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Abstract We describe an approach to produce an autologous therapeutic antitumor vaccine using hydroxyapatite (HA)
for vaccinating cancer patients. The novel approach involved (1) the purification of part of the self-tumor antigens/
adjuvants using column chromatography with HA, (2) the employ of HA as a medium to attract antigen-presenting cells
(APCs) to the vaccination site, and (3) the use of HA as a vector to present in vivo the tumor antigens and adjuvants
to the patient's APCs. The vaccine was prepared using and combining HA particles, with at least 3 heat shock proteins
(gp96 was one of them possibly with chaperoned proteins/peptides as shown in the slot blots) and with proteins from
the cell membrane system (including Hsp70, Hsp27, and membrane proteins). The timing of HA degradation was
tested in rats; the HA particles administered under the skin attracted macrophages and were degraded into smaller
particles, and they were totally phagocytized within 1 week. In patients (n = 20), the vaccine was then administered
weekly and showed very low toxicity, causing minor and tolerable local inflammation (erythema, papule, or local pain);
only 1 patient who received a larger dose presented hot flashes, and there were no systemic manifestations of toxicity
or autoimmune diseases attributed to the vaccine. Our study suggests that this therapeutic vaccine has shown some
efficacy producing a positive response in certain patients. Stable disease was noted in 25% of the patients (renal
carcinoma, breast carcinoma, and astrocytoma), and a partial response was noted in 15% of the patients (breast
carcinoma and astrocytoma). The most encouraging results were seen in patients with recurrent disease; 4 patients
in these conditions (20%) are disease free following the vaccine administration. However, we do not want to overstate
the clinical efficacy in this small number of patients. The therapeutic vaccine tested in our study is working by activating
the T-cell response as was shown in the comparative histological and immunohistochemical study performed in the
pre- and postvaccine biopsy taken from a patient with inflammatory breast carcinoma. However, we cannot ruled out
that the vaccine could also be producing an antibody(ies)-mediated response. In conclusion, this therapeutic vaccine
based on HA ceramic particles and self-antigens can be safely administered and is showing some encouraging clinical
results in cancer patients.

INTRODUCTION induce an active immune response (eg, BCG, interleu-
kins, interferons) (Steiner et al 1987; Herr 1997; Rosenberg
et al 1998, Atkins et al 2004). Another form of immuno-
therapy, more recently introduced, is the administration
of antibodies against specific proteins expressed on the
cell surface of specific tumors (eg, trastuzumab against
HER-2/neu, rituximab against CD20, bevacizumab

against VEGF) (Ménard et al 2003; Yang 2004; see review

Traditional cancer treatments include surgery, radiother-
apy, chemotherapy, and in some cases endocrine therapy.
Immunotherapy is used in patients with certain cancer
types (mainly melanomas as well as bladder and kidney
cancer), administrating medicaments that nonspecifically
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by Ciocca et al 2006). Finally, the approach to generate
cell-mediated immunotherapy by immunization with tu-
mor-cell vaccines is still a research area. One strategy is
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in the form of adoptive immunotherapy stimulating an-
tigen-specific T lymphocytes (MHC restricted) using tu-
mor infiltrating lymphocytes (TILs) or lymphocytes from
the lymph nodes draining the tumor (in both cases a key
role is played by the antigen-presenting cells [APCs])
(Huang et al 2006). The difficulty with this strategy is to
obtain a relatively large amount of TILs or to expand the
lymphocytes from the lymph nodes. Another vaccination
procedure is to generate an active immunotherapy based
on stimulation of specific T lymphocytes against tumor
antigens from the host. This form of immunotherapy is
achieved culturing dendritic cells (or another APCs) in
contact with the tumor antigen(s) or by presenting the
antigens to the APCs in vivo. Among the antigens used
for this strategy are (1) inactivated tumor cells or tumor
cell lysates, (2) specific antigens and costimulatory mol-
ecules, and (3) heat shock proteins (Hsps) as adjuvants
mixed with the tumor antigen(s) (Tso et al 2001; Belli et
al 2002; Wang et al 2003; Yu et al 2004). Although there
are abundant studies on this subject, the use of tumor-
cell vaccines is still under evaluation in basic research and
in clinical trials (see reviews by Fukao 2002; Fin 2003;
Mocellin et al 2004; Nicchitta et al 2004; Rosenberg et al
2004; Mosolits et al 2005).

The introduction of a foreign product (gene or proteins/
peptides) into cells in vivo is often limited to the use of
viral vectors, which may present several disadvantages or
side effects (Kahn 2000). A number of nonviral vectors have
been explored and used (reviewed by Saupe et al 2006). In
the present study we have generated an autologous thera-
peutic vaccine and delivered the vaccine with hydroxyapa-
tite (HA) [Cayy(PO,)(OH,)]. These ceramics are widely used
in human surgery as bone substitutes or as thin layers at
the surface of metals allowing to improve bone integration
(Frayssinet et al 1992, 1998). The behavior of HA in an or-
ganism is well known; these particles are biocompatible and
are totally degradable by cells of the monocyte lineage
(Frayssinet et al 1994). When HA beads loaded with the
lacZ gene were implanted in vivo in rabbit jaws, the first
cells to come in contact with the implanted material were
circulating cells of the monocyte lineage (Laquerriere et al
2003; Frayssinet et al 2006). During the course of their deg-
radation, ceramic grains are released from the particles and
found in phagocytic cells. The ceramic particles are degrad-
ed at the grain boundaries and can release submicroscopic
grains. The physicochemical characteristics of the grains
may activate the phagocytic cells in which they are con-
tained. The synthesis of IL-6 and TNFE-«, for example, is
dependent on the surface characteristics of the phagocy-
tosed grains (Laquerriere et al 2003). Taking advantage of
the HA characteristics, the vaccine prepared in the present
study presented the following novel approaches: (1) the pu-
rification of tumor adjuvants/antigens using column chro-
matography with HA, (2) the use of HA as a medium to
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attract APCs to the injection site, and (3) the use of HA as
a vector to present in vivo the tumor antigens and adjuvants
to the patient's APCs. Therefore, the same HA ceramic par-
ticles were allowed to isolate tumor adjuvants/antigens
such as gp96; this mixture was then combined with mem-
brane antigens from the autologous tumor, and the resulting
blend of HA and tumor adjuvants/antigens was adminis-
trated to the patients. The attraction of APCs to the HA
injection site was first tested in the skin of rats, where the
time course of HA degradation was also evaluated. In the
patients we tested safety and feasibility as the primary end-
points. Additionally, the clinical outcome and immune re-
sponse of a few patients with advanced cancer disease could
also be examined in this pilot study.

MATERIALS AND METHODS
Hydroxyapatite preparation

The HA was obtained by a precipitation method, then
sintered before being sieved and/or spray dried: The re-
sulting powder consisted of more than 98% HA (Uro-
delia, St Lys, France). The amount of CaO and TCP was
inferior to 2%, and the powder had a negative surface
charge; other powder characteristics have been reported
elsewhere (Laquerriere et al 2003). The protein/hydroxy-
apatite interactions are complex and not fully under-
stood. Amino groups are attracted to crystal phosphates
but repelled by crystal calcium ions. It is reversed for
carboxyls. Amine binding to crystal phosphate is electro-
static. The binding of carboxyl to crystal calcium ions in-
volves the formation of coordination complexes between
Ca and clusters of protein carboxyls. The HA powder
(sterile, autoclaved) containing particles of about 80-160
pm was suspended in a sterile phosphate buffer solution
(30 mM, pH 6.8).

HA administration to rats

The HA in solution prepared as described previously was
injected under the skin of Sprague-Dawley rats. The HA
particles showed a tendency to decant; they were main-
tained in solution by movement of the solution in the flask
and in the syringe by hand agitation. The injection site
was marked, and biopsies of the injection site were taken
at different time periods: 30 minutes, 2 hours, 6 hours, 24
hours, 2 days, 4 days, and 7 days (3 rats/group). In the
opposite flank the animals received the vehicle alone
(controls). The biopsies were fixed in 10% buffered for-
malin and processed for paraffin embedding. The tissue
sections (5-6 wm) were used for hematoxylin and eosin
staining and for immunohistochemistry.



Patients

This vaccine protocol was approved by the Ethics Com-
mittee of the Argentine Foundation for Cancer Research,
and each patient approved and signed an informed con-
sent. This protocol has been evaluated by the National
Administration of Medicaments, Foods and Medical Tech-
nology of Argentina (No. 1-47-12542/02-0), and a phase
I clinical trial has been approved. Inclusion criteria were
advanced cancer patients with solid tumors (confirmed
by histopathology) who had finished the traditional stan-
dard anticancer treatments, patients who presented pro-
gressive disease or recurrent disease, the disease being
objectively valuable, the possibility of obtaining fresh tu-
mor to prepare the vaccine (=1 ¢cm?), and performance
status: 0-2 (ECOG/Zubrod). Exclusion criteria were as
follows: >80 years, infections, and/or depression of the
immune system; life expectancy <12 weeks; and diffi-
culties obtaining the tumor sample or liver or renal fail-
ure. Response criteria were evaluated as reported else-
where (Elledge et al 1997): PD, progressive disease (in-
crease >25% of the tumor mass, new lesions); SD, stable
disease (with no decrease in <50% or increase in >25%
of the tumor mass); PR, partial response (reduction of at
least 50% for 4 weeks, no new lesions); and CR, complete
response (confirmed disappearance of the tumor, at least
for 4 weeks).

Biopsy collection

We requested from the surgeons at least 1 cm® of tumor.
The biopsy was immediately submitted to the laboratory
in a sterile container with ice. Once in the laboratory, in
order to confirm presence of tumor tissue, a small piece
of the biopsy was processed for histopathological evalu-
ation of the tumor (routine formalin fixation and paraffin
embedding). The remaining tissue was frozen and kept
at —80°C for vaccine preparation. In previous studies
none of the numerous immunological markers examined
have been useful in predicting the efficacy of immuno-
therapies (reviewed by Srivastava 2000). Taking this into
consideration, when possible, a second biopsy of the tu-
mor was planned to compare the immunological status/
response in the prevaccine and in the postvaccine tumors.
Unfortunately, this was achieved in only 1 patient with
inflammatory breast carcinoma (where the postvaccine
biopsy was relatively easy to perform) and in another pa-
tient with a renal tumor metastatic under the skin.

Vaccine preparation

The tumor tissue and all the materials used to prepare
the vaccine were handled under sterile conditions under
a laminar flow. The frozen tumor tissue was pulverized
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in a mortar (kept at —80°C), and the powder was trans-
ferred to a Khan tube on ice, adding 750 nL of NaHCO,
(30 mM, pH 7). The tissue was then homogenized and
the solution transferred to Eppendorf microcentrifuge
tubes (1.5 mL) and centrifuged at 10 000 rpm for 30 min
at 4°C. The supernatant (SUP) was saved for later use.
The pellet was resuspended in 400 pl of phosphate buffer
(30 mM, pH 7) and used for membrane preparation.

Membranes were separated using two Eppendorf mi-
crocentrifuge tubes (1.5 mL) each containing a sucrose
gradient (400 pl sucrose 40%, 400 pl sucrose 35%, and
400 ul sucrose 30%) (Iyengar et al 1991). Then 200 wl of
the resuspended pellet were carefully layered onto the
Eppendorf tubes, and the tubes were centrifuged in a
microfuge (11 000 rpm for 30 min at 4°C). The material
present at the 40% and 35% sucrose interface (which con-
tains mainly plasma membranes, some endoplasmic re-
ticulum membranes, and mitochondria) was recovered
with a Pasteur pipette and placed in 4 sterile vaccine
glass containers.

The SUP was used for gp96 purification by HA column
chromatography with the following steps: (1) Two pre-
cipitations with ammonium sulfate (first at 50% and then
at 70%) recovering the pellets. The last pellet was resus-
pended in 1 mL phosphate buffer (20 mM, pH 7). (2)
Column preparation (chromatography columns, Poly-
prep, Cat. 731-1550, Bio Rad) with HA at 80-160 um, 2
cm high, equilibrating with 10 volumes of phosphate
buffer (20 mM pH?7). The resuspended pellet was then
added. (3) The column was washed with 3 mL of the
following solutions: 50, 100, 200, 300, 400, and 600 mM
of NaCl. Fractions of 1 mL each were collected (3/each
NaCl concentrations). (4) To test the purification of gp96,
slot blots were performed and then SDS-PAGE with silver
staining and Western blots. (5) The fractions with higher
gp96 content and purification were placed in the 4 glass
vaccine containers mixing with the membranes and add-
ing 0.5 mL of HA 45-80 um in saline solution to each
container (the vaccine was then ready to use; the protein
concentration ranged from 1,100 to 1,400 pg/mL, and it
was kept at —20°C).

Vaccine administration

When enough tumor tissue was received to prepare the vac-
cine (=1 cm?), the patients received 0.2 mL (=240 pg) of
the vaccine intradermically in the forearm on day 0 to test
the safety of the preparation, and 24 hours later they re-
ceived the initial dose (usually 0.5 mL) intradermically in
the arm. Other doses were also tested when a larger biopsy
was obtained. The vaccine was administrated with a tuber-
culin syringe since the HA particles showed a tendency to
decant; the solution was maintained in movement by hand
agitation. Dose scheme of treatment: 0.5 mL/dose, every
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week during 1 month, followed by a month without treat-
ment, and then another month of vaccine treatment. The
injection place was alternated in the arms.

Immunological studies

The biopsies were evaluated by immunohistochemistry as
described elsewhere (Gago et al 1998), using serial 5-um-
thick sections mounted onto 3-aminopropyltrietoxysilane
(Sigma, St. Louis, MO)-coated slides. The following pri-
mary antibodies were used: (1) mouse MADb anti-CD20
(used at 1:200 dilution; DAKO Corporation, Carpinteria,
CA); (2) mouse MADb anti-CD43 (1:100; DAKO); (3) mouse
MADb anti-CD68 (1:100; DAKO); (4) mouse MADb anti-
CD57 (1:100; DAKO); (5) mouse MAb anti-CD15 (1:100;
DAKO); (6) mouse MAb anti-CD45Ro (1:200; DAKO); and
(7) rabbit Ab anti-S100 (1:1500; DAKO). The antigen re-
trieval protocol with microwave oven was used for tissues
incubated with the antibodies CD43 and CD57 to unmask
the antigens (30 minutes in citrate buffer 0.01 M, pH 6.0).
Tissue sections were incubated with the primary antibod-
ies overnight at 4°C in humidity chambers. A commercial
kit to detect mouse and rabbit primary antibodies was
used (DAKO EnVision system HRP, DAB). Slides were
lightly counterstained with hematoxylin to reveal nuclei
and observed with an IM35 microscope (Zeiss, Ober-
kochen, Germany). The specificity of the antibodies has
been evaluated in immunopathology by us. Negative con-
trol slides were processed excluding the primary anti-
body but including all other steps of the procedure. In
addition, specificity of the immunoreactions was con-
trolled by using isotype controls, and the proper isotype
was obtained from the commercial information provided
with the antibodies.

Western blot and slot blots were performed on vaccine
samples during different steps of the purification proce-
dure. Total protein samples (40 pg) were subjected to
7.5% SDS-PAGE followed by transfer onto nitrocellulose
filters, as previously described (Fanelli et al 1998). The
antibodies used were (1) rabbit Ab anti-hybrid Hsp27/
Hsp25 protein (Ciocca et al 2003) used at 1:2000 dilution,
(2) mouse MAD anti-Hsp70 (Ciocca et al 2003) used at
1:2000 dilution, (3) mouse MADb anti-gp96 (used at 1 pg/
mL; NeoMarkers, Fremont, CA), (4) rabbit Ab anti-HER-
2/neu (used at 1:500; Gago et al 1998), (5) mouse MADb
anti-B-catenin (used at 1:500; Zymed Lab, San Francisco,
CA), (6) mouse Mab anti-p-cadherin (used at 1:250 dilu-
tion; BD Transduction Lab, Lexington, KY), and (7) rabbit
Ab anti-survivin (used at 1:1000; Oncogene, La Jolla, CA).
For detection of the immunocomplexes, chemilumines-
cence reagents were used following the manufacturer’s
instructions (Dupont NEN, Boston, MA).
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Fig 1. Effect of the HA administration in rats. (A) The skin was
separated from the muscle of the limb to show the congested injec-
tion area (arrows) 7 days after HA administration. (B) Photomicro-
graph showing large deposits of HA (brown) 2 hours after HA ad-
ministration. Note the beginning of an inflammatory response around
the HA. (C) This photomicrograph shows the increased inflammatory
response noted 2 days after HA administration. (D) For days after
HA administration, showing the mononuclear cell infiltration. (E) For
days after HA administration, a large deposit of HA and degranula-
tion of HA can be seen. The arrows point to macrophages engulfing
the small HA granules. (F) Same as above but immunostained to
reveal CD68+ macrophages (arrows). Photomicrographs taken from
tissue sections stained with hematoxylin and eosin (B-D), stained
with hematoxylin alone (E), and after immunohistochemistry (F). Bar
= 45 pm (B-D); bar = 28 um (E-F).

RESULTS
HA administration to rats

To our knowledge this is the first time that HA was in-
jected in the skin. We performed these injections to know
the timing of HA degradation. This information was then
used to plan the vaccine administration to the patients.
All the animals that received the HA tolerated the ceram-
ic administration. At the local injection site there was er-
ythema due to congestion of the capillaries and a mild
inflammatory response (Fig 1A). The animals did not
show systemic alterations. At microscopic level, 30 min-
utes after HA administration a weak inflammatory re-
sponse was noted at the injection site. This inflammatory
response was represented by mononuclear cells with
abundant cytoplasm and was more intense at 2 hours sur-
rounding the large HA deposits (Fig 1B). Six hours after
HA administration, a fragmentation of the large HA de-
posits into minor size fragments was noted. Within the



Table 1 Effects of HA administration under the skin of the rats

Macro- Eosino- Leuko-

Time* HA characteristics IR2 phages phils cytes
30 m Large deposits +b + - -
2 h Large deposits + + - -
6 h Large and fragmented ++ + + +
24 h Large and fragmented ++ ++ + +
2d Large and fragmented ++ ++ ++ +
4d Fragmented and large +++ +++ ++ +
7d Absence ++ + +++ +

a Abbreviations used: m, minutes; h, hours; d, days; IR, inflam-
matory response.

b Score applied: —, absent; +, weak; ++, intermediate; +++,
strong.

inflammatory cells we identified mononuclear cells as
well as polymorphonuclear leukocytes and a few eosin-
ophilic leukocytes. At 24 hours a larger inflammatory re-
sponse was noted, while at 48 hours post-HA adminis-
tration we noted a greater number of eosinophilic leu-
kocytes, mainly in the areas more distant from the HA
deposits (Fig 1C). Four days after HA administration,
there were fewer large deposits of HA, and there ap-
peared large clusters of mononuclear cells (Fig 1D). These
cells were engulfing the small HA particles (Fig 1E). By
immunohistochemistry these cells were not proliferating
(absence of PCNA labeling), they were S100 negative, and
they were identified as macrophages (CD68+) (Fig 1F).
Macrophages (and dendritic cells) belong to the mono-
nuclear phagocyte system and are APCs (Gatti and Pierre
2003). Seven days after HA administration, the HA par-
ticles were absent, and eosinophilic leukocytes remained
at the injection site. Table 1 summarizes the main changes
observed after HA administration.

Vaccine preparation

The vaccine was prepared with 2 main approaches, one
involving the purification of gp96 with HA chromatog-
raphy columns. In the first purification step the fractions
collected from the HA column were tested with slot blot
to identify gp96 (Fig 2A). As can be seen in this figure,
the fractions collected with 100, 200, and 300 mM of NaCl
were rich in gp96. To further characterized the fractions
that contained more gp96, we performed SDS-PAGE. In
the silver-stained SDS-PAGE gels, the 200-mM fractions
showed abundant gp96 bands and additional lower MW
unidentified bands with relatively little protein content
(Fig 2B). The isolation of gp96 by HA chromatography
columns was confirmed by Western blotting (Fig 2C). We
then tried to characterize the proteins/peptides present
in the gp96 isolated fractions; B-catenin, P-cadherin, Her-
2/neu, and survivin were identified by slot blots in these
fractions (Fig 2D). The other purification step was per-
formed in order to isolate proteins from the cell mem-
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Fig 2. Purification of the vaccine components. (A) Slot blot to re-
veal gp96 after HA column chromatography. Lane 1: positive control;
lane 2: negative control; lane 3: flow-through after column equilibra-
tion; lanes 4-6: fractions collected after column washing with 50 mM
NaCl; lanes 7-9: fractions collected after column washing with 100
mM NaCl; lanes 10, 11 and 14: fractions collected after column
washing with 200 mM NaCl; lanes 15-17: fractions collected after
column washing with 300 mM NaCl; lanes 18-20: fractions collected
after column washing with 400 mM NaCl; lanes 21, 22: fractions
collected after column washing with 500 mM NaCl. (B) SDS-PAGE
and silver staining of the fractions collected from the HA chromatog-
raphy column. Note that the fractions collected with 200 mM of NaCl
contained the highest amount of gp96 (arrow), which appeared as
a doublet (lanes 4-6). The other lanes were loaded with fractions
obtained washing with lower and higher mM of NaCl concentrations
(as shown in the slot blot). (C) Western blot showing gp96 as a
doublet (arrow) after HA purification. (D) Slot blots of the gp96 pu-
rification fractions to show examples of the identified proteins. lane
1: B-catenin; lane 2: Her-2/neu; lane 3: P-cadherin; lane 4: survivin.
(E) Western blot to reveal Hsp70 after membrane purification with
sucrose gradient centrifugation. Lanes 1 and 2: loaded with 20 and
10 g of proteins obtained from a patient with a parotid adenocar-
cinoma; lanes 3 and 4: loaded with 20 and 10 g of proteins ob-
tained from a patient with a renal clear cell carcinoma. Note that
lane 3, loaded with a higher protein concentration, shows 2 Hsp70
bands: the upper corresponds to the constitutive form and the lower
corresponds to the inducible form of Hsp70. (F) Slot blots of the
purified membranes to show examples of the identified proteins.
Lane 1: Her2/neu; lane 2: Hsp27; lane 3: P-cadherin; lane 4: B-
catenin.

branes of the tumor cells by sucrose gradient centrifu-
gation. Among the proteins recovered were Hsp70 (Fig
2E) as well as Hsp27, Her-2/neu, B-catenin, and P-cad-
herin (Fig 2F). So, our vaccine was composed of at least
3 heat shock proteins (gp96 was one of them, possibly
with chaperoned proteins/peptides as shown in the slot
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blots), proteins from the cell membrane system, and HA
particles.

Vaccine administration to patients

A total of 20 patients entered into this study; the main
clinical data of the patients are presented in Table 2. All
the patients received a test dose (0.2 mL, =240 pg, in-
tradermic, forearm) to observe if the vaccine could pro-
duce adverse effects. In all cases the patients tolerated this
test dose, with no skin reaction (50%) or with minor dis-
comfort: erythema (40%), erythema with papule (10%),
and erythema with tolerable local pain (5%). None of the
patients presented systemic reactions attributed to the
vaccine, and no autoimmune diseases were present (note
that some patients have a relatively long follow-up).
Twenty-four hours after the test dose, the patients re-
ceived the standard vaccine doses, intradermic, once a
week during 1 month, followed by a resting period of 1
month, and then another month with vaccine treatment
(usually another 4 doses). The intradermic doses admin-
istered ranged from 420 to 980 pg/dose (in volumes that
ranged from 0.3 to 0.7 mL) (Table 2). These doses were
administered in the arms, alternating the place (except in
the breast cancer patients, where the arm without lymph-
adenectomy was used for vaccine administration). It is of
interest to mention that the larger vaccine doses (0.7 mL,
>800 g, n = 8) did not produce more local skin reac-
tions, and only 1 patient (12.5%) presented a systemic
reaction in the form of hot flashes that disappeared with-
out medication. In all the cases (with the different doses),
the erythema and papule disappeared within 3 or 4 days
without medication.

Two patients with renal cancer, with stage IV disease,
entered into this vaccine trial. In one of them the vaccine
showed beneficial effects (Table 2). Patient 1 had had a
large tumor in 1 kidney (surgically removed), a brain me-
tastasis (surgically removed), and then lung and bone me-
tastases and a metastasis in the contralateral kidney re-
sistant to all standard treatments when she entered into
the vaccine trial. After the vaccine, this patient showed a
partial response of the bone metastases, with consider-
able improvement in the calcification of the larger bone
lesions (Fig 3) and disappearance of the minor bone me-
tastases. Then she presented a stable disease, as evi-
denced by the evolution of the lung and bone metastases
for a period of 3 years, and thereafter she presented pro-
gressive disease at the level of the kidney that was not
removed. Actually she is receiving a second vaccine gen-
erated from a small biopsy taken from the metastasis in
the contralateral kidney. In one of the renal cancer pa-
tients (patient 2), pre- and postvaccine biopsies were tak-
en, and in this case there was no immunological response
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Table 2 Main clinical data of the patients entered into the vaccine study

Follow-up

Toxicity

Diagnosis and doses

Sex Age

Patient2
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Rabdomiosarcoma, (lung and bone metast), 960 g (5)

Colon carcinoma, 680 pg (8)

Breast carcinoma, stage IV, bone, brain, subcut, 500 g (3), 630 pg (5)
Parotid carcinoma, recurrent, 545 n.g (8)

Breast carcinoma, stage 1V, bone, liver, lung, skin, 720 pg (8)

Breast carcinoma, stage IV, liver, bone, lung, 825 n.g (8)
Melanoma, stage IV, lung, brain metast, 550 pg (4), 815 pg (4)

Astrocytoma Glll, recurrent, 650 pg (7), 840 pg (4)

Astrocytoma Glll, recurrent, 560 pg (8)

Breast carcinoma, recurrent (inflam), 575 pg (4) 790 pg (4)
Astrocytoma Glll, recurrent, 980 pg (4)

Renal carcinoma, stage IV (lung, bone), 575 pg (8)
Renal carcinoma, stage IV (lung, bone), 980 g (4)
Breast carcinoma, inflam, 700 g (4), 420 pg (4)

Breast carcinoma, inflam, Stage IV (bone), 680 pg (8)
Breast carcinoma, local recurrent, 550 pg (4) 770 pg (4)
Melanoma, recurrent, lymph node metast, 580 g (8)
Meningioma, recurrent, 750 pg (4), 900 pg (4)

Colon carcinoma, stage IV, lung, liver, kidney, 760 ng (8)

Oligodendrocytoma Gill, recurrent, 890 pg (8)

27
42
52
60
67
63
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a2 M, male; F, female; inflam, inflammatory; subcut, subcutaneous; metast, metastasis; G, grade; SD, stable disease; PD, progressive disease; PR, partial response; DF, disease

free; D, death; CR, complete response; vac, vaccine.



Fig 3. Patient with renal carcinoma (Table 2, patient 1), effect of
the vaccine on a large bone metastasis in the humerus (X-rays). (A)
Prevaccine. (B) and (C) 5 months after vaccine administration. One
year after the last vaccine administration this large lesion (4.5 cm)
showed again progressive disease, but the minor size bone lesions
(<1 cm) disappeared or presented stable disease.

—

Fig 4. Patient with inflammatory breast carcinoma (Table 2, patient
3), effect of the vaccine on the skin lesions. (A) Prevaccine. The
arrow points to the area where the biopsy was taken to generate the
vaccine. (B) 15 days after the beginning of vaccine administration.
(C) 30 days after the beginning of vaccine administration. (D) 60
days after the beginning of vaccine administration. (E) 90 days after
the beginning of vaccine administration. (F) 180 days after the be-
ginning of vaccine administration.

around the tumor cells, and the patient did not respond
clinically.

Seven patients with advanced breast cancer, resistant
to conventional therapies, entered into this study. Patient
3 had an inflammatory carcinoma. A small biopsy was
taken from the affected skin to generate the vaccine. Fig-
ure 4 shows the evolution of the skin lesions after the
vaccine treatment. The vaccine produced a favorable ef-
fect soon after (15 days) the beginning of the first dose.
This effect was maximum at 60-90 days where the skin
was cleared. The patient could use a brass and begin to
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sleep resting on the side of the lesion. However, at 90 days
a few red spots persisted on certain areas of the skin, and
these lesions began to grow as small red papule about 2—-
5 mm in diameter. At 180 days postvaccine administra-
tion, the papule reached a maximum, the skin between
the papule was almost normal in appearance, the patient
did not manifest any discomfort, and a second biopsy
was taken of one of these lesions. The papule were
formed by clusters of tumor cells surrounded by lym-
phoid cells. Then an immunohistochemical study was
performed to compare the prevaccine vs the postvaccine
skin lesions (Fig 5). There were more lymphoid cells sur-
rounding the tumor cells in the postvaccine biopsy, with
an evident increase in the number of total T cells
(CD43+) and mature activated T cells (CD45Ro+) (Fig
5C-F). The postvaccine biopsy also showed an increased
in the number of NK cells (CD57+) (Fig 5G,H) and a
slight increase in the number of B lymphocytes (CD20+)
(Fig 5K-L). There were no significant changes in the num-
ber of leukocytes and macrophages. We proposed to the
patient a second vaccine generated from these persistent
lesions, but she refused. The disease advanced in another
areas of the skin (trunk), and 6 months later she died.
Two other breast cancer patients with locally recurrent
breast cancer showed SD (Table 2, patients 5 and 6), but
the patients with distant metastases (with numerous or-
gans involved) did not show a beneficial effect due to the
vaccine.

Two patients with melanoma entered into this trial (Ta-
ble 2, patients 10 and 11). One of them with regional re-
current disease (lymph nodes) is DE while the other with
distant metastases in numerous organs showed PD and
then died.

Five patients with central nervous system tumors with
recurrent or persistent disease entered into this vaccine
trial (Table 2, patients 12-16), 4 with grade III astrocyto-
mas and 1 with a meningioma. All of them have shown
a favorable course of the their disease attributed in part
to the vaccine. Figure 6A-D shows the evolution of one
of the patients with grade III recurrent astrocytoma (Table
2, patient 13). In this patient the disease was diagnosed
13 months before the vaccine treatment. After diagnosis
the patient received neoadjuvant radiochemotherapy
with no response, followed by surgery (neuronavigator)
to reduce the tumor mass and to obtain a biopsy for the
vaccine, and then combined radiochemotherapy (carbo-
platinum and temozolamide) was administered again
with no response. One month after the end of this treat-
ment the vaccine administration was started. As can be
seen in Figure 6A-D, the vaccine produced an almost
complete response. The patient is in very good clinical
condition. At this point we cannot rule out that the vac-
cine could produce this effect, perhaps in association with
a long-term effect of the combined radiochemotherapy.

Cell Stress & Chaperones (2007) 12 (1), 33—43



40 Ciocca et al

Fig 5.

Immunohistochemical evaluation of the lymphoid cells in the pre- and postvaccine (180 days) biopsies taken from a patient with

inflammatory breast carcinoma (Table 2, patient 3; Fig. 4). (A) and (B) Hematoxylin and eosin staining to show the tumor cells infiltrating the
skin. (C) and (D) T cells evaluated by CD43. (E) and (F) T cells evaluated by CD45Ro. (G) and (H) NK cells evaluated by CD57. () and (J)
Macrophages evaluated by CD68. (K) and (L) B cells evaluated by CD20. (M) and (O) Leukocytes evaluated by CD15. Bar = 60 pnm (A-F);

bar = 100 um (G-0).

However, in another patient (Table 2, patient 12) where
the combined radiochemotherapy was stopped 3 months
before the vaccine treatment (without response), the effect
of the vaccine was also evident in the images of the tumor
(Fig 6E-H). In this case the tumor was diagnosed 24
months before the vaccine administration, the patient re-
ceived neoadjuvant chemotherapy with no response, fol-
lowed by surgery, and then radiochemotherapy again
(with no response). A second surgery was performed 1
month before the vaccine administration to reduce the
tumor mass and to obtain material for the vaccine. The
patient with recurrent meningioma (Table 2, patient 16)
presented the large lesion in contact with the cranial ve-
nous sinus. For this reason the meningioma could not be
completely removed. The disease recurred 13 months af-
ter the first surgery; a second surgery was performed,
followed by radiotherapy and then by vaccine adminis-
tration. At present (14 months) the patient is in CR. In
this case the patient entered into the trial mainly to test
the toxicity of the vaccine. We are not sure if the patient
remains in CR because of the radiotherapy, the vaccine,
or the combination of both.

Another patient with a recurrent tumor that showed a
favorable course of the disease attributed to the vaccine
had a parotid carcinoma (Table 2, patient 17). She had
had several surgical procedures and radiotherapy. The
last surgical removal was performed for tumor reduction
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and vaccine administration, and at present (26 months)
she is SD. In contrast, a patient with a rabdomiosarcoma
with metastases in multiple organs showed PD and then
died (Table 2, patient 18). Finally, 2 patients with colon
carcinoma entered into this trial, and both presented PD.

DISCUSSION

The vaccine tested here was designed to take advantage
of data from previous investigations: (1) that HA can be
used to purify proteins, (2) that this material is biocom-
patible, (3) that HA can attract monocytes/macrophages
to the implantation area, and (4) that HA can be used as
a vehicle to vectorize proteins to APCs (Frayssinet et al
1992, 1994, 1998; Laquerriere et al 2003). We have taken
advantage of these HA properties to facilitate antigen
preparation and to enhance antigen presentation using
multiple antigens or epitopes (Guevara-Patino et al 2006),
including certain molecular chaperones (Wang et al 2006).
In the present study it was possible to prepare the vaccine
using and combining HA particles with at least 3 heat
shock proteins (gp96 was one of them, possibly with
chaperoned proteins/peptides, as shown in the slot blots)
and with proteins from the cell membrane system (in-
cluding Hsp70, Hsp27, and membrane proteins). Hsps
are synthesized by stressed cells. The stressful environ-
ment of tumor cells makes these proteins synthesized in



Fig 6. Effect of the vaccine treatment on 2 grade Il recurrent as-
trocytomas. Patient 13, Table 2 (A-D); patient 12, Table 2 (E-H).
MRI with gadolinium for tumor visualization. (A) The arrows show
the tumor in this prevaccine image. (B) 30 days after the beginning
of the vaccine. (C) 180 days after the beginning of the vaccine. (D)
330 days after the beginning of the vaccine. (E) The arrows show
the tumor in this prevaccine image. (F) 30 days after the beginning
of the vaccine. (G) 180 days after the beginning of the vaccine. (H)
270 days after the beginning of the vaccine. In both cases note the
reduction of the tumor mass, a minor gadolinium uptake in the final
MRIs, and the enlargement of the ventricle (retraction like a scar).
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large amounts by cancer cells (Ciocca and Calderwood
2005; Calderwood et al 2006). The Hsps are copurified
with the proteins/peptides they chaperone; thus, gp96
allows a fingerprint of the tumor cell peptides and is spe-
cific of the patient. It means that it needs to be purified
from the own patient’s tumor in order to be used to en-
hance the patient’s immunity (Srivastava 2000; Belli et al
2002). The immune effect of the gp96 is based on the
interaction of the complex gp96/associated peptides with
the APCs inducing 2 consequences: (1) stimulation of an
innate response and (2) activation of immune events
through presentation of Hsps-chaperoned peptides to
MHC molecules (Ramirez et al 2005).

In this study we have demonstrated the feasibility and
safety of a vaccine composite made of HA and proteins
purified from the patient’s tumor. In the patients the vac-
cine toxicity was very low, causing only minor and tol-
erable local inflammation. Only 1 patient who received a
larger dose presented hot flashes. None of the patients
needed medications to relieve these symptoms or discon-
tinuation of the vaccine administration. In addition, none
of the patients showed systemic manifestation of toxicity
attributed to the vaccine or autoimmune diseases. These
results support the concept that the vaccine components
are relatively innocuous to the body. In previous studies
the vaccines prepared from tumors from the same pa-
tients (autologous) have shown high tolerability and low
toxicity (Disis et al 2003).

Our study suggests that this therapeutic vaccine has
shown some efficacy, producing a positive response in
certain patients. We do not want to overstate the clinical
efficacy in this small number of patients, but it seems
important to analyze the clinical response to know about
the future of this immunotherapy. SD was noted in 25%
of the patients, including those with renal carcinoma (n
= 2), breast carcinoma (n = 2), and astrocytoma (n = 1).
A PR was noted in 15% of the patients, including those
with breast carcinoma (n = 2) and astrocytoma (n = 1).
The most encouraging results were seen in patients with
recurrent disease. Four patients in these conditions (20%)
are DF following the vaccine administration (without
counting the meningioma patient). Among them are
those with recurrent melanoma (n = 1), astrocytoma (n
= 2), and parotid carcinoma (n = 1). These results sug-
gest that the vaccine is working at the doses administered
and that 8 vaccine cycles is enough to have effects. The
results also suggest that the vaccine could be effective
mainly in patients where the tumor is still growing at the
primary site and where the tumor mass has been de-
creased by surgery. It is of interest to point out that as-
trocytoma patients with grade III tumors are responding.
In previous studies astrocytoma patients have also shown
a good response to vaccine treatments (Yu et al 2004).
Patients with numerous metastases are less responsive,
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although some benefit was noted in patients with renal
carcinomas. Renal cancer is one of the main tumor types
responding to vaccine treatments (Avigan 2004). The oth-
er is melanoma, which is also responding relatively well
to vaccine treatments (Belli et al 2002). In our study we
had only 2 melanoma patients. The therapeutic vaccine
tested in our study is working by activating the T-cell
response, as was shown in the comparative histological
and immunohistochemical study performed in the pre-
and postvaccine biopsy taken from a patient with inflam-
matory breast carcinoma. This cancer was highly aggres-
sive and resistant to all conventional therapies. However,
we cannot rule out that the vaccine could also be pro-
ducing an antibody(ies)-mediated response. In conclu-
sion, this therapeutic vaccine based on HA ceramic par-
ticles and self-antigens can be safely administered and is
showing some encouraging clinical results in cancer pa-
tients.
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