
Abstract. A pilot clinical trial using dendritomas, purified
hybrids from the fusion of dendritic/tumor cells combined
with a low dose of IL-2, in metastatic melanoma patients was
conducted in order to determine its safety and potential
immunological and clinical responses. Ten metastatic
melanoma patients were enrolled into this study. Dendritoma
vaccines were created by fusing dendritic cells stained with
green fluorescent dye with irradiated autologous tumor cells
stained with red fluorescent dye and purifying the hybrids
using immediate fluorescent-activated cell sorting. Initial
vaccine was given subcutaneously and followed by IL-2 in
serially elevated doses from 3-9 million units/m2 for 5 days.
Repeated vaccinations were administered without IL-2, at
3-month intervals for a maximum of 5 times. Immune reactions
were measured by the increase of interferon-Á (IFN-Á)
expressing T cells. Vaccine doses ranged from 250,000 to
1,000,000 dendritomas. There was no grade 2 or higher toxicity
directly attributable to the vaccine. All patients experienced
toxicity due to IL-2 administration (9-grade 2, 3-grade 3,
1-grade 4). Eight of nine evaluable patients demonstrated
immunologic reactions by increased IFN-Á expressing T cells.
One patient developed partial response at 12 weeks after
the first vaccine. Nine months later, this patient achieved a
complete response. In addition, two patients had stable disease

for 9 and 4 months, respectively; one patient had a mixed
response. Our findings demonstrated that dendritoma vaccines
with a low dose of IL-2 can be safely administered to patients
with metastatic melanoma and induce immunological and
clinical responses.

Introduction

Metastatic malignant melanoma carries a dismal prognosis,
and few therapies have been found to produce responses with
improvement in overall survival. Response rates to systemic
chemotherapeutic agents are marginal, and median survival
from time of diagnosis is about 6-12 months. In selected
cases with single or limited distant metastases surgical resection
has yielded cure rates of 15-25%, but most patients develop
disseminated metastases and succumb to the disease. Despite
many years of intensive research, there are few therapeutic
options for the management of metastatic malignant melanoma.

Dendritic cells (DCs) are professional antigen presenting
cells (APCs) that play a vital role in stimulating immune
responses. DCs not only activate naïve CD4+ T helper cells,
but also stimulate unprimed CD8+ T lymphocytes (1-4).
Because of these characteristics, DCs have been widely studied
as antigen presenting cells for cancer immunotherapy (5,6). On
the other hand, it has been demonstrated by our laboratory and
others that tumor cells persist partly because they have selected
mutations that partially or completely protect them from being
destroyed by the immunosurveillance (7-11). The in vitro
loading of DCs with tumor antigens is becoming feasible and
useful. Initially, DCs were loaded with tumor antigens or
whole tumor lysate by pulsing and based on these procedures,
several clinical trials have been conducted (12-18). However,
it is known that the antigen presenting system of an APC
works more effectively and efficiently when the protein/antigen
is synthesized inside the cell rather than outside the cell,
especially when cellular immune responses are considered
(19). Therefore, a number of laboratories have attempted to
introduce specific tumor antigens into dendritic cells using
gene transfer methods (20-23). However, this is also fraught
with many disadvantages, including: 1) the limited ability to
identify all of the important specific tumor antigens; 2) the
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limited ability to map the genes of the specific tumor antigens;
3) only one or a small number of the known tumor antigen
genes can be introduced into the dendritic cell; and 4) the
process is time-consuming and cumbersome. Given these
disadvantages, the ideal solution would be to introduce the
entire tumor genome into the dendritic cell so that the entire
portfolio of tumor genes would be expressed within the
dendritic cell. The ideal or obvious way to do this would be to
create a hybrid of the dendritic and tumor cell. Several studies
have shown encouraging results by fusing DCs and tumor cells
both in animal studies and in early clinical trials (24-34).
However, the purification of the fused hybrid cells from fusion
mixtures has proven difficult because of the lack of feasible
selection markers. Therefore, in these fusion studies either
the entire fusion mixture or loosely purified cells were used
(24,25). Furthermore, traditional means of selecting fused
from unfused cells, such as in hybridoma generation, involves
culture and selection in culture. Unfortunately, such a selection
in culture may only result in retaining a portion of the antigenic
diversity of a tumor yielding a vaccine that may not be effective
against some aspects of the heterogeneous cellular population
of a tumor.

We hypothesized that the use of highly purified hybrid cells
from DC-tumor cell fusion would be more effective than the
entire fusion mixture in stimulating tumor cell specific anti-
tumor immunity. Additionally, it was our goal to generate this
highly purified cell population instantly and without culture.
We developed a novel technique by which hybrid cells can
be easily purified from a fusion mixture (35). By using this
technique, hybrid cells were instantly purified from fusions
between DCs and tumor cells and named dendritomas. Dendri-
tomas retained the characteristics of the tumor cell as well as
the ability of the DC to act as an effective APC. Our animal
studies have confirmed that the purified dendritomas are better
activators than fusion mixtures in stimulating tumor-specific
anti-tumor immunity (36). In vitro studies using human cells
also showed that dendritomas made from patients' peripheral
blood DCs and autologous primary tumor cells effectively
activated autologous T cells to lyse autologous tumor cells.
Therefore, we reasoned that the introduction of these dendri-
tomas into patients may allow them to effectively present the

tumor antigens to the patients' immune cells and to stimulate
the generation of anti-tumor immune responses. Also, because
these dendritomas represent the entire diversity of tumor cell
types, we anticipated that they might stimulate a more complete
immune response.

Based on the results from animal studies and our in vitro
human study, we designed a pilot clinical trial to determine
the feasibility of a treatment regimen using dendritomas as
a vaccine for immunotherapy in patients with metastatic
melanoma. In order to boost the immune responses generated
by dendritoma vaccine, if there were any, low doses of IL-2
were followed after the first vaccine. The primary objective
of this study was to evaluate safety of the vaccine by assessing
adverse events; the secondary objective was to assess immune
responses by measuring the increase of IFN-Á expressing T
cells and clinical responses.

Patients and methods

Patient selection and study design. All patients had histo-
logically confirmed metastatic malignant melanoma and an
expected survival of 3-6 months. An ECOG performance
status of ≤3 was necessary to enter the trial. Inclusion criteria
included adequate pulmonary function (FEV1 >25% predicted
or DLCO >25% predicted), adequate cardiac function, serum
creatinine <1.6, Hgb >9.0, WBC >3,000, platelet count
>100,000 and no prior history of a seizure disorder. Previous
treatment with chemotherapy or immunosuppressive agents
had to be discontinued at least 30 days prior to vaccination.
Previous treatment with other forms of immunotherapy had
to be discontinued 6 months prior to vaccination unless there
was documented progression of the disease. CNS metastases
were allowed, and there were no limitations on tumor
location or volume. It was necessary for each patient to have
a tumor with a volume >1 cm3 available for surgical excision
(for vaccine preparation) and measurable residual disease
for evaluation of response. Bidirectional measurements of
residual disease were recorded from a maximum of 4 index
lesions, either by direct measurement for cutaneous lesions
or computed tomography (CT) measurements for visceral
lesions. Tumor volumes were calculated from these
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Figure 1. Diagram of the trial design.
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measurements for comparison with post treatment evaluations.
Informed consent was obtained from each patient prior to entry
into the trial. Human investigations were approved by the
Institutional Review Committee of the Greenville Hospital
System, in accord with an assurance filed with and approved
by the Department of Health and Human Services. Production
and use of vaccines in this protocol was approved and
monitored by the Food and Drug Administration (IND 8851).
The trial design is diagramed in Fig. 1.

Tumor and dendritic cell preparation. Autologous serum was
used for preparation and maintenance of each patient's tumor
cells and DCs. Blood (200 ml) was withdrawn from the patient
at least 2 weeks prior to initial vaccination. Serum was prepared
from it using standard techniques. Prior to use, the serum was
heat-inactivated by incubating at 56˚C for 30 min. This auto-
logous serum comprised 10% by volume of the media used for
maintenance of patient's tumor cells and DCs.

Mature DCs were generated from the patient's peripheral
blood monocytes (PBMCs). Sodium-heparinized peripheral
blood (300 ml) was obtained from the patient. PBMC's
were isolated by Ficoll-Paque Plus gradient (Amersham Bio-
sciences). Monocytes were then isolated from the PBMC's
by panning for 3-4 h in petri dishes. The purified monocytes
were then cultured in complete DC medium (RPMI-1640
+10% human serum +800 U/ml GM-CSF +1000 U/ml IL-4)
at 37˚C, 5% CO2 for 7-10 days to generate dendritic cells. The
DC medium was refreshed every 3-4 days. Dendritic cells
were matured by adding 100 ng/ml of TNF· and incubating
for 24-48 h. Tumor tissue was obtained by direct biopsy or
excision of metastatic lesions in each patient. The tumor
specimens were removed from the patients under sterile
conditions and processed as follows: After separating fat and
extraneous tissue away from the tumor tissue, the tumor was
cut into small chunks and put into a T75 flask containing 20 ml
of RPMI-1640, 1.5 mg/ml collagenase type VIII (Sigma),
26 μg/ml pulmozyme (Genentech). This solution was rocked
for 1-2 h at 37˚C and the cell suspension was then filtered
through a 40 μm cell strainer (Falcon Cat No. 2340). After 2
washes with 1X PBS, the cells were resuspended in ACK

lysing solution (0.15 M NH4C1, 1 mM KHCO3, 0.1 mM
Na2EDTA, pH 7.3) and incubated for 5 min at room tempera-
ture to lyse the red blood cells. After centrifugation, the cells
were re-suspended in complete tumor cell media (DMEM,
10% autologous serum, 200 μg/ml gentamycin) until fusion.

Staining, fusion and sorting. DCs were stained green using the
PKH2-GL fluorescent dye (Sigma) and tumor cells were
stained red using the PKH26 fluorescent dye (Sigma) according
to the manufacturer's instructions. Then the tumor cells were
exposed to a single dose of 50 Gy irradiation, sufficient to
render the cells replication incompetent. The green DCs and
the red tumor cells were fused at a 1:1 ratio according to a
standard PEG fusion protocol. The fusion mixtures were
incubated in complete DC medium overnight in a humidified
37˚C, 5% CO2 incubator. The next day the cells were analyzed
and hybrid cells (dendritomas) were sorted according to the
presence of dual colors (red and green) using the FACS
Vantage SE (BD Biosciences).

Treatment. Vaccines consisted of 250,000-1,000,000 (mean
813,000) dendritomas. The number of dendritomas in each
patient's vaccine varied depending on the yield from the
culture and fusion process. After irradiation at 100 Gy, these
dendritomas were then re-suspended in 2-3 ml of normal
saline (NS) and within 24 h of re-suspension were injected
subcutaneously into the patient immediately adjacent to a
lymph node basin. One day after dendritoma injection, IL-2
was administered by subcutaneous injection at a starting dose
of 3 mIU/m2/day with sequentially increasing doses by 3 mIU/
m2/day to a maximum dose of 9 mIU/m2/day for a total of
5 days (Fig. 1). Each patient was premedicated 1 h prior to
IL-2 injection with claritin (10 mg), and celebrex (100 mg)
or relafen (1000 mg). Patients were revaccinated every 3
months depending on the availability of dendritomas and
tumor cells. Revaccination was administered in similar
fashion as the initial vaccination with the exception that IL-2
was not given. Patients received a maximum of 5 vaccinations
depending on their disease progression and availability of
vaccine.
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Table I. Clinical characteristics of patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Patient No. Age Sex Previous therapiesa Disease stage at entry of this trial Sites of tumors at entry of this trialb

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 66 F S, Ch IV Br, L, Li, Sc, Ly
2 61 F R, Ch, S IV L, Li, B
3 45 M S IV L, Li, Ia, Sc, Lr
4 68 M S. Ch IV C, Sc, Ly, Li
5 84 M S IV C, Lr, Ly
6 51 F S, Ch IV Co, Ly
7 74 M S IV L, Br, Li C, Sc, Ly, Lr
8 32 M S, Ch IV Sc, Ly
9 63 F S, Ch IV Sc, L

10 73 M S, R IV Sc, C, Ly
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aS, surgery; Ch, chemotherapy; R, radiation. bB, bone; L, lung; Li, liver; Lr, local recurrence; Br, brain; Ly, lymph nodes; Sc, subcutaneous; Ia, intra-
abdominal; C, cutaneous; Co, colon.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Follow-up. All patients were followed closely at prescribed
intervals throughout recurrence or progression, if present, until
death. They were evaluated closely for pulmonary, renal,
hepatic, gastrointestinal, cardiac, autoimmune or other
toxicities in addition to evidence of regression or progression
of their index lesions. Immediately post vaccination patients
were followed at days 1 and 3 with complete blood count
(CBC), creatinine, liver function tests (LFTs), and clinical

examinations. The 2-week and 1-month follow-ups included
clinical examination, CBC, electrolytes, BUN, and creatinine.
CT scans of the head, chest, abdomen, and pelvis were obtained
at 3-month intervals prior to revaccination.

IFN-Á assay. Before the first vaccine, 2 and 4 weeks after the
first vaccine, and 1 and 4 weeks after vaccination, blood
samples were taken from the patients and used to perform the
intracellular interferon-Á analysis using anti-human IFN-Á

FastImmune™ CD4 Intracellular cytokine detection kit (BD
Biosciences). Briefly, 1.5 ml whole blood from each sample
were distributed into 3 conical tubes (each 0.5 ml) labeled as
unactivated (negative control), activated (experiment), and
SEB (Staphylococcal Enterotoxin B, positive control),
respectively. CD28/CD49 (5 μl) from BD FastImmune
intracellular cytokine detection kit was then added into each
tube. Autologous tumor lysates (5 μl) and SEB (2 μl) were
added into the ‘activated’ tube and the ‘SEB’ tube,
respectively. The tubes were vortexed and incubated at 37˚C
for 2 h. BFA solution (10 μl) from the kit was added into each
tube and the tubes were further incubated for 4 h. After the 4-h
incubation, 50 μl EDTA solution was added into each tube.
The red blood cells in the tubes were lysed by adding 5 ml
lysing solution (from the kit) into each tube and incubating at
room temperature for 10 min. After 2 washings with staining
buffer (0.1% BSA and 0.1% NaN3 PBS), the cells were stained
with anti-CD4-PerCP-Cy5.5 or anti-CD8-PerCP-Cy5.5 and
CD69-PE antibodies. After surface marker staining, the cells
were permeablized and stained with anti-IFN-Á-FITC antibody.
The cells were then analyzed on a FACS Calibur with
CellQuest software (BD Biosciences). Because of the addition
of marker CD69, an activated T cell marker, we were able to
analyze IFN-Á production by activated CD4+ T cells and CD8+
T cells. 

Results

Patient characteristics. Ten patients with stage IV melanoma
were enrolled in this study. Their clinical characteristics are
shown in Table I. All patients had histologically confirmed
metastatic melanoma, which was metachronous in all cases.
The average time interval between initial diagnosis of
malignant melanoma and development of metastasis was
45.5 months. Initial stage at diagnosis was stage I in one
patient, stage II in 5 patients, stage III in 3 patients, and stage
IV in one patient. Seven patients had undergone previous
therapy for metastatic melanoma that included chemotherapy
in 6 patients and immunotherapy in one patient.

Vaccine production and safety. Autologous DCs stained green
were fused with irradiated, fresh (or frozen) tumor cells stained
red using PEG. The fusion efficiency was from 5 to 15%. After
overnight incubation, the hybrid cells were purified using
FACS vantage sorting according to the dual colors. Fluorescent
microscopic analysis of the sorted cells demonstrated that they
are hybrid cells possessing both green and red colors (Fig. 2).
For this pilot study, 23 dendritoma vaccines ranging from
250,000 to 1,000,000 dendritomas were produced and
successfully administered for the ten patients (Table II). The
safety data, based on observation of the 10 study patients,
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Figure 2. Dendritomas. Freshly sorted dendritomas were observed under
fluorescent microscope. The same field was pictured with a green filter (A),
red filter (B), and green and red filter (C).
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Table II. Treatment protocol and adverse events.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Patient No. 1 2 3 4 5 6 7 8 9 10
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Vaccine protocol

Date of initial vaccine 6/2/00 7/28/00 8/23/00 1/12/01 5/17/01 2/21/01 3/21/02 3/28/02 4/25/02 5/23/02
No. of courses 1 3 2 1 1 5 1 4 3 2
Dendritoma dose

Course 1 439 k 1000 k 1000 k 500 k 500 k 1000 k 1000 k 1000 k 1000 k 350 k
Course 2 1000 k 950 k 1000 k 600 k 1000 k 550 k
Course 3 300 k 500 k 975 k 1000 k
Course 4 500 k 1000 k
Course 5 250 k

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Adverse events Course Course Course Course Course Course Course Course Course Course
(grade) 1 1   2   3 1      2 1 1 1   2   3   4   5 1 1   2   3   4 1   2   3 1      2
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Anemia 3 2   1 2      2 1 1r 2r
Elevated liver enzymes 1rb 1 2 1 2r
Elevated creatine/BUN 3
Fever 1ra 1r 1r 2r 1r 1r 1r 1rc 1r 1r 1r 1r 2r
Nausea/anorexia 1 4 2r     1r 1r 1r  2r  3r  3 2r
Dyspnea 2r 2r
Hypotension 3r 1r 1r 2r
Muscle weakness 4 1r

Edema 2 1  1 1r
Weight gain 2 1r 2r
Weight loss 3
Urinary retention 3
Confusion 2
Swelling, erythema 1r 1r 1r 1r
Fatigue 1r 1 1r 1r 1r
Pleural effusion 3
Myalgia 1 1r 1r
Infection 2r

Pulmonary hypoxia 3r
Ileus 3r
Stomatitis 1r 1r 2r
Hematuria 3r
Pruritus/rash 1 2r 1r 1r
Ataxia 1

Dizziness 3r
Headache 1r
Chills/rigors 1r 1r 1r 1r 1r 1r
Sleep problems 1 1 1
Cough
Anxiety 2r
Pharyngitis/cold/virus 1r 1r 1r

Pain 3  2  3
Rectal bleeding 1r
Angina 3r
Fall with pain 2r
Black macule 1r

Bruising 1r
Cramping feet/legs 1r
Blurred vision 1r
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

6  5  6  3 5  4  2 9  4 
Total 14 7   8   2 7       4 4 4 3 3 2 0 3      0
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ar, adverse event resolved; bpossible vaccine-related adverse events are italicized; cvaccine-related adverse events are underlined.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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revealed that the vaccine can be administered without serious
adverse events occurring that are attributable to the vaccine.
The most common adverse events were expected events
associated with IL-2, including grade 1 and 2 fever, grade 1
and 2 chills and rigors, grade 2 and 3 anemia, grade 2 rash,
and grade 2 stomatitis. One patient experienced grade 3
angina on the first day of IL-2 administration. The pain
resolved, and all cardiac tests were normal. Only one patient
experienced grade 1 toxicity (transient chills, fever and
arthralgias) attributable to the vaccine (Table II). This same
patient experienced a grade 3 toxicity (dizziness) after her
fifth vaccine injection, which could possibly be attributed to
the vaccine. Other possible toxicities attributable to the
vaccines include grade 1 swelling/erythema at cutaneous
sites, grade 1 rash and grade 1 pain. All possible toxicities
related to the vaccine resolved.

Dendritoma vaccine increases tumor cell specific IFN-Á
expressing T cells. IFN-Á expressing CD4+ or CD8+ T lympho-
cytes were measured in peripheral blood mononuclear cells
(PBMCs) isolated from the patient pre-vaccination, 1, 2 or 4
weeks post first vaccination and 1 and 4 weeks post second,
third, or fourth vaccinations using the FastImmune CD4 or
CD8 intracellular cytokine detection kits with anti-human
interferon-Á. The PBMCs were unstimulated as negative
controls, stimulated with patient's autologous tumor lysate, or
stimulated with staphylococcal enterotoxin B as positive
controls. Staining of the PBMCs was performed according to
the manufacturer's directions. Analysis of CD4+ or CD8+ T
lymphocytes expressing IFN-Á was performed on a FACS
calibur (BD Biosciences). Eight of the nine evaluable patients
showed increased IFN-Á expressing CD4+ T cells at least at
one time point post vaccine compared to prior to vaccine
(Fig. 3A). Six of seven analyzed patients showed increased
IFN-Á expressing CD8+ T cells at least at one time point post
vaccine compared to prior to vaccine (Fig. 3B). The increases
took place at different time points in different patients. Some
patients' IFN-Á expressing T cells increased 2 weeks after
the first vaccination (Patient No. 2, 5, and 6 for CD4+ T

cells; Patient No. 2 and 7 for CD8+ T cells), while some
other patients' IFN-Á expressing T cells increased later
(Patient No. 3, 4, 8, 9 and 10 for CD4+ T cells; Patient No. 6,
8, 9, and 10 for CD8+ T cells). In one patient (No. 8) the
increase of INF-Á expressing CD4+ T cell occurred prior to the
fourth vaccination. When compared to the unstimulated cells
(open bars), most of the increases of IFN-Á expressing T cells
are tumor lysate specific (solid bars).

Clinical responses. One patient died 19 days after the first
vaccination due to rapid disease progression. Thus, 9 patients
were able to be evaluated for clinical response. One patient
(No. 6) who received a total of 5 vaccinations had a partial
response (50% decreases in tumor size) 3 months after the
first vaccine. At 6 months after the first vaccine, the patient's
tumor regressed by 68%. At 14 months, she developed a
complete response and is still tumor-free after receiving 5
vaccinations at 3 month intervals and the 18 months of follow-
up without having any additional therapy. This patient had
a grade 3 vertigo (dizziness) possibly due to the vaccine. At 3
months after vaccination, Patient No. 2's disease remained
stable for 9 months and the disease of Patient No. 9 remained
stable for 4 months. Patient No. 8 developed a mixed response
9 months after vaccination with his subcutaneous nodules
completely regressed and regression of the inguinal mass,
while other areas were progressing. The clinical data are
summarized in Table III.

Discussion

Despite years of research and attempts at effective treatment,
there remain few therapeutic options for metastatic malignant
melanoma, except surgical resection. Immunotherapy has held
promise for many years, but an effective route of therapy has
remained elusive despite many different trials with vaccines
and other biologic agents (6).

DC and tumor cell fusion as a vaccine has been examined
in other trials and the results are encouraging (24-34). Since
there was no convenient method to purify the fused hybrids,
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Table III. Clinical summary of patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Patient No. Date of first vaccine No. of vaccines Disease staging 12 weeks post Days from 1st vaccine to death

1st vaccine and last/month
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 Jun-00 1 DFDa 19
2 Jul-00 3 SD/9 363
3 Aug-00 2 PD 267
4 Jan-01 1 PD 85
5 May-01 1 PD 94
6 Feb-02 5 PR/9 N/A
7 Mar-02 1 DFD 45
8 Mar-02 4 PD/MRb 340
9 Apr-02 3 SD/3 254

10 May-02 2 PD 512
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aDFD, died from disease; SD, stable disease; PD, progressive disease; PR, partial response; CR, complete response. bAt the ninth month after the initial
vaccine, this patient had a mixed response.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Wei 29/8  25/1/06  15:02  Page 590



fusion mixtures were used in those studies. Our animal studies
and in vitro human study have shown that highly purified
dendritomas formed between DCs and tumor cells maintaining
the complete antigenic diversity of the tumor cell population
stimulated stronger anti-tumor immune responses (35,36). In
this pilot study, 10 stage IV melanoma patients were enrolled
to test the safety of this therapy and possible anti-tumor
immune responses of the dendritoma vaccine. The results
indicated that dendritoma therapy is safe and that there are no
significant side effects attributable to the vaccine. All the
patients tolerated the vaccine very well. There were some
grade 2, 3, and 4 adverse effects observed due to the IL-2
injection and disease progression. 

In order to determine if an antitumor immune response is
stimulated by the dendritoma vaccine, the number of IFN-Á
expressing T cells was measured by FACS analysis for the
patients before and after dendritoma vaccine. As shown in
Fig. 3, by comparing to the percentage of IFN-Á expressing
T cells before vaccine, 8 of 9 evaluable patients showed

IFN-Á expressing CD4+ T cell increase at at least one time
point, while 6 of 7 analyzed patients showed IFN-Á expressing
CD8+ T cell increase at at least one time point. It is note-
worthy that the increase of IFN-Á expressing T cells occurred
differently in different patients. Some increases took place as
earlier as 2 weeks after the first vaccination, while others
happened after second, third, or even fourth vaccination.
Although the increase of IFN-Á expressing T cells after
dendritoma vaccination did not guarantee a clinical response,
all the patients who had complete clinical response (Patient
No. 6), stable disease (Patient No. 2 and 9), or mixed response
(Patient No. 8) demonstrated increased IFN-Á expressing
CD4+ T cells and CD8+ T cells at different time points after
vaccinations. Although most of the patients (Patient No. 2, 6,
8, 9 and 10) showed increases for both IFN-Á expressing
CD4+ T cells and CD8+ T cells, Patient No. 3 only showed
increased IFN-Á expressing CD4+ T cells, not CD8+ T cells,
while Patient No. 7 showed increased IFN-Á expressing
CD8+ T cells, not CD4+ T cells. In most of the cases where
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A B

Figure 3. Intracellular IFN-Á assay. Blood samples were obtained from patients at different time points and used to detect CD4+ (A) or CD8+ (B) and CD69+
T lymphocytes expressing IFN-Á using human IFN-Á FastImmune kit (BD Biosciences). The numbers under the X axis are 1: prior to first vaccine; 2: two
weeks post first vaccine; 3: four weeks post first vaccine; 4: prior to second vaccine; 5: one week post second vaccine; 6: four weeks post second vaccine; 7:
prior to third vaccine; 8: one week post third vaccine; 9: four weeks post third vaccine; 10 prior to fourth vaccine; 11: one week post fourth vaccine; 12: four
weeks post fourth vaccine. Open bars represent the percentage of IFN-Á expressing T cells without activation as controls, while the solid bars represent the
percentage of IFN-Á expressing T cells after in vitro activation with tumor lysates.

Wei 29/8  25/1/06  15:02  Page 591



the percentage of IFN-Á expressing T cells increased, the
percentage of IFN-Á expressing T cells in PBMCs that were
activated with autologous tumor lysates (solid bars in Fig. 3)
is higher than in the IFN-Á expressing T cells in PBMCs that
were not activated with autologous tumor lysates (open bars
in Fig. 3). This demonstrates a tumor cell-specific immune
response. These results indicate that the measurement of IFN-Á
expressing T cells is a useful monitor of immune responses
in cancer immunotherapy and both CD4+ T cells and CD8+
T cells need to be included. We also observed that the immune
responses measured as the increase of IFN-Á expressing T cells
after vaccination did not continue in most of the patients,
which agrees with the observations from another study (34).
Further studies are necessary to understand the mechanism
behind this phenomenon.

In most of the melanoma-related vaccine studies which
resulted in an anti-tumor immune response, the patients
sometimes developed an autoimmune response, such as
vitiligo (37-46). To our surprise, we did not observe any
autoimmune response after the dendritoma vaccine, even for
the patient who had a complete remission. The lack of auto-
immune response may be due to the unique characteristics of
the dendritomas, which, unlike other vaccines that contain
many unfused melanoma tumor cells and DCs or tumor-derived
proteins, are purified hybrids of DCs and tumor cells. In this
case, since the dendritoma functions as a normal ‘professional’
antigen presenting cell, normal self-antigens such as melanin,
presented in this context, may not elicit a T-cell response, but
only the truly tumor unique antigens, many of which have not
yet been characterized, may elicit T-cell responses. More
studies are needed to confirm this speculation. 

IL-2 plays a vital role in activating immune responses
because it is required for the growth of T lymphocytes, NK
cells, and LAK cells. Preclinical animal studies and human
practice have shown that high doses of IL-2 treatments
demonstrated some therapeutic anti-tumor effects, but the
adverse effect of high dose IL-2 is severe and sometimes is
life-threatening. Low dose IL-2 regimens have been tested
with limited success. However, when combined with other
treatment such as LAK cells, this low dose IL-2 showed some
anti-tumor effects (40). Our animal studies also demonstrated
that IL-2 treatment alone in the same dose range did not show
any anti-tumor effects (data not shown). Yet, when combined
with dendritoma treatment, a boosting effect was observed.
Therefore, IL-2 was given in a low-dose regimen in this study
to boost the antitumor immune responses initiated by dendri-
tomas. Most adverse reactions in this trial were attributable to
the IL-2 injections and were recognized side effects of IL-2.

DC-mediated cancer immunotherapy has been tested in
clinical trials in many ways including gene transfer, tumor
antigen pulsing, and DC-tumor fusions. There is evidence for
the induction of tumor-specific anti-tumor immune responses
and, in some cases, clinical responses (34,41-46). It remains
unclear what is the optimal method for their use. Transfection
or transduction of DCs with tumor antigen genes can only
deliver very limited tumor antigens. Incubation of DCs with
tumor cell lysates can deliver all known and unknown tumor
antigens. However, in this way, the tumor antigens will only be
processed and presented to CD8+ T cells. DC-tumor fusion
represents a better approach for tumor antigen presentation.

The fusion efficiency is relatively low in most of the cases
reported, especially for fresh tumor cells. The injection of these
DC-tumor fusion mixtures that contain unfused DCs and tumor
cells and DC-DC or tumor-tumor self fusion will hinder the
activation of functional immune responses. Therefore, as
presented in this study, dendritoma therapy, which contains as
high as 80% of purified DC-tumor fused cells, may represent a
better approach for cancer immunotherapy.

In conclusion, this study has demonstrated that the
dendritoma vaccine can be safely administered to cancer
patients and is effective in stimulating immune responses.
Although some clinical responses were observed, a larger trial
with more patients enrolled is necessary to determine the
efficacy of this immunotherapy.
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