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Summary. Previous studies have indicated that primary but
not metastatic melanomas were able to stimulate the pro-
liferation of autologous (Auto) peripheral blood lympho-
cytes (PBL) in 73% of cases. On the other hand, 57% of the
metastatic melanomas were shown to be suppressive when
melanoma cells (Me) were admixed with Auto-PBL stimu-
lated with allogeneic (Allo) PBL or interleukin 2 (IL-2) at
the beginning of a 6-day incubation period. Here, we re-
port that the suppressive activity of Me is a functional
characteristic associated with a particular stage of the dis-
ease. In fact, we found that none of the 11 primary tumors
tested were able to inhibit the proliferative response of Au-
to-PBL to Allo-PBL or IL-2 at all the doses of tumor cells
used. The generation of lymphocytes cytotoxic against Au-
to-Me or K562 was also not inhibited. Of the 11 primary
tumors checked for suppression, 8 were able to stimulate
Auto-PBL in a primary mixed lymphocyte tumor culture.
We conclude that opposite functions, stimulation and inhi-
bition of autologous lymphocyte responses are characteris-
tics of primary and metastatic Me, respectively.

Introduction

Previous studies on cell-mediated immunity of peripheral
blood lymphocytes (PBL) from cancer patients against au-
tologous (Auto) melanoma cells (Me) have shown that pri-
mary and metastatic tumors may differ in their ability to
interact with the immune system of the host [11, 17]. In
particular, only in a low percentage of cases (< 10%) were
metastatic Me able to induce the proliferation of Auto-
PBL and the generation of tumor cytotoxic lymphocytes
[21]. On the contrary, in more than 70% of the cases a posi-
tive mixed lymphocyte tumor culture (MLTC) was ob-
tained when Auto-Me isolated from primary tumors were
used as stimulators [10]. It has not been possible however
to ascribe the stimulatory activity of primary melanomas
to the expression of particular melanoma-associated anti-
gens on the surface of the cells. We have only found that
the majority of the primary tumors, which were able to sti-
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mulate Auto-PBL, were HLA-DR™, whereas HLA-DR™
tumors were not stimulatory. In contrast, metastatic mela-
nomas either DR* or DR~ were not stimulatory [10].

In addition, we have shown that 57% of metastatic mel-
anomas were. able to inhibit the response of Auto-PBL
when added at the beginning of the stimulation with allo-
antigens or interleukin 2 (IL-2) [21]. The inhibition was
dose-dependent, tumor-restricted, and associated with
high levels of HLA-DR antigens expressed on the surface
of the metastatic cells. In fact, HLA-DR ™ tumors were not
suppressive and the treatment in culture of metastatic cells
with recombinant interferon y, which augments the ex-
pression of HLA-DR, also induced a strong suppressive
activity [21].

Although suppressor cancer cells and suppressor T
cells, either tumor specific or not, have been described in
several murine and human systems [2, 3, 12, 14~16, 18,
25], no clear association between the stage of the tumor
(primary vs metastases) and suppressive activity or gener-
ation of suppressor T cells has ever been made. Therefore,
the availability of Me isolated from primary lesions and
their Auto-PBL prompted us to investigate whether the
suppressive activity described for the metastatic cells [21]
was also present in the primary melanomas.

Here we report that none of the 11 primary melanomas
tested was inhibitory when added at different doses at the
beginning of the stimulation of Auto-PBL with alloanti-
gens or IL-2. On the contrary, 8 out of these 11 tumors
were capable of stimulating Auto-PBL.

Materials and methods

Tumor cells. Me were isolated from cutaneous primary lesions of
12 patients and from lymph node metastases of 28 patients as pre-
viously described [9]. Briefly, the tumor mass was cleaned and
minced in RPMI 1640. Dead cells were eliminated by treatment of
the tumor cell suspension with 270 units/ml of DNase and 0.25%
trypsin for 1 min at room temperature, followed by two washings.
Infiltrating lymphocytes were removed by Ficoll gradient centrif-
ugation. Tumor cell suspensions were then frozen and stored at
—80° C or in liquid nitrogen. When possible, tumor cells were al-
so cultured in tissue culture flasks (Corning 25110, Corning Glass
Works, New York, NY, USA) with RPMI 1640 plus 10% heat-in-
activated fetal calf serum (FCS) and antibiotics (10% FCS-RPMI1
1640). Before testing, fresh or mechanically harvested tumor cells
were washed twice and used in the assays. They showed at least
80% viability as assessed by trypan blue exclusion and less than
5% nonmalignant cells. By electron microscopy analysis tumor
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cell preparations appeared to have premelanosomes and to be
mycoplasma free.

Lymphocytes. PBL were obtained by Ficoll gradient centrifugation
from heparinized blood of melanoma patients (Pt-PBL) 7-10
days after surgery or from normal donors. Interface cells were
washed three times and resuspended in RPMI 1640 supplemented
with 10% heat-inactivated human serum and antibiotics (10% HS-
RPMI 1640). PBL were depleted of adherent cells by incubation
in Petri dishes (Corning 25020) at 37° C for 2 h. Nonadherent PBL
(NA-PBL) were then recovered, washed, and used in the assays.

The E-rosette positive subpopulation of lymphocytes was ob-
tained by incubating NA-PBL with neuroaminidase-treated sheep
red blood cells followed by Ficoll gradient centrifugation.

Lymphocyte activation systems. Pt-PBL (10%/ml) were stimulated

in vitro as follows:

. with irradiated (8,000—10,000 R) Auto-Me at different respond-

er:stimulator cell ratios ranging from 5:1 to 20:1 (MLTC);

2. with IL-2 from different sources, either nonpurified superna-
tants of phytohemagglutinin-stimulated normal PBL used at 25%
final concentration (crude IL-2) or recombinant IL-2 (rIL-2,
Hoffmann-La Roche, Nutley, NJ, USA) used at different con-
centrations from 25 units/ml to 100 units/ml;

3. with an irradiated pool of normal PBL (Allo-PBL) at a respond-
er:stimulator ratio of 1:1. The cultures were set up in 24-well
plates (Costar 3524, Costar, Cambridge, Mass., USA) in 2 ml of
10% HS-RPMI 1640 for the tumor cytotoxicity assay and in
round-bottomed 96-well plates (Costar 3596) in 0.2 ml of 10%
HS-RPMI 1640 for the proliferation assay; they were incubated
at 37° C for 6~7 days.

—_—

3 H-Thymidine incorporation. The cultures tested for proliferation
were pulsed during the last 18 h of a 6-day incubation with 1 uCi/
well of *H-thymidine *H-TdR) (New England Nuclear, Boston,
Mass., USA, sp. act. 6.7 Ci/mmol). The cells were harvested on
fiberglass filters using a Skatron Cell Harvester, dissolved in liq-
uid scintillation fluid (Filter-Count, Packard, La Grange, Ill.,
USA), and counted in a B counter.

The stimulation index (SI) was calculated in the following
way:

_ cpm test
cpm lymphocytes alone

SI

All the tests were performed in triplicate and the SD of the
three replicate samples was usually less than 10% of the mean.
The proliferation assay was considered positive only when the SI
was >3.

Cell-mediated cytotoxicity. Stimulated NA-PBL were recovered af-
ter 6-7 days of culture, washed twice, and used as effectors
against tumor target cells in an 18-h Cr release assay as previously
described [9]. Briefly, targets were labeled for 90 min at 37° C with
200 uCi of Na, *'CrO, (Radiochemical Centre, Amersham, UK),
washed three times, resuspended at a final concentration of
5x 10*/ml and admixed with effectors to obtain effector:target
ratios of 40-20:1 in round-bottomed 96-well plates in 0.2 m] final
volume of 10% HS-RPMI 1640. After 18 h of incubation, the
plates were centrifuged and 0.1 ml of supernatant was collected
and counted in a y-scintillation counter (Packard). The percentage
specific cytotoxicity was calculated from the average of triplicate
samples as follows:

% cytotoxicity =
cpm test — cpm spontaneous release 100
cpm maximum release — cpm spontaneous release

Spontaneous release was determined by incubating the targets
without effectors and maximum release by incubating the targets
with 1% Nonidet P40 detergent (BDH Biochemicals 56009, Poole,
UK). Cell-mediated cytotoxicity was considered positive when the
percentage cytotoxicity was > 135,

Assay for suppressive activity. The suppressive activity of Me was
determined by adding different numbers of these irradiated cells
to the autologous NA-PBL stimulated with 11.-2 or Allo-PBL at
the beginning of the stimulation.

The percentage inhibition of proliferation was calculated in
the following way:

% inhibition of proliferation =
cpm test — cpm test with Auto-Me
cpm test

x 100

where cpm test was the *H-TdR incorporation of Pt-PBL in the
presence of stimuli (Allo-PBL or IL-2). Only inhibition values
> 20 were considered positive.

Indirect immunofluorescence. Indirect immunofluorescence was
performed by incubating 3—6 x 10° cell with the optimal dilution
of each monoclonal antibody (MADb) in 0.1 ml of 5% FCS-RPMI
1640 at 4° C for 30 min. After three washings, the cells were resus-
pended in 0.1 mi of medium with a 1:30 dilution of fluorescein-
conjugated F(ab’), fragment of sheep anti-mouse antibody (NEN
504, New England Nuclear, Boston, Mass., USA). After 30 min of
incubation on ice, the samples were washed three times, resus-
pended in 0.2 ml of 1% paraformaldehyde medium for storage
and finally analyzed by flow cytometry (FACS 1V, Becton Dick-
inson) or UV microscopy. Results were expressed as the percent-
age of positive cells above the background fluorescence deter
mined using the same procedure without the first antibody. A per-
centage fluorescent cells > 10 was considered positive. The mean
channel fluorescence intensity ranging from 0 to 255 was also cal-
culated for each MAD. The following MAbs were used:
—the anti-HLA-A, B, C monomorphic, w6/32 (Sera Laboratories,
Sussex, UK);
— the anti-HLA-DR monomorphic, D1-12[1];
—the anti-HLA-DQ, SPV-L3 [20];
— the anti-high molecular weight MAA (HMW-MAA)
225.288S [26].

Results
Pathological and antigenic features of primary melanomas

Table 1 shows the pathological characteristics and the anti-
genic profile of Me isolated from 12 different primary le-
sions. All tumors, except 2, were classified at the IV level
of invasion and 10 of them were >4 mm in thickness. Of
the 12 cases, 5 were defined as nodular melanomas, wher-
eas the remaining 7 cases were superficial spreading mela-
nomas. Only 1 tumor (Me 5737) appeared to be completely
not pigmented.

From the antigenic point of view, all the 6 tumors test-
ed were positive for the expression of HLA-class I antigens
and HMW-MAA with a high percentage of positive cells.
Of the 10 tumors examined, 7 were positive for HLA-DR
antigens and 2 out of 7 for HLA-DQ antigens. As shown
elsewhere [22], the distribution of these antigens on pri-
mary melanomas, although heterogenous, was not dissimi-
lar from that observed for the metastatic lesions.

Failure of primary melanomas to suppress Auto-PBL
stimulation

Table 2 shows a representative case in which NA-PBL
from patient 872 proliferated and became cytotoxic when
stimulated with Auto-Me, alloantigens, or IL-2. The cyto-
toxicity was dose-dependent and directed against both Au-
to-Me and K562. Autologous normal lymphocytes used as
targets were not lysed (data not shown). This particular
melanoma belongs to the series of primary tumors which
are DR* and able to stimulate Auto-PBL {10]. However,



Table 1. Histopathological features and antigenic phenotype of human
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primary melanomas used throughout this study

Melanoma Level of Thickness Histologic Phenotype (% positive cells)®
invasion (mm) type?
HLA-A, B,C HLA-DR HLA-DQ  HMW-MAA

11581 Iv >4 NM (P) NDs¢ ND ND ND
5737 8% >4 SSM (NP) 83 56 29 53
872 111 >4 NM (£ P) ND 67 ND ND
1722 v >4 NM (P) ND 30 ND ND
5301 v 3.3 NM (£ P) 95 61 2 32
163 v 2.8 SSM(£P) ND ND ND ND
3122 v >4 SSM (£ P) ND 2 0 ND
3772 v >4 SSM (= P) ND 37 ND ND
1007 v 4 SSM (P) 97 5 8 100
1402 v >4 NM (P) 92 14 6 96
5469 v >4 SSM (P) 60 3 2 41
10538 v >4 SSM (£ P) 76 80 44 98

@ NM = nodular melanoma; SSM = superficial spreading melanoma; P = pigmented; NP = not pigmented

b All tumors were examined by indirect immunofluorescence using

the following monoclonal antibodies: w6/32, anti-HLA-A, B, C;

D1.12, anti-HLA-DR; SPV-L3, anti-HLA-DQ; 225.28S, anti-HMW-MAA and fluorescein-conjugated F(ab’), fragment of sheep anti-

mouse antibody
¢ ND = notdone

Table 2. Failure of primary Auto-Me 872 to inhibit the cytotoxic and proliferative response of NA-PBL to Allo-PBL and IL-2

Stimulus Irradiated tumor 3H-TdR uptakes SIt % Specific cytotoxicity®
cells added cpm £+ SD

Auto-Me K562

401 20:1 40:1 20:1
Medium - 997+ 453 8.6 3.1 219 1.9
Auto-Med - 4857+ 173 4.5 26.9 21.4 40.9 26.9
Allo-PBL - 39055+9407 389 33.1 25.1 60.6 53.7
Allo-PBL Auto-Me!! 44097 + 6809 43.6 27.6 24.5 56.6 419
IL-2 crude® - 31900+ 656 319 NDf ND ND ND
IL-2 crude Auto-Me 33312+5382 334 ND ND ND ND

2 18 h pulse with *H-TdR (1 nCi/well) on day 6
b SI = stimulation index

¢ 18 h >'Cr release assay after 67 days of in vitro sensitization; the spontaneous release was 31% and 11% of the total cpm incorporated

by 5x 10° Me 872 and K562 cells, respectively

4 Irradiated (10,000 R) autofogous Me were used as stimulator or suppressor cells at 10% final concentration
¢ Crude supernatant of phytohemagglutinin (PHA)-activated human PBL (25% v/v)

f ND = not done

when checked for suppression, we found that the addition
of 10% cells from Me 872 to Auto-PBL during stimulation
did not modify the responses, thus suggesting that, differ-
ently from a DR* metastatic tumor, a DR¥ primary mela-
noma was not suppressive.

To check whether the failure of primary melanomas
to inhibit the response of autologous lymphocytes was a
general property of these cells, a series of primary tumors
was analyzed in different experimental situations (Table
3). The overall results seemed to indicate that freshly ex-
planted primary tumors cannot interfere with the stimula-
tion of Auto-PBL. This was verified at all the doses of tu-
mor used, from 20% to 5% of the total number of respond-
er cells and with different subpopulations of effector cells
(PBL vs NA-PBL vs E-rosette positive T lymphocytes).
Lack of suppressive activity was seen with melanomas
which directly stimulated Auto-PBL (Me 11581, Me 5737,
Me 5301, Me 3772) and with those which were not stimula-
tory (Me 163, Me 3122). Moreover, from the phenotypic
analysis of the cells both DR* (Me 5737 and Me 5301) and
DR~ (Me 3122) primary tumors were not suppressive.

In a parallel experiment, shown in Fig. 1, the suppres-
sive activity of a primary (Me 1007) was compared with
that of a metastatic melanoma (Me 5222) using different
doses of rIL-2 and Allo-PBL as stimuli. In the absence of
tumor cells, PBL from both patients proliferated in re-
sponse to the stimuli. However, when graded numbers of
Auto-Me were added at the beginning of the culture peri-
od, a dose-dependent inhibition of the proliferation was
seen with the metastatic Me only; the primary Me were not
suppressive at any dose tested.

Stimulatory and suppressive activity of primary and
metastatic melanomas

Table 4 shows a summary of the data collected so far on the
immunogenicity and suppressive capacity of human pri-
mary and metastatic melanomas. Overall, we have ex-
amined !l primary tumors and 28 metastases for suppres-
sive activity. Of the primary tumors, 73% were able to sti-
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Table 3. Failure of primary Me to inhibit the proliferative response of autologous lymphocytes to Allo-PBL or IL-2

Responder Stimulus R/S ratio Irradiated tumor 3H-TdR uptake® N %
cells cells added (%) cpm + SD Inhibition
NA-PBL Medium - 1018+ 87
11581 Auto-Me 10:1 - 9440+ 2081 9.4
Allo-PBL 1:1 - 16616+ 1299 16.3
Allo-PBL 1:1 Auto-Me (10) 17062+ 3642 16.7 —~ 2.5
Allo-PBL 1:1 Auto-Me (5) 21609+ 3380 212 -30
Allo-PBL 1:1 Auto-Me (2.5) 20412+ 7555. 20.0 —23
NA-PBL Medium - 400+ 155
163 Auto-Me 5:1 - 441+ 137 1.1
Auto-Me 10:1 - 625+ 249 1.5
Auto-Me 20: 1 - 742+ 239 1.8
Allo-PBL 1:1 - 30048+ 4811 75.1
Allo-PBL 1:1 Auto-Me (10) 30527+ 5350 76.3 — 1.6
Allo-PBL 1:1 Auto-Me (5) 28791+ 4358 71.9 + 42
Allo-PBL 1:1 Auto-Me (2.5) 28670+ 1568 59.1 + 4.6
E-rosette
positive 5737 Medium - 251+ 23
Auto-Me 5:1 - 1999+ 214 7.9
Allo-PBL [:1 - 8124411473 323.6
Allo-PBL i1 Auto-Me (10) 91380+ 3721 364.0 —12
NA-PBL Medium - 1708+ 56
5301 Auto-Me 10:1 - 7361+ 333 34
Allo-PBL 1:1 - 123023+ 3698 71.4
Allo-PBL 1:1 Auto-Me (10) 112646+ 6858 64.5 + 8.4
Allo-PBL 1:1 Auto-Me (5) 102983+ 4051 58.7 +16.2
Allo-PBL 1:1 Auto-Me (2.5) 127171+ 2882 723 - 33
NA-PBL Medium - 2003+ 899
3122 Auto-Me 10:1 - 1399+ 174 0.7
Allo-PBL 1:1 - 50766+ 5000 253
Allo-PBL 1:1 Auto-Me (10) 45739+ 3545 22.8 +10
IL-2 crudec - 41491+ 6476 20.7
IL-2 crude Auto-Me (10) 36191+ 2517 18.0 +13
PBL 3772 Medium - 3321 960
Auto-Me 10:1 - 21430+ 1405 6.4
Allo-PBL 1:1 - 64449+ 7465 19.4
Allo-PBL 1:1 Auto-Me (10) 77579+ 4574 233 -20
Allo-PBL 1:1 Auto-Me (5) 69 660+ 12655 20.1 — 8
Allo-PBL 1:1 Auto-Me (2.5) 5719910370 17.2 +11
IL-2 crude¢ - 62963+ 2528 18.9
IL-2 crude Auto-Me (10) 55177+ 5904 16.6 +12
IL-2 crude Auto-Me (5) 61088+ 711 ‘ 18.3 + 3
IL-2 crude Auto-Me (2.5) 74142+ 4504 223 —18
2 18 h pulse with *H-TdR (1 uCi/well) on day 6
b ST = Stimulation index
¢ Supernatant of PHA-activated human PBL (25% v/v)
mulate Auto-PBL and the stimulation was preferentially ~ Discussion

associated with the expression of DR antigens on the sur-
face of the cells. Moreover, we have shown here that none
of the 11 tumors examined was suppressive for the re-
sponse of Auto-PBL to alloantigens or IL-2. On the con-
trary, only 1 out of 28 (4%) metastatic tumors stimulated
Auto-PBL independently from the expression of DR anti-
gens, whereas more than 50% of the metastases were sup-
pressive [21]. A high percentage (>80%) of tumors with
suppressive activity expressed DR antigens. Thus it seems
that opposite functions, stimulation and inhibition of au-
tologous lymphocyte responses are features of primary
and metastatic Me, respectively.

In previous reports we have shown that human metastatic
Me were unable to stimulate Auto-PBL, but inhibited the
stimulation of Auto-PBL induced by alloantigens or IL-2
[10, 17, 21].

The ability of metastatic Me to suppress the lympho-
cyte stimulation provides a suggestive explanation for the
escape mechanism of invasive tumor cells from host im-
mune attack. Particularly significant is the finding that me-
tastatic Me could block the activation of Auto-PBL by
IL-2 thus preventing the triggering and development of a
complete immune response, a phenomenon which can ac-
tually occur in an in vivo microenvironment.
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Fig. 1.Comparison of suppressive activity between melanoma cells
(Me) obtained from primary (Me 1007, panel A) and metastatic
(Me 5222, panel B) lesions on the proliferative response of autolo-
gous peripheral blood lymphocytes (Auto-PBL) to allogeneic (AL-
LO)-PBL or recombinant interleukin 2 (rIL-2). Autologous non-
adherent (NA)-PBL (5 x 10*/w) were cultured with medium alone
(A A), or with rIL-2, 100 units/ml (@ ®), 50
units/ml (M W), 25 units/ml (O - 0O), or with irradi-
ated Allo-PBL (O O) in the presence of graded numbers
of irradiated (8000 R) Auto-Me. Cultures were pulsed on day 6
with H-TdR for 18 h

The results of the present report clearly indicate that
tumor cells, derived from primary melanoma lesions,
failed to show any suppressive activity on the stimulation
of Auto-PBL.

The lack of inhibitory activity is independent from the
presence of HLA-DR antigen expression on primary Me.
This finding seems to be at variance with that reported by
Brocker et al. [5] indicating that the expression of HLA-
DR in histological sections of primary Me was associated
with high risk of metastasis.

Suppressive activity of human tumor cells by them-
selves or through the release of soluble factors has been re-
ported [2, 4, 7, 8, 12, 13, 18, 19} Moreover, evidence for
cell-mediated suppression of in vitro cytotoxic lympho-
cytes by Auto-Me specific suppressor CD8™" cells induced
by the helper (CD47") population derived from a metastat-
ic lymph node has been reported [14, 15].

Another interesting finding is the presence of signifi-
cant immune suppressor cells in the tumor proximal
lymph nodes of most melanoma patients [6] which sup-
ports our results on the inhibitory activity of metastatic Me
obtained from invasive lymph nodes [21].
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Previously we have shown that PBL from patients with
primary melanoma were stimulated by Auto-Me thus sug-
gesting that these patients could mount an immune re-
sponse to Auto-Me [10, 11, 17). The immune response of
lymphocytes from cancer patients to autologous tumors,
mainly to localized neoplasms, has been evidenced by the
extensive studies of Vose et al. [24] and Vanky et al. [23] for
a variety of histologically different tumors. Therefore,
from this collective data it can tentatively be concluded
that primary but not metastatic tumors may express tumor-
associated antigens against which the patient can mount
an immune response; in addition metastatic invasion and
progression may be implemented by the ability acquired
by these tumor cells to suppress the immune attack of the
host.

In conclusion it appears that primary melanomas exhib-

it stimulatory, but not inhibitory, activity on the stimula-
tion of Auto-PBL, whereas, metastatic melanomas are far
less stimulatory and can display pronounced inhibitory ac-
tivity.
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