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Abstract

Antibody reactivity against cultured allogeneic melanoma Y-Mel
81:180 was studied in 43 patients who participated in an adjuvant
trial for stage I and II melanoma. Serum samples were obtained
at trial entry within 2 mo of definitive surgery. At the time of
serum acquisition, all patients were free of disease by physical
examination and routine radiologic and laboratory parameters.
Serum antibody reactivity was tested for by protein A hemad-
sorption before and after acid dissociation and ultrafiltration of
serum. Wehave previously shown that this technique for immune
complex dissociation augments autologous antibody reactivity.
Results of serum antibody reactivity were scored by an investi-
gator blinded to the patient's clinical status. Of the 43 patients
studied, 15 relapsed and 28 remained disease-free. At study entry,
there were 25 stage I patients and 18 stage II patients. Breslow
depth was 3.25±2.5 mmin relapse patients and 1.67±1.1 mm

in disease-free patients. The presence and titer of antibody di-
rected against melanoma in either native serum or serum dis-
sociated from immune complexes was found to be associated
with eventual relapse (P = 0.0001). When results were

subgrouped by stage of disease, Breslow depth, and hypopig-
mentation, antibody reactivity was still correlated with eventual
relapse. The incidence and titer of antibody reactivity against
melanoma appears to be a new prognostic factor in predicting
eventual disease recurrence.

Introduction

A basic premise of tumor immunology is that neoplastic cells
are distinguished from their normal counterparts by the presence
of tumor-restricted antigens (1). Melanoma is a tumor in which
immune factors have been implicated in the pathogenesis and
natural history of the disease. Melanoma cell surface antigens
of several degrees of restriction have been detected by antibody
of autologous, allogeneic, and xenogeneic origin (2-10). Several
of these melanoma cell surface antigens, which have been shown
to be shared or common, have been detected upon a majority
of melanomas studied. The relationship of these antigens to the
immunobiology of cancer is uncertain. However, it has been
suggested that the presence of certain cell surface antigens or

the existence of antibody to other such antigens is of prognostic
significance (11, 12).
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It has been reported that antibody which is reactive to au-
tologous tumor is infrequent and of low titer in patients with
metastatic melanoma (7, 9, 13). In those patients, we have dem-
onstrated that antigen-antibody complexes may serve as a res-
ervoir from which antibody binding to autologous tumor may
frequently be retrieved (13). Wehave also shown in the serum
of patients with metastatic disease that antibody reactivity, which
is followed serially at frequent intervals, may be correlated with
tumor progression and clinical course (14).

These findings suggest that host-derived antibody responses
to cancer detect physiologically relevant antigens which may be
related to the clinical course and prognosis of malignancy. We
have now turned to an examination of the serum of patients
without active metastatic disease to determine the relationship
of melanoma-reactive antibody to clinical course. Weelected to
study the allogeneic antibody response in 43 patients with stage
I and II melanoma prospectively entered into an adjuvant pro-
tocol.

Methods

Patient population
106 patients with high risk stage I or stage II (lymph node metastases)
melanoma were entered into an adjuvant study. Following definitive
surgery, all patients were randomized to receive 5-methyl-(3,3-dimethyl-
l-triazeno)-imidazole4-carboxamide (DTIC)' plus bacillus Calmette-
Guerin (BCG), depigmentation therapy with monobenzyl ether of hy-
droquinone (MBEH), or null (standard) therapy. Patients were followed
for relapse by physical, laboratory (complete blood count and liver func-
tion tests), and radiological (chest x-ray, liver-spleen scan, tomographic
67Ga scan) examination at 3-, 4-, or 6-mo intervals in the first, second,
and third yr after diagnosis. The results of this trial have been reported
elsewhere (15). No statistically significant difference in relapse rate or
death was noted among the three study groups.

Serological methods
Serum samples were available in 43 of the 106 patients entered into the
adjuvant trial described above. Serum samples were obtained at study
entry, within 2 moof definitive surgery. At the time of serum acquisition,
all patients were free of disease as judged by physical, laboratory, and
radiological examination. Serum samples were aliquoted and stored
at -700C.

Protein A hemadsorption assay. The protein A hemadsorption assay
was performed after the method described by Pfreundschuh et al. (16).
Results were scored by an investigator blinded to the patient's clinical
status. Indicator cells were prepared from staphylococcal protein A
(Pharmacia Fine Chemicals, Upsala, Sweden) conjugated to human blood
group 0 Rh(+) red blood cells, with 0.01% CrC,3, pH 5.0, using equal
volumes of packed red blood cells and protein A. All tests were done in
duplicate. A positive cell was one in which 250% of the cell surface is

1. Abbreviations used in this paper: AD&U, acid dissociation and ultra-
filtration; BCG, bacillus Calmette-Guerin; DTIC, 5-methyl43,3-dimethyl-
1-triazeno)-imidazole-4-carboxamide; EBV, Epstein-Barr virus; ELISA,
enzyme-linked immunosorbent assay; LDA, leukocyte-dependent an-
tibody activity; MBEH, monobenzyl ether of hydroquinone.
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marked by indicator cells. The endpoint of the assay was the last dilution
with 210% of melanoma cells (+). Serological studies were scored positive
if antibody titers were 21:4.

Acid dissociation and ultrafiltration (AD&U). The method described
by Sjogren et al. (17) was used to dissociate immune complexes. To
assure uniform processing of sera, an 8-chamber multichannel ultrafil-
tration apparatus (Amicon Corp., Danvers, MA) was used. Each chamber
was fitted with an HP-30 membrane (Amicon Corp.) with a molecular
weight exclusion of 100,000. 2 ml of serum were added to each chamber
and AD&Uwas performed with glycine-saline buffer, (0.1 M, pH 3.1)
at 4VC under 20 psi N2. AD&Uwas continued until 5-6 X the serum
volume was reached (10-12 ml). Studies have shown that ultrafiltration
of that volume allows maximal recovery of antibody (unpublished data).
The serum was then washed with the same volume of phosphate-buffered
saline to correct pH.

Cell lines
Melanoma cell line Y-Mel 81:180, in passages 8-10, was used as the
target for the serological studies reported here. Additional melanoma
cell lines used in specificity testing included Y-Mel 82:550, 84:420, and
85:040. Epstein-Barr virus (EBV)-transformed lymphocyte cell line
(Y-Lyc 81:180) obtained from the same patient as melanoma line Y-
Mel 81:180 was used in absorption testing. Preparation and maintenance
of cell lines has been previously reported (13, 14).

Immune complex assays
Selected sera were tested for circulating immune complexes utilizing
anti-Clq and anti-C3d enzyme-linked immunosorbent assay (ELISA)
test systems (Ortho Diagnostic Test Systems, Raritan, NJ).

Statistical methods
The Wilcoxon two-sample rank sum test (18) was used to assess the
association between antibody titer and relapse status. A multivariate
analysis of antibody titer, stage of disease, and Breslow depth as prognostic
variables for relapse was performed using step-wise logistic regression.
The relationship of time to response with antibody titer was assessed
using a Cox Regression Analysis.

Table I. Patient Characteristics

Relapse
(15) Disease-free (28)

Male 13 17
Female 2 11
Age 49±13 44±12.4
Breslow depth (mm) 3.25±2.5 1.67±1.1
Stage I 6 19
Stage II 9 9
Hypopigmentation 6 9
Relapse (mo) 21±13
Therapy

Null 4 5
DTIC/BCG 5 12
MBEH 6 11

Ulceration of primary
Present 3 4
Absent 12 24

Site of primary
Extremity 5 9
Truncal 9 12
Head and neck 1 5

cultured melanoma cell line Y-Mel 81:180. The overall distri-
bution of antibody titers is shown in Fig. 1. The incidence and
titer of antibody to melanoma were compared in relapse and
disease-free patients. Comparisons were also made between na-
tive and AD&Userum. Previously, we have reported that sera
from six normal individuals showed no antibody reactivity to
melanoma cells before or after AD&U(13).

Results NATIVE

Patient characteristics. Patient characteristics are summarized
in Table I and the distribution is similar to that of the 106 patients
in the adjuvant trial from which this subgroup of patients was
obtained. The sole criterion for patient selection was the avail-
ability of serum for study. All patients who had serum available
were evaluated. No patients were lost to follow-up and there
were no deaths in the disease-free group. Of the 15 patients who
subsequently relapsed, 11 have died of progressive disease.

Of the 43 patients studied, 15 relapsed and 28 'remained
disease-free. At entry, there were 25 stage I patients and 18 stage
II patients. In disease-free patients, median follow-up time was
4.8 yr (range 2-7 yr). In the patients who relapsed, six were stage
I and nine were stage II. Median time to relapse was 21 ± 13 mo
overall. In stage I patients, median time to relapse was 24±14
mo. In stage II patients, median time to relapse was 19±13 mo.
Of the patients remaining disease-free, 19 were stage I and 9
were stage II. Hypopigmentation was noted in six patients who
relapsed (relapse patients) and nine disease-free patients. Breslow
depth was 3.25±2.5 mmin relapse patients and 1.67± 1.1 mm
in disease-free patients. In both groups, there was a preponder-
ance of male patients. This was a reflection of the male/female
ratio found in the adjuvant study from which these patients
were selected (15).

Serological studies. Native serum and serum subjected to
AD&Uwere tested for antibody reactivity against allogeneic
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Figure 1. Overall distribution of antibody titers to melanoma Y-Mel
81:180 in patients who remained disease-fiee or subsequently relapsed
in native and AD&Userum. Horizontal bars indicate mean antibody
titer. The P values denote comparisons between antibody titers in re-
lapse and disease-free groups.
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Table I. Specificity Analysis of Selected Sera*

Melanoma cell line

Serum Statust 81:180 81:180§ 82:550 84:420 85:040

S776 DF + 0 + 0 +
S939 DF + + + + +
S75 R + + + + +
S466 R + + + + +
S46611 + + + + +
S1349 R + + + + +
S134911 + + + + +

* Direct testing was performed by protein A hemadsorption (see
Methods). A positive cell was one in which .50% of the cell surface
was marked by indicator cells. A positive test (+) was one, at a serum
dilution of >1:4, where .10% of the cells were (+). t R, relapse; DF,
disease-free. § Antibody reactivity against Y-Mel 81:180 following
absorption with lymphocyte culture Y-Lyc 81:180. Absorption analy-
sis was performed by mixing cells, at a ratio of 1:1 vol/vol (1 X 1O8)
cells/ml minimum, with the serum to be tested, at a serum dilution
two doublings below the endpoint of the titration for that serum
found by direct testing. Antibody reactivity was considered to be ab-
sorbed if there was at least a twofold drop in antibody titer when com-
pared to unabsorbed serum. 11 Serum subjected to acid dissociation
and ultrafiltration (AD&U; see Methods).

Native serum antibody reactivity to melanoma was found
in 0:28 patients who remained disease-free and 7:15 patients
(mean titer, 1:12) who subsequently relapsed. In sera subjected
to AD&U, 12/28 disease-free patients and 14:15 relapse patients
demonstrated antibody reactivity. Mean antibody titer in serum
subjected to AD&Uwas 1:7 in disease-free patients and 1:105
in relapse patients. The differences in antibody titers between
disease-free and relapse patients were statistically significant in
both native and AD&Userum (P = 0.0001).

Specificity analysis. Sera from three relapse and two disease-
free patients were tested against three additional melanoma cell
lines. Antibody reactivity was tested in both native and AD&U
sera when possible. Sera S779, S939, and S75 had no antibody

reactivity in native sera. Antibody reactivity was noted against
all three melanoma cell lines in four of five sera tested. Sera
S779 detected two of three melanoma cell lines. These results
are summarized in Table II. Antibody reactivity of these sera
was also tested against melanoma Y-Mel 81:180 following ab-
sorption with EBV-transformed lymphocytes Y-Lyc 81:180
(obtained from the same patient as melanoma Y-Mel 81:180).
Absorption with lymphocytes failed to reduce antibody reactivity
against Y-Mel 81:180 in four of the five sera tested. The one
exception was serum S776, which was obtained from a patient
who has remained disease-free (Table UI). No change in antibody
reactivity was seen after absorption with fetal calf serum or BCG
in all five sera.

Immune complex detection. Circulating immune complex
levels were measured in six relapse patients and eight disease-
free patients. The same serum samples used to study antibody
reactivity were used in immune complex measurement. In no
instance were elevated levels of circulating immune complexes
detected when measured by anti-Clq or anti-C3d ELISA assays.
Wehave previously shown that elevated levels of circulating
immune complexes were not detected by the Raji cells or 1251
Clq binding assays in three autologous systems (14).

Statistical analysis. Statistical analysis revealed that the titer
of antibody reactivity to melanoma bore a significant relationship
to eventual relapse both in native (P = 0.0001) and AD&U
(P < 0.0001) sera. Serological results in groups stratified by stage
of disease, Breslow depth, the presence of cutaneous hypopig-
mentation, sex, site of primary, ulceration, and subsequent ther-
apy were evaluated. The most significant indicators of prognosis,
in the clinical study to which these serological results pertain,
were stage of disease, Breslow depth, and the presence of hy-
popigmentation (16) (Fig. 2). No prognostic significance was
associated with the other variables shown in Table III. When
grouped by prognostic variables, it was noted that recipients of
depigmentation therapy with MBEH(n = 17) and those with a
primary lesion originating in an extremity (n = 14) failed to
show a statistically significant association in native sera. This
may be due to the small number of patients involved. However,
after sera were subjected to AD&Ua statistically significant as-
sociation was achieved. While AD&Udid not appear to change
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Figure 2. Distribution of antibody titers against melanoma Y-Mel 81:180 in native and AD&Userum. Comparisons are made between select-
ed prognostic groups.

1118 D. R. Vlock, R. DerSimonian, and J. M. Kirkwood

I smomm- -.0dow.-

0 &



Table III. Statistical Analysis of Antibody Reactivity
in Patients WhoRelapse vs. Remain Disease-Free

P value

Relapse vs. disease-free patients Native serum AD&Userum

Overall 0.0001 <0.0001
Stage I patients 0.0013 0.0002
Stage II patients 0.0285 0.0115
Breslow depth

<1.5 mm 0.0001 0.02
>1.5 mm 0.032 0.0002

Hypopigmentation
Present 0.0029 0.0027
Absent 0.0021 0.0013

Sex
Male 0.0029 0.0002
Female 0.0143 0.0279

Therapy
Null 0.0935 0.0213
DTIC/BCG 0.0006 0.0035
MBEH 0.1757 0.0226

Ulceration of primary
Present 0.248 0.0416
Absent 0.0002 0.0002

Site of primary
Extremity 0.1792 0.0146
Truncal/Head and neck 0.0004 0.0002

the overall predictive value of these serological studies, it pro-
vided a greater discrimination between some subsets.

Melanoma antibody titers were evaluated in relationship to
relapse, in a multivariate logistic regression analysis, accounting
for other prognostic variables. Antibody titer was found to be a

significant predictor of relapse independent of stage of disease
and Breslow depth. In a Cox Regression Analysis, the association
for antibody titer in relationship to time to relapse was significant
at a = 0.0 16 level for native sera and a = 0.08 level for AD&U
sera.

Discussion

This study was carried out to determine whether antibody reac-
tivity to a melanoma cell line bearing a commonmelanoma cell
surface antigen (13) might demonstrate any relationship to the
natural history of the disease in patients entered into a prospec-
tive adjuvant trial. This paper is an extension of previous work
in which we noted that autologous antibody reactivity in patients
with metastatic melanoma, followed serially, could be correlated
with clinical course ( 14). Our results demonstrate that the pres-
ence and titer of antibody reactivity against cultured allogeneic
melanoma cells is associated with eventual tumor recurrence.
The significance of this factor is surprising (P = 0.0001), and its
association with relapse is the opposite from that which has been
reported elsewhere (1 1, 12).

A number of prognostic factors have been described in pa-
tients with stage I and II melanoma. They include: the presence
of lymph node involvement, tumor thickness, lymphocytic in-
filtration of the primary, ulceration, site of primary, age, sex,
and others (19-23). This study suggests that the presence and

titer of antibody reactive against melanoma is a new prognostic
factor in patients who present with surgically curable melanoma.

Whenthe patients were further grouped by stage of disease,
Breslow depth, and the presence or absence of hypopigmentation,
antibody reactivity was still found to be significantly associated
with relapse (Table III, Fig. 2). In addition, it was found that
the level of antibody titer was associated with the time to relapse.
Finally, a multivariate logistic regression analysis found that an-
tibody titer was significantly associated with relapse in the pres-
ence of stage of disease and Breslow depth.

Other investigators have examined the prognostic role of
antibody and tumor-associated antigens in melanoma (1 1, 12).
Jones et al. (12) found that elevated levels of IgM antibody di-
rected against a melanoma-associated oncofetal antigen were
positively correlated with an increased disease-free interval.
Werkmeister et al. (1 1) noted that patients whose melanoma
cells were reactive with melanoma-associated antiserum CHI
had a longer disease-free period.

In native serum, antibody reactivity against melanoma was
found in only 7 of 43 patients studied (16%), all of whomsub-
sequently relapsed. These results (Fig. 1) demonstrate the prog-
nostic association of antibody directed against melanoma and
disease recurrence. However, the low incidence and titer of these
antibodies hamper their further use. Our previous work has
shown that treatment of serum by AD&Uaugmented reactivity
of autologous antibody to melanoma in 9 of 10 cases studied
(13, 14). The results reported here illustrate the significance of
circulating immune complexes as a reservoir of tumor-reactive
antibody and again demonstrate that antibody reactivity in serum
can be augmented when subjected to AD&U. Following AD&U,
the serum of 26 patients (60%)o demonstrated antibody reactivity
to melanoma. The overall association with relapse in the sero-
logical studies of serum subjected to AD&Uwas not markedly
altered from those obtained in native serum. However, when
the results were stratified by various prognostic factors, serum
results obtained following AD&Uappeared to allow a greater
discrimination between some subgroups (Table III).

Specificity testing of sera obtained from three relapse and
two disease-free patients demonstrated antibody reactivity
against three melanoma cell lines in addition to Y-Mel 81:180.
These results suggest that the antigen detected is broadly rep-
resented in melanoma. In order to determine if the antibody
was detecting a histocompatibility antigen, absorption with EBV-
transformed lymphocytes (Y-Lyc 81:180), obtained from the
same patient as melanoma cell line Y-Mel 81:180, was per-
formed. Antibody reactivity against melanoma Y-Mel 81:180
was not removed following absorption in all three relapse patients
and one patient who has remained disease-free. The one excep-
tion to this was in the sera of a disease-free patient (S776), sug-
gesting that in that instance the antibody detected was directed
against a histocompatibility antigen. The fact that antibody
reactivity was removed by EBV-transformed lymphocytes in one
patient who has remained disease-free adds further weight to
the prognostic power of the serologic studies reported here.

Studies evaluating the role of immune complexes in malig-
nancy have found the presence of elevated levels of circulating
immune complexes to be positively correlated with stage of dis-
ease, tumor burden, and a worse prognosis. Carpenter et al. (24)
reported a strong correlation between immune complex levels
and patients with acute myeloid leukemia. Patients with elevated
levels of circulating immune complexes were found to have a
poorer prognosis. Rossen et al. (25) found that, in 53 patients
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with advanced melanoma, the presence of Cl q-binding immune
complexes was correlated with a shorter survival than those
without elevated levels of circulating immune complexes. More
recently, Gupta and Morton (26) reported that the presence of
tumor-assocated antigen or immune complexes in patients with
stage II melanoma was correlated with a higher rate of recurrence.

Our failure to detect elevated levels of circulating immune
complexes in the sera of the patients studied here, using two
assays, does not rule out the presence of tumor-associated im-
mune complexes in our patients. Ruell et al. (27) reported that,
in patients with melanoma, although the incidence of immune
complexes rises with stage of disease, the low prevalence of de-
tectable complexes limited their diagnostic utility. Immune
complex levels often dropped prior to clinical relapse, suggesting
that antigen excess was a frequent cause for the failure to detect
immune complexes. No assay currently available reliably detects
small noncomplement binding immune complexes, as might be
found in patients with malignancy and large quantities of cir-
culating antigen (28).

What role the antibodies we have detected may play in the
pathophysiology of melanoma remains to be determined. It may
be that the antibody is reacting to subclinical deposits of tumor
cells. If this is the case, serological studies of antibody reactivity
may provide a highly sensitive indicator of residual disease. Al-
ternatively, the antibody may be involved in modifying the host's
humoral and cellular immune responses. Murray et al. (29) found
that the serum of patients with disseminated melanoma con-
tained a factor which blocked leukocyte-dependent antibody ac-
tivity (LDA); Serum treated by AD&Uwas able to restore LDA
against allogeneic melanoma cells. LP)A was blocked by whole
serum, the filtrate removed by AD&U, and a combination of
filtrate and retentate. They postulated that immune complexes
and tumor-associated antigen may be involved in the immu-
nomodulation of the host's response. Subsequent studies have
reported that the presence of LDA could be correlated with a
better prognosis (30).

The immunoregulatory role of antibody to melanoma is un-
known in man. In experimental animals, the capacity of antibody
to regulate anti-tumor effects has been studied for nearly two
generations in the setting of "immune enhancement" (28, 31-
35). It is unknown whether the antibody reactivity against mel-
anoma cells reported here is involved in the regulation of the
host's immune response. Our findings suggest that tumor-reactive
antibody, the antigen against which they may be directed, or the
immune complexes that are formed, may provide an explanation
of the natural history of melanoma. The tools for the dissection
of the various components of the cellular and humoral responses
are now available. The prognostic association documented here
underscores the importance of further work to determine the
nature of the tumor immune response and biochemical nature
of the antigens against which it is directed.
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