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Lyophilized whole human melanoma cells stimulate human PBMC
proliferation and enhance suppressive action of PBMC toward survival
of the same malignant cell line in vitro"
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The goal of this work was to determine: a) do lyophilized human melanoma BG or Fem-X cells affect the proliferative
capacity of normal human peripheral blood mononuclear cells (PBMC) and b) does the PBMC six-days preincubation in
nutrient medium with FBS with, or without tyophilized human melanoma BG or Fem-x cells, affect their suppressive action
on the survival of the same malignant cell line in vitro. In the aim to avoid any stimulating effect of FBS, other group of
experiments were done in nutrient medium with human AB serum in order to determine: c¢) does the PBMC six-day-
preincubation with lyophilized human melanoma BG or Fem-x cells affect their antiproliferative action on the correspond-
ing malignant cell line in vitro and d) does the PBMC six-day preincubation with lyophilized normal PBMC, obtained from
healthy volunteer (as a source of allogenous, but not of tumor antigens), affect their suppressive action on the survival of
both melanoma BG and Fem-x cell lines in vitro.

Results obtained in the presence of FBS in nutrient medium, showed that lyophilized BG cells induced a proliferation of
the healthy PBMC, depending on the number of stimulating lyophilized cells. Lyophilized Fem-x cells induced healthy
PBMC proliferation in lesser degree than lyophilized BG cells. This stimulation was almost constant, not dependent on the
number of stimulating lyophilized Fem-x cells. Six-day stimulation in vitro by both lyophilized melanoma cells enhanced
the suppressive action of PBMC on the survival of the corresponding malignant cell line.

Experiments done in nutrient medium with normal human AB serum showed that six-day stimulation with lyophilized
melanoma cells enhanced, again, the suppressive action of PBMC on the survival of the corresponding malignant cell line.
Contrary, six day preincubation of normal PBMC with the lyophilized healthy PBMC (obtained from other healthy person)

inhibited their suppressive action on the survival of both malignant cell lines ir vitro.
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Suppressed immune response in patients with malignant
diseases is documented in many publications. Stimulation
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Abbreviations used: PBMC%n — PBMC incubatcd for six days in nu-
trient medium only; PBMCS,, - PBMC incubated for six days with lyo-
philized BG cells; PBMC(’dF— PBMC incubatcd for six days with lyophilized
Fem-x cells; PBMC“"’I,BMC — PBMC incubated for six days with lyophilized
normal PBMC,; Sn is supcrnatant, conditioncd medium from sample of
PBMC“n; Spg is supcrnatant from samplc of PBMCMBG; Sg is supcrna-
tant from samplc of PBMC6dF; Spamc is supernatant from sample of
PBMCMPBMC; BG and Fem-X cells arc human mclanoma cell lines.

of nonspecific, as well as of specific immune response in
patients with malignant disease, was the main goal of many
immunotherapeutic trials [3, 5, 8, 12, 13]. Publications on
the use of tumor infiltrating lymphocytes and interleukin-
2 in the immunostimulation showed promising results [9].
As in the recent literature there were no data on the immu-
nogenic properties of lyophilized whole melanoma cells,
the aim of this work was to determine a) do lyophilized
malignant cells affect the proliferative capacity of normal
PBMC, and b) does the PBMC six-day preincubation with,
or without lyophilized human melanoma cells affect their
suppressive action on the survival of the same malignant
cell line in vitro. In the aim to remove any stimulating ef-
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fect of FBS the other groups of experiments were done in
nutrient medium with human AB serum in order to deter-
mine: ¢) does the PBMC six-day preincubation with lyo-
philized human melanoma BG or Fem-x cells, affect their
antiproliferative action on the same malignant cell line in
vitro and d) does the PBMC six-day preincubation with
lyophilized normal PBMC obtained from healthy volun-
teer, as a source of allogeneic, but not of tumor antigens,
affect their suppressive action on the survival of both ma-
lignant cell lines in vitro.

Material and methods

Human melanoma cell lines, Fem-x, and BG, were grown
as monolayer culture in nutrient medium, RPMI 1640, with
10% heat inactivated (56 'C) FBS, 3 mM of L-glutamine, 100
TU/ml penicillin, 100 pg/ml streptomycin, and 25 mM Hepes,
adjusted to pH 7.2 by bicarbonate solution.

Lyophilization of malignant cells as well as of normal
PBMC obtained from healthy volunteer, was done by freez-
ing the suspension of whole malignant cells (2—4 x 106 cells/
2 ml), or of normal whole PBMC (8-10 x 10% cells/2 ml) in
nutrient medium at —-80°C. The frost suspension was de-
hydrated in high vacuum, in lyophilizer. The goal of this
treatment was to preserve the immunogenic structures
present on the surface of malignant cells and to unable
malignant cells to secrete their immunosuppressive factors.
Lyophilization of normal PBMC was done to get immuno-
genic structures with allogeneic, but not tumor antigens for
PBMC stimulation.

Reconstitution of lyophilized malignant, or lyophilized
normal cell suspensions to original volume, was done with
distilled water. Variable dilutions of the suspension were ob-
tained by addition of nutrient medium.

Preparation of peripheral blood mononuclear cells
(PBMC). The PBMC were separated from whole heparinized
blood of nineteen healthy volunteers (age range 20—50 years)
by LyrnphoprepTM (Oslo, Norway) gradient centrifugation.
Interface cells, washed three times with nutrient medium, were
counted and resuspended in the same medium.

Proliferative response of PBMC induced by lyophilized
cells. 1.5 x 103 PBMC per well, were incubated in quadrupli-
cate, during six days, with or without lyophilized malignant
cells Fem-x or BG (10 000, 5000, 2500, 1250, 625 and 0 cells).
MTT test [6, 7] was used to determine the PBMC prolifera-
tive capacity induced by lyophilized malignant cells. This test
was done in nutrient medium with FBS. The results were ex-
pressed as stimulation index (i %) [2]:

A

[(APBMC+lyo - Alyo) - (Apbmc ~ “nutrient mcdium)]

(A A

.100.

i(%) =

pbme — “nutricnt mcdium)

To get i(%), the absorbance (at 570 nm) of sample with
lyophilized cells A, was subtracted from the absorbance of
sample of PBMC incubated with lyophilized malignant cells
AppMcHyo 20d divided by the absorbance of nonstimulated
cells (Apbmc — A utrient medium) the multiplied by 100.

Cell surface marker analysis. Cell surface marker analysis
was done using the direct immunofluorescence staining with
specific T cell markers (CD4/PerCP, CD,/FiTC, and CD¢/PE)
purchased from Becton-Dickinson Immunocytometry Sys-
tems (BDIS), San Jose, CA, USA, as instructed by manufac-
turer, on freshly isolated PBMC from three healthy volun-
teers. The same was done on PBMC stimulated for six days in
nutrient medium with FBS; with or without Iyophilized BG
or Fem-x cells. Data collection and analysis were done on
FacsCalibur™ Flow Cytometer (BDIS) using the Cell-Quest
software (BDIS).

PBMC suppression of tumor cells survival

The effect of nonstimulated PBMC on malignant cell sur-
vival. The same test was done in nutrient medium indepen-
dently on the presence of FBS or human serum in the nutrient
medium. Live malignant cells were seeded in 50 pl in one
group of 96 microtiter flat-bottom wells (10 000 cells per well).
The same number of lyophilized cells was added to other group
of wells. Lyophilized cells were put into the wells which were
used as blank, to avoid any mistake which could arise from
the tumor cell induced stimulation of PBMC, which may con-
tribute to the increased formation of formazane; third group
of wells contained the same volume of nutrient medium. In-
creasing numbers of freshly isolated, *naive > PBMC were
added to the wells four hours after malignant cells seeding; in
controls only nutrient medium was added.

The antiproliferative effect of stimulated PBMC

PBMC stimulation. Up to 6 x 105 PBMC were incubated
in 3 ml of nutrient medium with FBS at 37°C for six days,
without or with 1 x 103 lyophilized malignant BG or Fem-x
cells in nutrient medium. Incubation was done in plastic six-
well plates (Costar) in humidified atmosphere with 5% CO,
during six days. The contents of wells were collected, centri-
fuged, and 2 ml of supernatant, conditioned medium, was put
aside and marked as Sn for supernatant from sample of
PBMC% incubated only in nutrient medium; then as Sg; for
supernatant from sample of PBMC"dBG incubated with lyo-
philized BG cells, and as S for supernatant from sample of
PBMC®,, incubated with lyophilized Fem-x cells. Then
PBMC from each sample were resuspended in remaining su-
pernatant, counted, and further diluted in corresponding con-
ditioned medium, Sn, or Sg, or S¢.. Two dilutions of PBMC%d
suspension were used in the test: about 1.5 x 10% and 0.75
x 106 cells/ml.
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The same procedure was performed for PBMC stimula-
tion in nutrient medium with human serum, when stimulators
lyophilized melanoma BG, or Fem-x cells, or normal PBMC
were used. On that way, we have got PBMC%; ., PBMC®;
and PBMC6dPBMC, in their corresponding conditioned media.

For determination of the antiproliferative action of six-day
stimulated PBMC (PBMC%n) in nutrient medium with FBS,
to one group of wells, of 96 microtiter flat bottomed wells plate,
live malignant BG cells (10 000 cells/well) were seeded; while
to the others the same number of lyophilized BG cells were put
in 50 pl of nutrient medium, while the third group of wells
contained only nutrient medium. Four hours later to one group
of wells (control samples and their blank), 100 pl of fresh
nutrient medium were added; to the other group of wells 100 pl
of corresponding supernatant Sn or Sg; were added. In the
third group of wells, 100 ul of two various dilutions of
PBMCS4n, in their conditioned medium were added. Two dilu-
tions of PBMC(’dBG, were put in the fourth group of wells.
Control sample were BG cells grown in fresh nutrient medium,
The same experiment was set up with live Fem-x cells as target
cells; with PBMC%n, and with PBMC®.in their corresponding
conditioned medium, supernatants Sn and Sg, respectively.
Control sample were Fem-x cells grown in fresh nutrient medium.

For determination of the antiproliferative action of six-day
stimulated PBMC (in nutrient medium with human serum) to
one group of wells, of 96 microtiter flat bottomed wells plate,
live malignant BG cells (10 000 cells/well) were seeded; while
to the others the same number of lyophilized BG cells were
put in 50 pl of nutrient medium, while the third group of wells
contained only nutrient medium. Four hours later to one group
of wells (control samples and their blank), 100 pul of fresh
nutrient medium were added; to the other group of wells 100
ul of corresponding supernatant Spgyyc Or Spg; were added.
In the third group of wells, 100 pl of two various dilutions of
PBMC6dPBMC, in their conditioned medium were added. Two
dilutions of PBMC“BG, were put in the fourth group of wells.
Control sample were BG cells grown in fresh nutrient medi-
um. The same experiment was set up with live Fem-x cells as
target cells; with PBMC%,py /-, and with PBMC® in their
corresponding conditioned mediums. Control sample were
Fem-x cells grown in fresh nutrient medium.

Determination of Fem-x and BG, cell survival. Cell sur-
vival was determined by MTT test [6, 7, 10], 24 hours upon
addition of the PBMC. (Crystals of formazane were dissolved
by addition of 10% SDS, in 0.01 mol HCI.) To get cell surviv-
al (%) absorbance of sample with effector cells and lyo-
philizate (Apgpc Hyo) was subtracted from absorbance of sam-
ple of target cells + effector cells (A, pgpc) and this differ-
ence multiplied by 100 was divided by the absorbance of tar-
getcells grown in fresh nutrient medium, Ap— A o modium

(AT+PBMC - APBMC+ly0 ) .100.

S(%) =
(AT - Anutricnt mcdium)

Results

Incubation of human PBMC obtained from five healthy
volunteers with increasing number of lyophilized malignant
cells during six days, induced the proliferation of PBMC (Fig.
1). The extent of stimulation (i%) varied between individual
PBMC and was dependent on the lyophilized cell type. Stim-
ulation of PBMC proliferation by lyophilized BG cells was
dependent on the number of stimulating lyophilized BG cells;
PBMC stimulation by lyophilized Fem-x cells was not the
function of the number of stimulating cells.

The action of naive human PBMC and of PBMC%4n, and
PBMC6‘1BG (preincubated for six days without or with lyo-
philized malignant melanoma BG cells) in 50% of the corre-
sponding conditioned medium on the survival of the BG cells
was investigated. BG cells are very resistant to the action of
naive PBMC in nutrient medium with FBS. A mild PBMC
stimulation of BG cells survival was observed at higher E/T
ratios. Six-day incubation of PBMC with nutrient medium
led to the increased expression of their cytostatic action in
comparison to the effect of naive PBMC. This enhancement
was more pronounced when PBMC were stimulated with lyo-
philized BG cells. The extent of PBMC'S"BG induced suppres-
sion of tumor cell survival varied among different individu-
als. Moreover, in three of five cases 50% conditioned medi-
um from PBMC6"BG induced suppression of the BG cell sur-
vival (results not shown).

The effect of naive human PBMC and of PBMC%n, and
PBMC(’dF (preincubated for six days without or with lyo-
philized malignant melanoma Fem-x cells) in 50% of the cor-
responding conditioned medium on the survival of the Fem-x
cells was investigated too. While naive PBMC from one per-
son induced marked decrease in Fem-x cells survival (approx-
imately 50% at E/T ratio 20) PBMC of other four persons
expressed very mild cytostatic action to target cells. Six-day
incubation of PBMC in nutrient medium with or without lyo-
philized Fem-x cells, enhances their antiproliferative action
in four from five cases, in comparison to the control, naive
PBMC, and PBMC%n (results not shown).

Incubation of PBMC from another group of three healthy
volunteers in nutrient medium with, or without lyophilized
melanoma BG or Fem-x cells for six days lead to some in-
crease in the percent of T cells, both, with surface markers
CD;+CDyg+ and CD;+CDy,+, in two analyzed cases, compared
to the percent of these cells in untreated, naive, PBMC (data
not shown).

The next group of experiments performed were done in
the presence of human AB serum in nutrient medium, to avoid
any stimulative action of fetal bovine antigens on PBMC. As
the data obtained in previous experiments could be result of
an alloreactivity, the new set of experiments was done in the
order to compare the antiproliferative action of normal
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Fig. 1. Index (i %), of stimulation of PBMC proliferation induced by different number of lyophilized human malignant melanoma Fem-x (1) or BG
cells (2). 10 000, 5000, 2500, 1250, 0.625 and 0 lyophilized cells were incubated without or with 1.5 x 105 PBMC per well, in quadruplicate for six
days in nutrient medium with FBS. Then MTT test was used to determine the percent of PBMC proliferation. Results are mean of quadruplicate.

CV was less than 10%.

PBMC(’d],BMC (stimulated by nontumor alloantigens) with the
action of PBMCS; (stimulated with nontumor and tumor
alloantigens), and to compare both of these actions with the
effect of naive PBMC on the survival of BG cells.

Results obtained in the presence of human serum in nutri-
ent medium shown in Fig. 2 demonstrated that naive PBMC
obtained from next group of healthy volunteers suppressed
survival of BG cells. The extent of this suppression varied
between individuals. PBMC““BG and even 50% conditioned
medium had an increase in their suppression of BG cells sur-
vival compared to the action of naive PBMC. Contrary,
PBMC(’dPBMC, even 50% conditioned medium in four from
five cases suppressed antiproliferative action of PBMC in
comparison to the action of naive PBMC and PBMC‘S‘jBG on
BG cell line.

The data on the antiproliferative action of naive, or of six
day stimulated PBMC® or by lyophilized PBMCppy - are
shown in Fig. 3. Naive PBMC suppressed Fem-x cell survival

more intensively than that of BG cells. Stimulation of the
antiproliferative action of PBMC‘S"F in their conditioned me-
dium on Fem-x cells was observed in two from five investi-
gated cases. Contrary PBMC“PBMC in their conditioned
medium showed decrease in the antiproliferative activity on
Fem-x cells, compared to the action of naive PBMC, and of
PBMCS,, in four of five cases too.

Discussion

Successful tumor vaccine is a dream for every physician
working in oncology and for every patient with malignant
disease. Large efforts have been undertaken to develop the
tumor vaccine, very few successful accomplishments were
reported [1, 3, 5, 11]. Although some reports were published
on the use of irradiated whole tumor cells, or tumor cells ly-
sates [3, 5] we have not seen any publication dealing with the
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Fig. 2. The survival (%) of human malignant melanoma BG cells (10 000 cells/well) grown in mixed culture with various dilutions of naive PBMC
(1), or with PBMC‘I,llMC (PBMC incubated for 6 days in nutrient medium with human serum with lyophilized normal PBMC (2); or with PBMC“BG,
PBMC incubated for six days with lyophilized BG cells in 50% conditioned medium (3). MTT test was used for determination of melanoma cell

survival. Results are mean of quadruplicate. CV was less than 7%.

use of lyophilized whole tumor cells as an inducer of the an-
titumor immune response. Results obtained in this work
showed that lyophilized BG and Fem-x cells induced stimu-
lation of proliferation of healthy PBMC grown in nutrient
medium with FBS. However this effect was different regard-
ing the lyophilized cell line used. Fem-x lyophilizate induced
PBMC proliferation in lesser degree than BG one, this effect
was constant, i.¢. not dependent on the number of lyophilized
cells used. The difference observed could be related to the
degree in the allogenicity as well as the difference in HLA
Class II expression.

Six-day preincubation of PBMC in vitro induced en-
hancement of their antiproliferative action on the BG mel-
anoma cell line, without respect on the presence or on the
absence of lyophilized BG cells in the nutrient medium
with FBS. However, this effect was more pronounced when
PBMC were preincubated with lyophilized BG cells, then
when they were incubated in nutrient medium. Additional

experiments performed in the presence of human serum in
nutrient medium showing specificity for the enhancement
of the antiproliferative action of PBMCG“BG to BG cells
compared to the action of allogeneic normal PBMCppgy/c»
may indicate that lyophilized melanoma BG cells stimu-
late the allogeneic-antitumor immune function of normal
PBMC.

Although the influence of lyophilized Fem-x cells stimu-
lation on PBMC induced suppression of Fem-x cell survival
was observed, this incubation did not enhance much their
antiproliferative action, compared to the effect of PBMC in-
cubated in only nutrient medium (with FBS), and compared
to the control, to the action of naive, PBMC. Experiments
performed in the presence of human serum in nutrient medi-
um showed specificity for the enhancement of the antiprolif-
erative action of PBMC"’C'F to Fem-x cells, compared to the
action of naive allogeneic normal PBMC and to the action of
allogeneic normal PBMCppgy -
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Fig. 3. The survival (%) of human malignant melanoma Fem-x cells (10 000 cells/well) grown in mixed culture with various dilutions of naive
PBMC (1), or with PBMC‘PBMC (PBMC incubated for 6 days) in nutrient medium with human serum with lyophilized normal PBMC (3) or with
PBMC“F, PBMC incubated for six days with lyophilized Fem-x cells in 50% conditioned medium (2). MTT test was used for determination of
melanoma cell survival, Results are mean of quadruplicate. CV was less than 6%.

The difference between the antiproliferative action of
PBMCMBG on the BG cell survival and the action of l”BMC‘S"F
on Fem-x cell survival could be explained by the possible
existence of more immunogeneic structures present on lyo-
philized BG cells than on lyophilized Fem-x cells. Observa-
tion that conditioned medium from PBMCMBG induced sup-
pression of malignant cell survival could indicate that lyo-
philized BG melanoma cells, more than lyophilized Fem-x
cells, stimulate PBMC for production of cytokines, some fac-
tors that suppressed tumor cell survival (TNFo, IFN s ...).
This finding is in accordance with another study [4], that tu-
mor associated lymphomonocytes from neoplastic effusions
of patients with different primary tumors are able to release
cytokines.

In conclusion, results obtained in this work in small num-
ber of healthy persons indicate that antigens present on lyo-
philized whole tumor cells could stimulate allogeneic antitu-
mor immune response; this reaction depends on the immuno-
genic properties of malignant cell line, as well as on the indi-
viduals PBMC. Incubation of normal PBMC with lyophilized

normal PBMC as of a source of nontumor allogeneic struc-
tures led to the decrease in the antiproliferative action of in-
cubated PBMCpp, /. even more to the potentiation of tumor
cell growth by corresponding conditioned medium. Further
studies on the larger number of normal subjects and in pa-
tients with various cancer types particularly are needed. The
approach presented in this work offer the chance for the in-
vestigation of the possibility for the prediction in vitro of the
enhancement of antitumor immunity in patient, by autolo-
gous, or allogenous vaccine.
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