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ABSTRACT

Here we summarize 10 years of effort in the development of a biomedical innovation with global projections. This innovation consists of
anovel method for the production of therapeutic dendritic-like cells called Tumor Antigen Presenting Cells (TAPCells®). TAPCells-based
immunotherapy was tested in more than 120 stage IIT and IV melanoma patients and 20 castration-resistant prostate cancer patients in

a series of phase I and I/1I clinical trials. TAPCells vaccines induced T cell-mediated memory immune responses that correlated with
increased survival in melanoma patients and prolonged prostate-specific antigen doubling time in prostate cancer patients. Importantly,
more than 60% of tested patients showed a Delayed Type Hypersensitivity (DTH) reaction against the lysates, indicating the development
of anti-tumor immunological memory that correlates with clinical benefits. The in vitro analysis of the lysate mix showed that it contains
damage-associated molecular patterns such as HMBG-1 protein which are capable to improve, through Toll-like receptor-4, maturation and
antigen cross-presentation of the dendritic cells (DC). In fact, a Toll-like receptor-4 polymorphism correlates with patient clinical outcomes.
Moreover, Concholepas concholepas hemocyanin (CCH) used as adjuvant proved to be safe and capable of enhancing the immunological
response. Furthermore, we observed that DC vaccination resulted in a three-fold increase of T helper-1 lymphocytes releasing IFN-y and

a two-fold increase of T helper-17 lymphocytes capable of producing IL-17 in DTH+ with respect to DTH- patients. Important steps have
been accomplished for TAPCells technology transfer, including patenting, packaging and technology assessment. Altogether, our results

indicate that TAPCells vaccines constitute an exceptional Chilean national innovation of international value.
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Innovation in biomedicine refers to the creation of a new and
unique product whose use should result in the creation of
an economic or social value. Recent biomedical innovations
cover a large spectrum of applications, ranging from the use
of computed tomography and magnetic resonance imaging
to the utilization of biological drugs such as growth factors,
protein analogues, inhibitors of serotonin reuptake, innovative
treatments for cataracts and lens implants. These innovations
are part of a global market of enormous magnitude. The
pharmaceutical industry reached an overall size of 955,000
million dollars in 2011 and its compound annual growth rate
for the upcoming years is estimated to be 3-6% (IMS, 2012).
The share of Latin America in this market is only 7%, but with
a projected annual growth rate of 10-13% in 2016 (IMS, 2012).

Despite the importance of social welfare, innovation in
health is not free of difficulties, particularly in a middle-
income country like Chile. Very few examples of successful
innovation in the field of health are recorded in our history,
with the notable exception of the creation of the National
Health Service. A significant difficulty is the fact that
diagnostic or therapeutic innovations involve clinical trials of
high costs and long time, including assessments of long-term
efficiency and security. Furthermore, research in humans has
been the subject of sustained discussion due to new ethical
dilemmas such as the use of embryonic stem cells or personal
genetic information. In this paper we summarize 10 years of
experience in the development of an innovation in biomedicine
with global projections.

CANCER, A PUBLIC HEALTH PROBLEM IN CHILE

One of the main causes of death in the developed world is
cancer. In our country, this group of diseases constitutes the
second leading cause of death in the population over age 20
years. In 1970 cancer related mortality accounted for 12.1%
of deaths in Chile; in 1990 it increased to 18.1% and in 2005 it
rose to 24.8% (Ferlay et al., 2010). These rates, which correlate
with the stage of development and life expectancy of each
country, are higher than the average for the rest of Latin
American countries (74 deaths per 100,000 population) (Ferlay
et al., 2010); and thus show the need to establish cutting-edge
treatments using advanced techniques to fight oncological
diseases. In our country, the tumors with greatest clinical
and socioeconomic impact are prostate cancer, breast cancer,
colorectal cancer and biliary-digestive tumors, corresponding
to the vast majority of deaths due to malignant tumors; to
which malignant melanoma must be added, a tumor that
shows the highest incidence growth in Chile (Ferlay et
al.,, 2010). Current treatments such as chemotherapy and
radiotherapy have shown beneficial effects in some cancers,
particularly in those of hematopoietic origin (Nieboer et al.,
2005; Hayat et al., 2007), but its effects have been limited in
other solid tumors. Since tumor recurrence is a common event
in patients treated by surgery, it is imperative to generate more
effective therapeutic interventions that are less invasive and
with fewer adverse effects. One of these strategies involves the
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use of the immune system to fight cancer, which is known as
cancer immunotherapy (Lépez et al., 2004; Weiner, 2008).

MELANOMA AND PROSTATE CANCER

According to WHO, the number of cases of melanoma has
maintained a constant increase, more than any other cancer,
affecting more than 2.4 million people worldwide, with an
incidence of 150,000 new cases diagnosed each year (Lens,
2004). Despite improvements in survival rates, mortality from
this skin cancer continues to rise and will become a major
public health problem in the near future. In Chile, between
1990 and 2004 there were 3,287 deaths due to this cancer,
and its incidence increased from 1.1 in 1990 to 1.8 cases per
100,000 people in 2004 (IMS, 2012). About 95% of patients
who are diagnosed early can survive through appropriate
surgical treatments, however, once the tumor invades other
tissues conventional therapies such as surgery, radiation, or
chemotherapy are not curative in most cases.

Prostate cancer is a common malignant disease in men
around the world. Only in the United States the number of new
cases is estimated at 192,280, causing 27,360 deaths per year
(Jemal et al.,, 2008). The 5-year survival of localized prostate
cancer is almost 100%, while patients with disseminated
disease have a survival rate reduced to 53% (Rini et al., 2006).
Although the identification of the prostate-specific antigen
(PSA) has improved the early detection of localized tumors
(Bradford et al., 2006), prostate cancer is still the second leading
cause of death due to cancer. In the event of an advanced
form of the disease, the most standard treatment is androgen
deprivation therapy (ADT). However, a significant percentage
of these patients develop resistance within two years to the
ADT, suffering rapid tumor progression (Garnick, 1993; Scher
et al, 1995). At this stage chemotherapeutic agents such as
Docetaxel are used. Although there is a limited increase in
survival, therapy with this and other drugs cause side effects
that some patients cannot manage (Tannock et al., 2004).

These facts confirm the need to explore new therapeutic
approaches in melanoma and prostate cancer patients,
particularly those related to the manipulation of the immune
response against tumors. During the past 10 years, interaction
between basic immunologists, clinicians and oncologists
has facilitated a major international contribution to basic
immunology and the development of cancer immunotherapy
by our research group (Lépez et al., 2004; Escobar et al., 2005;
Lopez et al., 2006, Salazar-Onfray et al.,, 2008; Lépez et al.,
2009; Aguilera et al., 2011; Tittarelli et al., 2012; Durdn et al.,
2012; Reyes et al., 2013).

ANTITUMOR IMMUNOTHERAPY

Understanding the relationship between the immune system
and cancer began formally in the late nineteenth century, when
the association between inflammation against pathogens and
its effect against tumors was established (Pain, 2002). Decades
of studies using animal models led to the immunosurveillance
theory, which postulated that tumor cells could be recognized
and destroyed by the immune system (Burnet, 1957). Twenty
years ago it was demonstrated that endogenously produced
interferon-y (IFN-y) was able to protect the host against
tumor growth (Dighe et al., 1994; Kaplan et al., 1998). In
addition, mice lacking perforin, a key component of the

cytotoxic granules from both CD8+ T lymphocytes (TL) and
Natural Killer cells were shown to be more likely to develop
spontaneous and chemical carcinogen-induced tumors
(Thomas, 1982). These findings and the isolation of cytotoxic
T lymphocytes with antitumor activity have increased the
interest in using the immune system as a tool in the treatment
of cancer (Viret et al., 1993; Knuth et al., 1992).

The accumulated evidence indicates that cancer patients
can develop TL able to specifically recognize and destroy
tumors in vitro (Itoh et al, 1998; Topalian et al., 1989). The TL are
able to proliferate in response to stimulation with autologous
tumor cells by secreting cytokines such as interleukin 2 (IL-2),
interferon gamma (IFN-y), granulocyte-macrophage colony
stimulating factor and tumor necrosis factor alpha (TNF-a)
(Barth et al., 1991). These observations have resulted in the
identification and characterization of tumor antigens recognized
by human T cells (Boon et al., 1994; Boon et al., 1995).

From these findings, recombinant cytokines such as IL-2,
IFN-y and IFN-a have been used as an adjuvant therapy in
some cancers (Agarwala et al., 2002; Bajetta et al., 1994; Falkson
et al., 1998; Keilholz et al., 2005). These cytokines have been
used alone or in combination with chemotherapeutic agents
such as dacarbazine (DTIC), showing utility for the control of
metastasis in selected cases without increasing the survival
of treated patients and with a high cost in terms of quality
of life (Agarwala et al., 2002; Bajetta et al., 1994; Falkson et
al.,, 1998; Keilholz et al., 2005). Adaptive therapies using TL
stimulated in vitro have been tested in several protocols, with
variable clinical responses (Rosenberg et al., 2008; Mackensen
et al., 2006; Powell et al., 2006). The adoptive transfer of specific
CD8+ TL against tumor antigens, with or without systemic
immunosuppression, has also been used clinically, showing
significant tumor reductions in some cases, but sometimes
associated with undesirable side effects (Rosenberg et al., 2008;
Mackensen et al., 2006; Powell et al., 2006).

Recently, new therapeutic targets have been identified in
tumor cells (melanoma and breast cancer) and in the immune
system, which has allowed the development of monoclonal
antibodies with the aim to modulate the antitumor immune
response and eliminate tumors (Vogel et al., 2002; Ribas
et al.,, 2005). In the past two years the FDA approved two
new biological approaches for the treatment of melanoma.
Ipilimumab (Yervoy®) is a monoclonal antibody against
the immune regulator CTLA-4, recently approved for the
treatment of patients with metastatic melanoma as a second
line treatment after chemotherapy (Hodi et al., 2010). The
estimated survival rates for patients treated with ipilimumab
after one and two years were about double compared to the
control group. However, the toxicity and described side effects
requires prepared intermediate care units (Ma et al., 2013).

The approval of new biological drugs for the treatment of
cancer during the past year has generated major interest, but
also increased concern because of their high cost. The cost of
the ipilimumab or the growth factor inhibitor vemurafenib
for melanoma treatment is around US$ 80,000 or more,
approximately the same as sipuleucel-T (Provenge), a new cell
therapy to treat metastatic prostate cancer.

DENDRITIC CELLS AS CANCER VACCINES

The capacity to activate specific TL against tumor cells in vivo
requires a previous antigen presentation in a particular cell
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context. Professional antigen-presenting cells (APCs), among
which the dendritic cells (DCs) stand out, are characterized by
a functional plasticity that dictates the result of the innate and
adaptive immune response (Hart, 1997; Bell et al., 1999).

DCs are located in diverse epithelia and mucosa and are
continuously recirculating through the lymphoid tissues
and organs, hence capturing innocuous self-antigens and
proteins from the environment and thereby contributing to
the maintenance of peripheral tolerance (Bonasio and von
Andrian, 2006). In these tissues they can receive danger
signals from the microenvironment known as damage-
associated molecular patterns (DAMPs), induced by stress or
tumor cell death (Matzinger, 2007; Sauter et al., 2000). When
DCs acquire tumor antigens, they mature and migrate to
secondary lymphoid organs where they deliver the signals
to TL, inducing their activation, proliferation, and migration
to peripheral tissues to eliminate tumor cells. When properly
stimulated in the periphery DCs are able to express co-
stimulatory molecules, secrete cytokines and transfer other
signals that are crucial to ensure the effectiveness of TL-
mediated antitumor response, favoring the best way for
destruction of tumors (Ardavin et al., 2004; Shuler et al., 2003).

Thus autologous DCs loaded with tumor-associated
antigens have become one of the most promising
immunological tools for cancer therapy. These cells are
naturally able to stimulate the antitumor immune response,
generating immunological memory in the course of this
response (Porgador and Gilboa, 1995; Paglia et al., 1996; Hart,
1997). Clinical trials demonstrate the possibility of using DCs
loaded with antigenic peptides to induce peptide-specific TL
responses in patients with lymphoma, malignant melanoma,
and prostate cancer (Boczkowski et al. 1996; Nestle et al., 1998;
Svane et al., 2003).

In general, clinical studies have been quite successful
in inducing immunity against the tumor, but have shown
minimal clinical impact (Boczkowski et al., 1996; Nestle et
al., 1998; Rosenberg et al., 1998; Svane et al., 2003; Ridgway,
2003; Schadendorf et al., 2006). The optimal delivery of tumor
antigen is one of the most important factors for the success of
cancer vaccines. Lysates from allogeneic tumor cells, whole
tumor cells, tumor mRNA and antigenic peptides have been
tested as tumor vaccines. (Boczkowski et al., 1996; Nestle et
al., 1998; Rosenberg et al.,, 1998; Svane et al., 2003; Ridgway,
2003; Schadendorf et al., 2006). As an alternative, DCs pulsed
or loaded with tumors or tumor lysates from the same patient
have been used to induce stronger and longer immune
responses against tumors (O'Rourke et al., 2003; Nagayama et
al., 2003; Hersey et al., 2004; Trefzer et al., 2005). This strategy
has the advantage of providing tumor antigens capable
of being presented in MHC class I and class II molecules
by DCs, thus reducing the tumor escape. Nonetheless,
the application of these approaches is limited to a smaller
proportion of patients with operable tumors, leaving this
therapy out of reach for patients with unresectable metastases,
micrometastases and a high risk of recurrence.

TAPCELLS; THE CHILEAN RESEARCH PROGRAM

Our group solved these difficulties by using two unique
techniques. The first innovation generated by our studies was
the development of a generic antigenic pool derived from human
metastatic melanoma cell lines named TRIMEL®, which showed

a very diverse antigenic repertoire (L6pez et al., 2009; Aguilera
et al., 2011). With this technological improvement, scientists
from the University of Chile were able to make the treatment
not dependent on the existence of autologous tumor cells. This
generic cell preparation does not require the presence of the
patient’s tumor for vaccine manufacture. The results obtained
by our research show that DCs pulsed or loaded with TRIMEL
include all the necessary elements to induce a vigorous immune
response, promoting the recognition and destruction of tumors
in vitro and the stabilization of the disease in a portion of treated
patients. This innovation puts this technology in a unique
perspective for universal use, augmenting the possibility for
potential global commercialization.

The second innovation developed by our group was
biotechnological; it consisted of a rapid method for the
preparation of DCs capable of capturing and presenting
tumor antigens to the effector components of the immune
response (L6pez et al., 2009; Aguilera et al., 2011). By obtaining
monocytes, a population of very common cells taken from the
patient’s blood, we were able, through cell culture techniques
and the use of cytokines and the aforementioned TRIMEL, to
prepare antigen-presenting cells in about 48 hours (Lépez et
al., 2009; Aguilera et al., 2011). These cells are then subjected
to an additional cell activation process, which allows obtaining
DCs with increased potency for induction of an anti-tumor
immune response in patients (Lépez et al., 2009; Aguilera et
al., 2011; Reyes et al., 2013). This in itself is a great advantage
over other methods that use precursors from DCs obtained
from blood, because the majority of these methods take 5-9
days to generate a sufficient number of these cells.

These cells, known as Tumor-Antigen-Presenting-Cells
(TAPCells®), are able to generate an immune response that has
been shown to specifically activate TL. TLs can then recognize
the tumor cells and cause their destruction. This procedure
and its components (Figure 1) are protected by an international
patent application (Salazar-Onfray et al., 2008), which has
already been awarded in Australia, New Zealand and in
Mexico and is pending in another 10 countries.

Accordingly, using the international experience and our
own scientific advances, we decided in 2003 to start phase
I and II clinical trials, funded by the National Research and
Development Agency FONDEF and approved by the Bioethics
Committee for human studies of the Faculty of Medicine
and the Clinical Hospital of the University of Chile. In these
studies, TAPCells pulsed or loaded with allogeneic tumor
lysates were used, as reported, in advanced melanoma and
castration-resistant prostate cancer patients (Escobar et al.,
2005; Lopez et al.,, 2009; Aguilera et al.,, 2011; Reyes et al.,
2013). An essential part of this process is the use of TRIMEL
allogeneic cell lysate (Lépez et al., 2009; Aguilera et al., 2011).
TRIMEL has been characterized from an antigenic point of
view, demonstrating the presence of most of the melanoma-
associated antigens currently described (Lépez et al., 2009;
Aguilera et al.,, 2011). Additionally, it has been shown that
TRIMEL is capable of inducing the maturation of DCs in
the absence of pro-inflammatory cytokines such as TNF-a
or IFN-a, and without the necessity of additional stimulus
(Aguilera et al., 2011; Reyes et al,, 2013). This tumor lysate
can then act not only as a source of antigen for DCs, but also
as an inducer of their activation. Cells constituting the lysate
were previously subjected to conditioning steps that include
a heat shock. This heat shock consists of exposing the cells
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TAPCells production process and treatment schedule
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Figure 1. TAPCells production process and treatment schedule. Peripheral blood leucocytes are obtained from cancer patients by
a leukapheresis process. Monocytes are separated by adherence and cultured with cytokine factors and after 24 h TRIMEL is added to
cultures. After 48 h, the TAPCells are cryopreserved and transported to the clinic where the physician treats patients.

to temperatures of 42 °C for a period of 1 hour and then 2
hours at physiological temperature (37 °C). Our data indicate
that this conditioning of tumor cells from which the lysate is
produced triggers danger signals that are essential to activate
DCs and enhance antitumor signals to TL (Aguilera et al., 2011;
Tittarelli et al., 2012; Reyes et al., 2013).

THE CHILEAN VACCINE AGAINST MELANOMA: CLINICAL
RESULTS

First we carried out a phase I study that included 20 patients
with metastatic malignant melanoma, which demonstrated
that TAPCells alone could generate similar immune responses
with fewer side effects than those combined with recombinant
IL-2 cytokine (Escobar et al., 2005). A significant increase
was observed in the specific IFN-y production in immunized
patients” blood after treatment. In addition, for the first
time a significant correlation between specific delayed type
hypersensitivity (DTH) positive reaction against tumor
antigens was reported, and an increase of short-term
progression-free survival after vaccination (Escobar et al.,
2005). In a series of phase I / II clinical trials, which included
monitoring and clinical evaluation of 119 patients, it was
found that TAPCells-based immunotherapy induced specific
immune responses against the tumor mediated by TL and
was associated with improved long-term survival of stage IV
melanoma patients (Escobar et al., 2005; Lépez et al., 2009;

Aguilera et al., 2011). Importantly, 60% of evaluated metastatic
patients (62 of 102) developed a DTH reaction against
TRIMEL, indicating the development of immunological
memory against the tumor that correlates with prolonged
survival of patients. The in vitro analysis of TRIMEL revealed
that it contains DAMPs such as nuclear protein HMGB-1
induced by heat shock, which are capable of eliciting, through
Toll-like receptors the maturation of DCs, improving TAA
cross-presentation (Aguilera et al., 2011; Tittarelli et al., 2012).
Tissue biopsies from DTH sites revealed the presence of
CD45RO* CD8* and CD4* TL able to release pro-inflammatory
cytokines after in vitro stimulation. The DTH response against
TRIMEL, detected as a specific inflammation and local edema
against exposed antigens, was associated with prolonged
survival of responder patients (DTH+, 33 months) compared to
non-responders (DTH-, 11 months). Additionally, 70% of stage
III melanoma vaccinated patients (n=22) developed long-term
stable disease with no signs of disease progression (Lépez
et al., 2009; Aguilera et al., 2011). It was also observed that
vaccination with TAPCells resulted in a three-fold increase of
the population of IFN-y-producing T helper-1 cells and a two-
fold increase of the T helper-17 population able to produce IL-
17 in the blood of DTH+ patients, compared to DTH- patients
(Durén et al., 2013). Furthermore, the presence of T helper-1/
T helper-17 lymphocytes in the DTH reaction site was also
confirmed by immunofluorescence and in vitro activation
assays (Durdn et al., 2013). Taken together, our results
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indicated that immunization with TAPCells resulted in two
different patterns of immune responses associated with clinical
outcomes. TAPCells treatment induced cellular immune
responses, decreasing by more than 70% five-year mortality
risk for patients with stage IV melanoma (Table 1).

THE CHILEAN VACCINE AGAINST PROSTATE CANCER: RE-
SULTS

In a further phase I study performed at the University of Chile
in patients with prostate cancer and in a recent report (Reyes et
al., 2013), it was observed that there was a similar proportion
of DTH+ responders against a prostate cancer cell lysate
(PCCL). In this study we associated the induction of DTH
against PCCL with the generation and activation of clinically
relevant memory CD4* and CD8* TLs (Table 1).

While the main aim of this phase I trial was the induction
of specific immune response, a biochemical response could
also be observed in 6 out of 14 patients, who showed a
significant decrease in PSA serum levels (30% or more from
the baseline) compared to previous studies using antigen-
presenting cells loaded with different antigen sources (such
as peptides, proteins or mRNA), which reported reductions
in serum PSA levels only sporadically (Tjoa et al., 1999;
Mu et al., 2005; Fuessel et al., 2006). However, due to the
heterogeneity of our patient cohort, we could not discount
that the different stages and PSA levels before the treatment
may have influenced the observed biochemical responses.
Although survival was not evaluated in this study, there was

an improvement in the serum PSA doubling time (PSADT) in
immune-responder patients (Reyes et al., 2013). PSADT is a
known prognostic factor that correlates with the outcome and
overall survival of prostate cancer patients (Semeniuk et al.,
2006). In conclusion, this study suggested that TAPCells-based
immunotherapy against prostate cancer is a safe approach
capable of inducing memory TL as determined in vivo (DTH)
and in vitro (cytokine release), and that might be associated
with clinical responses including the decrease in serum
PSA levels and increase of the PSADT, which encourages
continuing subsequent studies (Reyes et al., 2013).

Another important contribution was the validation of
a new vaccine adjuvant developed in Chile. According to
accumulated evidence, adjuvant properties are fundamental
for the generation of a correct inflammatory environment
for the induction of an immune response. In the melanoma
studies it was shown that Keyhole Limpet hemocyanin is a
potent inducer of immunogenicity (Lépez et al., 2009; Aguilera
et al., 2011). In the prostate studies, the Chilean Concholepas
concholepas hemocyanin (CCH) (De Ioannes et al., 2004) was
used for the first time as an adjuvant in a vaccine against
cancer. In this clinical study, the CCH was able to induce an
immune memory response as measured by the DTH test, and
was found to generate no toxic or allergic reactions associated
with its subcutaneous administration. Therefore CCH can be
considered as an alternative to Keyhole Limpet hemocyanin
in order to provide safe and effective adjuvanticity in cancer
vaccines (Reyes et al., 2013).

TABLE 1

Clinical and immunological benefits for TAPCells treated patients

Melanoma phase I and phase I/II clinical trials

Approximately 60% of stage IV melanoma patients showed an immunological response against melanoma reflected in
a delayed type hypersensitivity reaction against melanoma-associated antigens present in TRIMEL.

A three-fold overall survival increase was observed in the DTH+ patients reaching 33 months post vaccine survival in
DTH+ patients compared with 8-10 months of historical survival of stage IV melanoma patients.

Almost 80% of stage IIlc high-risk melanoma patients treated with TAPCells remained free of new metastasis after 5
years compared to a recurrence rate and death after 24 months of 70% of untreated patients, or patients treated with

standard therapy.

The majority of treated patients did not show side effects. Only limited effects, related to local inflammation, low fever
and pain in the inoculation site have been reported after treatment. Vitiligo (skin depigmentation) associated with a
positive immune response has been observed in some patients.

An induction of an antitumor immune profile of T cell subpopulations Th1l and Th17, and a reduced regulatory
population Th3, have been detected in DTH+ responder patients.

Prostate cancer phase I clinical trial

Approximately 60% of castration-resistant prostate cancer patients showed an immunological response against
tumors, reflected in a delayed type hypersensitivity reaction against prostate-associated antigens present in the

prostate tumor cell lysate.

An increase in memory CD8+ T cells was detected in DTH+ patients after vaccine.

Concholepas concholepas hemocyanin (CCH), used for the first time as an adjuvant in a cancer vaccine, was able to
induce an immune memory response as measured by the DTH test, and was found to generate no toxic or allergic

reactions associated with its subcutaneous administration.

A biochemical response, significant decrease in PSA serum levels and improvement in the serum PSA doubling time
(PSADT) were observed in immune-responder patients, an improvement over previous studies that only reported

reductions in serum PSA levels in limited cases.

No side effects were observed due the vaccine and no effects on quality of life were reported.
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Finally, it is very important to highlight that no severe
adverse events related to treatment (grade 3 or higher) were
observed in the melanoma or prostate cancer trials (L6pez et al.,
2009; Reyes et al., 2013). In fact, the few adverse events reported
in these studies were inflammatory skin reactions at the site of
inoculation, which correlated with a positive DTH-test at the
end of the study. Similarly, although the overall health status and
functional scores of the treated patients did not improve, they
remained stable during treatment (Reyes et al., 2013).

TECHNOLOGY TRANSFER OF TAPCELLS; ONCOBIOMED

Based on the progress achieved by our research team, the R&D
Company Oncobiomed was founded in 2002 by academics
and researchers from the University of Chile, together with
experts in the business area. According to its own description,
Oncobiomed is oriented to develop, commercialize, transfer,
and license technologies associated with the prevention,
diagnosis and treatment of cancer. The work of this team
achieved the formalization of a company that combines
scientific, technological, commercial, and legal aspects
supported by solid scientific publications and concrete clinical
results, all protected worldwide by a patent (Salazar-Onfray et
al., 2008).

The enterprise's initial funding came from the government
through various agencies such as FONDEF (US$ 2.5 million)
and CORFO (US$ 1 million). Currently the company is valued
at approximately US$ 10 million and has established a clinic
for the treatment of patients with advanced melanoma in
Santiago. These innovative treatments have helped more than
250 patients and the economic returns of the venture have
been reinvested in the technology transfer of the project and in
financing the treatment of some patients. The cost per patient
is five times less than that of other available treatments, which
are less effective. The economic benefit, calculated as the
increase in years of life, increased productivity, and savings in
health care costs, has been estimated at US$ 2 million/year for
the domestic market and a projected value for the international
market of US$ 600 million.

Oncobiomed is close to establishing a licensing agreement
with the University of Chile, owner of the TAPCells
technology. In addition to a dynamic research line in cell
therapy the company has expanded, developing other 3
business lines. By the year 2010, Oncobiomed was recognized
internationally as an innovative entrepreneurship leader in
Latin America; winning the “Tres Mares Innovation Prize”
from the Americas Venture Capital Conference investment
fund in Miami, USA. Additionally, The investment fund
Farmainnova appointed Oncobiomed as the first candidate for
private funding among 77 proposals, supporting the potential
technological and commercial impact of the company.

R&D PROJECTIONS

Our studies have shown promising effects of TAPCells in
patients with malignant melanoma and prostate carcinoma
(Escobar et al., 2005; Lépez et al., 2009; Aguilera et al., 2011;
Reyes et al., 2013). Despite the significant progress achieved,
the induced clinical responses in patients are still insufficient.
A significant proportion of patients (40%) do not respond, or
their immunological and clinical responses are too weak or
less durable (Escobar et al., 2005; L6pez et al., 2009; Aguilera

et al., 2011; Reyes et al., 2013). There are several explanations
for these results; for example, the described clinical studies
have shown that patients have different immune response
profiles associated with particular clinical outcomes (Lépez et
al., 2009; Durén et al., 2013). Recent evaluations of our patients
show that individuals with high proportions of T helper-1
and T helper-17 lymphocytes and low proportions of TGF-p
producing T cells after immunization and have a median
survival longer than those patients with the opposite pattern
of cytokine response (Lopez et al., 2009; Durdn et al., 2013).

Nevertheless, objective clinical responses in vaccinated
patients are still insufficient. Regulation of the immunological
response by inhibitory cells could be a possible cause of
clinical unresponsiveness (Lépez et al.,, 2006). Lately, the
existence of subpopulations of regulatory T lymphocytes
able to limit the immune response in a specific form has
been established, particularly inhibiting the proliferation
and activity of CD4+ and CD8+ effector TL (Sakaguchi, N.
2005). These cellular subpopulations, mostly CD4+/CD25+/
Foxp3+ T lymphocytes of thymic origin, or regulatory TL
able to release IL-10 and TGF-B, would be accumulated
in the body during tumor growth, inhibiting the immune
response (Sakaguchi, N., 2005; Lépez et al., 2006). In relation
to regulatory TL and cancer, evidence indicates that these
cells are augmented in blood and other tissues in different
types of cancer (Wolf AM et al., 2003; Curiel TJ et al., 2004).
Additionally, it has been demonstrated that in patients with
refractory metastatic melanoma, the adoptive transference
of anti-tumor CD8+ T lymphocytes after non-myeloablative
chemotherapy was able to induce important tumor regressions
that would be due to elimination of regulatory TL populations
(Dudley M.E. et al., 2005).

Another possibility is given by the myeloid-derived
suppressor cells (MDSC), which are potent immune regulators
with a broad arsenal of suppressive mechanisms; they are key
players in tumor-induced suppression of T-cell responses (Youn
JI et al., 2010; Peranzoni E et al., 2010). By definition they are a
heterogeneous population of immature, immunosuppressive
cells of myeloid origin, containing dendritic cell, macrophage
and granulocyte precursors that regulate the immune responses
to infection and after traumatic stress (Cuenca AG et al., 2011).
Increased frequencies of CD14+HLA-DR-/low immature
myeloid cells with suppressive functions have been observed in
many different types of cancer, including melanoma (Filipazzi
P et al., 2007; Gustafson MP et al. 2010; Lin Y et al., 2010; and
Vuk-Pavlovic S et al., 2011).

MDSC are known to be impaired in their ability to
differentiate along the myeloid lineage, e.g., into dendritic
cells (DC). This is a concern for the utilization of monocyte-
derived DC for vaccination of cancer patients who exhibit an
accumulation of CD14+ MDSC. In fact, when producing DC
according to standard procedures in our clinical trials, we
found that MDSC co-purified with the isolated monocytes
(Poschke I et al., 2012). MDSC frequencies did not affect yield
or viability of the produced DC, but induced a dose-dependent
decrease in DC maturation, ability to take up antigen, migrate
and induce T-cell IFN-y production (Poschke I et al., 2012).

Since the presence of HLA-DR~ cells in starting cultures
could affect DC vaccines by inhibiting the migratory capacity
of DCs, we propose that DC preparations where CD14+HLA-
DR~ MDSC are known to occur will profit from monitoring
of this cell population. In some cases removal of HLA-DR—
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cells by positive selection of CD14+HLA-DR+ cells should be
beneficial. Unfortunately, fluorescence-assisted cell sorting
or magnetic bead isolation methods are cost-intensive to
apply under conditions of clinical grade DC production and
potentially can modify cellular activation status.

In parallel, it was also observed that patients who express
a polymorphic allele of the Toll-like receptor-4 receptor
showed lower survival; demonstrating the importance of
understanding the genetic basis of patients and associating it
with the potential prognosis (Tittarelli et al., 2012).

The determination of the immunologic and genetic
characteristics of evaluated metastatic patients before
treatment and the identification of monitoring parameters
will significantly increase the value of the technology and will
facilitate its incorporation in the arsenal of cancer treatments.
Moreover, the effect of tumor cell stress in enhancing the
immune response strongly suggests that immunotherapy
should be combined with chemotherapy or radiation therapy,
both of which destroy the integrity of tumors and possibly
increase the danger signals necessary for an optimal immune
response.

CONCLUSIONS

Based on the available data with respect to the cost and
effectiveness of cancer gold standard therapies, and on the
belief that this disease, besides being a distressing health
problem also means an economic disaster for the patient,
family, and society in Latin America (Goss et al., 2013).
Moreover, the treatment implemented by the Chilean vaccine
program has shown high curative efficiency in practice and
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an attractive price/quality ratio; this allows proposing this
immunotherapy as an alternative complementary treatment
which is not only less costly and without side effects, but also
more efficient and complementary to standard treatments.

From the perspective of using the technology worldwide,
the results of clinical phases I and I/II conducted in Chile
showed a clear improvement in melanoma patient survival,
whereas in prostate cancer patients the results also seem to be
clearly promising. However, to ensure the internationalization
of the technology it is mandatory to perform phase III
multi-center clinical trials (randomized over 200 well-
defined patients) that compare TAPCells with gold standard
treatments with dacarbazine or Ipilimumab. This type of
study should be conducted by certified entities in developed
countries such as USA, Australia, or Europe under strict
regulatory standards. The cost of these trials is estimated in
the range of US$ 25 to 100 million, depending on the final cost
of several parameters, among which is the prevalence of the
disease in the chosen country (Figure 2).

A detected weakness of the TAPCells technology is the low
standardization of the production process of tumor lysates.
Technology internationalization requires highly reproducible
processes, including potency assays and stringent quality
control of all of the process components. To solve this problem
we recently started a new R&D FONDEF project, trying to
achieve the standardization of the production processes
for TRIMEL and other immunogenic tumor compounds.
These compounds will facilitate the production of TAPCells
potentially useful in a wide variety of other neoplastic
diseases. Finally, it is necessary to design R&D strategies that
advance new antigenic products for future application in high-
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Figure 2. TAPCells technology current stage and valorization. Biomedical technologies need to pass different stages of development from basic
research to clinical trials and sanitary authority approval. TAPCells technology is in an intermediate stage of development; a crucial milestone is the

design and performing of phase Il multi-center clinical trials.
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impact cancers such as gallbladder, gastric, and colon cancer;
this will strongly expand the potential market for TAPCells-
based therapies and will confer a significant increase in the
technological package value.

In our country, scientific research related to human health
is mainly funded by the state agency CONICYT through the
programs FONDECYT, FONDEEF, and FONIS. Only in recent
years have public funds derived from other institutions such
as CORFO-Innova financed some projects in the area. In
Chile, over 10 percent of the projects awarded by FONDECYT
and FONDEF agencies correspond to health-related issues,
however no public or private institutions fund particularly
health research as occurs in developed countries. Despite the
lack of coordination among agencies that finance innovation
in Chile and the low preparation of academic institutions
that deal with the issue, within a period of 10 years the
system was able to support the development of a vaccine
against melanoma and prostate cancer with a total investment
of around three million dollars. While this institutional
development constitutes a relatively successful example, it is
also true that is an exception.

The reproduction of the TAPCells development experience
requires identifying the key elements that drive the innovation
process. These assumptions are not fulfilled in our country
very often, so they should be strengthened by a public-private
effort: (i) the existence of an innovative idea backed by solid
scientific evidence, (ii) generation of academic and economic
incentives that promote innovative drive, (iii) institutional
support of state agencies that generate long-term policies that
enable innovative project financing, and finally (iv) improved
interest of the private sector to invest capital in risky long-term
ventures.
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