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Chapter 1.

Abstract/Resumen






Abstract/Resumen

1.1. Abstract

It has been demonstrated that the immune system can recognize tumor cells as “non-
self” elements. This knowledge has prompted the development of different immunotherapies
aimed at the passive or active activation of the immune system to eliminate transformed cells.
However, cancer immunotherapy clinical trials have shown only partial success, with a large
group of patients showing no response to therapy.

Various studies have demonstrated molecular abnormalities in tumor cells that allow
them to escape the immune response. One of the major escape mechanisms is alteration in
human leukocyte antigen (HLA) class | expression. These alterations could be responsible for
the tumor growth in patients with a functional immune system.

In this thesis, we studied different metastases obtained from two melanoma patients
showing mixed response after immunotherapy as well as bladder tumors from patients treated
with Bacillus Calmette-Guerin (BCG). The first melanoma patient developed several
metastases, including 3 progressing and 3 regressing lesions that we obtained and analyzed
after autologous vaccination plus BCG (M-VAX). Out of several secondary metastases in the
second melanoma patient, we studied 4 regressing and 1 progressing lesions obtained after
interferon a2b, and 4 regressing and 1 progressing lesions obtained after M-VAX. All
metastases showed HLA class | alterations. However, the progressing metastases developed
additional and more profound defects in HLA expression.

All metastases from the first melanoma patient presented with LOH in chromosome 6.
In addition, progressing metastases showed loss of HLA-B, a weak expression of HLA class
I, and LOH in chromosome 15. All metastases from the second melanoma patient had LOH in
chromosome 6 and 15 and loss of surface expression of HLA-B. Progressing metastases
showed additional defects in the HLA system.

Comparative study of the genome expression pattern in mixed melanoma responders
to therapy allowed us to isolate genes differentially expressed in regressing and progressing
lesions, with the majority of them being implicated in regulation of the immune response.
Upregulation of antigen presentation and immune rejection pathways, including HLA-A, B
and C, antigen processing machinery (APM), interferon regulatory factor 1 (IRF-1), signal
transducers and activators of transcription 1 (STAT-1), allograft inflammatory factor (AlIF-1),
granzymes, etc., were found in regressing metastases. These data suggest that regressing
tumors are under an acute immune rejection response. The molecular pathways of tumor
rejection in our case are similar to those described during allograft rejection, autoimmune
disease, graft-versus-host disease and pathogen clearance.

We also studied HLA class | expression in18 bladder cancer patients: 13 of these
underwent BCG therapy, with eight relapse-free patients and five patients with relapse after
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the treatment; and 5 mitomycin-treated patients were used as controls.

Post-BCG relapsed bladder tumors had haplotype and/or loci loss before the treatment.
In contrast, four relapse-free patients showed no alterations, two showed heterogeneous
expression, and two had HLA-B locus loss. We found a higher percentage of structural
alterations in lesions with recurrence after BCG: 80% and 60% of tumors showed loss of
heterozygosity (LOH) in chromosomes 6 and 15, whereas only 25% of relapse-free patients
had LOH in either chromosome.

Bladder tumor relapses showed additional alterations in HLA class | expression in
comparison to the primary tumors. Three relapses developed total HLA class | loss and the
other two showed an additional loss of HLA-A locus. Mitomycin-treated patients conserve
the same HLA class I pattern in primary and relapsed tumor.

Our results show that tumors with additional, irreversible alterations in HLA class |
can escape the immune system despite immunotherapy activation. We propose that tumors
with reversible “soft” alterations will upregulate antigen presentation after treatment, leading
to recognition and elimination by T cells. In contrast, transformed cells bearing irreversible
“hard” alterations will not show any response after treatment and will continue growing.
Analysis of HLA class | alterations in tumor cells is a key factor to select the appropriate
immunotherapy.
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Abstract/Resumen

1.2. Resumen

En los dltimos afios se ha demostrado que el sistema inmunitario es capaz de
reconocer a las células tumorales a pesar de ser elementos “propios” de nuestro organismo.
Estos datos han promovido la aparicién de distintos tipos de inmunoterapias encaminadas a la
activacion pasiva o activa del sistema inmunitario para promover la eliminacion de los
tumores. Sin embargo, los distintos ensayos clinicos realizados solo consiguen la regresion
tumoral en una parte de los pacientes, existiendo un gran porcentaje de pacientes que no

responden al tratamiento.

Existen numerosos estudios que describen la presencia de distintas alteraciones
moleculares en las células tumorales que les permiten no ser eliminadas por el sistema
inmunitario. Una de las alteraciones que aparece con mayor frecuencia es la falta de expresion
de las moléculas HLA de clase I. Existe la opinion de que dichas alteraciones son las
responsables de que los tumores puedan crecer en personas con un sistema inmunitario
funcional.

En esta tesis hemos estudiado metastasis 2 pacientes de melanoma con respuesta mixta
tras inmunoterapia y en tumores vesicales de pacientes sometidos a BCG. Se obtuvieron 3
metastasis de melanoma en progresién y 3 en regresion del paciente 1 tras un tratamiento con
células tumorales aut6logas mas BCG (M-VAX). Del paciente 2 se obtuvieron 5 metéstasis de
melanoma en regresion y una en progresion tras inmunoterapia con interferén a2b y otras 5
regresoras y 1 progresora tras M-VAX. A pesar de que todas las metéastasis muestran alguna
alteracion en HLA, las metastasis progresoras contrastan con las regresoras por su baja
expresion. En el primer paciente todas las metastasis presentan LOH en la region del gen de la
cadena pesada del cromosoma 6. La diferencia es que las lesiones en progresion son negativas
para el locus B y tienen una expresion residual de cadena pesada, mientras que las regresoras
tienen una alta expresion de los loci Ay B. Ademas las progresoras presentan una LOH en la
region de la f2m del cromosoma 15, alteracidn que no estd presente en la lesiones en
regresion. En el segundo paciente todas las metéstasis tienen LOH en los cromosomas 6 y 15
y una expresion negativa del locus B. Sin embargo las metastasis en regresion tienen una
expresion alta de cadena pesada mientras que las regresoras solo tienen una expresion
residual.

También hemos analizado el patrén transcriptomico de las metastasis de melanoma,
encontrando que las diferencias de expresion entre las metéstasis en progresion y en regresion
son debidas en su mayoria a genes de la respuesta inmunitaria. Las lesiones regresoras tienen
activadas las vias de presentacion antigénica y del rechazo inmunitario, con genes como
HLA-A, By C, genes de la maquinaria de procesamiento antigénico (APM), Factor regulador
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del interferon (IRF-1), transductor de sefiales y activador de la trascripcién 1 (STAT-1), factor
de inflamacion en injertos (AlF-1) granzimas... Estos datos demuestran que los tumores en
regresion tienen estan sufriendo un rechazo por parte del sistema inmunitario. Este rechazo es
el mismo que se da durante el rechazo agudo de trasplantes, en las enfermedades autoinmune,
en el sindrome de injerto contra huésped, y en la eliminacion de patdgenos virales. Por lo
tanto los tumores pueden ser reconocidos y eliminados de manera efectiva por el sistema
inmunitario.

Asi mismo se han estudiado 18 pacientes con cancer urothelial de vejiga. 13 de los
pacientes fueron tratados con BCG, 8 de los cuales no desarrollaron recidiva tras el
tratamiento mientras que en 5 el tumor volvi6 a aparecer. También se estudiaron 5 pacientes
con recidiva tras mitomicina como controles sin tratamiento inmunoterapico.

Para dilucidar la razén de la distinta respuesta a la inmunoterapia hemos estudiado el
patron de expresion de HLA de clase | y las alteraciones moleculares que afectan a dicho
patron. Hemos encontrado que los tumores vesicales que recidivan tras BCG tienen mas
alterada la expresion de HLA de clase I. Todos los pacientes con recidiva tras BCG
presentaban pérdida de haplotipo o de locus antes del tratamiento. En cambio en 4 de los
pacientes libres de recidiva no se encontré ninguna alteracion, 2 presentaba una expresion
heterogénea y 2 mostraban perdida de locus B. También se encontrd un porcentaje mucho
mayor de alteraciones estructurales; un 80% y 60% de los pacientes con recidiva tiene perdida
de heterocigosidad (LOH) en cromosoma 6 y 15 respectivamente frente a solo un 25% de los
que no recidivan presentan LOH en alguno de los 2 cromosomas.

Ademas las recidivas de tumores vesicales tras BCG tienen alteraciones adicionales en
HLA de clase | respecto a los tumores obtenidos antes del tratamiento. 3 de los pacientes
pierden totalmente la expresién y los otros 2 pierden el locus A, ademas uno de los pacientes
presenta una nueva LOH en el cromosoma 15. Este fendmeno no ocurre cuando el tratamiento
es mitomicina, un citoestatico sin acciones inmunitarias.

Los experimentos realizados muestran como los tumores con mayores alteraciones
pueden seguir escapando del sistema inmunitario a pesar de la activacion por la
inmunoterapia. Proponemos que aquellos tumores con lesiones reversibles o “blandas”
recuperan la expresion gracias al tratamiento y por consiguiente, son reconocidas como
extrafias y rechazadas por el sistema inmunitario. Sin embargo, las células tumorales con
lesiones irreversibles o “duras” no responden al tratamiento y pueden seguir creciendo.
Creemos que el analisis de las alteraciones de HLA de Clase | es de vital importancia para
determinar el tipo de tratamiento que debe seguir el paciente.
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General Introduction






Introduction

2.1. Melanoma and bladder cancer

2.1.2 Melanoma

The World Health Organization (WHO) defines melanoma as a cancer that begins in
melanocytes. It may start in a nevus, but can also begin in other pigmented tissues, such as in
the eye or in the intestines.

Melanoma is typically located in the epidermis and occasionally in the dermis. Clark
and coworkers (Clark et al. 1984) defined six lesional steps of tumor progression from the
neoplastic system that affects the human melanocyte: 1) acquired melanocytic newvus, 2)
melanocytic nevus with melanocytic hyperplasia, 3) melanocytic nevus with aberrant
differentiation and melanocytic nuclear atypia 4) primary melanoma (radial growth phase) 5)
secondary melanoma (vertical growth phase) and 6) metastatic melanoma. Melanoma can also
be grouped according to the American Joint Committee on Cancer (AJCC) recommendations
(AJCC staging manual 2010).

In contrast to others skin cancers such as basal cell cancer (BCC) and squamous cell
cancers (SCC) which are rarely fatal, melanoma features rapid progression and high mortality.
Melanoma represents only a 1.5-7% of all types of skin cancer, but it causes 65% of skin
cancer-related deaths (Jemal et al. 2002). In 2009 an estimated 68720 patients were diagnosed
with melanoma, and 8650 died of this disease within the US (Jemal et al. 2009). Melanoma is
likely to become an increasingly important public health issue (Jemal et al. 2001; Parkin et al.
2005). From 1950 to 2000 an increase of 619% for annual incidence of this disease and 165%
for annual deaths could be observed. This increase is higher than for any other cancer (Tsao et
al. 2004). Incidence varies by latitude and altitude, with regions closer to the equator and

higher in altitude generally having higher rates of skin cancer (Tucker and Goldstein 2003).

Melanoma risk factors have been described during the past several decades. These
factors are grouped into host and environmental factors. Environmental factors mainly include
sun exposure (Tucker et al. 2009), solarium use usage (Gallagher et al. 2005; IARC 2007),
and redox-active metals (Meyskens et al. 2008). Host factors include number of nevi,
complexion, tanning ability, extent of freckling (Tucker and Goldstein 2003; Gandini et al.
2005; Olsen et al. 2009; Chang et al. 2009), family history of melanoma (Rutter et al. 2004;
Gandini et al. 2005) and gene mutations (Goldstein et al. 2006; Hocker and Tsao 2007;
Smalley et al. 2009; Goldstein et al. 2007; Raimondi et al. 2008).
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2.1.2 Bladder urothelial cancer

The World Health Organization (WHO) defines bladder cancer as the ones form in
any of the different tissues of the bladder. Most bladder cancers are transitional cell
carcinomas (97%); this cancer begins in cells that normally make up the inner lining of the
bladder. Other types include squamous cell carcinoma (cancer that begins in thin, flat cells)
and adenocarcinoma (cancer that begins in cells that make and release mucus and other
fluids). The cells that form squamous cell carcinoma and adenocarcinoma develop in the inner
lining of the bladder.

Transitional cell carcinomas can be grouped depending on the differentiation grade
and tumor infiltration of the bladder by following the AJCC recommendations (AJCC staging
manual 2010).

Bladder cancer is considered to be the fourth most common cancer worldwide and the
ninth frequent cause of death from cancer in men (Jacobs et al. 2010). During 2010, 70530
new cases of bladder cancer will be diagnosed and 14680 patients will die in the United
States. The median ages of patients presenting cancer are 72 in men and 74 in women. The
disease affects a higher percentage of men than women (ratio 3:1) (Horner et al. 2009).

The risk factors associated with bladder cancer have been described based on data
obtained from the clinical observation, epidemiologic and experimental investigation, and
genetic analysis of bladder carcinogenesis. Environmental factors include Cigarette smoking
(Brennan et al. 2000; American Cancer Society 2010), chronic irritation of the urinary tract
caused by infection, catheters and bladder stones (Mostafa et al. 1999; Shokeir 2004;
Golijanin et al. 2006), many chemicals including aniline dyes and cyclophosphamide (Delclos
et al. 2008; Nilsson et al. 2008). In contrast, an increased fluid intake may reduce the risk of
bladder cancer (Michaud et al. 1999; Leppert et al. 2006). There is no strong epidemiologic
evidence for a hereditary cause of bladder cancers (Golijanin et al. 2006). However, different
studies have found a correlation between the risk of bladder cancer and genetic
polymorphisms in detoxification (Green et al. 2000; Marcus et al. 2000; Wu 2005; Garcia-
Closas et al. 2005; Choudhury et al. 2008) and cytokine genes (Ahirwar et al. 2008 and 2009;
Liao et al. 2010).
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Introduction

2.2. Immune recognition of cancer

The idea of the role of the immune system in the repression of cancer was first
proposed by Paul Ehrlich in 1909 (Ehrlich 1909). However, this idea had to wait 50 years to
be sustained due to the development of the immunology field. The hypothesis of tumor
immunosurveillance was formally proposed by Burnet and Thomas (Burnet 1957; Thomas
1959, 1964 and 1970) and was corroborated by animal experiments in which mice were
immunized against syngeneic transplant of tumors (Old 1964; Klein 1966). Following, several
studies were conducted to test the prevalence of tumor development in immunocompromised
mice (Grant 1965 and Miller; Nishizuma et al. 1965; Trainin 1967; Bursteinand and Law
1971; Kaplan 1971; Sanford et al. 1973; Stutman 1975). These studies only found a higher
rate of tumors induced by virus and lymphomas, failing to prove or disprove the hypothesis.
In addition experiments using athymic mice (Nude mice) didn’t reveal significant correlation
between immunodepression and tumorogenesis (Rygaard and Povisen 1974; Stutman 1974;
Outzen et al. 1975). These results led to an abandonment of the immunosurveillance
hypothesis.

Further studies demonstrated that nude mice still have a low population of a3 T cells,
a normal population of yd T cells and a higher population of Natural Killer (NK) cells
(Maleckar and Sherman 1987; Hayday 2000; Pardoll 2003). In the nineties, the
immunosurveillance hypothesis was resurrected by the knowledge and development of new
murine models. Engel and coworkers described how combined immune deficiency mutation
(SCID) mice develop more tumors than controls (Engel et al. 1997). Dighe and coworkers
demonstrated that fibrosarcomas grow faster in mice treated with antibodies against interferon
(INF) y (Dighe et al. 1994). Similar results were found in mice with mutations in genes
encoding interferon y receptor or signal transducer and activator of transcription 1 (STAT1)
(Kaplan et al. 1998). Mice without perforin, a component of cytolitic granules of cytotoxic T
cells, are also more susceptible to tumor development (Street et al. 2001). The development of
mice carrying a genetic mutation which impairs lymphocyte receptor expression also revealed
a higher susceptibility of these mice to develop tumors (Shankaran et al. 2001). Based on

these studies a protective effect of elements of immune system against cancer was verified.

Proving that the hypothesis is also true for humans was likewise difficult.
Epidemiology studies shows that immunedeficient patients have a higher cancer incidence
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(Penn 1999), however most of these tumors have a viral etiology, like Epstein-Barr virus,
herpesvirus or papilloma virus, impairing the direct effect of the immune system on tumor
development. However other epidemiological studies as well show a higher incidence of non-
viral tumors, like melanoma, non-Kaposi sarcoma, colon, lung, bladder, kidney and endocrine
tumors (Sheil 1986; Birkeland et al. 1995; Penn et al. 1995ab y 1996; Dunn et al. 2004; Trofe
et al. 2004; Kauffman 2006). In addition the T cell infiltration into the tumor and an immune
transcription profile are good prognosis factors for patient survival (Naito et al. 1998; Pages et
al. 2005).

Analyses of tumor recognition mediated by the immune system led to the discovery of
tumor specific antigens (TSA) (Mumberg et al. 1996) and tumor associated antigens (TAAS)
(van der Bruggen et al 1991). TSA are originated by mutation and are present only on tumor
cells, TAAs can also be expressed in normal cells. Both of them can be recognized by T cells
via HLA presentation. New TAAs are continuously been described (Paschen et al. 2004;
Olsen et al. 2010) and can be grouped in five categories (Van den Eynde and Brichard 1995;
Boon and van der Bruggen 1996; Rosenberg 1999; Old 2003; Simpson et al 2005; Antonia et
al. 2006; Cloosen et al. 2007; Schietinger et al. 2008; Bioley et al. 2009; van der Bruggen et
al. 2009):

X Differentiation antigens as Melan-A/MART-1 or gp-100.
X Mutations, like abnormal p53.

<> Over expressed antigens like HER-2/neu.

<> Germ line antigens like MAGE.

<> Viral antigens like HTLV-1 p40x (Koenig et al.1993), LMP2 from EBV (Li et al.
2007) and HPV-16 E7 (Yin et al. 2009)

The mechanisms inducing cancer rejection in humans remain to be defined. It is
suggested that the immune response against tumors starts with the activation of the innate
immune response during tissue alterations and invasion by tumoral cells (Carmeliet and Jain
2000; Vicari and Caux 2002). Innate immune cells can detect “danger signals” released
during this process and migrate to the tumor (Matzinger 1994). Subsequently, cytokines such
as interleukin (IL)-1, 15, tumor necrosis factor (TNF)-a, granulocyte macrophage colony-
stimulating factor (GM-CSF), INFs...are released as well as cytotoxic molecules that directly
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affect tumoral growth (Dunn et al. 2004; Smyth et al. 2005). Immature dendritic cells (DCs)
reach the tumor acquire TAAs (Li et al. 2002; Srivastava 2002). Mature DCs then migrate to
the lymph nodes and present the TAAs to Th cells (Sallusto et al. 2000). Th cells in turn
promote and active specific Tc cells against TAA expressing cells (Huang 1994).
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Introduction

2.3. Cancer Immunotherapy

The involvement of the immune system in tumor recognition and rejection has
prompted the development of immune based cancer treatment. The goal of tumor
immunotherapy is provision of either active or passive immunity against malignancies by
harnessing the immune system to target tumors (King et al. 2008). Tumor immunotherapy can
generally be classified as A) passive (or adaptive), consisting of administration of cells or
antibodies ex vivo, and B) active, represented by vaccines, aimed at eliciting a specific
immune response against TAAS.

2.3.1 Passive immunotherapy

Monoclonal and chimerical antibodies featuring tumor cell specificity have been
approved and used against different cancers (King et al. 2008). Monoclonal antibodies exert
their effects via mechanisms which include triggering apoptosis, activating cellular
cytotoxicity, blockade of growth factor receptors and the activation of complement. Clinical
success was achieved with passively acquired monoclonal antibodies directed against a
number of TAAs targets (Slamon et al. 2001; Ferrara et al. 2004; Quezada et al. 2006;
Pescovitz 2006; Hudis 2007; Kurai et al. 2007; Ferris et al. 2010). This class of cancer
therapeutics continued to grow rapidly, with a notably toxic side effect profile than
conventional chemotherapy and radiotherapy.

Adoptive cell therapy is a new passive immunotherapy based in the ex vivo selection
of antitumor cells. The most frequently administered one is adoptive T cell therapy. Antigen-
specific T cells are isolated and expanded in vitro, and finally transferred into patients
(Rosenberg and Dudley 2009; Morgan et al. 2010; Hershkovitz et al. 2010; Brenner et al.
2010). This type of treatment was also carried out with T yd, DCs, NKs and artificial antigen-
presenting cells (Gomes et al. 2010; O"Neill 2010; Turtle et al. 2010; Geller et al 2011).

2.3.2 Active immunotherapy

The first description of successful cancer immunotherapy came in 1890 by William
Coley. He inoculated Streptococcus pyogenes in patients within operable tumors with limited
success. Once he incorporated Serratia marcescens to improve the toxicity, he successfully
treated sarcoma with this mixture composed of heat-killed S. pyogenes and S. marcescens,
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which became known as ‘“‘Coley’s Toxins’’ (Coley 1991). Unspecific stimulators of the
immune system are still used for cancer treatment. At the present time, Bacillus Calmette-
Guerin (BCG), imiquimod, aluminum-based salts and a squalene-oil-water emulsion are
approved for clinical use (Ebensen and Guzman 2008; Karve et al. 2008). These molecules
can locally or systemically induce the immune response (Bohle 2003) and are used as vaccine
adjuvant like M-VAX therapy, which consist in autologous tumor cells with dinitrophenyl
(DNP) mixed with bacilli Calmette-Guerin (BCG) as an immunological adjuvant (Berd 2004).
These molecules can also be used alone, like imiquimod as topic therapy against basal and
squamous cell carcinoma (Love et al. 2009) or the standard use of BCG in pT1G3 bladder
cancer (Demkow et al. 2008; Babjuk et al. 2009).

Cytokine therapy is based on the administration of different molecules with the aim of
activating the immune system against cancer cells. There is a broad spectrum of cytokines
used for cancer elimination in clinical trials either individually or in combination; among
them GM-CSF, IL-12, IL-7, TNF-alpha, I1L-15, IL-18, IL-21, IL-23, IL-27, IL-21 (Heaton
1993; di Carlo et al. 2007; Weiss et al. 2007; Jinushi et al. 2009; Yoshimoto et al. 2009).
Moreover a group of cytokines has already been approved by the FDA (Food and Drug
Agency) for clinical use. Interferon-a-2b is approved for patients with high-risk locally
advanced melanoma (Garbe et al. 2008). It has demonstrated a significant survival benefit
versus placebo-treated patients (Kirkwood et al. 1996). IL-2 has been extensively used for
metastatic renal cell cancer and melanoma (Wang et al. 2008). Further granulocyte colony-
stimulating factor (G-CSF) has been used as standardized cancer treatment (Repp et al. 1995).

Different tumor vaccines have been broadly used in cancer treatment. There exist two
major groups of cancer vaccines; vaccines against oncogenic virus and vaccines against

tumoral antigens.

Vaccines against viruses enhance the immune response versus pathogens inductor of
cancer like Human papillomavirus (HPV) in cervical cancer (Stanley 2010; Mariani and
Venuti 2010).
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Tumor antigen vaccines are characterized by an administration of TAAs in order to
break tumor tolerance (figure 1) (Coulie et al. 2001; Marchand et al. 2001). Different tumor
vaccines are using different ways to improve the stimulation of the immune system against
tumoral cells: autologous whole tumor cell vaccines, allogenic vaccines derived from whole

tumor cells, peptide

vaccines,
with plasmid DNA and -

vaccination | 4 v

viral vectors encoding

tumor antigens, 1 '“'{

ganglioside vaccines as
well as dendritic cell
vaccination (Terando et
al. 2007; Vergati 2010;
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Figure 1: Activation of T cell for target lysis. From

specific | pharma’s Cutting Edge (http:Amww.pharmaweblog.com/2p=278)

anticancer CTLs (Coulie
et al. 2002; Godelaine et al. 2003).

2.3.3 Reduced success of Immunotherapy in clinical trials

In spite of the development of different immunotherapies, there has not been a
significant improvement in the overall success rate of these therapies (Rosenberg and Dudley
2004; Rivoltini et al. 2005; Hersey et al. 2005). Passive immunotherapy with different
antibodies showed an objective response of 5-15%, with just a 3% of complete response
(Fong et al. 2006; Choi et al 2007; Peggs et al. 2009). Cytokine therapy have an overall
objective response in 9-16% of patients, INF a2b shows a 16% of objective response, and 5%
of complete response (King et al. 2008; Tarhini et al. 2009; Rosenberg and Dudley 2009). IL-
2 treatment has a 9,7% of responding patient, this percentage growth to 22% when the therapy
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is combined with peptide vaccination, however complete response is only observed in a 5% of
patients (Lee et al 1999; Bhatia et al. 2009). Cancer vaccine therapies only shows an overall
response rate of 3,3%. Even the adoptive therapy with pre-treated DCs shows no more than a
7% of success (Claesson 2009; Rosenberg et al. 2004). Adoptive T cell therapy has achieved
the higher response rate in preliminary studies. The objective response rates vary from 13 to
70% depending on the different approach used. However a complete response is reduced to a
10-32% of patients (Rosenberg and Dudley 2009; Morgan et al. 2010).

It appears that the generation of antitumor T cells in cancer patients is necessary but
not always sufficient to mediate the regression of established cancers (Lee et al. 1999).
Immunoselection of immune escape mechanism by the tumor cells could impair the correct
function of these T cell and could be the explanation of the poor outcome immunotherapy
(Pawelec 2004; Ahmad et al. 2004; Rosenberg and Dudley 2004; Morgan et al. 2006;
Rosenberg and Dudley 2009; Geldmacher et al. 2011). In addition immunotherapy protocols
induce toxicity in a high percentage of patients, therefore this kind of therapy has to be
administrated with caution and a strait monitoring of the patient is required.
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2.4. Tumor Immune escape

Tumor cells have the ability to develop sophisticated immune escape mechanisms
which enable proliferation in the presence of the immune system (Seymour et al. 1999;
Villunger and Strasser 1999; Mapara and sykes 2004; Zou 2005). Tumor escape mechanisms
can be subdivided into six different categories (Pawelec 2004; Drake et al. 2006).

2.4.1. Alteration of MHC class | and tumor antigen expression

The class | molecules encoded by the Major Histocompatibility complex (MHC) are
cell surface glycoproteins that play a fundamental role in the regulation of immune responses.
MHC class | molecules are necessary for the presentation of peptide antigens to cytotoxic T
lymphocytes (CTLs) (Townsend et al. 1986) and for the immune regulatory activity exerted
by NK cells (Ljunggren and Karre 1990).

MHC class I molecules contain the classical (class la) human leukocyte antigens
(HLA)-A, -B, and -C in humans and H-2K, D, and L in mice, and the non classical (class Ib)
E, F, and G in humans (Bjorkman et al. 1987). They form a trimolecular complex consisting
of a 45-kDa heavy chain (HC), peptide antigen, and the nonpolymorphic 12-kDa [32-
microglobulin ($2-m) light chain. The HLA Class la is highly polymorphic (Bjorkman and
Parham 1990). HCs are encoded by genes located on chromosome 6, whereas B2-m is
encoded by a gene mapped on chromosome 15. The classical HLA class | molecules are
predominantly expressed at the surface of most mammalian cells with only a few exceptions
(Daar et al. 1984; Le Bouteiller 1994). Classical studies were mainly focused on studying the
overall surface expression, without analyzing the behavior of the different loci or alleles in
detail, or quantifying the expression levels. Only recently our group started to apply more
advanced techniques to study HLA class | expression in normal tissue to elucidate locus-
specific gene expression (Garcia-Ruano et al. 2010; Saenz-Lopez et al. 2010). It is estimated
that up to 250,000 HLA class | molecules of each type are expressed on the surface of a
somatic cell (Parham and Ohta 1996).

Antigenic peptides which are presented to CTLs on the surface of cancer cells can be
recognized and bound by molecules of MHC class I. The formation of these peptides is called
antigen processing (figure 2) and starts with the degradation of endogenous proteins by the
antigen processing machinery (APM) (Maffei et al. 1997; Van Endert, 1999; Kessler et al.

Universidad de Granada

35



36

Rafael Carretero Coca

* bt ® X Mature
HLA

Plasma
Membrane

HLA glycosylation
and transport

\ YO  Peptides

- )
-

TAP-1\ (| TAP-2

MHC class |

Heavy chain : o
.B 2M Calreticulin ‘® HLA ,
~—_ processing
P C / ER
ERpﬁ?' | . Tapasin Lumen
v Translation

Cytoplasm \

Regulatory = E=  p,microglobulin gene pNA processing
Sequences HLA class | genes Trangcription

mRNA

Nucleus Tfénéhriptional
Factors

Figure 2: Antigen processing and presentation. From Garcia-Lora et al. 2003
2011). Protein fragments are transported into the endoplasmatic reticulum (ER) by the

transporter associated with antigen processing-1 and -2 (TAP1 and TAP2) (Maffei et al. 1997;
Van Endert, 1999). The produced peptides are transported into endoplasmatic reticulum (ER)
by TAP1 and TAP2 (Abele and Tampé 1999). The folding and assembly of a complete MHC
class I molecule depends on the association of the HC first with b2-m and then with the
peptide in the ER. For this process various accessory proteins with a chaperone-like function
are necessary, such as calnexin, calreticulin, endoplasmic reticulum protein 57 (ERp57) and
tapasin (Grandea and Van Kaer 2001). Trimolecular complex leaves from the ER through the
Golgi secretory pathway and displays on the cell surface. This event is referred to as antigen
presentation. Any defect in these processes will prevent the expression of MHC class |
molecules on the cell surface (Koopman et al. 1997; Parmer and Cresswell 1998). The
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interaction between HLA and T cell receptor (TCR) triggers a cascade of T-signaling events
that lead to cell proliferation, cytokine production, and lysis of target cells (Johnsen et al.
1999; Seliger et al. 2000).

MHC class | antigens also regulate the lytic activity of NK immune cells (Moretta et
al. 1996; Lopez-Botet et al. 2000; Vilches and Parham 2002; Schwinn et al. 2009), which is
related to their ability to Kill target cells lacking MHC class | expression via immunoglobulin-
like receptor (KIR). The detection of targets by NK cells is complex and it is regulated by
many different membrane receptors and cytokines (Bashirova et al. 2006; Parham 2008).
Alterations in the expression of any of the MHC class | subunits can affect both T and NK
cell-mediated immunity. These alterations may affect the tumorigenic phenotype as well as
metastatic capacity (Villunger and Strasser 1999; Garrido and Algarra 2001).

The loss of MHC class | molecules is a frequent mechanism found in experimental
and spontaneous tumors to escape recognition by the immune system (Garrido et al. 1993 and
1997). This escape strategy is used widely by tumor cells, allowing them to not being
recognized as targets by immune effectors. The loss of an MHC antigen associated with the
H-2Kk class | molecule was first described for the first time in 1976 in a mouse lymphoma
(Garrido et al. 1976). One year later, in 1977, HLA losses were also detected in human tumors
(Pellegrino et al. 1977). In following years, the frequency of such losses was evaluated by
studying series of tumor samples using monoclonal antibodies (mAbs) directed against HLA

class | molecules.

Initial works showed only a small fraction of HLA class | loss (Ferron et al. 1989;
Lopez-Nevot et a. 1988). For these studies antibodies against a common HLA epitope were
used and could therefore just detect total losses. The development of antibodies directed
specifically against HLA-A or -B locus or against HLA allelic epitopes has increased the rate
of HLA class I alterations in different human tumor samples (Garrido et al. 1993; Garrido et
al. 1997; Koopman et al. 2000). The rates of HLA class | losses in some tumors were
estimated to be 96% in cervical carcinomas (Koopman et al. 2000), 96% in breast carcinomas
(Cabrera et al. 1996), 87% in colorectal carcinomas (Cabrera et al. 1998), and 70% in

laryngeal carcinomas (Cabrera et al. 2000).

To define the MHC class | deficiencies of tumor cells carefully is of particular

importance, since heterogeneous populations of tumor cells exist in tumor tissues. Our
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laboratory has developed new strategies which allowed extensive analyses of the MHC
altered phenotypes found in a variety of human tumors (Cabrera et al. 2003a). The description
of MHC altered phenotypes is useful in order to select additional strategies to analyze the
molecular mechanisms responsible for such alterations. Seven major altered HLA class |
phenotypes have been defined in different tumor tissues (Figure 3) (Garrido et al. 1997;
Garrido and Algarra 2001).

Altered HLA Class | Phenotypes |
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Figure 3: Altered HLA class | phenotypes. From Garcia-Lora et al. 2003
X Phenotype I: HLA class | total loss. This phenotype is characterized by the absence

of any HLA class | antigen expression in tumor cells.

X Phenotype I1: HLA haplotype loss. Tumors can partially or entirely lose one HLA
haplotype.

X Phenotype I11: HLA locus loss. This altered phenotype is found when both allele
products of HLA A, B, or C loci are coordinately downregulated.

X Phenotype 1V: HLA allelic loss. This alteration is defined as the loss of a single HLA

class | allele.

X Phenotype V: Compound phenotypes. This phenotype appears by the combination
of two different alterations.
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<> Phenotype VI: HLA class | downregulation with no response to interferon.

<> Phenotype VII: HLA class | downregulation with expression of non-classical HLA

class | molecules.

2.4.2. Deregulated expression of adhesion / accessory molecules by tumor
and/or antigen-presenting cells

Tumor-antigen presentation by dendritic cells is critical for a correct CTLs activation.
The expressions of accessory molecules by tumor cells also increase their susceptibility to
these CTLs. Both DCs and tumor cell accessory/costimulatory molecule expression can be
deregulated in cancer and contributes fundamentally to tumor escape. DCs can lose MHC
class Il expression (Ciavarra et al. 2003) or costimulatory molecules CD80 (B7.1) or CD86
(B7.2) (Chaux et al. 1996) and induce T cell anergy. Tumor cells frequently feature a
decreased level of adhesion molecules, such as inter-cellular adhesion molecule 1 (ICAM-1)
(Vora et al. 1997), which lead to a worse prognosis (Fujihara et al. 1999). The absence of
TNF receptor superfamily member 5 (CD40) on epidermal tumors has been suggested to
facilitate escape (von Leoprechting et al. 1999; Holub et al. 2003; Linderoth et at. 2003).
Complete knowledge of all possible receptors and interactions might be beneficial in
manipulating responses in the desired direction (Watanabe et al. 2003).

2.4.3 Secretion of immunosuppressive soluble factors either by tumor cells
or infiltrating T cells or both

Cancer patients can exhibit a notable variety of immunosuppressive factors. Soluble
forms of adhesion molecules such as lymphocyte function-associated antigen 3 (LFA-3) and
others may correlate with disease progression (Grothey et al. 1998; Sanchez-Rovira et al.
1998). Further, an inhibitory effect of gangliosides at the level of antigen-presenting cell
function has been discussed (Shen et Ladisch 2002; Peguet-Navarro et al. 2003). In addition
to that, serum levels of soluble Fas (CD95) may also contribute to tumor escape (Tsutsumi et
al. 2000; Bergmann-Leitner et Abrams 2001). The immunmodulatory enzyme 2, 3-
indoleamone dioxygenase (IDO) appears to inhibit T-cell responses through the tryptophan
catabolism (Munn et Mellor 2007). Adenosine can inhibit IL-12 and stimulate 1L-10
production by monocytes, contributing to these suppressive effects (Link et al. 2000).
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Many immunoregulatory cytokines can be secreted by either tumor, immune system or
both (Pawelec 2004). The best known examples are tumor growth factor (TGF)-p and IL-10
(Carbone et al. 1999; de Vita et al. 2000; Steinbrink et al. 1999; Shariat et al. 2001), but also
other ones like IL-6 are associated with a worse chance of survival and a greater extent of
disease (Fayad et al. 2001; Salgado et al. 2003).

2.4.4. Induction of immune nonresponsiveness via anergy induction or
clonal deletion of responding T cells

The clonal deletion of T lymphocytes was first described by Lauritzsen and coworkers
(Lauritzsen et al. 1998). He discovered that typical thymus proteins are secreted from tumors.
These proteins cause clonal deletion of newly generated T cells. The interaction of Fas ligand
with the death receptor Fas can induce T cell apoptosis. Many types of tumors have been
reported to express Fas ligand. (Reichmann 2002).

mors can also induce T cell anergy. It is possible that, T cell activation and effector
function are ultimately controlled by a balance between costimulatory molecules (e.g. CD28)
and coinhibitory molecules (Chen et al. 2004). The inhibitory pathway is mediated by the
interaction between cytotoxic T lymphocyte antigen 4 (CTLA-4) and its ligands (B7-1 and
B7-2) on antigen presenting cells. CTLA-4 blockade exerts a pronounced antitumor effect
(Chambers et al. 2001). Clinical trials have finally developed anti-CTLA-4 monoclonal
antibodies for clinical use (Callahan et al. 2010). Another inhibitory receptor is programmed
death 1 (PD1), which serves as a marker for T cells that have been exhausted by persistent
exposure to viral antigen. PD1/B7-H1 interaction prevents the lysis of target cells by CD8 T
cells. In vivo blockade of either PD1 or of the PD1 ligand B7-H1 potentiates an antitumor

immune response (Dong et al. 2002; Hirano et al. 2005)

Antigen-specific CD8 T cells do not appear to be specifically deleted, but rather enter
in exhaustion. This process impairs CD8 T cell response to persistent tumor antigens (Drake
et al. 2006). The phenomenon of CD8 T cell exhaustion is very interesting from the
perspective of immunotherapy. Den Boer and coworkers (den Boer et al. 2004) showed that
CD8 T cells isolated from tumor bearing hosts could still be functional in tumor free animals,
mediating protection from tumor challenge. If the immunotherapy is able to revert CD8
exhaustion, these cells will attack the tumor.
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2.4.5. Induction of suppressor cells

T regulatory (Treg) cells play an important role in many aspects of immunological
tolerance. They regulate the immune response to avoid an excessive response and
autoimmunity (Sakaguchi et al. 2001; von Boehmer 2005). Treg cells in tumors promote the
tolerance against tumor cells (Mougiakakos et al. 2010). Different studies revealed that
depletion of CD4"CD25" can prevent tumor progression in mouse and human (Onizuka et al.
1999; Shimizu et al. 1999; Terabe and Berzofsky 2004). The presence of such regulatory T
cells in ascitis fluid of women with advanced ovarian cancer was associated with decreased
survival (Curiel et al. 2004). T helper cells type 2 (Th2) can also suppress the cellular immune
response because of IL-4 and IL-10 secretion. Therefore, an infiltration of Th2 cells inside the

tumor could impair the immune cellular response.

Suppressor macrophages may induce alterations in molecules involved in signal
transduction. Macrophages with the capacity to suppress immune responses in tumor bearing
hosts have been extensively described (Mantovani et al. 1992; Alleva et al. 1995). Tumor
infiltrating macrophages can decrease CD3( expression on T cells (Aoe et al. 1995). Chronic
inflammatory conditions in advanced cancer will alter the redox potential of macrophages,
causing them to exert an immunosuppressive effect (Pawelec 2004).

2.4.6. Changes in T cell signal transduction molecules

The observation that T cell signal transduction is compromised in tumor-bearers
(Mizoguchi et al. 1992) has subsequently been confirmed and extended to a variety of human
tumors (Whiteside et al. 1992), Down-regulated TCR signal transduction may be related to
down-regulation of CD28 (Hakansson et al. 1999). T cells were found to be CD3( deficient,
which could be at least partially reversed by stimulation with CD3 mAb, IL-2 and IFN-a
(Chen et al. 2000). This may reflect T cell replicative senescence caused by continuous
antigen activation, which could contribute to tumor escape from immunosurveillance (Effros
and Pawelec 1999; Pawelec 1999).

2.4.7. Immune stimulation

It has been suggested that the immune system can exert a dual effect on tumors,
sometimes encouraging their growth (Ponzio et al. 2000; Guindi et al. 2000). An efficient
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immune response lead to tumor progression. In contrast an incomplete, inefficient immune
response will not eliminate the tumor and can even promote the tumoral cells expansion. The
effect of certain cytokines produced by T cells on tumors may encourage tumor growth. One
example for this in hematopoietic tumors is the response of B CLL to IL-4 produced by T
cells. IL-4 is involved in protection of cancer cells against apoptosis and promotion of further
growth (Dancescu et al. 1992). It has been reported that IL-10 may function as a growth-
stimulating factor for melanoma as well as reducing cell surface expression of HLA and
adhesion molecules (Yue et al. 1999). Tumor infiltrated lymphocytes (TILs) can also secrete
angiogenic factors contributing to vascularisation of the tumors as basic fibroblast growth
factor or vascular endothelial growth factor (Freeman et al. 1995) and factors directly
stimulating tumor cells (Peoples et al. 1995). Tumors may also subvert the immune response
by expressing receptors for T cell growth factors (Capelli et al. 1999).
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2.5. Overlay and objectives of the thesis

During the last years researchers have developed several cancer immunotherapy
protocols to improve disease-free survival of patients. However, the effectiveness of
immunotherapy protocols has been below expectations. Only a small percentage of patients
develop tumor regression after the treatment. There exists also a group of patients displaying
a mixed response after the treatment, which consist in the regression of some metastasis and
the progression of other ones. They represent an interesting subset of patients, allowing
analyses of different tumor behaviors in the same patient at the same time. This allows us to
consider exclusively the tumor’s determining factors in immune responsiveness obviating
variations in the genetic background of different patients or external variables affecting the
potency of the treatment.

Generation of immune escape mechanism by tumor cells is believed to be an
important explanation for the poor outcome of the T cell based immunotherapy. One of the
best documented routes of cancer immune escape is the alteration of HLA class | antigen

expression on tumor cells.
General objective:

e Analyze the role of the immune system during tumor regression and progression
and the effects of HLA class | alterations on the response of transformed cells to
the immunotherapy.

Specifics objectives:

e Characterize the HLA class | phenotype in bladder tumors and melanoma

metastases from patients undergoing immunotherapy.

e Analyze the molecular mechanism responsible for alterations in HLA class |

expression.

e Compare the HLA class | pattern between bladder tumors obtained before and

after BCG immunotherapy.

e Evaluate the whole transcriptional pattern in progressing and regressing melanoma

metastasis after immunotherapy.
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Material, Methods and Results

3.1. Analysis of HLA class | expression in progressing and
regressing metastatic melanoma lesions after immunotherapy

Rafael Carretero, José M. Romero, Francisco Ruiz-Cabello, Isabel Maleno, Felix Rodriguez,
Francisco M. Camacho, Luis M. Real, Federico Garrido, Teresa Cabrera

Abstract

Despite the potential efficacy of cancer
immunotherapy in preclinical studies, it did
not show yet significant positive clinical
results in humans with only a small number of
cancer patients demonstrating objective tumor
regression. This poor clinical outcome can be
explained by the generation of sophisticated
tumor immune escape mechanism, in
particular, abnormalities in the expression of
HLA class | antigens. We have studied the
expression of HLA class | antigens in ten
metastatic lesions obtained from a melanoma
patient undergoing immunotherapy. Five
lesions were obtained after Interferon-alpha-
2b treatment and five after autologous
vaccination plus BCG (M-VAX). Eight
metastases were regressing after
immunotherapy while two were progressing.
The eight regressing metastases showed high
level of

Venereologia,  Hospital ~ Universitario  “Virgen
Macarena, Universidad de Sevilla, Sevilla, Spain

HLA class | expression, whereas the two
progressing lesions had low levels as
measured by real time PCR and
immunohistological techniques. These results
indicate a strong association between HLA
class | expression and progression or
regression of the metastatic lesions. Our data
support the hypothesis that the level of HLA
class | expression is an important parameter
of tumor immune escape that needs to be
monitored.

Keywords: Melanoma. HLA. Metastasis.
Cancer.
Immunotherapy
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Metastatic melanoma has a poor prognosis,
with a range for overall survival from 5 to 11
months (Sun and Schuchter 2001). In patient
with  progressing melanoma, high-dose
interferon-alpha-2b  is  frequently used;
however, a considerable proportion of
patients fail this type of immunotherapy.
Other types of cancer therapy, such as
autologous  vaccines, peptide vaccines,
dendritic cells vaccination, vaccination with
plasmid DNA and viral vector encoding
tumor antigens, were developed as a more
specific  alternative  treatment  option
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(Rosenberg and Dudley 2004; Buteau et al.
2002; Terando et al. 2007). Different
immunotherapy protocols can generate
immune T cells capable of recognizing
antigenic peptides presented on tumor cells
(Marchand et al. 2001; Lonchay et al. 2004;
Liu et al. 2004); however, these protocols did
not generate the expected results (Rivoltini et
al. 2005; Hersey et al. 2005; Rosenberg et al.
2004). Generation of immune escape
mechanism by the tumor cells is believed to
be an important explanation of the poor
outcome of the T-cell based immunotherapy
(Ahmad et al. 2004). One of the key
mechanism of tumor immune escape is the
alteration of HLA class | expression on tumor
cells during cancer progression (Aptsiauri et
al. 2007). Downregulation of HLA class |
expression correlates with a poor response to
immunotherapy (Benitez et al. 1998; Cabrera
et al. 2007).

It is known that Interferon-alpha-2b
inhibits tumor cells proliferation, induces
inhibition of oncogenes, activates suppressor
genes, and increases HLA class | expression
(Gutterman 1994). The interferon-alpha-2b is
also implicated in generation, activation, and
survival of cytotoxic lymphocytes (Palmer et

al. 2000). M-VAX is a vaccine composed of
autologous melanoma cells treated with the
hapten dinitrophenyl and Bacille Calmett-
Guerin  (BCG). This vaccine produces
interferon-gamma-mediated T cell
inflammatory response followed by delayed-
type hypersensitivity either against modified
melanoma cells (in the majority of the cases)
or against non-modified melanoma cells (in
about 50% of the cases). For vaccine details,
see Berd D (Berd 2004).

There is little information on the different
patterns of HLA class | alteration in
metastases and its correlation with the
progression of cancer (Cabrera et al. 2007;
Mendez et al. 2001), since it is difficult to
obtain several metastatic samples from a
cancer patient during immunotherapy,
especially regressing ones. Here we report the
results of the analysis of HLA class |
expression in ten metastases obtained from a
melanoma patient as a result of treatment with
two different types of immunotherapy. Five of
them were obtained after treatment with
Interferon-alpha-2b and five more after
autologous vaccination plus BCG. We also
analyzed the correlation between the HLA
class | expression and tumor progression.
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We obtained ten metastases from a patient
treated consequently with Interferon-alpha-2b
and M-VAX vaccine. Five metastases were
subcutaneous lesions removed from the
patient  after  the Interferon-alpha-2b
immunotherapy, and the other five were
lymph node lesions obtained after autologous
vaccination. Samples were collected at the
Department of Dermatology, Hospital Virgen
Macarena, Sevilla, Spain. Informed consents
and approval of the research protocol by the
institutional review board were obtained.
Tumor samples were snap-frozen in liquid
nitrogen-cooled isopentane.

In Fig. 1 we show a summary of the

Material, Methods and Results

MR-9, and MR-10) were regressing at the
time of excision according to PET and CT
scans, whereas one (designated as MP-6),
which is believed to be a relapse of MP-5,
was progressing. Similarly, it was observed
that some of the previously detected small
lung nodules had regressed during the
administration of the vaccine, while other
nodules had progressed (Fig. 2). Between
June and the end of August of 2006, the
patient received another round of vaccination
according to the manufacturer’s
recommendations. The patient died on August
of 2006.

HLA typing of peripheral blood lymphocytes
and immunohistological analysis

Autologous peripheral blood lymphocytes
(PBLs) were isolated from the patient and

clinical condition of the patient. Primary
tumor, on the right lumbar surface, was
removed in November of 2003 (not
available). From April of 2004 to December
of 2004, several metastases were detected
and removed. In January of 2005, the
patient started a treatment with interferon-
alpha-2b (Intron®) that lasted for 1 year,
following the schedule of high doses of
Kirkwood. In December of 2005, new
metastases were detected, including lung
and intestinal lesions. Five subcutaneous
metastases were removed and sent to our
laboratory. Four of these metastases
(designated as MR-1, MR-2, MR-3, and
MR-4) were regressing at the time of
excision according to PET and CT scans,
whereas one was progressing (designated as
MP-5). From February to April of 2006, the
patient was receiving the M-VAX vaccine
according to the manufacturer’s
recommendations. During the
administration of the vaccine, metastatic
lesions were detected in five lymph nodes.
In May of 2006, these lymph nodes were
removed and sent to our laboratory. Four of
these metastases (designated MR-7, MR-8,

Fig. 2 a CTscan previous to the time of vaccine administration. b CT
scan 3 months after starting wvaccine administration. MNote the
progressing and regressing lung metastatic nodules indicated by the
arrows before and 3 months after administration of the vaccine
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HLA-typed in our laboratory using a low-
resolution  genomic  sequence  specific
oligonucleotide analysis (SSO). Patient typing
results: A 0201/2902; B 0702/4403; Cw
0702/1601; DR 1301/1501 DQ 0602/0603.

Immunohistological ~ techniques  were
performed with the Biotin-Streptavidin
System (supersensitive Multilink-HRP/ DAB
kit, BioGenex). HLA class | expression was
studied with the following mAbs: W6/32
(anti-HLA-ABC), GRH1 (anti-p2m), 1082C5
and A131 (anti-HLA-A locus; Lozano et al.
1989; Spear et al. 1985), 42-I1B5 (anti-HLA-B
locus; Lozano et al. 1990), HC-10 (anti-HLA-
BC free heavy chain; Stam et al. 1986), H66
(anti-HLA-B12, One Lambda), 30-13-38 (De
Pablo et al. 2003) and CR 11-357 (anti-HLA-
A2), BB7-1 and KS-4 (anti-HLA-B7, kindly
provided by Dr. Ferrone, University of
Pittsburgh Cancer Institute, Pittsburgh, USA),
MARB-7 (anti-HLA-Bw4), and 2BC4 (anti-

HLA-Bw6, kindly provided by Dr.
UchanskaZiegler, Humbolt  University,
Berlin, Germany). For HLA class I

expression, we used GRB-1 mAb (anti-HLA-
DR).

Tumor cells microdissection and DNA
isolation

Cryopreserved tissue sections of 4-8 um
thick were stained with a 0.05% w/v solution
of toluidine blue and were microdissected
using a Laser micromanipulator (PALM
Microlaser Systems, Olympus);

microdissected fragments were collected in
PALM Adhesive Caps. These fragments were used for
RNA and DNA isolation. Normal tissue in the
microdissected tumor section was not available.

and 15, DNA obtained from microdissected
tumor and PBLs was studied with seven short
tandem repeats (STRs), (D6S291, D6S273,
C.1.2C, C.1.25, D6S265 D6S105, and
D6S276) mapping HLA region and D6S311
located in 6q. For B2-microglobulin studies,
five STR markers that flanked the gene
(DS15209, DS15126, DS15146, DS151028
and DS15153) were used. Methods of PCR
reactions, electrophoresis, and data analysis
were described previously (Maleno et al.
2006; Koene et al. 2004). LOH was assigned
when a signal reduction of more than 25% in
one allele was seen in tumor sample
compared with control sample.

RNA isolation and reverse transcription

Total RNA was extracted from
microdissected fragments using Absolutely
RNA Nanoprep Kits (Stratagene, La Jolla,
CA, USA) according to the manufacturer’s
recommendations. The extracted RNA was
dissolved in 10 pl elution buffer supplied by
the manufacturer. cDNA synthesis was
performed with the RNA Reverse
Transcription  (RT)  System  (Promega
Corporation, Madison, WI, USA) using 1 ng
RNA and following the manufacturer’s
instructions. Real-time quantitative PCR
Various sections corresponding to each
metastasis were used to obtain microdissected
tissue areas for further RNA isolation and RT-
PCR assay. RT products from the ten
metastases were analyzed for the expression
of various target genes (HLA class | heavy
chain, B2m, HLA locus A, B, and C) by
quantitative real-time PCR. The results of the

DNA extraction was performed using the
QlAamp DNA Mini Kit (QIAGEN, Westburg,

Leusden, The Netherlands) following

manufactured recommendation.

Microsatellite analysis

To determine the possible loss of

heterozygocity (LOH) in chromosomes 6

analysis represent the mean of two
Table 1: Primers used for HLA class I locus -specific
amplification
Primer Sequence 5" t0 3’
A locus Fw 950 TC(CIT)TTGGAGCT(G/A)TG(A/T)
TC(A/G)CT
Alocus Bw 1146 | AAGGGCAGGAACAACTCTTG
B locus Fw 950 TCCTAGCAGTTGTGGTCATC
B locus Bw 1089 TCAAGCTGTGAGAGACACAT
C locus Fw 957 TCCTGG(C/T)TGTCCTAGCTGTC
C locus Bw 1107 CAGGCTTTACAAGTGATGAG
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independent microdissection experiments. To
control for variations in the amounts of RNA,
G6PDH and HPRT were tested as a
housekeeping gene. All PCR reactions were
performed in a Light Cycler using DNA
Master Probes Kit (Roche Diagnostics,
Manheim, Germany). For GGPDH, HPRT and
B2m amplification we used commercial kits
(Roche Diagnostics and Search LC, GmbH
Heidelberg). Amplification reactions of HLA
class | heavy chain was described previously
(Cabrera et al. 2007). Amplification reactions
of HLA class I specific locus were performed
in a Light Cycler instrument using DNA
Master Sylver Green kit (Roche Diagnostics,
Manheim, Germany) in a final volume of 5 pl
containing 1 pl cDNA, 4 mmol/IMgCI2, 0.5
pumol/l of each specific primer, and 1 pl LC-
FastStart DNA master SYBR green. Primers
used for HLA class | locus specific
amplification are described in Table 1. After
10 min of initial denaturation at 95°C, the
cycling conditions consisted of denaturation
at 95°C for 6 s, annealing at 58°C for 10 s,
elongation at 72°C 12 s and reading at 85°C.
After amplification, the temperature was
slowly raised above the melting point of the
PCR product to measure the fluorescence for
melting curve. mRNA levels for the target
genes were calculated according to the
calibration curves. All PCR products were
checked by melting point analysis and by gel
electrophoresis to verify the correct size of the
products. PCR products of the HLA-B locus

Material, Methods and Results

were sequenced for
amplification.

confirm  specific

Results

We studied ten metastases from a
melanoma patient who had undergone two
types of immunotherapy. Five subcutaneous
metastases were obtained after interferon-
alpha-2b immunotherapy, and five affected
lymph nodes were removed after autologous
melanoma cell vaccination plus BCG (Fig. 1).
During each immunotherapy protocol four
metastases were regressing at the time of
excision (MR-1, MR-2, MR-3, and MR-4
after interferon-alpha-2b and MR-7, MR-8,
MR-9, and MR-10 after autologous
vaccination), as evaluated by PETand CT,
whereas two other ones (MP-5 after
interferon-alpha-2b  and MP-6  after
autologous vaccination) were progressing.

Immunohistological  techniques  using
specific mAbs directed against HLA-ABC,
B2m, HLA-A locus, HLA-B and C free heavy
chain, and HLA-A2 showed a strong positive
staining in all the regressing metastases,
whereas only weak positive staining was
observed in the two progressing lesions
(Table 2, Fig. 3). All metastases were HLA-B
locus  negative, as observed  using
immunohistological technique with anti-
HLA-B locus, anti-B7, anti-Bw4, and anti-

Table 2: Immunohistochemical study of HLA Class | expression in the ten metastasis lesions (from MR-1 to

MR10)
HLA phenc;tryep;?naefr'ﬁir IFN-0-2b HLA phenotypes after autologous vaccine
mAb MR-1 MR-2 MR-3 | MR-4 MP-5 MP-6 MR-7 MR-8 MR-9 MR-10
Anti-HC +++ +++ ++ ++ +/- +/- +++ +++ ++ ++
Anti f2m ++ +++ +++ ++ +/- +/- ++ +++ +++ ++
Anti-BC ++ ++ ++ +++ +/- +/- ++ ++ ++ +++
Anti-A +++ +++ +++ +++ +/- +/- +++ +++ +++ +++
Anti-B
Anti-Bw4
Anti-Bw6
Anti-B7
Anti-A2 +++ ++ +++ ++ +/- +/- ++ +++ ++ +++
Anti-DR

(-) Negative expression, (+/-)very weak expression, (+) positive expression
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IMMUNOHISTOLOGY OF THE METASTASES Fig. 3

W6/32 ____421B5

HLA ABC +++ MR-8

_W6/32__ HLAABC +_

R
gy

¢

B locus -
v

Immunohistoche
mistry of frozen
sections of the
studied
metastases:
positive labelling
of tumor cells

with anti-HLA-
ABC mAb in
Regressing

metastasis (MR-
9), and weak
staining in case
of  progressing
metastasis (MP-
6). All the
metastases were
negative for
HLA-B locus.

Bw6 specific monoclonal antibodies. All
metastases were negative for HLA class Il
expression.

Loss of heterozygocity was analyzed with
eight microsatellite markers for chromosome
6 and five markers for chromosome 15. We
found no LOH for chromosome 6 or 15 in
none of the metastases.

cDNA obtained from microdissected tumor
tissues was analyzed for heavy chain, f2m
and HLA-A, HLA-B, and HLA-C loci. Figure
4 shows the results using a pairs of consensus
primers for HLA-ABC and 2m. RQ-PCR
assays of regressing metastasis (MR) showed
higher levels of HLA-ABC mRNA in
comparison with the progressing metastasis
(MP) after both immunotherapy protocols
(interferon-alpha-2b or autologous
vaccination). Similar results were observed
for p2m transcription. Results were obtained
in two independent assays. We also studied
HLA class | locus specific transcription (Fig.
5). Metastases obtained after M-VAX
treatment had higher levels of HLA-A, B, and
C mRNA as compared to the post-interferon-
alpha-2b metastases, with the highest mRNA
levels corresponding to locus C. Importantly,
the two progressing metastases (MP-5 and

MP-6) showed very low
levels of mRNA corresponding to each
studied locus. Thus, the downregulation in
progressing metastasis affect the three HLA
class | loci. These results correlate with the
heavy chain data. All the transcription results
were referred to the expression of G6PDH as
a housekeeping gene.

MRNA levels corresponding to HLA-A
locus correlated with the surface expression
of the protein. In contrast, HLA-B locus,
which showed similar mRNA levels than A
locus, showed negative membrane expression
by immunobhistological techniques in all the
metastases (Figs. 3 and 5).

Discussion

Growth of a particular tumor is not due, in
most cases, to the existence of a deteriorated
immune system, but rather to the acquisition
by the tumor cells of new genetic and
phenotypic features that allow them to escape
antitumor immune responses (Garrido et al.
1997; Seymour et al. 1999). Evolution of
genetically unstable cancer cells leads to the
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Fig. 4 HLA class I heavy chain
(whire)y and P2m (black) tran-
scription in the two groups of 70 1 o Heavy chain
metastases: after interferon and m f2m

after autologous vaccination. L
The figure shows the mean of
two independent experiments

2
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-

L
20
r
10
ni ~il ~H ,
MR-2 MR-3 MR-4 MP-%

MP-§ MR-7 MR-8 MR8 MR-1Q

development of immune escape variants in
tumor lesions that are selected out by the
immune system. Consequently, different
altered MHC class | tumor phenotypes may
be produced (Garrido and Algarra 2001;
Seliger et al. 2002). It has been proposed that
the main contributor to the emergence of
these tumor clones with MHC class | altered
expression is T cell immunoselection (Garcia-
Lora et al. 2002; Zitvogel et al. 2006). T cells
can recognize tumor antigens presented by
MHC class | positive tumor cells, thus
performing effective immune surveillance. As
a result, tumor cells that have better survival
characteristic are selected.

Numerous attempts to develop an effective
immunotherapy for the treatment of cancer
patients based on stimulation of T cell
reactivity against cancer antigens have been
reported. However, the outcome of this type
of treatment usually has little clinical success
(Marchand et al. 2001; Lonchay et al. 2004;

Liu et al. 2004). It is well known that a high
proportion of tumors have alterations in the
expression of HLA class | molecules and that
these alterations represent an important tumor
escape mechanism since they influence the
interactions between tumor cells and specific
T and NK cells in the course of malignant
disease (Khong and Restifo 2002; Algarra et
al. 2004; Aptsiauri et al. 2007). However,
there is no sufficient information about
patterns of HLA class | alterations at different
metastatic sites within the same patient
receiving immunotherapy. We have recently
reported that the development of HLA class |
alteration in melanoma metastases after
autologous  vaccination had a strong
correlation with the progression of the disease
(Cabrera et al. 2007). Here we report that
HLA class | antigen expression on metastatic
melanoma lesions could determine the course
of the disease in a patient undergoing two
types of immunotherapy protocols: interferon-
alpha-2b and autologous vaccination plus

Fig. 5 HLA class I locus-
specific transcription in the two 20 4
oroups of metastases: after in-
terferon and after autologous
vaccination. The figure shows 186
the mean of two independent
ex periments

OLocus A
18 { SlLocus B
BLocus C

T}
K B
i L
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-
o

HLA class | locus-specific transcription

u o Lx et
MR-2 MR-3

MR-4 MP& MP-8
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BCG (M-VAX). The progressing metastases
(two out of ten) showed weak HLA class I
expression, whereas the regressing ones (eight
out of ten) showed a strong class | expression.
Importantly, this correlation did not depend
on the type of immunotherapy, since there
was one progressing metastasis and four
regressing ones in both types of treatment.

All the metastases showed an absence of
the membrane expression of HLA-B locus.
This alteration has been described in a variety
of human tumors (Lopez-Nevot et al. 1989;
Festenstein and Garrido 1986), in particular,
in melanoma (Méndez et al. 2008; Versteeg et
al. 1989). Therefore, we believe that
downregulation of HLA-B locus detected in
all the studied metastases have originated in
the primary tumor (Fig. 6).

Staining  with  mAbs  recognizing
determinants of class I antigens has always
been interpreted with caution, since the
intensity of staining in immunohistochemical
assays is a subjective parameter. Therefore,
we also investigated mMRNA transcription
levels of HLA class | molecules. cDNA from
microdissected tumor tissues was obtained
and analyzed. We observed a significant
difference in the mRNA levels of HLA heavy
chain and P2m between progressing and
regressing metastases. Progressing metastases
had lower transcription levels of MHC class |

and B2m than regressing ones.

We also have studied mRNA levels of each
HLA class | specific locus and found that
MRNA levels of HLA-A locus have a positive
correlation with cell surface expression. In
contrast, we did not observe such correlation
for the HLA-B

locus; we detected high mRNA levels for
HLA-B locus and no surface expression.
Similar alteration has been found in a panel of
melanoma cell lines where decreased HLA-B
surface expression coincided with high
MRNA levels (unpublished data). It has been
described that B locus downregulation is the
most frequent HLA alteration in melanoma
(Marincola et al. 1994; Méndez et al. 2008).
Other authors have showed that this alteration
could be due to a lack of locus B transcription
(Griffioen et al. 1999), but in our study, we
detected B locus transcription, and we believe
that a post-transcriptional mechanism that
controls surface expression of the HLA-B
locus plays a role in this case. The HLA
processing machinery is important for MHC
surface expression, and the loss of various
chaperones, like tapasin, has been correlated
with alterations in the correct expression of
specific HLA alleles (Cabrera et al. 2005;
Park et al. 2003).

We favor the idea that
vaccination and

autologous
interferon-alpha-2b

Fig. & Hypothetical chain of
alterations in the HLA class |
expression during cancer immu-
notherapy. The original tumor
lost HLA-B molecules. This
phenotype is also detected n
regressing and progressing me-
tastases. In addition, progressing
metastases showed downregula-
tion of HLA-A and C locus
expression
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upregulated tumor HLA class | expression
and induced T cell mediated rejection of
tumor cells sensitive to locally released
cytokines. In contrast, HLA class | expression
level remained very low in progressing
metastases due to a failure in HLA genes
transcription activation.

This hypothesis could explain the reduced
levels of HLA class | expression in response
to interferon-alpha-2b and MVAX (which
produces an interferon-y-mediated T-cell
inflammatory response) in both progressing
metastases. The underlying mechanism could
be a defect in the HLA class | inductibility
mediated by interferon. STAT-1 protein,
could be absent or not phosphorylated, or
have irreversible alterations. Previously we
have reported the existence of such tumor
phenotype (Rodriguez et al. 2007; Abril et al.
1998). Another mechanism could be a tumor
antigen loss. In this case, the metastases fail
to recruit tumor specific CD8 + cells to the
site, and the IFN-gamma producing cells will
not be present in the tissue. An extrinsic
mechanism could be the induction of a strong
local Treg response which inhibits local
activation of HLA class | expression.

In this study, we show that there is a clear
relationship between MHC class | expression
and metastatic progression/ regression after
immunotherapy. Similar results were obtained
in a previous study of another patient, who
had six post M-VAX vaccination metastases,
three of them were regressing and the other
three were progressing (Cabrera et al. 2007).
Progressing metastases had much lower HLA
class | expression than the regressing ones.
Therefore, we have studied in total 16
metastases from two patients undergoing
immunotherapy protocols, and in all of them
we have found such correlation.

Both studies are consistent with the idea of
HLA associated T and NK tumor escape
mechanism. The regressing metastases with
high HLA class | expression should be
recognized and eliminated by cytotoxic T
cells, while the progressing ones with low

Material, Methods and Results

HLA class | expression could escape T and
NK cells. In this context, some reports have
indicated that low levels in HLA class | but
not complete loss of class | expression
correlates with a poor prognosis (Watson et
al. 2006; Madjd et al. 2005) because this type
of tumor cells could avoid both NK and T-
cell-mediated immune surveillance.

Other reports have also analyzed HLA
class | expression in metastases after
immunotherapy (Belli et al. 2002), but
including only progressing ones and using
HC10 MoADb that recognize intracytoplasmic
HLA class | free heavy chain. We believe this
study cannot be compared with ours since we
analyzed  progressing and  regressing
metastases of the same patient using a broad
panel of anti-HLA class | MoAbs defining
monomorphic and allelic determinants as well
as molecular techniques using DNA and RNA
obtained after tumor tissue microdissection.

Poor clinical outcome of immunotherapy
suggests that elimination of transformed cells
in vivo is more difficult than it had been
predicted in vitro (Rivoltini et al. 2002). It is
possible that the selective pressure imposed
by T cell-based immunotherapy will facilitate
the appearance of resistant tumor metastatic
variants with HLA class | alterations (Spear et
al. 1985; Ruiz-Cabello et al. 2003).
Monitoring HLA class | antigen expression
and the knowledge of the molecular
mechanism responsible for HLA class |
alteration in malignant lesions is important.
This information will help to define reversible
versus nonreversible alteration of HLA class |
in metastases that will determine which
metastases  progress or regress after
immunotherapy.
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metastatic lesions: resistance to

iImmunotherapy is predetermined by irreversible HLA class |

antigen alterations

Natalia Aptsiauri, Rafael Carretero, Angel Garcia-Lora, Luis M. Real, Teresa Cabrera,

Federico Garrido

Abstract

Despite the significant efforts to enhance
immune reactivity against malignancies the
clinical effect of anti-tumor vaccines and
cancer immunotherapy is still below
expectations. Understanding of the possible
causes of such poor clinical outcome has
become very important for improvement of
the existing cancer treatment modalities. In
particular, the critical role of HLA class I
antigens in the success of T cell based
immunotherapy has led to a growing interest
in investigating the expression and function of
these molecules in metastatic cancer
progression and, especially in response to
immunotherapy. In this report, we illustrate
that two types of metastatic lesions are

commonly generated in response to
immunotherapy according to the pattern of
HLA class | expression. We found that
metastatic lesions, that progress after
immunotherapy have low level of HLA class |
antigens, while the regressing lesions
demonstrate significant upregulation of these
molecules.  Presumably, immunotherapy
changes tumor microenvironment and creates
an additional immune selection pressure on
tumor cells. As a result, two subtypes of
metastatic lesions arise from pre- existing
malignant cells: (a) regressors, with
upregulated HLA class | expression after
therapy, and (b) progressors with resistance to
immunotherapy and with low level of HLA
class 1. Tumor cells with reversible defects
(soft lesions) respond to therapy by
upregulation of HLA class | expression and
regress, while tumor cells with structural

This article is a symposium paper from the
conference “Progress in vaccination against cancer
2007 (PIVAC 7)”, held in Stockholm, Sweden, on 10—
11 September 2007.

irreversible defects (hard lesions) demonstrate
resistance to immunostimulation, fail to
upregulate HLA class | antigens and
eventually progress. These two types of
metastases appear independently of type of
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the immunotherapy used, either non-specific
immunomodulators (cytokines or BCG) or
autologous tumor vaccination. Similarly, we
also detected two types of metastatic colonies
in a mouse fibrosarcoma model after in vitro
treatment with IFN-_. One type of metastases
characterized by upregulation of all MHC
class I antigens and another type with partial
IFN-_ resistance, namely with lack of
expression of Ld-MHC class | molecule. Our
observations may shed new light on the
understanding of the mechanisms of tumor
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escape and might have implications for
improvement of the efficacy of cancer
immunotherapy.

Keywords HLA class | Metastatic
melanoma -

Cancer immunotherapy

Introduction

Poor clinical outcome of current

protocols of cancer immunotherapy

Cancer still remains to be a leading cause
of death in humans with rare tumor regression
in response to treatment. It is characterized by
metastatic spread in different organs and
tissues that actually causes lethal outcome in
patients. Usually primary tumors without
metastases are removed surgically, while
patients with metastatic cancer spread are
treated with immunomodulating therapy
along with conventional chemotherapy. For
many Yyears clinicians used non-specific
systemic immunomodulators of anti-tumor
immunity, such as BCG [1], IL-2 [2], or IFNs
[3] aimed to activate different branches of
immune system to fight malignancy.
Currently, new immunotherapy protocols are
adopted based on the knowledge that T cell
mediated response against tumor antigens
complexed with HLA class | molecules is a
key factor of anti-tumor immune reaction.
Identification of various types of tumor
associated antigens that are shared by
different types of tumor and can be
recognized by cytotoxic T cells (CTLSs)
prompted basic and clinical investigator to
develop new peptide-based vaccines aimed to
boost specific anti-tumor T cell responses [4].
Most of these vaccines use peptides restricted
to by a specific HLA class I allele. Vaccines
based on DCs pulsed with tumor-specific
peptides or transduced with tumor antigens
have also been tested with various degrees of
success [5, 6].

Various reports during the past decade
indicate that various types of
immunomodulators, specific or non-specific,
in the majority of clinical trials do not lead to
expected clinical improvement in cancer
patients. Only in some cases immunotherapy
leads to a partial tumor regression or to
incomplete  elimination  of  secondary
metastases [7, 8]. Paradoxically,
immunization-induced CTLs frequently are
able to recognize or even eliminate
autologous or HLA matched tumor cells in
vitro, but in most of the cases cannot lead to a
complete metastatic regression in vivo [9-11].
Thus, the effect of peptide-based
immunization is mostly limited to stimulation
of anti-tumor cellular immune responses that
scarcely lead to a clinical tumor regression.
Survival of the patients only slightly
improved during the past 20 years. According
to Rosenberg et al. [12] cancer
immunotherapy demonstrated only 3-4% of
overall objective response rate.

It has become obvious that immune-
mediated cancer rejection is a complex
biological phenomenon that has to be studied
more extensively from both sides—the tumor
microenvironment and the host immune
system. It is established that tumor sites are
infiltrated by tumor-specific lymphocytes
(TILs) [13]. Nevertheless, tumor growth
progresses in these conditions suggesting the
role of tumor microenvironment. Emerging
evidence suggests that patients’
responsiveness  to  immunotherapy  is
influenced by various factors that regulate
preexisting immune status and the
microenvironment of the primary tumor and
of secondary metastatic lesions [14]. Given
the low number of cancer patients achieving
significant benefit from specific or non-
specific immunotherapy, considerable recent
effort has focused on identifying predictors of
therapeutic response and key molecular
mechanisms involved in tumor escape from
treatment. Currently, an active intense
investigation is ongoing to improve strategies
of cancer vaccination and to enhance clinical
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efficacy of immunization-induced T cell
responses [15]. These efforts could be
successful if tumor antigens and HLA class |
molecules that are necessary for antigen-
presentation to CTL would have been
normally expressed on malignant cells. It has
been described that these molecules are
frequently lost or downregulated on tumor
cells during cancer progression due to
structural or regulatory defects [16, 17].

HLA class | altered expression on cancer
cells represents one of the important
mechanisms of tumor escape from the
immune response that eventually leads to
accumulation of new variants with low
immunogenicity and high capability for
metastatic progression [18-20]. Cancer cells
escape from immunosurveillance through the
outgrowth of poorly immunogenic tumor cell
variants, which emerge due to a growth
advantages created by a combination of
certain features of tumor cells and the factors
of tumor environment [21]. Total or partial
loss of HLA class | expression has been
described in almost all types of cancer and in
some cases it has been associated with

Material, Methods and Results

cancer showed that a high level of HLA |
expression or total loss of HLA class | was
associated with similar disease-specific
survival times, possibly due to T cell
reactivity or NK cell mediated clearance of
class I-positive and -negative tumor cells,
respectively.  However, tumors  with
intermediate HLA class | expression were
reported to be associated with a poor
prognosis, suggesting that these tumors may
avoid both NK- and T cell-mediated immune
surveillance [24].

It has been known for many years that
changes in MHC class | profile affects the
metastatic capacity. In particular, several
reports from Dr. Feldmans group published in
the 1980s indicate that high and low
metastatic phenotypes in a mouse tumor mode
are associated with defined MHC class |
expression [25, 26]. It has been also
demonstrated in various types of cancer that
metastatic lesions are less sensitive to CTL
killing than a primary tumor indicating that
during tumor progression metastatic cancer
cells may acquire various characteristics that

poor clinical prognosis [17, 21, 22].
Interestingly, it has been recently

reported that patients with HLA class | Regressors/ HLA-ABC B-2m
positive bladder cancer had longer progressors
recurrence-free  survival after BCG R1,R2.R3 et HH
therapy than those with negative P1,P2, P3 +- +-
expression in 5-year-follow-up [23].

Patient #2 1) IFN- a—2b treatment

Cells that are highly immunogenic and
express high levels of MHC class | are
eliminated by CTLs. Malignant cells
with total MHC class 1| loss are
susceptible to NK cell lysis because of
inactivation of KIRs.  However,
frequently a complex balance between
activating and inhibiting signals in NK
cells leads to failure of natural cytotoxic
reactions against malignant  cells.
Another immunoselection route might be
provided by the partial loss of HLA class
I antigens that allows tumor cells to
escape both CTL and NK attack. For

Patient #1

Fig. 1 HLA class | expression in progressing/regressing metastases

inStanCG, a recent Study of colorectal [fter immunotherapy of two melanoma patients

Autologous tumor vaccine plus BCG

Regressors/
progressors

R1,R2, R3, R4 +4++ 4+
P5 +/- +-

HLA-ABC p-2m

2) Autologous tumor vaccine plus BCG

HLA-ABC B-2m
R?‘ RB, Hg. FHO S +44
P& +/- 4E

R - Regressors
P - Progressors
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help to evade CTL mediated destruction [7].
Metastatic progression has been demonstrated
to correlate with HLA class | downregulation
in  Dbreast carcinoma [27]. Decreased
expression of HLA heavy chain and beta2-
microglobulin mRNA was found in patients
with metastatic renal cell carcinoma [28].
Therefore, it is much more complicated to
treat metastatic disease that localized cancer.
Thus, the complex nature of tumor metastasis
necessitates a comprehensive approach to
achieve successful immune intervention.
There  have  been  various  reports
demonstrating that different metastases in the
same patient have various mechanisms that
underlie the generation of tumor escape
variants and the existing immunophenotypes
of metastatic lesions [29, 30]. However, there
is not sufficient data on a correlation between
HLA expression and advancement of
metastatic lesions, as well as changes in this
expression in response to immunotherapy,
since it is not always possible to obtain
primary tumor and several metastatic samples
from cancer patients during immunotherapy.

In this report based on analysis of
metastases in cancer patients and from animal
studies we classified metastatic lesions that
develop under immunotherapy regimen

were able to obtain and analyze both
progressing and regressing metastatic lesions
for HLA class | expression using
immunohistochemistry, tissue
microdissection, LOH analysis, and other
molecular techniques. Figure 1 summarizes
the immunohistochemical characteristics of

the HLA class | expression in the studied metastatic
lesions from both patients. In the first patient we
analyzed three progressing (P1, P2, P3) and three
regressing (R1, R2, R3) metastases obtained after
treatment with autologous tumor vaccine combined
with BCG. We observed that the progressing lesions
have low transcription and protein expression levels of
HLA class | heavy chain and beta2-microglobulin, and
demonstrate higher frequency of LOH in chromosome
15 [31]. Malignant cells with such irreversible
structural genetic defects in HLA class | are not likely
to respond to immunotherapy aimed at enhancing anti-
tumor T cell immune response and will generate a
progressing type of metastases. In regressing lesions
the expression level of class | molecules was
significantly higher. LOH at chromosome 6 was
detected in all six studied metastases, suggesting that
this defect may also be found in the primary tumor,
contributing to the mechanism of tumor escape and
metastatic progression. Real-time quantitative PCR of
the samples obtained from microdissected tumor
showed lower mRNA levels of HLAABC heavy chain
and 2 m in progressing metastases than in regressing
ones, confirming the immunohistological findings.

In a second patient (Patient #2) we

in two groups: progressing with reduced
HLA class | expression and regressing

Mouse lung metastatic nodules with identical MHC class | negative profile,

Kd-, D4-, L9- phenoctype

with normal expression of class |
antigens.

l

In vitro treatment with IFN-v

" T

Identification of two types of metastatic
melanoma lesions based on different

K%+, D 9. L 9+ phenotype.

Upragulation of all MHC class |
melecules (“soft” lesion with

reversible defects)

Kis D9 19 phenoptypes

Lack of LY molecule upregulation due to
irreversible structural defects in the L 9 gens
(“hard” lesicn)

HLA class | expression: implications
for cancer immunotherapy

Recently, we have observed an
interesting association of HLA class |
expression and metastatic progression in
two  melanoma  patients,
subcutaneous  metastases  responded
differently to autologous tumor cell

MP2 | Kd4, D9+, L9+ MP3 Ki+, D 44, L9

MPS | wis, D %4, L9

MP1Z2 | K%, D9, L%

Fig. 2 Two types of mouse metastatic clones generated after in vitro
whose IFN-7 treatment: one with up-regulated cell surface expression of K9
D¢ and L molecules (K%, D%, LY+) a, and second one with the ab-
sence of Ld expression (LY—) h. The lack of IFN-y inducibility is dug]
to the existence of an underlying structural irreversible defect in the LY

vaccination [31, 32]. In both patients, we |gene

MPE | ks, D 44, L¥-
MP10 | gay Doy, | L9-
MP11 | iy, o o4, L9
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analyzed ten metastases: five after treatment
with IFN-2b (four regressing ones, R1, R2,
R3, R4; and one progressing one, P5) and five
after autologous vaccine (M-VAX) plus BCG
(four regressing ones, R7,R8,R9,R10; and one
progressor, P6). We observed once again a
positive correlation between low HLA class I
expression and metastatic  progression
independently of the type of therapy used.
Accordingly, after immunotherapy metastatic
lesions can be classified in two types:
regressors with high expression of HLA class
I molecules and progressors with low class |
expression. We favor an idea that
immunotherapy leads to modulation of HLA
class | expression on different tumor cells
subsets and leads to emergence of different
responders to treatment based on preexisting
“soft” or “hard” HLA alterations. It is
expected that malignant cells with irreversible
“hard” genetic defects in HLA class | genes
will not respond to immune modulation by
upregulation of HLA class | molecules.

Melanoma is characterized by diversity of
malignant cells in many ways. It has

Material, Methods and Results

our hypothesis.

Two types of metastases found in a mouse
fibrosarcoma model

Earlier, we also identified two H-2
metastatic phenotypes in a murine cancer
model [33]. Briefly, one H-2-class I-negative
fibrosarcoma tumor clone generated H-2 class
I-negative spontaneous lung metastases in
immunocompetent BALB/c mice [34-36].
Cell lines from these metastatic nodes with
apparently identical MHC class | expression
pattern  generated two  distinct and
reproducible H-2 phenotypes after in vitro
IFN- treatment. The first (17%) was similar to
that of the B9 tumor clone from which they
derived and was characterized by the cell
surface expression of Kd, Dd or Ld
molecules. The second type of MHC
expression profile was present in 83% of the
colonies and was characterized by absence of
expression of Ld class | molecule after IFN-
treatment (Fig. 2). Therefore, vitro incubation
of the metastatic clones with IFN- revealed a

been shown that metastases also differ
and respond differently to treatment.
Thus, the treatment leads to regression of
some metastases. There are some factors
that make cancer cells susceptible in a
subpopulation with specific
characteristics. Based on our
observations we think that these
characteristics include HLA class |
expression and its modulation in
response to cytokine stimuli.

CANCER IMMUNOTHERAPY:

- BCG, IL-2, IFN-alpha, PSK

- Autologous tumor vaccine,

- Vaccination with peptides,

- Dendritic cells loaded with peptides, etc.

Modification of the local tumor
microenvironment, release of
cytokines, chemokines,etc.

We cannot totally exclude a
possibility  that  progression  and
regression of certain metastatic lesion
happened independently of the therapy.
However, we believe that

e g
HLA class | No HLA class |
upregulation, upregulation,
“SOFT LESION", “HARD LESION™,

T-cell response +++ T-cell response +/-

immunotherapy put an additional
immunoselective pressure leading to

|

T

emergence of highly proliferating
metastatic cells with preexisting defect in

Metastatic regression

Metastatic progression

HLA class | expression. From our animal
studies we obtained evidence supporting

Fig. 3 Proposed mechanism of immunotherapy-mediated generation
of progressing and regressing metastases
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presence of non-responder cells to cytokine
stimulation. We believe that the second type
of metastatic clone with “hard” lesion in
MHC Ld gene would eventually give rise to a
progressor type of metastatic lesion. This
altered phenotype was highly reproducible
and repeated in different metastases from
different animals and in  different
experiments, suggesting that MHC genetic
alterations observed in a given metastasis are
non-random and can be predicted [33]. The
loss of expression of the Ld antigen was
originated as a consequence of two
independent events: at First a deletion of a
large fragment of one chromosome 17
telomeric to Dd genes that had been found in
the primary tumor and in all the metastatic
clones, and secondly a new deletion involving
only the Ld gene of the other chromosome 17
that had been detected in metastatic clones
with no Ld expression. For details see
reference [33].

Discussion and conclusions

Based on the data obtained from our
animal experiments and clinical cases, we
have identified two types of metastases
according to the expression pattern of HLA
class | antigens: progressing metastatic
lesions with low HLA class | level and
regressing ones with upregulated expression
of these antigens. Our observations suggest
that no matter what type of immunotherapy is
administered, specific immunization or
systemic immune stimulation, the outcome
should be expected the same, namely, a
modification of tumor microenvironment of
each metastatic lesion leading to a release of
immunostimulating cytokines. Depending on
the preexisting HLA class | expression level
and presence of reversible (“soft”) or
irreversible (“hard”) alterations in the HLA
class | system, its expression will be either
upregulated by the cytokines leading to
regression of metastatic nodule, or remained

unchanged due to resistance to cytokine
treatment which will stimulate progression of
metastases with irreversible HLA class |
alterations (Fig. 3). In some cases additional
structural defects in molecules involved in
MHC class | transcriptional activation could
limit the response of metastases to
immunotherapy. For example, STAT-1
protein, that plays an important role in IFN--
mediated HLA class | upregulation could be
absent or not phosphorilated, or have
irreversible structural defects [37, 38]. Our
data could at least partially explain why
despite the constant improvement of existing
protocols of cancer immunotherapy the
clinical efficacy remains to be low. Among
other possible explanations could be a loss of
tumor antigens that would lead to the lack of
recruitment of tumor specific CD8+ cells to
the site of metastatic lesion [39] or induction
of a T cell anergy in these cells. An extrinsic
mechanism could be the induction of strong
local Treg response that would inhibit IFN-
production by tumor specific CD8+ cells
thereby leading to failure in HLA class |
upregulation and to inhibition of the
downstream effector processes that cause
tumor regression [40].

Metastatic melanoma consists of a
heterogeneous population of cells with respect
to gene and protein expression, including
HLA class | antigens that may be of
importance to disease progression [30, 41,
42]. Even if tumor specific antigen is present
and CTL response is activated by vaccination,
absence or low level of HLA class | allele
necessary for presentation prevents tumor
elimination.

Interestingly, in many cases peptide-based
vaccination produces mixed responses in the
same melanoma patients: regression of some
malignant lesions and progression of others.
Melanoma patients vaccinated with MAGE-3
peptides, or with autologous DC pulsed with
MAGE-3 peptides, or with ALVAC virus
encoding MAGE antigens demonstrated a
mixed clinical response to treatment, with
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some metastases regressing while others
progressing [8, 43, 44]. Currently, there is no
clear explanation for this diversity of
responses. Interestingly, in some patients this
treatment triggers a strong activation of T
cells against nonvaccine tumor peptide, or
epitope spreading. Both vaccine specific and
new CTLs were detected at tumor sites even
in progressing lesions suggesting that their
activity was not sufficient for killing of the
metastatic cells [45, and Dr. D. Godelaine,
personal communication]. One possible
explanation of the inability of CTLs to
destroy tumor cells is failure of HLA class |
upregulation on metastatic cells in response to
immunomodulation. It is believed that in case
of epitope spreading the recognition of an
antigen on a target cell by T cells generates
conditions such as cytokine release and target
cell destruction, which in turn, facilitates the
presentation of additional antigens of the
target cells. Similar phenomenon of T cell
response shifting has been previously
described in other reports on melanoma
patients [46]. We Dbelieve that our
observations support the idea that cytokine
release at the tumor site may lead to
upregulation of HLA class | expression
necessary for presentation of newly released
tumor antigens or of peptides that previously
lacked appropriate HLA class | allele for
adequate presentation to T cells. However,
such HLA upregulation would not be possible
if malignant cells contain irreversible
structural alterations in HLA class | genes or
demonstrate resistance to cytokine-mediated

upregulation due to defects in signal
transduction pathways.
Therefore, taken together, these data

supports our working hypothesis that the
mixed response to immunotherapy in
melanoma patients is predetermined by the
presence of irreversible “hard” structural
defects in HLA class | expression, which
would give rise to progressing lesions.

Hence, to optimize cancer immunotherapy
strategies evasion from newly developed

Material, Methods and Results

immunoresistant tumor phenotypes needed to
be considered. Monitoring HLA class |
expression in metastatic lesions during course
of cancer immunotherapy may help to
identify immunoresistant lesions and predict,
or even improve, the clinical outcome of
treatment.

Acknowledgments This work  was
supported by grants from the Fondo de
Investigaciones  Sanitarias  (FIS), Red
Genomica del Cancer (RETIC RD 06/0020),
Plan Andaluz de Investigacion (Group CTS-
143), Consejeria Andaluz de Salud (SAS),
Proyecto de Excelencia de Consejeria de
Innovacion  (CTS-695), Proyecto de
investigacion [+D (SAF 2007-63262) in
Spain; and from the Integrated European
Cancer Immunotherapy project
(0J2004/C158, 518234).

References

1. Herr HW, Laudone VP, Badalament RA, Oettgen
HF, Sogani PC, Freedman BD, Melamed MR,
Whitemore WF Jr (1988) Bacillus Calmette—-Guérin
therapy alters the progression of superWcial bladder
cancer. J Clin Oncol 6(9):1450-1455 2. Rosenberg SA,
Yang JC, Topalian SL, Schwartzentruber DJ,

2. Weber JS, Parkinson DR, Seipp CA, Einhorn JH,
White DE (1994) Treatment of 283 consecutive
patients with metastatic melanoma or renal cell cancer
using high-dose bolus interleukin. JAMA 271(12):907-
913

3. Atzpodien J, Korfer A, Palmer PA, Franks CR,
Poliwoda H, Kirchner H (1990) Treatment of
metastatic renal cell cancer patients with recombinant
subcutaneous human interleukin-2 and interferon-
alpha. Ann Oncol 1(5):377-378

4. van der Bruggen P, Traversari C, Chomez P,
Lurquin C, De Palen E, Van den Eynde B, Knuth A,
Boon T (1991) A gene encoding an antigen recognized
by cytolytic T lymphocytes on a human melanoma.
Science 254(5038):1643-1647

5. Esche C, Shurin MR, Lotze MT (1999) The use
of dendritic cells for cancer vaccination. Curr Opin
Mol Ther 1:72-81

6. Godelaine D, Carrasco J, Lucas S, Karanikas V,
Schuler-Thurner B, Coulie PG, Schuler G, Boon T,

Universidad de Granada

65



66

Rafael Carretero Coca

Van Pel A (2003) Polyclonal CTL responses observed
in melanoma patients vaccinated with dendritic cells
pulsed with a MAGE-3.A1l peptide. J Immunol
171(9):4893-4897

7. Boon T, Coulie PG, Van den Eynde BJ, van der
Bruggen P (2006) Human T cell responses against
melanoma. Annu Rev Immunol 24:175-208

8. Kruit WH, van Qjik HH, Brichard VG, Escudier
B, Dorval T, Patel P, van Baren N, Avril MF, Piperno
S, Khammari A, Stas M, Ritter G, Lethe B, Godelaine
D, Brasseur F, Zhang Y, van der Bruggen P, Boon T,
Eggermont AM, Marchand M (2005) Phase 1/2 study
of subcutaneous and intradermal immunization with a
recombinant MAGE-3 protein in patients with
detectable metastatic melanoma. Int J Cancer
117(4):596-604

9. Rosenberg SA, Sherry RM, Morton KE,
Scharfman WJ, Yang JC, Topalian SL, Royal RE,
Kammula U, Restifo NP, Hughes MS,
Schwartzentruber D, Berman DM, Schwarz SL, Ngo
LT, Mavroukakis SA, White DE, Steinberg SM (2005)
Tumor progression can occur despite the induction of
very high levels of self/tumor antigen-specific CD8+ T
cells in patients with melanoma. J Immunol
175(9):6169-6176

10. Anichini A, Vegetti C, Mortarini R (2004) The
paradox of T-cellmediated antitumor immunity in spite
of poor clinical outcome in human melanoma. Cancer
Immunol Immunother 53(10):855-864

11. Wang E, Phan GQ, Marincola FM (2001) T-
cell-directed cancer vaccines: the melanoma model.
Expert Opin Biol Ther 1(2):277- 290

12. Rosenberg SA, Yang JC, Restifo NP (2004)
Cancer immunotherapy: moving beyond current
vaccines. Nat Med 10(9):909-915

13. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky
A, Mlechnik B, Lagorce-Pages C, Tosolini M, Camus
M, Berger A, Wind P, Zinzindohoue F, Bruneval P,
Cugnenc PH, Trajanoski Z, Fridman WH, Pages F
(2006) Type, density, and location of immune cells
within  human colorectal tumors predict clinical
outcome. Science 313(5795):1960-1964

14. Wang E, Miller LD, Ohnmacht GA, Mosellin S,
Perez-Diez A, Petersen D, Zhao Y, Simon R, Powell
JI, Asaki E, Alexander HR, Duray PH, Herlyn M,
Restifo NP, Liu ET, Rosenberg SA, Marincola FM
(2002) Prospective molecular profiling of melanoma
metastases  suggests  classiwers  of  immune
responsiveness. Cancer Res 62(13):3581-3586

15. Berzofsky JA, Terabe M, Oh S, Belyakov 1M,
Ahlers JD, Janik JE, Morris JC (2004) Progress on new
vaccine strategies for the immunotherapy and
prevention of cancer. J Clin Invest 113(11):1515-1525

16. Garrido F, Ruiz-Cabello F, Cabrera T, Perez-
Villar JJ, Lopez-Botet M, Duggan-Keen M, Stern P
(1997) Implications for immunosurveillance of altered
HLA class | phenotypes in human tumours. Immunol
Today 18(2):89-95

17. Aptsiauri N, Cabrera T, Garcia-Lora A, Lopez-
Nevot MA, Ruiz-Cabello F, Garrido F (2007) MHC
class | antigens and immune surveillance in
transformed cells. Int Rev Cytol 256:139-189

18. Garrido F, Cabrera T, Concha A, Glew S, Ruiz-
Cabello F, Stern PL (1993) Natural history of HLA
expression during tumour development. Immunol
Today 14:491-499

19. Chang CC, Ferrone S (2007) Immune selective
pressure and HLA class | antigen defects in malignant
lesions. Cancer Immunol Immunother 56(2):227-236

20. Garrido F, Algarra 1 (2001) MHC antigens and
tumor escape from immune surveillance. Adv Cancer
Res 83:117-158

21. Seliger B, Cabrera T, Garrido F, Ferrone S
(2002) HLA class I antigen abnormalities and immune
escape by malignant cells. Semin Cancer Biol 12(1):3-
13

22. Rolland P, Deen S, Scott I, Durrant L,
Splendlove | (2007) Human leukocyte antigen class |
antigen expression is an independent prognostic factor
in ovarian cancer. Clin Cancer Res 13(12):3591-3596

23. Kitamura H, Torigoe T, Honma |, Sato E,
Asanuma H, Hirohashi Y, Sato N, Tsukamoto T (2006)
Effect of human leukocyte antigen class | expression of
tumor cells on outcome of intravesical instillation of
bacillus calmette—guerin immunotherapy for bladder
cancer. Clin Cancer Res 12(15):4641-4644

24. Watson NF, Ramage JM, Madjd Z, Splendlove
I, Ellis 10, ScholeWeld JH, Durrant LG (2006)
Immunosurveillance is active in colorectal cancer as
downregulation but not complete loss of MHC class |
expression correlates with a poor prognosis. Int J
Cancer 118(1):6-10

25. De Baetselier P, Katzav S, Gorelik E, Feldman
M, Segal S (1980) DiVerential expression of H-2 gene
products in tumour cells in associated with their
metastatogenic properties. Nature 288(5787):179-181

26. Eisenbach L, Hollander N, Greenfield L, Yakor
H, Segal S, Feldman M (1984) The differential
expression of H-2 K versus H-2D antigens,
distinguishing high-metastatic from low-metastatic
clones, is correlated with the immunogenic properties
of the tumor cells. Int J Cancer 34(4):567-573

27. Saio M, Teicher M, Campbell G, Feiner H,
Delgado Y, Frey AB (2004) Immunocytochemical
demonstration of down regulation of HLA class-I

Universidad de Granada



molecule expression in human metastatic breast
carcinoma. Clin Exp Metastasis 21(3):243-249

28. Romero JM, Aptsiauri N, Vazquez F, Cozar
JM, Canton J, Cabrera T, Tallada M, Garrido F, Ruiz-
Cabello F (2006) Analysis of the expression of HLA
class I, proinflammatory cytokines and chemokines in
primary tumors from patients with localized and
metastatic renal cell carcinoma. Tissue Antigens
68(4):303-310

29. Mendez R, Ruiz-Cabello F, Rodriguez T, Del
Campo A, Paschen A, Schedendorf D, Garrido F
(2007) ldentification of different tumor escape
mechanisms in several metastases from a melanoma
patient undergoing immunotherapy. Cancer Immunol
Immunother 56(1):88-94

30. Chang CC, Campoli M, Restifo NP, Wang X,
Ferrone S (2005) Immune selection of hot-spot beta 2-
microglobulin gene mutations, HLA-A2 allospecificity
loss, and antigen-processing machinery component
down-regulation in melanoma cells derived from
recurrent metastases following immunotherapy. J
Immunol 174(3):1462-1471

31. Cabrera T, Lara E, Romero JM, Maleno I, Real
LM, Ruiz-Cabello F, Valero P, Camacho FM, Garrido
F (2007) HLA class | expression in metastatic
melanoma correlates with tumor development during
autologous vaccination. Cancer Immunol Immunother
56(5):709-717

32. Carretero R, Romero JM, Ruiz-Cabello F,
Maleno |, Rodriguez F, Camacho FM, Real LM,
Garrido F, Cabrera T (2008) Analysis of HLA class |
expression in progressing and regressing metastatic
melanoma lesions after immunotherapy.
Immunogenetics (in press)

33. Garcia-Lora A, Algarra |, Gaforio JJ, Ruiz-
Cabello F, Garrido F (2001) Immunoselection by T
lymphocytes generates repeated MHC class I-deficient
metastatic tumor variants. Int J Cancer 91(1):109-119

34. Garrido A, Perez M, Delgado C, Garrido ML,
Rojano J, Algarra I, Garrido F (1986) Influence of class
I H-2 gene expression on local tumor growth.
Description of a model obtained from clones derived
from a solid BALB/c tumor. Exp Clin Immunogenet
3(2):98-110

35. Perez M, Algarra I, Ljunggren HG, Mialdea
MJ, Gaforio JJ, Klein G, Karre K, Garrido F (1990) A
weakly tumorigenic phenotype with high MHC class-I
expression is associated with high metastatic potential
after surgical removal of the primary murine
Whbrosarcoma. Int J Cancer 46(2):258-261

36. Algarra I, Gaforio JJ, Garrido A, Mialdea MJ,
Perez M, Garrido F (1991) Heterogeneity of MHC-
class-1 antigens in clones of methylcholanthrene-

Material, Methods and Results

induced tumors. Implications for local growth and
metastasis. Int J Cancer (suppl) 6:73-81

37. Rodriguez T, Mendez R, Del Campo A,
Jiménez P, Aptsiauri N, Garrido F, Ruiz-Cabello F
(2007) Distinct mechanisms of loss of IFN-gamma
mediated HLA class | inducibility in two melanoma
cell lines. BMC Cancer 7:34

38. Abril E, Mendez R, Garcia A, Serrano A,
Cabrera T, Garrido F, Ruiz-Cabello F (1996)
Characterization of a gastric tumor cell line defective
in MHC class | inducibility by both alpha- and
gammainterferon. Tissue Antigens 47(5):391-398

39. Khong HT, Wang QJ, Rosenberg SA (2004)
Identification of multiple antigens recognized by
tumor-infiltrating lymphocytes from a single patient:
tumor escape by antigen loss and loss of MHC
expression. J Immunother (1997). 27(3):184-190

40. Terabe M, Berzofsky JA  (2004)
Immunoregulatory T cells in tumor immunity. Curr
Opin Immunol 16(2):157-162

41. De Vries TJ, Fourkour A, Wobbes T, Verkroost
G, Ruiter DJ, van Muijen GN (1997) Heterogeneous
expression of immunotherapy candidate proteins
gp100, MART-1, and tyrosinase in human melanoma
cell lines and in human melanocytic lesions.Cancer Res
57(15):3223-3229

42. Bittner M, Metzer P, Chen Y, Jiang Y, Seftor E,
Hendrix M, Radmacher M, Simon R, Yakini Z, Ben-
dor A, Sampas N, Dougherty E, Wang E, Marincola F,
Gooden C, Lueders J, Glatfelter A, Pollock P, Carpten
J, Gillanders E, Leja D, Dietrich K, Beaudry C, Berens
M, Alberts D, Sondak V (2000) Molecular
classification of cutaneous malignant melanoma by
gene expression profiling. Nature 406(6795):536-540

43. Thurner B, Haendle |, Roder C, Dieckmann D,
Keikavoussi P, Jonuleit H, Bender A, Maczek C,
Schreiner D, von den Driesch P, Brocker EB, Steinman
RM, Enk A, Kampgen E, Schuler G (1999)
Vaccination with mage-3Al peptide-pulsed mature,
monocytederived dendritic cells expands specfic
cytotoxic T cells and induces regression of some
metastases in advanced stage IV melanoma. J Exp Med
190(11):1669-1678

44. Van Baren N, Bonnet MC, Dreno B, Khammari
A, Dorval T, Piperno-Neumann S, Lienard D, Speiser
D, Marchand M, Brichard VG, Escudier B, Negries S,
Dietrich PY, Maraninchi D, Osanto S, Meyer RG,
Ritter G, Maingeon P, Tarlaglia J, van der Bruggen P,
Coulie PG, Boon T (2005) Tumoral and immunologic
response after vaccination of melanoma patients with
an ALVAC virus encoding MAGE antigens recognized
by T cells. J Clin Oncol 23(35):9008-9021

45, Lurquin C, Lethe B, De Plaen E, Corbiere V,

Universidad de Granada

67



68

Rafael Carretero Coca

Theate |, van Baren N, Coulie PG, Boon T (2005)
Contrasting frequencies of antitumor and anti-vaccine
T cells in metastases of a melanoma patient vaccinated
with a MAGE tumor antigen. J Exp Med 201(2):249-
257

46. Yamshikov GV, Mullins DW, Chang CC,
Ogino T, Thompson L, Presley J, Galavotti H, Aquila
W, Deacon D, Ross W, Patterson JW, Engelhard VH,
Ferrone S, SlingluV CL Jr (2005) Sequential immune
escape and shifting of T cell responses in a long-term
survivor of melanoma. J Immunol 174(11):6863-6871

Universidad de Granada



Material, Methods and Results
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Abstract

Bacillus Calmett-Guerin immunotherapy is
a standard treatment for high-risk non-
muscle-infiltrating bladder cancer patients.
Although the outcomes are good, cancer
relapse is observed in around 40% of patients.
We present the comparative analysis of HLA
class | expression in recurrent bladder
tumours in patients treated with mitomycin or
BCG. HLA class | expression was analyzed
by RT-Q-PCR and immunohistochemical
techniques. Loss of Heterozigosity (LOH)
was determined by microsatellite
amplification of markers in chromosome 6
and 15. We found more profound alterations
in HLA class | expression in the post-BCG
recurrent tumours than in the lesions before
the therapy. In contrast, mitomycin treatment
did not change the HLA class | expression
pattern. Post-BCG recurrent tumours also
showed a higher incidence of structural
defects underlying altered HLA class |
expression.  We  propose that the
immunotherapy-activated immune system
recognizes and eliminates tumour cells with
reversible HLA class | changes, but
transformed cells with additional, irreversible
alterations do not respond to the
immunostimulation, leading to tumour
relapse. To our knowledge, this is the first
clinical evidence of immunotherapy-induced
immunoselection of HLA class I loss tumour

variants in bladder cancer.

Introduction

Mycobacterium Bovis Bacillus Calmett-
Guerin (BCG) is one of the most effective
intravesicular therapies for preventing local
recurrences and tumour progression following
transurethral resection of non-muscle invasive
bladder cancer. It is commonly used to treat
T1 grade 3 tumours and is effective to reduce
post-surgical tumour recurrence (1,2), which
is observed within 5 years in around 40% of
patients versus around 70% of patients treated
with mitomycin (3,4). The mechanisms of the
resistance to BCG have yet to be elucidated

(5).

BCG enhances the Thl cytokine response
by increasing secretion of IL-2, IL-12, INF-y,
and TNF, promoting cellular immune
response and upregulation of MHC class |
expression on urothelial cells (6,7,8). The
anti-tumour CTL response requires optimal
cell surface expression of HLA class | antigen
tumor antigen-peptide complexes (9). Loss of
HLA class | expression is a frequent event
during malignant transformation and is one of
the key mechanisms of cancer immune escape
during the natural history of tumour
development (10,11,12,13). Altered
expression of HLA class | antigens has been
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previously reported in bladder carcinoma
(14,15). A positive correlation between
reduced HLA class | expression and poor
prognosis in  bladder cancer patients
undergoing BCG therapy has been reported
by Kitamura and co-workers (16).
Nevertheless, only a few studies have
analyzed how immunotherapy affects escape
mechanisms and HLA class | expression
during tumour progression. (17,18)

In this study, we analyzed HLA class |
expression in primary and recurrent tumours
from bladder patients undergoing
chemotherapy and/or BCG immunotherapy.
Detailed analysis of frozen tumour samples
revealed that BCG immunotherapy induces
the selection of highly malignant cells with
new and more profound alterations in HLA
class | expression.

Materials and methods

Patients, clinical protocols, and tumour

specimens

Surgical specimens were obtained from 18
patients with bladder cancer. Tumour grade
and stage was characterized according to the
standard TNM classification, where T reflects
the primary tumour invasiveness and G the
tumour differentiation grade. Among patients
treated with mitomycin, only patients who
developed recurrent tumours were selected for
the study (patients 1-5) (table 1). Among 13
patients treated with BCG (patients 6-18), five
patients had recurrent tumours (patients 6-10),
and eight patients remained relapse-free
(patients11-18) (Table 1). Patients receiving
BCG therapy had six intravesicular BCG
instillations at 4 weeks right after
transurethral resection of bladder tumours,
followed by 3 instillations every 3 months up
to 1 year (6+3 treatment protocol). The
median follow-up was 65 (82 +41.81)
months. Around 35% of the bladder cancer
patients in the Urology Department of our
hospital develop post-BCG cancer relapse.

HLA typing of peripheral blood
Table 1: Clinical history of the patients
Primary Months to 1° Months to 2° Months to
:ercejggfgte/ Pat | tumour -rlr-wzzenit relapse -rlr-wzzenit relapse -rlr-wzzenit 3°  relapse
stage (stage) (stage) (stage)
1 | pTaG2 | MMC | 9 (pTaG2) MMC
MITomMycl |2 | pTaG2 | MMC | 10* (pT2G3) | MMC | 4 (pT2G3)
N WITH |3 | pT1G2 | MMC | 6* (pT1G2) MMC | 74 (pT1G2)
RELAPSE 4 | pTxG1 MMC | 6* (pT1aG1) | MMC | 9* (pT1G1) | MMC | 4 (pT2G3)
5 | pT1G1 MMC | 24* (pT2G3) | MMC | 10 (pT2G3)
6 pT1G2 | MMC | 8* (pT1G3) BCG | 71 (pT4G3)
B with L pTaG1 | MMC | 20* (pTaG2) | BCG | 31 (pT1G2)
o a8 [ pT1G3 | BCG | 8 (pT1G1) | MMC | 11* (pT1G3)
9 | pT1G3 | BCG | 36 (pT4G3)
10 | *pT1G1 | MMC | 6 (pT1G3) BCG | 5 (pT2G3) MMC | 4* (pT2G3)
11 [ pT1G2 [MMC | 7* (pT1G2) |BCG ]
12 | pT1G3 | BCG
BeG 13 | pT1G3 | BCG
14 | pT1G3 | BCG
WITHOUT
RELAPSE | 15 | pT1G3 |BCG
16 | *pT1G1 | MMC | 12 (pT1G3) | BCG ]
17 | pT1G3 | BCG
18 | pT1G3 | BCG

* tumours not available
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lymphocytes and
analysis

immunohistological

Immunohistological technique with the
Novolink Polymer Detection System (Leica
Microsystems Inc. Bannockburn, USA) was
employed to analyze HLA class | expression
using the following mAbs: W6/32 (anti-HLA-
ABC), L-368 and GRH1 (anti-p2m), 1082C5
(anti-HLA-A locus), 42-1B5 (anti-HLA-B
locus), HC-10 (anti-HLA-BC free heavy
chain), SRF-8 (anti-HLA-Bw6, hybridoma
from ATCC), and 548-ha (anti-HLA-Bw4,
One-lambda, Canoga Park, USA). Although
with these antibodies we can determine the
HLA loci status, there no exist antibodies
against all the allospecificities, therefore we
cannot exclude loss of single HLA class |
alleles.

Stained tissues were analysed by two
independent researcher and HLA class |
expression was determined for each antibody
following these parameters: (-) negative
expression was established when tumor cells
staining were totally negative. (+) low HLA
expression was established when tumor cells
staining were at least a 75% lower than
positive  control.  (++) medium HLA
expression was established when tumor cells
staining were at least a 40% lower than
positive control. (+++) high HLA expression
was established when tumor cells staining
was similar than positive control. (H)
heterogeneous  expression  pattern  was
established when tumor cells have a different
staining aereas.

Tumour  microdissection, DNA/RNA
isolation, and reverse transcription

Cryopreserved 6 pm thick tissue sections
were stained with a 0.05% wt/vol solution of
toluidine blue and microdissected using the
Laser micromanipulator PALM Microlaser
Systems (ZEISS, Dublin, USA).
Microdissected fragments were collected in
PALM Adhesive Caps. These fragments were
used for RNA and DNA isolation. DNA and

Material, Methods and Results

RNA extraction was performed using the
QlAamp DNA Mini Kit (QIAGEN,
Westburg, Leusden, Netherlands) and
Absolutely RNA Nanoprep Kit (Stratagene,
La Jolla, USA) respectively. cDNA synthesis
was performed with the RNA Reverse
Transcription System (Promega Corporation,
Madison, USA) following the manufacturer’s
instructions.

Microsatellite analysis

To  determine  possible loss  of
heterozygosity (LOH) in chromosomes 6
(MHC class | heavy chain) and 15
(B2microglobulin), DNA obtained from
microdissected tumour and peripheral blood
was studied using 12 short tandem repeats
(STRs), mapping HLA region of chromosome
6 and  B2-microglobulin  region  of
chromosome 15. STR, methods of PCR
reactions, electrophoresis and data analysis
were previously described (15,19). LOH was
assigned when a signal reduction of >25% in
three alleles was seen in tumour versus PBL
sample.

Quantitative PCR

RT-PCR products from the tumours were
analyzed by quantitative PCR for the
expression of two target genes: HLA class |
heavy chain and PB2m. To control for
variations in the amounts of mMRNA, G6PDH
and HPRT were tested as housekeeping
genes. PCR reactions were performed in a
Light Cycler using DNA Master Probes Kit
(Roche Diagnostics, Manheim, Germany).
Commercial kits were used for G6PDH and
HPRT amplification (Roche Diagnostics and
Search LC, GmbH Heidelberg).
Amplification reactions of HLA class | heavy
chain was previously described (17).
Amplification reactions of B-2microglobulin
were performed in following manufacturer’s
recommendations for Universal probe library
(Roche Diagnostics, Manheim, Germany).
MRNA levels for the target genes were
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Table 2: Immunohistochemical analysis of HLA class | expression in bladder

tumours.
Treatment/ ) HLA-B,C
Patient | Tumour | HLA-ABC | B2m HLA-A | HLA-B
recurrence free HC
Before | +++ +++ +++ ++ +++
1
After +++ +++ +++ ++ +++
Before | ++ ++ ++ ++ ++
D s B S S e [EEE SRR
After ++ ++ ++ ++ ++
MITOMICYN
Before | +++ ++ - ++ +++
WITH 3
After +++ ++ = ++ +++
RELAPSE
Before | +++ +++ +++ - -
P B R S S e S SSRRE
After +++ +++ +++ - -
Before | ++ ++ - - ++
5
After ++ ++ - - ++
Before ++ ++ ++ ++ ++
P B St GOCRECITTRET] SRRNSSEEEEES) RRRIETESS FRENPERESE
After - - - - -
Before ++ ++ ++ - +
7
After - - - - -
Before ++ ++ + + +
BCG WITH |8 |77 | [T T
After - - - - -
RELAPSE
Before ++ ++ ++ ++ ++
’ After ++ ++ - ++ ++
+++ +++ ++ ++ +++
Before*
10 ++ ++ + - +-|_- _________
After ++ ++ - - ++
1 Before | +++ +++ +++ +++ | +++
12 Before | +++ +++ +++ +++ | +++
13 Before | +++ +++ +++ +++ | +++
BCG 14 Before | +++ +++ +++ ++ +++
WITHOUT ++ +++ ++ +++
15 Before -
RELAPSE
16 Before ++ ++4 ++4+ - ++
17 Before | H++/+ | H++/+ |- - H++/-
18 Before | H++/+ | H++/+ |- - H++/-

*This sample has tumour nest with distinct HLA class | expression patterns

(-) negative expression.

(+) low HLA expression.

(++) medium HLA expression.
(+++) high HLA expression.
(H) heterogeneous expression pattern
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calculated according to the calibration
curves. All PCR products were checked by
melting point analysis and by gel
electrophoresis to verify the PCR specificity.

Statistical analysis

We used the Mann—Whitney U-test with a
significance threshold of p < 0.05 to evaluate
possible differences between primary tumours
obtained from relapse-free patients and
patients with relapse after BCG treatment.
Statistical Package for the Social Sciences
(SPSS) was used for statistical comparison.

Results

BCG but not mitomycin induces more
profound HLA class | alterations in
recurrent lesions than in primary tumours

Material, Methods and Results

Immunohistochemistry studies
demonstrated the same HLA expression
phenotype in post-mit

omycin recurrent tumours (patients 1-5) as in
the primary tumours (Table 2). In contrast,
tumours recurring after BCG treatment
(patients 6-10) showed new HLA class |
alterations, including loss of locus A (patients
9, 10) or total loss of expression (patients 6,7
and 8) (Table 2, Fig. 1). In patient 10, the
primary tumour had two distinct tumour nests,
one strongly HLA-positive and the other with
HLA-B locus loss, and reduced expression of
HLA-A locus. After BCG treatment, the
recurrent tumour in this patient showed a total
loss of both HLA-A and B loci.

Higher expression of HLA class |
molecules in primary tumours from post-
BCG relapse-free patients

Before treatment

Patient 1
(mitomycin)

Patient 6
(BCG)

Figure 1. Immunohistochemical staining of tumours before and after treatment. Patient 1 showed
positive tumour staining with antibody against HLA-class I cell surface complex (W6/32) both before
(&) and after (B) mitomycin treatment. In Patient 6, we observed a positive tumour immunolabeling

before BCG therapy (C) and loss of HLA class I expression in post-BCG relapsed tumour (D).
B4x64mm (300 x 300 DPI)

Universidad de Granada

73



74

Rafael Carretero Coca

The immunostaining of primary
tumours from showed: strong expression
of all HLA class I molecules in patients

Table 3: Frequency of LOH in chromosomes 6
(HLA class I heavy chain) and 15 (B2-
microglobulin) in bladder cancer patients.

11, 12, 13 and 14; positive expression of
all HLA class | molecules except HLA-B
locus in patients 15 and 16; and a
heterogeneous pattern of HLA class |

Treatment/recurrence

Primary

Relapse
tumour P

Chr Chr
Chr 6 15 Chr6 15

expression in different areas of the tumour

MITOMICYN WITH

40% | 40% | 40% | 40%

nest in patients 17 and 18 this [eAroE

o BCG WITH | <, ; ) -
heterogeneous pattern consist in the co- | gl apsE 60% | 80% |80% | 80%
localization of HLA class | positive [ BCG WITHOUT | oo | 550
tumour cells and CD-3 infiltrating cells | RELAPSE 0 0

(SFig 1). Therefore some BCG relapse free
patients showed no alterations and other
showed B locus alterations or heterogeneous
expression.

The HLA class | status of these patients
showed clearly a higher expression than the
patients with relapse after BCG. When we
compare mitomicyn treated patients we saw
showing no alterations or lack of expression
of some HLA molecules, as the mitomycin
therapy is independent of the immune system,
the immune status of patients showing relapse
present a higher diversity.

Primary tumours relapsing after BCG
therapy have higher incidence of LOH in
chromosomes 6 and 15 and lower HLA class
I MRNA levels.

Loss of heterozygosity was analyzed using

eight microsatellite markers for chromosome
6 and five markers for chromosome 15. LOH
in

chromosome 6 and chromosome 15 was
detected

in two of the five mitomycin-treated
patients (Table 3). Among the five BCG-
treated patients with recurrence,

LOH in chromosome 6 was detected in the
primary tumour of three patients (60%) and
LOH in chromosome 15 in the primary
tumour of four (80%) (Table 3); one of the
patients without LOH in chromosome 6 in
primary tumour (patient 8) showed this
alteration in the post-BGC recurrent tumour.
Importantly, only two (25%) of the eight
relapse-free  BCG-treated patients showed
LOH in chromosome 6 in primary tumour and
only two patients (25%) had LOH in
chromosome 15 (Table 3), with one patient

having LOH in both chromosomes.

Figure 2

1 m Heavy Chain

0O p2m

P=0.005

mRNA/GPDH

L

|

BCG with relapse

BCG without relapse

patients with or without recurrent tumours

relapse-free patients than in patients that developed recurrent tumour after BCG therapy
(p=0.005).

Figure 2. Expression levels of HLA heavy chain and 82m mRNA in primary tumours of BCG-treated

mRNA expression levels of both HLA heavy chain and f2m are significantly higher in post-BCG

As depicted in Fig. 2, mRNA
expression levels of HLA class | heavy
chain and B2m were significantly lower
in primary tumours from BCG-treated
patients with recurrence than from those
without (p=0.005, Mann-Whitney’s U
test).

Discussion

The discovery of tumour-associated
antigens recognized by T lymphocytes as
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peptides presented by major
histocompatibility complex (MHC) molecules
(20,21) opened up new ways to understand
the concept of tumour immune surveillance
proposed by Burnet and Thomas in 1957.
However, the effectiveness of immunotherapy
protocols designed to increase anti-tumour T-
cell responses (22,23,24,25,26) has been
below expectations (27,28), which has been
attributed to the development of highly
sophisticated  tumour  immune  escape
mechanisms. These include the loss of
tumour-associated antigen (TAA) expression,
loss of costimulatory signals and/or adhesion
molecules, alterations in the apoptosis
program, an immunosuppressive tumour
microenvironment, deficiency in the signal
transduction pathway of CD8+ cytotoxic T
cells (CTL), and induction of T-cell tolerance
(29,30,31,27). One of the best documented

Material, Methods and Results

routes of cancer immune escape is the
alteration of HLA class | antigen expression
on tumour cells (11,29,13,32), which may
have a negative effect on tumour rejection by
the immune system and pose a significant
challenge to the success of cancer
immunotherapy.

In this study of HLA class | expression in
bladder tumours from patients treated with
mitomycin or BCG, we observed that: 1)
BCG treatment prevented the recurrence of
bladder tumours expressing a high level of
HLA class | molecules but not of tumours
with a low expression of these molecules and
with  structural alterations (LOH) in
chromosomes 6 and/or 15 (Table 2, Table 3,
Fig. 1); and 2) HLA class | expression
showed new alterations in BCG-treated
recurrent tumours versus primary tumours,

Figure 3

LA+++

Prirmary tumor

Matural Immunoselection
HLA+ e
l- = e h

HLA-

-

HLA+++

@  HLA+ reversible

HLA- irreversible

Immunoselection

HLA- )
Additional HLA

class | alterations

Figure 3. Changes in HLA class I expression during tumeour development. During natural tumour
development, transformed cells with normal HLA pattern (HLA+++) are eliminated, while malignant
cells with altered HLA class I expression are immunoselected (HLA + and HLA -). Immunctherapy
stimulates an additional strong cycle of immunoselection, eliminating cells with low and/or
reversible HLA changes (HLA+), However, cancer cells with more profound HLA class I alterations,
including irreversible defects (HLA-), escape the immune system and develop recurrent tumours.,
84x64mm (300 x 300 DPI)
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whereas there was no change in this
expression profile after mitomycin treatment
(Table 2).

During natural tumour development, the
clonal progression of new tumour cell
immune escape variants is favoured by a
combination of a low immunogenicity of
tumour cells, certain tumour environmental
factors, and  T-cell immunoselection
(10,11,31). We favour the proposition that
immunotherapy induces an additional cycle of
immune selection of tumour cells with
reduced or negative HLA class | expression,
which are potentially able to escape from T-
cell recognition. However, if tumour cells
have a reversible HLA alteration (“soft”
lesions), BCG therapy induces the local
release of cytokines leading to the recovery of
normal HLA class | expression, increased
tumour cell immunogenicity, and immune
rejection of tumour cells (33,34). In contrast,
when tumour cells have irreversible HLA
class | defects (“hard” lesions), including
LOH and/or gene mutations, immunotherapy
will fail to induce sufficient upregulation of
the tumour HLA class | antigen expression,
and the tumour cells will escape from immune
recognition and relapse. Therefore, the
activation of immune surveillance after BCG
therapy leads to the immunoselection and
elimination of tumour cells with upregulated
HLA class | expression and to the outgrowth
of cancer cells with structural HLA alterations
(Fig. 3). This hypothesis is supported by our
observation of: 1) a higher frequency of LOH
in primary tumours in patients with recurrent
cancer after BCG treatment than in relapse-
free patients; and 2) an increased percentage
of LOH in recurrent tumours (Table 3),
suggesting that tumour cells with reversible
alterations were eliminated.

In this context, we recently obtained
clinical and laboratory data evidencing the
immunoselection of HLA-class I-deficient
tumour variants during immunotherapy. Thus,
two patients with metastatic melanoma each
developed two types of secondary lesions,

progressing and regressing, in response to
systemic immunotherapy. The progressing
metastases showed a lower level of HLA class
I expression and more profound alterations
(including LOH) in comparison to the
regressing lesions (17,18).

Although this study analysed a small
sample size, The obtained results strongly
support a major role for tumour HLA class |
expression in the response to immunotherapy.
The HLA class I status of tumour cells should
therefore be taken into account before cancer
immunotherapy and monitored during clinical
trials. HLA class I losses have been described
in a wide variety of tumours derived from
HLA class I-positive epithelia. To our
knowledge, this is the first clinical evidence
of immunotherapy-induced immunoselection
of HLA class | loss tumour variants in bladder
cancer.

However, investigation of correlations
between tumour recurrence/spread and HLA
class | expression is hampered by the
difficulty in obtaining progressing/regressing
metastatic samples or relapsed tumours in
patients undergoing immunotherapy. We
propose in this paper the major importance of
could obtain and analyse the tumor immune
status of patients treated with immunotherapy
protocols in order to enlarge the data available
and could stablish tumors inner parameters of
response to this kind of therapies
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Results: Whole genome
transcriptional ~ analysis  showed  that
regressing metastases from both patients

Abstract.

Purpose: New and more advanced cancer
immunotherapies have been generated in
recent years, however clinical benefit has
been observed in only a small fraction of
patients. Distinct mechanisms of tumor
escape from immune recognition were
proposed as responsible for failure of
immunotherapy. In order to elucidate the
tumor response after immunotherapy, we
have characterized the transcriptional pattern
of progressing and regressing melanoma
metastases from 2 patients showing mixed
response after immunotherapy.

Experimental Design: We have studied 10
regressing and 6 progressing metastases
obtained from 2 patients showing mixed
response.  Transcriptional pattern  was
analyzed by whole genome microarray
hybridization. ~ Obtained  results  were
confirmed by Q-PCR and
immunohistological analysis

have upregulated genes involved in antigen
presentation and immune rejection pathways.
Up-regulation of these genes was associated
with the expression of interferon-regulatory
factor (IRF-1). Quantitative PCR and
immunohistochemical analysis showed an
increased expression of HLA class | in tumor
cells from regressing lesions and a high
degree of tumor infiltrating immune cells.

Conclusions:  Our results clearly
indicate that regression of melanoma
metastases is due to an acute immune
rejection associated with an increase in HLA
Class | expression. We favor the idea that the
nature of HLA Class | lesions in the tumor
cells, and not the type of immunotherapy
used, determine the success or failure of
immunotherapy.
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Introduction

Immunotherapy has been extensively used
for the treatment of various cancers.
Different treatments strategies have been
tested spanning non-specific therapies, such
as interferon alpha 2b, interleukin 2 or 12 to
more specific ones, such as autologous
vaccination with naked peptides, dendritic
cells, or plasmid DNA. In addition, adoptive
transfer of tumor-specific cytotoxic T cells
has been used with promising results in the
context of advanced melanoma (1-3).

Active-specific immunization with tumor
antigen has been shown to generate immune
T cells capable of recognizing antigenic
peptides presented on tumor cells (3).
However, successful enhancement of tumor-
specific T cells does not linearly correlate
with tumor regression and only a small
percentage of patients demonstrate objective
tumor regression. It is well documented that
tumor cells develop a variety of sophisticated
tumor escape mechanisms (4). One important
tumor escape mechanism is represented by
the loss or downregulation of Major
Histocompatibility Complex (MHC) class |
antigens in tumor cells that have been
frequently observed in a variety of human
malignancies derived from HLA class |
positive epithelia (5).

Some patients display a mixed response to
the same treatment i.e. regression and
progression of different metastatic lesions
following immunotherapy (6,7). Mixed
responders represent an interesting subset of
patients, in whom synchronous lesions
respond differently to the same therapy.
These rare cases are important to study
because different behaviors are seen in the
same patient at the same time. This allows us
to consider solely the tumor’s determining
factors in immune responsiveness excluding
variation in the genetic background of
different patients or external variables
affecting the potency of identical treatments

provided at different times (8).

Our laboratory has previously described a
correlation between HLA class | expression
and the response of synchronous melanoma
metastases to autologous vaccination plus
BCG (M-VAX) and alfa-IFN-2b
immunotherapy in two melanoma patients
(9,10). Progressing metastases displayed
defects leading to low HLA class |
expression while regressing tumors bore high
HLA-I levels. To date, no comparative
analysis of synchronous lesions displaying
discordant behavior has been performed at
the global transcript level. Existing data on
the transcriptional activation specific to
regressing lesions is based on comparative
studies among different patients whose
lesions responded differently to therapy.
These studies suggest that the mechanisms
associated with tumor rejection parallel the
acute inflammatory process occurring during
allograft and pathogen rejection (11,12).

To obtain a comprehensive view of the
molecular process leading to response and
tumor rejection after immunotherapy, we
analyzed the expression profile of
progressing and regressing melanoma lesions
and validated the salient findings by
quantitative PCR and immunohistochemistry.

Material and methods.

Patients, clinical protocols and tumor
specimens: We studied 15 metastases from 2
patient treated with M-VAX (24) and alpha-
INF-2b. Both patients showed a mixed
response to immunotherapy, with some
lesions disappeared, others reduced their size
while some new ones had appeared or
growth. Five metastases were removed from
patient 1 and sent to our laboratory. Two of
these metastases (designated P1-VAX.R1,
and P1-VAX.R2) were regressing at the time
of excision, whereas the other three were
progressing (designated P1-VAX.P1, P1-
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VAX.P2, P1-VAX.P3). We obtained 10
lymph node metastases from patient 2, five
of them were obtained after alpha-INF-2b
and another 5 after M-VAX treatment. We
obtained 1 progressing and 4 regressing
lesions after each treatment. Samples
obtained after INF treatment were designated
as P2-INF.R1 P2-INF.R2 P2-INF.R3 P2-
INF.R4 and P2-INF.P1 meanwhile samples
obtained after M-VAX were named P2-
VAX.R1 P2-VAX.R2 P2-VAX.R3 P2-
VAX.R4 and P2-VAX.P1. The detailed
clinical history of the patient was previously
described (8,9). Samples were obtained from
the Department of Dermatology, Hospital
Virgen de la Macarena, Sevilla, Spain.
Informed consents and approval of the
research protocol by the institutional review
board were obtained. All metastases were
removed from the patient at the same time
after immunotherapy and snap-frozen in
liquid nitrogen-cooled isopentane. Tumor
status were established according to PET and
CT scans

Tumor cells micro-dissection:
Cryopreserved 6 pm thick tissue sections
were fixed in 70% ethanol and stained with a
0.05% wt/vol solution of toluidine blue and
microdissected using a Laser
micromanipulator (PALM Microlaser
Systems, ZEISS). Microdissected fragments
were collected in PALM Adhesive Caps.

Total RNA isolation and amplification:
Total RNA (tRNA) from frozen sections and
micro-dissected tumor cells were isolated
using the miRNeasy Mini kit (QIAGEN,
Westburg, Leusden, The Netherlands). The
quality of tRNA was tested with Agilent
Bioanalyzer 2000 (Agilent Technologies,
Santa Clara, USA). For gene expression
studies, tRNA obtained from the frozen
section was amplified into antisense RNA
(aRNA) as previously described (25).
Reference for human arrays consisted of
pooled PBMCs from four normal donors.
Human reference total RNA was also
amplified into antisense RNA.

Material, Methods and Results

Microarray performance and data
processing: Array quality was documented
as previously described (26). Both reference
and test aRNA were directly labeled using
ULS aRNA Fluorescent Labeling kit
(Kreatech) with Cy3 for reference and Cy5
for test samples and co-hybridized at 45°C
for 18 hours into 36k whole genome human
array (27). After incubation, the arrays were
washed and stained in the fluidics station
using GeneChip® Hybridization, Wash, and
Stain Kit (Affymetrix, Santa Clara, USA).
The data were uploaded to the mAdb
databank http://nciarray.nci.nih.gov, further
analyzed using BRBArray-Tools developed
by the Biometric Research Branch, National
Cancer Institute
http://linus.nci.nih.gov/BRBArrayTools.html
(28) and clustered by TreeView software
(29). Unsupervised analysis was used for
class discovery using the Stanford Cluster
program applying standard gene filtering
parameters (80% gene presence across all
experiments and at least 1.5-fold ratio
change) and Treeview program for
visualization. Average gene ratios were
normalized and displayed according to
uncentered correlation algorithms. Class
comparison was performed using parametric

unpaired Student's t test to identify
differentially —expressed genes among
progressing and  regressing  tumors.

Validation by quantitative polymerase chain
reaction (g-PCR) of the gene sets were not
performed due to the fact that we have
previously shown the present method for
RNA amplification is robust and vyields
results comparable to those obtained by
gPCR (26). Moreover, salient gene products
were validated at the protein expression level
by  immunostaining.  Gene  function
interpretation was based on GeneOntology
software, while pathway analysis was based
on Ingenuity Pathways Analysis (IPA)

software. Primary microarray data are
available in NCBI’s Gene Expression
Omnibus public database (microarray
platform, GPL7088; microarray data,
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Figure 1: Class comparisson between progressing and regressing metastases in both patients. Upregulated
genes in regressing metastases are represented in red whereas those downregulated are represented in green.
A) Top 15 first canonical pathways ranking according to significance level (Fisher exact test —log p-value)
based on the 579 genes using gene enrichment (p=0,001) analysis B) Antigen presentation plus IRF-1 self
organizing network according to IPA analysis based on the 579 genes derived from the low stringency

analysis.

GSE26383).

Quantitative RT-PCR of isolated tumor
cells: RT products from the five metastases
were analyzed for the expression of HLA
locus A, B, and C by quantitative PCR. To
control for variations in the amounts of RNA,
G6PDH and HPRT were tested as a
housekeeping gene. All PCR reactions were
performed in a Light Cycler instrument using
LC-FastStart DNA Master Probes Kit and
LC-FastStat DNA SYBR Green | Kit
(Roche Diagnostics, Manheim, Germany).
For G6PDH and HPRT we used commercial
kits ~ (Roche  Diagnostics, = Manheim,
Germany). Amplification reactions of HLA
loci were described previously (9).

Immunohistological analysis:
Immunohistological analysis was performed
using Novolink® Polymer Detection System
kit  (Novocastra, = Newcastle,  United
Kingdom). For HLA class Il staining we
used GRB-1 mAb (anti-HLA-DR).
Infiltration pattern was studied with, OKT8
mAb (anti CD8) OKT3 mAb (anti CD3)
(ATTC, Manassas, Virginia, USA) and RPA-
T4 mADb (anti CD4) (BD Biosciences
Pharmingen, Belgium).

Online supplemental material: Supp.
table 1 shows genes significantly expressed

between  progressing and  regressing
metastases.  Suppl. Fig. 1  showed
chromosomal  distribution  of  genes

differentially expressed between progressing
and regressing metastases. Suppl. Fig. 2
showed class  comparisson  between
regressing metastases treated with interferon
versus those treated with M-VAX.

Results

Regressing metastases display up-
regulation of antigen presentation and
immune rejection patterns.

High stringency class comparison between
the progressing and regressing metastases
from both patients was performed using as
nominal cut-off significance level of <0.001.
This  analysis identified 167  genes
differentially expressed between regressing
and non regressing lesions — most of which
were associated with antigen processing and
presentation function (table S1) (Fig S1). To
gain a more comprehensive portrait of the
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transcriptional signatures associated with
rejection, we performed gene enrichment
analysis comparing regressing and non-
regressing lesions at a nominal significance
cut-off p-value < 0.01. This analysis
identified 540 transcripts differentially
expressed between the two phenotypes
(Table S1). The enriched data set was ranked
according to significance of gene enrichment
(Fisher exact test) by IPA; the top 15

Material, Methods and Results

mechanisms  associated with  immune-
mediated, tissue—specific destruction (Fig.
1A). The top ranking self-organizing network
by IPA based on this data set clearly
demonstrated antigen presentation as the
primary determinant of immune
responsiveness centered on the dominant
transcription factor Interferon regulatory
factor 1 (IRF-1). Figure 1B shows the
upregulation of IRF and antigen presentation
networks. Metastases
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Figure 2: Class comparisson between progressing and regressing metastases in each individual patient.
Upregulated genes in regressing metastases are represented in red whereas those downregulated are
represented in green. A) Patient 1 top 15 first canonical pathways ranking according to significance level
(Fisher exact test —log p-value) based on the 522 genes using gene enrichment (p=0,001) analysis B)
Antigen presentation plus IRF-1 self organizing network according to IPA analysis with the 522 genes
derived from the low stringency analysis in patient 1. C) Patient 2 top 15 first canonical pathways ranking
according to significance level (Fisher exact test —log p-value) based on the 935 genes using gene
enrichment (p=0,001) analysis D) Antigen presentation plus IRF-1 self organizing network according to
IPA analysis with the 935 genes derived from the low stringency analysis in patient 2.
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To determine the immune response
against the regressing lesions in each patient,
we compared progressing versus regressing
lesions inside each patient separately. The
results are showed in figure 2. Both patients
showed similar differences between the two
groups of metastases. Canonical pathways
were similar between comparisons (Fig. 2 A
and C) and antigen presentation and IRF
activation networks were mostly involved in
discriminating  responding  from  non
responding lesions in both patients in spite of
the different genetic background and
different treatments (Fig. 2 B and D).
Chromosomal  distribution  of  genes
differentially expressed between progressing
and regressing metastases demonstrated
enrichment for transcripts located in
chromosome 6 (Fig. S2), where antigen
presentation and many inflammation genes
are located.

The results showed an acute immune
response in regressing metastasis, with most
transcripts associated with immune rejection
response being upregulated. These included
activation of antigen presentation, interferon
stimulated genes (ISGs), immune effector
function related genes (IEFs) and several

chemokines (Figures 1 and 2, network
analyses).

To investigate the differences between
regressing metastases after interferon and
autologous  vaccination we compared
regressing metastases from patient 2 after
interferon versus those after M-VAX. IPA
canonical pathways analyses using the
significant genes from the high stringency
comparison showed a borderline significant
upregulation of antigen presentation in M-
VAX treated regressing lesions. We found no
other significant different pathways between
regressing lesions after interferon and M-
VAX (Table S1) (fig. S2). Therefore there
not exist major differences in the regressing
pathway response after interferon and M-
VAX treatment.

Immunohistological  validation  of
immune infiltrates shows a large T-cell
population inside regressing tumors.

To confirm the enhancement of immune
activity in regressing lesions, we studied the
immune infiltrate in cryo-preserved tissue
sections. Staining with antibodies against
HLA class Il DR indicated that both

CD4 20x

P1-VAX.P1

M £ TR L I
D’;:“‘ % ': :M‘r‘.;--.'r’l‘." :
L b 2 « A Yy % .

P1-VAX.R1

Figure 3: Immunoperoxidase staining of frozen sections of metastases: A) both progressing and regressing
tumor cells have no expression of HLA-DR. The staining shows a high degree of HLA-DR positive
infiltration in regressing metastasis, in contrast the progressing lesion have very low infiltration. B) CD3
staining demonstrates infiltrating cells consist mostly in T lymphocytes C) and D) The number of CD4
positive cells in the infiltrate is higher than the CD8 cells.
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progressing and regressing tumor cells were
negative for HLA class Il expression, while
the immune infiltrate showed strong positive
staining (Figure 3). There was a dramatic
difference in the number of infiltrating cells
between phenotypes; progressing lesions
showed low number of infiltrating cells, and
vice versa for regressing lesions. Therefore,
differences in HLA class Il expression
documented by transcriptional analysis of
bulk mRNA were not associated with
enhanced tumor cell expression, but rather
with  the enrichment of the tumor
environment in  immune cells. The
composition of the infiltrate in regressing
metastases consisted mostly in CD3+ T cells
(80% of CD4+ and 20% of CD8 + cells)

(Fig. 3).

Microdisected isolated tumor cells from
progressing metastases showed a reduced
expression of HLA class I A, B and C loci

Immune cell infiltration in tumor impair
the analysis of HLA class | expression in
tumor cells. For this reason we isolated
tumoral cells by laser microdisection.
Quantitative PCR analysis of isolated tumor
cells demonstrated low messenger RNA
levels for HLA-A locus transcripts with
residual transcription of HLA-B and -C loci
by progressing tumor cells in patient 1 (Fig.
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Figure 4: Normalized mRNA levels of tumor cells
isolated by laser microdissection. The progressing
metastasis showed low transcription levels of HLA-A
locus and residual levels of HLA-B and -C loci. In
contrast the regressing tumor cells displayed a high
transcription of the tree HLA loci.

Material, Methods and Results

4). In contrast, cancer cells from regressing
lesions demonstrated enhancement in HLA-
A, HLA-B and HLA- C transcription.
Progressing tumor cells from patient 2 have a
residual transcription of the three loci. In
contrast regressing metastasis have high
mMRNA levels of the HLA loci. HLA levels
are higher in post M-VAX regressing lesions.
These data confirmed the array results and
showed the differential HLA transcription in
isolated tumoral cells. mMRNA levels also
confirmed immunohistochemical staining of
HLA Class | molecules described previously
(8,9). HLA levels in tumoral cells from
patient 2 were previously published (9).

Discussion

Results obtained from the comparison of
melanoma  metastases ~ with  different
behaviors in response to therapy in 2 patients
who experienced a mixed response, indicate
that the variation between regressing and
progressing lesions are dramatic and
predominantly due to the differential
activation of genes involved in acute
inflammatory processes (Fig. 1 and 2).
Among 30.000 studied genes we mostly
detected upregulation of those with immune
rejection function in regressing metastases.

We propose that these differences are due
to efficient recognition and elimination of
regressing metastases by the activated
immune system triggered by HLA Class |
upregulation. In contrast, progressing
lesions do not upregulates HLA and are not
recognized by the immune cells.

The transcriptional pattern expressed by
regressing metastases was quite similar
independently  of  the  type  of
immunotherapy used. This suggests that the
mechanisms leading to tumor rejection
converge in a unique pathway (Fig 5). In
this context, the expression pattern of
regressing lesions was also similar to that
observed after imiquimod administration in
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basal cell carcinoma (12,13), allograft
rejection, graft wversus host disease,
autoimmunity or acute infection resulting in
clearance of pathogen (14). This have been
postulated as the existence of an
immunologic constant of rejection (15, 16).
The molecular mechanisms used to eliminate
all of them converge in a final pathway
consisting of the expression of ISGs and
IEFs.

Immunohistochemistry staining of tumors
showed the correlation between tumor
infiltration by immune cells and the
expression of genomic transcripts implicated
in tumor rejection (ISGs and IEFs). Several

studies have described the  tumor
microenvironment having the presence of
tumor-antigen  specific ~ cytotoxic T

lymphocytes. Yet, these cells are unable to
eliminate tumor cells (13). In this study,
immune cells potentially induced or activated
by the vaccine can recognize and eliminate
lesions that previously were ignored.
However, this process occurred only in a
subset of metastases, while another group
continued to grow in spite of systemic
activation ~ of  immune  surveillance
mechanisms. Therefore it should be intra-
tumoral factors impairing the correct function
of immune response inside the progressing
metastases. Potential mechanisms have been
extensively described in tumor cells that may
allow their evasion from antigen-specific
recognition (17-20).

Our observations suggest that
immunotherapy promotes a modification of
tumor microenvironment, leading to a release
of immune stimulating factors; if tumors
have reversible alterations of HLA class |
expression under treatment (“Soft” lesions),
HLA expression can be up-regulated and
tumor cells will be recognized and destroyed
by the antigen specific T cells. These T cells,
as they recognize tumor cells, produce more
pro-inflammatory factors such as IFN-y, IL-
2, TNF-a and GM-CSF (21). This in turn
triggers a positive and self perpetuating

feedback between tumor and immune cells
until tumor rejection occurs. In contrast, if
cancer cells bear irreversible defects in HLA
class | genes (“Hard” lesions), antigen
presentation  remains  defective  after
immunotherapy impairing the amplification
of the immune response in situ and
promoting their escape from immune
recognition (21).

Genome transcriptional analysis suggests
that antigen presentation is the most critical
pathway to determine tumor regression.
Tumor tissue isolated by microdissection
confirm that specific HLA-A,B and C high
transcription is associated with immune
infiltrate and tumor regression, meanwhile a
low or negative transcription correlate with
tumor progression.

Our prediction is that “soft” and “hard”
HLA class | tumor lesions will coexist during
the natural history of tumor development.
However after immunotherapy tumor cells
with “soft” lesion will upregulate antigen
presentation and can be rejected. In contrast,
those tumor cells bearing “hard” and
irreversible genetic defects will prevail and

- - - Cancer
Viral infection Immunotherapy
Allograft IFN,IL2, PSK, BCG,

Autoimmunity Tumor peptides,
GvH disease Autologous vaccines
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Increase of TiLs
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Activation of ISGs

Activation of IEFs

\ 4
Rejection

Figure 5: Different pathological situation
show a common pathway of T cell mediated
rejection.
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progress to kill the host (22). This clearing
would lead to the selection of a tumor variant
with enhanced alteration of the expression of
HLA class | or other transcripts associated
with antigen processing and presentation
(23). To our knowledge, this is the first
comparison of the transcriptional profile of a
disparate reaction to treatment in melanoma
mixed responders. Our results, strongly
suggest that the genetic makeup of individual
tumor cells is a major factor determining
immune  responsiveness.  This  study,
however, does not exclude that other factors
related to the genetic background of the host
may also affect differences in immune
responsiveness observed among different
patients.
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Material, Methods and Results

Supplementary Figure 1: Supervised expression patter clustering of melanoma metastases
obtained from both patients (p=0,001). Genes involved in immunological rejection are
included in the figure.
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Supplementary Figure 2: Chromosomal distribution of genes differentially expressed between
regressing and progressing metastases at a high stringency nominal significance cut off level
0f <0.001. Red bars refer to the percent of gene distribution in individual chromosomes based
on the entire gene set (expected frequency) and the blue bars refer to the observed distribution
of genes differentially expressed between the two metastatic phenotypes in: A) Both patients.
B) Patient 1. C) Patient 2.
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Material, Methods and Results

Supplementary Figure 3: Class comparisson between regressing metastases treated with
interferon versus those treated with M-VAX in patient 2. Top 15 first canonical pathways
ranking according to significance level (Fisher exact test —log p-value) based on the 253 genes
identified using high stringency (p=0,001) analysis. No mayor differences were detected
between regressing metastases after two different immunotherapy protocols.
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Chapter 4.

General Discussion






Discussion

The identification of the cause of poor clinical response to immunotherapy protocols is

essential for the improvement of this kind of treatments.

In the present study, we analyzed tissue samples from melanoma and bladder cancer
patients receiving immunotherapy. We obtained 11 regressing and 5 progressing metastases
from 2 melanoma patients after immunotherapy. We also studied 18 patients with bladder
urothelial cancer. 13 patients were treated with BCG immunotherapy. Among them, 8
patients were relapse-free and 5 had recurrent tumors. 5 patients undergoing mitomycin, a
non-based therapy, were selected as the control group.

A strong correlation between HLA Class | expression pattern and melanoma response
after immunotherapy was shown. Progressing metastases had a more profound alteration in
HLA Class | expression. This correlation was also found in bladder tumor treated with BCG.
Tumors with recurrence after treatment have more HLA class | alterations and a higher
frequency of LOH in chromosome 6 and 15 than tumors from relapse-free patients. The major
escape mechanism in these tumors is the irreversible alteration in HLA Class I.

We have discovered that tumors relapsing after BCG have a more altered pattern of
HLA Class I expression than the lesion obtained before the treatment. It suggests that tumoral
cells with low HLA altered phenotypes were eliminated by the immune system, but tumoral
cells with additional alterations are not rejected and promote the tumor recurrence.

In addition, we have analyzed the transcriptome in metastases from both melanoma
patients. We discovered a predominant activation of antigen presentation and immune
rejection pathways in regressing metastasis, which confirmed our previous results,
demonstrating that melanoma regression is mediated by the immune system.
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Discussion

4.1. HLA class | expression correlates with tumor response after
immunotherapy

Epidemiological data show that tumor growth is not restricted to immunedeficient
patients. Several studies have proposed that the development of tumor is, in most cases, not
due to a deteriorated immune system, but rather to the development of mechanisms that allow
transformed cells to escape anti-tumor immunosurveillance (Garrido et al. 1997 Pawelec
2004; Drake et al. 2006). It is known that a high proportion of tumors have alterations in the
expression of HLA class | molecules. These alterations represent an important tumor escape
mechanism, for they impair the interaction between tumor and immune cells (Khong and
Restifo 2002; Aptsiauri et al. 2007). However, the information about the relation between

HLA and immunotherapy is still limited.

Here we report for the first time the patterns of HLA class | alterations for various
melanoma tumors from the same patient receiving immunotherapy and from bladder tumors
before and after BCG therapy. We show that HLA class | antigen expression on metastatic
melanoma correlates with their response to therapy. All progressing metastases analyzed
showed some residual HLA class | expression, whereas the regressing ones showed a strong
class | expression. Most importantly, this correlation did not depend on the type of
immunotherapy, since the same response was observed after interferon and autologous

vaccination.

We previously described the frequency of HLA class | alteration in a panel of 91
melanoma cell lines (Mendez et al. 2009). 67% of the cell lines showed alteration in HLA
class 1. 11% showed total loss of HLA class I (phenotype 1), 13% are homozygous for HLA
(phenotype 1), 35% showed loss of one HLA locus (phenotype Ill) and 6% showed a
compound phenotype (phenotype V). LOH frequency was 35%. Although LOH cannot be
determined in the study by comparing normal with tumor DNA, microsatellite amplification
and FISH showed alteration in chromosome 6 in most of HLA homozygous cell lines
(Rodriguez et al. 2005). In addition we and other lab showed that different mechanism can
lead to an irreversible HLA class | loss (Rodriguez et al. 2007; Respa et al. 2011).

In the characterization of HLA class | expression of bladder tumors from patients
treated with BCG, we observed that the immunotherapy prevents the recurrence of bladder
tumors expressing a high level of HLA class | molecules but not of those with an altered
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phenotype. Alterations in HLA Class | expression have been related to a more severe
prognosis in head and neck squamous cell carcinoma (Bandoh et al. 2010), breast cancer (de
Kruijf et al. 2010), ovarian cancer (Shehata et al. 2009), colorectal cancer (Kloor et al. 2010),
medulloblastoma (Smith et al. 2010), renal cell carcinoma (Kitamura et al. 2007) and bladder
cancer (Homma et al. 2009). However, there is little information regarding the relationship
between HLA class | expression and tumor prognosis after immunotherapy. Our results are
consistent with the description by Kitamura et al, where the HLA Class | downregulation in
30 bladder cancer patients was significantly correlated with a worsened prognosis after BCG

treatment (Kitamura et al. 2006).

Most of prognosis studies are carried out in paraffin-preserved tissues due to the broad
availability of these samples. However, paraffin-embedded tissues do not provide all the
details about HLA expression, since there are no antibodies against the specific loci and
alleles that could be used in paraffin. As a result, many HLA alterations would not be
recognized in these tumors. In addition, paraffin does not preserve RNA and DNA well
(Huang et al. 2010), making the analysis of these sequences very difficult. In contrast,
cryopreserved tissues are ideal for both the qualitative investigation of different HLA alleles
as well as RNA analysis. Typically, the mRNA transcription levels of HLA class | correlate
with the expression of surface proteins. However, we were able to detect mMRNA expression
for locus B in all the melanoma metastases from Patient 2, without surface protein expression.
We also observed high levels of mRNA expression for HLA-A, B and C in the relapsed
bladder tumor sample from Patient 8 without detectable membrane staining. Since APM
alterations can block the correct expression of HLA (Romero et al. 2003), specifically HLA-B
alleles (Cabrera et al. 2005; Park et al. 2003), we believe that a post-transcriptional alteration
is impairing the membrane expression of HLA-B.

Our lab previously described the frequency of HLA class | alteration in bladder tumors
(Cabrera et al. 2003b; Maleno et al. 2006). 25% of tumors showed total loss of HLA class |
(phenotype 1), 17,5% had haplotype loss (phenotype 1), 7% showed loss of one HLA locus
(phenotype 111), 14,5% had loss of one allele (phenotype 1V) and 13% showed a compound
phenotype (phenotype V). LOH frequency was 35%. In the present study we describe a 40%
of LOH among tumors treated with mitomycin, a 25% among relapse free patients after BCG

and an 80% among patients with relapse after BCG.
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Discussion

The LOH analyses of bladder tumor showed that this alteration is much more frequent
in tumors that relapsed after BCG immunotherapy. LOHs were detected in chromosomes 6 in
four out of five patients and in chromosome 15 in three out of five patients with relapse after
BCG, whereas only two out of the eight samples from relapse-free BCG-treated patients
showed this alteration. We also found that progressing melanoma metastases from Patient 1
showed an additional LOH in chromosome 15 not found in the regressing tumors. LOH in
chromosome 6 and 15 are both frequent alterations found in different human tumors (Wang et
al. 2006; Mendez et al. 2008; Maleno et al. 2011). If LOH in f2m is combined with other
mutation event in the remaining allele, it will promote an irreversible total loss of HLA class |
expression (Paschen et al. 2003 and 2006). There could also be additional structural defects in
molecules involved in MHC class | activation not detected in this study. For example, STAT-
1 protein, which plays a major role in IFN-mediated HLA class | upregulation, may either be
absent, not phosphorylated, or it may have irreversible structural defects (Abril et al. 1996;
Rodriguez et al. 2007). These structural defects can inhibit the upregulation of antigen
presentation.
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Discussion

4.2. Immune selection of tumor variants with additional/hard
irreversible HLA class | alterations after immunotherapy

The existence of cancer immunosurveillance and the description of tumor escape
mechanism lead to the establishment of the Cancer Immunoediting Hypothesis (Dunn et al.
2002). This hypothesis proposes three phases between a functional immune system and tumor
cells.

In the Elimination Phase, the immune system recognizes tumor cells due to the release
of danger signals during the tissue remodeling (Vicari and Caux 2002). This recognition is
followed by an innate response (Girardi et al. 2001; Smyth et al. 2005) and later by a tumor-
specific acquired response (Shankaran et al. 2001). However, the immune system is not able
to eliminate all the tumor cells. The survival-transformed cells enter in the Equilibrium Phase.
During this stage, immune cells act as a pressure factor in selecting tumor cells resistant to the
immune system. The Equilibrium Phase is supported by the “dormancy period” of the tumor
(Uhr et al. 1997) and by murine models where mice free of disease for long periods
experience a tumor relapse immediately after immune system depletion (Koebel et al. 2007).
Immunosupression after transplantations in human also lead to the relapse of tumor (Cozar at
al. 2008). In the final Escape Phase, the immune-resistant tumor cells escape from the

immune system and form the tumor.

The major problem in verifying this hypothesis is that tumor cells have never been
studied before the Escape Phase. We have analyzed the effect of immunotherapy in different
melanoma metastases, showing that the immune system can specifically eliminate some of
them, thereby demonstrating the existence of the immune selection. In addition, we studied
bladder tumors before and after BCG immunotherapy. We described that relapses after BCG
acquire additional alterations in HLA Class | expression than the tumor before treatment. In
contrast, when a form of non-immune-based therapy, cytostatic mitomycin, was

administrated, the HLA Class | phenotype remains the same.

We support the idea that regardless the type of immunotherapy used, it will promote
modification of tumor microenvironment leading to an increment of immune-stimulating
cytokines. If tumor cells bear reversible (“soft”) alterations in the HLA class I system, HLA
expression will be upregulated by the cytokines leading to regression of the lesion. In
contrast, if transformed cells have structural, irreversible (“hard”) alterations, HLA expression
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will remain unchanged, and the tumor will progress in spite of the immunotherapy (Garrido et
al. 2010). After immunotherapy, the immune system was able to recognize and eliminate
previously growing tumors.
immune stimulation, as shown in the melanoma metastases. This lead to new round of

immunoselection in which tumor variants with irreversible altered phenotypes will be

selected, such as those found in bladder cancer relapses after BCG.

Our data could explain why clinical efficacy is only restricted to a low percentage of
patients, despite the improvements in cancer immunotherapy protocols. It also could explain
the detection of specific CTLs against tumor antigen that were unable to eliminate tumor

cells. (van der et al. 1991; Ohnmacht et al. 2001; Lurquin et al. 2005).

Figure 4: tumor cells with soft HLA class | alterations will upregulate antigen
presentation and be rejected. In contras, tumor cells bearing hard alterations will not
respond, impairing immune rejection
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Discussion

4.3. Tumor regression is associated with HLA class | activation
and acute immune rejection genes.

Several studies have linked the immune system with tumor rejection. These studies
were based on the differential tumor occurrence in immunodeficient and immunocompetent
mice and humans (Kauffman 2006; Shankaran et al. 2001) and the description of several
tumor-associated antigens (TAAS) (Bioley et al. 2009). However, the mechanisms leading to
tumor rejection are not yet well known, mainly due to the little information regarding tumor-
responding lesions, the extreme heterogeneity of tumor cells, and tumor-bearing individuals
(Jin and Wang 2003; Perez-Diez et al. 2002).

There are only a few studies on the entire transcriptomic response in tumors after
immunotherapy. Sullivan and coworkers (Sullivan et al. 2003) and Panelli and coworkers
(Panelli et al. 2007) studied the effect of imiquimod, a nonspecific immune stimulator,
administration in BCC. Biopsies from imiquimod-treated patients showed an activation of T
and NK cells and the induction of IFN-y-stimulated genes. It was also described that BCG
enhances the Thl cytokine response by increasing the secretion of IL-2, IL-12, INF-y, and
TNF, thereby promoting cellular immune response and upregulation of MHC class |
expression on urothelial cells (Patard et al 1998, Videira et al. 2009).

Here we documented the transcriptional patterns of 5 progressing and 10 regressing
melanoma metastases from 2 patients following autologous vaccination plus BCG (M-VAX)
and IFN-2b. Metastases response (progression versus regression) to immunotherapy was
established according to PET and CT scans. In these mixed responders, we could analyze for
the first time the tumor response after immunotherapy with exclusion of extrinsic variants.
Whole genome transcriptional analysis comparing progressing and regressing lesions showed
that regressing metastases were being rejecting by the immune system. Regressing metastases
from both patients showed a predominant activation of antigen presentation and immune
rejection pathways such as cytotoxic T lymphocytes-mediated apoptosis of target cells and

allograft rejection signaling.

The expression pattern of regressing lesions was similar to that observed during
allograft rejection (Sarwal et al. 2003; Saint-Mezard et al. 2009), suggesting that the immune
system follows a similar process in the elimination of tumors as it does in the induction of

allograft rejection. Results obtained in this study and other reports on post-immunotherapy
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tumors (Pilla et al. 2006; Panelli et al. 2007) analyzed at the global transcriptional level
showed that tumor regression is a facet of the broader phenomenon of rejection that can be
observed during allograft rejection, graft versus host disease, autoimmunity and acute
infection as a result of pathogen clearance. The molecular mechanisms used by the immune
system to eliminate the “non-self” are related to the activation of interferon-stimulated genes
(1SGs), particularly interferon regulatory factor (IRF)-1, HLA antigen presentation, and
Immune effectors factors (IEFs) like granzymes and other transcripts specific for activated
CTLs or NK cells. (Wang et al. 2008; Marincola and Wang 2010).

These results lead to the establishment of the Immunologic Constant or Rejection
Hypothesis by Marincola and coworkers (Wang et al. 2008; Marincola and Wang 2010). This
hypothesis states that: 1) Tissue-specific destruction could be directed against self or
quasiself; 2) The requirements for the induction immune recognition differ from those
necessary for the activation of the immune effector response; 3) Although the way of
recognition may vary in different pathologic states, the effector immune response converges
into a single pathway that includes the activation of adaptive and innate cytotoxic

mechanisms; 4) Adaptive immunity is not always sufficient or necessary for tissue

Figure 5: Immunotherapy promotes tumor recognition. Once tumor is recognize by T
cells, it will be eliminate by an acute immune response

*Viral infection Immunotherapy
*Allograft
Autoimmunity
*Graft vs Host * Cytokin release in tumor microenvironment
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Discussion

destruction.

The relevance of IEFs in tumor response was also supported by others authors like
Galon and coworkers (Galon et al. 2006), who described that colon cancer prognosis is
associated with the density and location of CTLs, whose activations is associated with IFN-v,
IRF-1 and granzymes.
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4.4. Monitoring tumor immune escape mechanism could lead to
an improvement of immunotherapy efficacy.

It has been extensively demonstrated that immunotherapy leads to an activation of the
immune system (Videira et al. 2009; Bhole et al. 2003; Panelli et al. 2007). However,
enhancement of tumor-specific T cells is not enough to eliminate all tumor lesions (Drake et
al. 2006). We believe the therapy produce a cytokine release and the homing of immune cells
to the tumor site. If tumor cells are recognized during this initial activation, the immune cells
will release factors such as IFN-y, IL, TNF-a, GM-CSF(Garrido et al. 2010). This will
promote a positive and self-perpetuating feedback between the tumor and the immune cells
until tumor rejection. In contrast, if tumoral cells did not respond to this initial activation, the

immune response inside the tumor will be impaired.

We propose that the knowledge of tumor cell alterations and their molecular
mechanisms will lead to an improvement of immunotherapy efficacy. Patients bearing
tumors with reversible alterations should be treated with classic immune-based therapies. In
contrast, those patients with tumor bearing irreversible HLA Class | alterations should seek
alternative treatments, such as NK adoptive therapy in place of T cell adoptive therapy.

In our research group, we are developing a transduction gene therapy aimed to recover
HLA Class | in tumors with irreversible HLA Class | total loss due to genetics alteration in
S2m. The therapy will use a viral vector bearing the human £2m. When the virus infects HLA

Figure 6: Classical immunotherapy can eliminate tumor with soft lesions. Tumor
bearing irreversible alterations should be treated with alternative therapies

Classical Immunotherapy Progression of tumor cells
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negative tumor cells in vitro, it can recover the HLA Class | expression in those tumors(del

Campo et al. 2010). We are currently testing the efficacy of the treatment in vivo.
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Conclusions/Conclusiones

5.1. Conclusions

1. Progressing melanoma metastases showed more profound alterations in HLA
class | antigen presentation than regressing ones. Progressing lesions from both
patients showed very weak surface expression of HLA molecules and residual
MRNA levels. HLA class | expression correlated with the response of melanoma
metastases after immunotherapy.

2. Bladder tumors with relapse after immunotherapy had more HLA class |
alterations and a higher frequency of LOH in chromosome 6 and 15. The
response to BCG therapy in bladder tumors may be impaired by HLA Class |

alterations.

3. The correlation between HLA Class | expression and the response of the tumors
to therapy occurred independently from the tumor tissue origin (melanoma or
bladder) and the type of immunotherapy.

4. Immunotherapy up-regulated HLA Class | expression in tumor bearing
reversible “soft” lesions, leading to their recognition and destruction by the
immune system. In contrast, HLA Class | expression remained defective in
cancer cells with irreversible “Hard” defects in HLA class I, promoting their

escape from immune system recognition.

5. We have found a correlation between mRNA levels of HLA and protein surface
expression in the majority of the tumors studied. However, tumors from
melanoma patient 2 had high levels of mMRNA expression for HLA-B without
membrane expression, and the relapse tumor sample bladder cancer patient 8
also showed high mRNA expression levels for the HLA heavy chain with negative
surface protein expression. Post transcriptional mechanism could be impairing

the correct surface expression of HLA in these patients.
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6. The activation of the immune response after immunotherapy triggered a new

7.

round of tumor immunoselection. The immune system rejected tumor cells that
were growing previously, and only those tumors bearing additional, more
profound HLA Class | losses could progress. Bladder cancer relapses after BCG
treatment showed additional alterations in HLA Class I.

Genome transcriptional analysis showed that regressing metastasis caused a
predominant activation of antigen presentation and immune rejection pathways.
Expression patterns leading to tumor regression were shared by those involved in
allograft rejection, Graft versus host disease, autoimmunity and pathogen
clearance. These results demonstrated that tumor rejection is mediated by the

immune system and support the “constant of immune rejection” hypothesis.
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5.2. Conclusiones

1. Las metéastasis de melanoma en crecimiento muestran mayores alteraciones en la
presentacion de antigenos que aquellas que estan siendo eliminadas. Las
metastasis en progresion tiene una expresion muy baja de HLA en superficie. La
respuesta de las metastasis de melanoma a la inmunoterapia se correlaciona con

su expresion de HLA de clase I.

2. Los tumores que recidivan a pesar del tratamiento muestran maés alteraciones en
HLA y una mayor frecuencia de pérdida de heterozigosidad en los cromosomas 6
y 15.Las alteraciones de la expresion de HLA de clase | pueden ser las

responsables del fallo de la terapia con BCG en tumors uroteliales de vejiga.

3. La correlacion entre la expresion de HLA de clase | se da de manera
independiente al tipo de inmunoterapia usado y del origen del tumor. La
respuesta inmune tras el tratamiento en melanoma es la misma a pesar del uso de

distintas inmunoterapias

4. La activacién de la respuesta inmunitaria por el tratamiento provoca un Nuevo
proceso de inmunoseleccion. El sistema inmune elimina células transformadas
gue antes crecian, solamente las células tumorales con grandes alteraciones en
HLA pueden continuar creciendo. Las recidivas estudiadas tras BCG mostraron
unos patrones de expresion de HLA de clase | mucho mas alterados.

5. En la mayoria de los tumores estudiados hemos encontrado una correlacion entre
los niveles de ARNm de HLA y su expresion en membrana. Sin embargo, el
paciente de melanoma 2 tiene altos niveles de ARNm del locus B sin expresion en
membrana y el paciente con tumor vesical 8 tiene altos niveles de ARNm de

cadena pesada siendo negativo para la proteina. Creemos que alteraciones
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postrascripcionales pueden estar impidiendo la correcta expresion en membrana

de la proteina.

La inmunoterapia puede activar la expresion de HLA de clase | en aquellos
tumores con lesiones reversibles o “blandas™, permitiendo su reconocimiento y
eliminaciéon. Sin embargo, la expresion de Clase | no puede ser activada en
aquellas células tumorales que tengan alteraciones irreversibles o “duras”,

permitiendo su escape del sistema inmunitario.

Los analisis transcriptdbmicos muestras que las metastasis de melanoma en
regresion tienen activadas las vias de presentacion antigénica y rechazo
inmunitario. EL patron de expresion es el mismo en tumores, trasplantes,
enfermedades autoinmunes, sindrome del injerto contra huésped y en la
eliminacion de patogenos. Los datos obtenidos demuestran que los tumores en
regresion son eliminado por el sistema inmunitario y apoyan la hipotesis de la

constante del rechazo inmunitario.
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STAT-1: signal transducer and activator of transcription 1.
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