.4

Â±-31.7
Â±56.6

Â±-3.8
Â±39.4

Â±3.1
Â±43.9
Â±-3.2
Â±95.5

Â±-7.9
Â±94.8

Â±93.1
Â±88.5
Â±-1.6
Â±92.3

i:86.5
Â±8.0e3.85.14.68.017.15.75.90.45.70.50.14.714.01.83.01:230.8

Â±0.0
Â±17.8
Â±13.9
Â±36.2
Â±19.7
Â±30.6

Â±3.2
Â±88.7

Â±-7.9
Â±98.7

Â±95.0
Â±89.1

Â±3.3
Â±90.4
Â±84.2

Â±8.93.56.25.510.35.510.12.82.213.60.11.42.17.11.24.31:140.8

Â±1.3
Â±66.2

Â±-40.3
Â±77.8

Â±-6.9
Â±59.6

Â±-37.8
Â±95.0

Â±15.4
Â±99.1
Â±95.8
Â±89.5

Â±6.4
Â±97.9
Â±91.7

Â±Fibroblasts1:29.110.45.25.68.418.27.011.71.23.00.11.51.94.80.92.728.90.032.5-27.458.921.631.9-32.494.913.798.197.784.210.995.894.3Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±8.218.012.45.81.53.52.116.40.34.80.71.52.710.53.31.9*
Sera obtained at indicated times after the start oftherapy.Undiluted

sera absorbed with 4 x10' HF-3cells/ml.c
Target cells autologous to patient or allogeneic melanoma (line 86) and paired fibroblasts (line86A).Serum

dilution.9
Mean Â±S.E.

cytotoxicity test involving postlabeling of residual adherent
cells with [3H]leucine. As discussed previously, the assay is a

measure of both cytolysis and cytostasis (2). Cell damage is
detected as a decrease in the number of adherent cells and an
inhibition of protein synthesis in the remaining adherent cells.
A minority of sera from both patients and normals yielded
negative cytotoxicity values, probably as a result of serum
factors which stimulate protein synthesis in cultured cells.
Inasmuch as the average serum control values in the absence
of complement in the Stage I and II postlymphadenectomy
study were very close to zero, the overall contribution of the
stimulatory effect to the cytotoxicity results was probably min
imal.

Positive cytotoxicity was observed in sera from patients and
normals against both cell types of an allogeneic melanoma-
fibroblast pair and in sera of patients against both autologous
tumor cells and fibroblasts. In addition, with the possible ex
ception of one serum from a Stage I tumor-bearing patient, no
melanoma-specific reactivity was detected. These results are

in contrast to the findings of Lewis ef al. (15), also using a
complement-dependent cytotoxicity assay, who reported that

reactivity in sera of melanoma patients was limited to autolo
gous cultured tumors and that no sera, from either patients or
normals, reacted with allogeneic melanomas. The reason for
the greater extent of reactivity obtained in the present study is
not known but may be related to different degrees of sensitivity
of the 2 cytotoxicity assay systems used.

Our results indicate that sera of poor-prognosis Stage I and

Stage II melanoma patients, after primary lymphadenectomy
but prior to adjuvant therapy, show a small but statistically
significant increase in reactivity to an allogeneic melanoma
tissue-cultured line but not to paired fibroblasts when com

pared to normal donors. The increased reactivity was not
associated with patient age or serum immunoglobulin levels.
Using complement-dependent cytotoxicity assays, other work
ers have also demonstrated increased reactivity to melanoma
lines in patient sera. Thus, Canevari ef al. (4) found that 31 %

of sera from melanoma patients gave positive reactions, while
only 7% of normals and nonmelanoma cancer patients were
positive. Ferrane and Pellegrino (8) demonstrated a 38% inci
dence of reactivity to melanoma lines in melanoma patients,
while only 21 % of normal donors reacted. Similar findings have
also been described in studies utilizing assays involving Â¡m-
munofluorescence (18, 20, 22, 35) and immune adherence
(7).

In contrast to the results with sera from Stage I and II
postlymphadenectomy patients, tumor-bearing sera of Stage I

patients were not significantly different from the normal control
sera in reactivity against either the allogeneic melanoma cells
or the paired fibroblasts. It should be noted that the 2 patient
groups, along with their normal serum controls, were tested in
different experiments. Due to day-to-day assay variability, cy
totoxicity values between experiments cannot be compared
directly. Several explanations may account for the increased
reactivity observed in the poor-prognosis Stage I and II
postlymphadenectomy patients but not in the Stage I tumor-
bearing patients. The numbers of Stage I tumor-bearing pa

tients may have been too small to detect a significant differ
ence. Increased melanoma reactivity could be associated with
regional disease, rather than with localized or widespread
disease, as reported by several groups (4, 15, 35). Alterna
tively, surgical removal of tumor may be followed by increased
free antibody levels, as described by Canevari ef a/. (4). Pos
sibly, the tissue repair process after surgery may lead to an
antibody response against cross-reactive antigens expressed

on both melanoma and normal repair tissue.
The increased reactivity of the Stage I and II postlymphade

nectomy patients versus the normals in our study was a result
of increased reactivity in those patients who would remain
disease free. Thus, melanoma reactivity was found to be sig
nificantly greater in those patients who remained disease free
after lymphadenectomy when compared to normals, while the
relapse patients were not significantly different from the nor
mals. Although this indicated that higher antibody levels may
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be associated with a more favorable prognosis, the overlap in
cytotoxicity values with all populations studied precludes the
use of this measurement in making predictions concerning any
individual patient. The increased levels of cytotoxic antibodies
in nonrecurrent patients suggests that the antibodies may be
active in tumor cell destruction in vivo. However, the observed
differences in antibody levels may not be directly related to
tumor cell destruction but instead may be a result of other
mechanisms such as absorption of antibody by residual tumor
or immunosuppression in patients who recur. The association
of increased survival with high antibody titers in melanoma
patients has been described by Bodurtha et al. (1 ), also using
a complement-dependent assay, and by Jones ef al. (13), using
an immunofluorescence assay. We have recently completed a
study of serum reactivity to the melanoma-fibroblast pair 86-

86A using an immune adherence assay (27). Paralleling our
findings here, sera from Stage II but not Stage I patients were
significantly more reactive than normal sera. However, no
correlation was observed between levels of reactivity and clin
ical course. The reason for this discrepancy is not clear but
may be related to the different levels of sensitivity in the 2
systems used.

Absorption with cultured fetal fibroblasts of sera from 6 Stage
II postlymphadenectomy patients removed all reactivity against
an allogeneic melanoma line. In addition, sera from 2 patients
during the course of immunization with allogeneic melanoma
lost reactivity to autologous and allogeneic melanoma after
fetal absorption. These results suggest that the cytotoxic anti
bodies detected in sera of melanoma patients are directed
against common fetal fibroblast antigens expressed on cultured
melanoma cells. In light of the fact that sera may contain
alloreactive antibodies, especially as a result of pregnancy or
transfusion, one cannot entirely rule out the possibility that the
antibodies are detecting histocompatibility antigens. The find
ing of positive reactivity with autologous sera and target cells
suggests that alloantibodies to histocompatibility antigens, in
cluding la-like antigens found on some melanomas (34), are
not responsible for the observed reactivity. However, alien
histocompatibility antigens have been described in several
tumor systems (21), and the presence of such antigens could
result in reactivity under strictly autologous conditions.

Fetal fibroblast absorption also removed reactivity from sera
of melanoma patients when tested against normal skin fibro
blasts, which indicates that these normal cells in culture are
also expressing common fetal fibroblast antigens. However,
several lines of evidence suggest that reactivity to melanoma
and fibroblasts may be mediated at least in part by different
antibodies. Generally higher levels of reactivity were observed
against fibroblasts than against the paired melanoma cells. The
association of high melanoma cell reactivity with favorable
prognosis in the postlymphadenectomy patients was not par
alleled by significant differences in fibroblast reactivity. Also,
with some of the sera, fetal fibroblast absorption only partially
removed reactivity to fibroblasts. Alternatively, the higher fibro
blast reactivity could be due to a greater susceptibility to
complement-dependent lysis. As a consequence, the high cy
totoxicity values might obscure the differences among disease-
free and recurrent patients, and a single fetal cell absorption
could be insufficient to remove all detectable reactivity. Further
studies involving absorption with melanoma and fibroblasts will
be required to make definitive conclusions concerning similarity

of antigens detected on the 2 cell types.
Our previous studies of cytotoxic antibodies in sarcoma

patients and normal individuals indicated that a majority of
human sera were able to lyse both allogeneic and autologous
sarcomas and skin fibroblasts in culture (23). Cytotoxicity
levels were inversely correlated with age, and the antibodies
were not directed against antigens acquired from the serum
used in the culture medium (23, 32). Absorption studies with
fresh fetal tissues and cultured fetal fibroblasts indicated that
the natural antibodies were directed against cross-reactive

fetal antigens expressed on both tumor and normal cells in
tissue culture (25, 32, 33). These studies support our present
findings and suggest that the reactivity detected in sera from
melanoma patients is also due to antibodies directed against
common fetal antigens expressed on both melanoma and nor
mal fibroblasts in culture. Alternatively, the antibodies may be
directed against fibroblast-associated antigens. To clarify this

point, further absorption analyses involving fresh fetal and adult
tissues will be required.

Irie ef al. (12) and Seibert et al. (26), using immune adher
ence assays, also detected common fetal antigens on cultured
melanoma cells with human sera. The OFA described by Irie ef
al. (12) was demonstrated on fetal brain, fresh and cultured
melanomas and other tumors, and cultured normal cells. The
similarity of OFA with the antigens detected in the present
study is further supported by the finding that elevated serum
anti-OFA levels are associated with a favorable prognosis in
Stage II melanoma patients (13). Although similar anti-OFA

levels were found in melanoma patients and normals (1 7),
immunotherapy with allogeneic melanoma cells bearing OFA
produced increased anti-OFA antibody levels in the patients

tested (10). In our study, because only 3 Stage II patients
receiving therapy with BCG plus allogeneic melanoma were
tested over the clinical course and with variable results, we
cannot draw any conclusions regarding the immunogenicity of
the fetal antigens.

In previous analyses of osteosarcoma, absorption of patient
sera with fetal cells permitted the identification of residual
antibodies in 9 of 11 patient sera directed against tumor-

specific antigens (24, 25, 33). In our present study, fetal cell
absorption of 10 sera from Stage II melanoma patients, either
postlymphadenectomy or during immunotherapy, did not reveal
the presence of residual antibodies directed against allogeneic
or autologous tumor-specific antigens. A number of studies

have demonstrated the existence of antibodies in melanoma
patient sera with specificity for antigens expressed only on the
surface of tumor cells. In addition to the findings of Lewis ef al.
(15) using a complement-dependent assay, several studies
using antibody-binding assays have demonstrated serological
reactivity against shared melanoma-specific or tumor-specific
antigens (7, 9,11 ). Carey ef al. (5) and Shiku ef al. (28-30), in

a series of melanoma studies utilizing several different serolog
ical tests, identified 3 sera reactive with autologous tumor, 2
sera reactive with a common melanoma antigen, and 17 sera
reactive with antigens present on a variety of normal and
malignant cells. Siebert ef al. (26) were unable to detect any
unique or common melanoma-specific antigens with an immune

adherence assay. However, Leong ef al. (14) and Liao ef al.
(16), using membrane immunofluorescence and mixed hem-

adsorption assays, demonstrated the development of a com
mon melanoma-specific reactivity in previously unreactive pa-
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tients after receiving immunotherapy with melanoma cells.
The inability to demonstrate tumor-specific reactivity in our

study may derive from the complement-dependent cytotoxicity

assay used which could be relatively insensitive to such anti
bodies. Alternatively, as indicated by Carey ef al. (5) and Shiku
ef al. (28-30), the incidence of tumor-specific reactivity in the

melanoma patient population may be low and will require
screening larger numbers of patients and cells for detection.
Finally, our results may indicate that the sera of melanoma
patients do not contain specific anti-melanoma antibodies or
that tumor-specific antigens are not expressed on melanoma

cell lines in tissue culture.
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