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IV. ABSTRACT 

 

In the tumor microenvironment, high and sustained antigen stimulation can lead to al-

tered CD8+ T cell differentiation inducing a dysfunctional state so-called exhaustion. This 

phenomenon impedes the elimination of tumor cells, therefore impeding an effective anti-

tumor response. Hence, hindering this process is key to obtain an optimal clinical response.  

In Chile, our laboratory developed an immunotherapy based on heat conditioned mel-

anoma cell lysate loaded dendritic cells, which has had successful clinical results. Recently, 

we have optimized this therapy using an innovative approach through the direct inoculation of 

a heat-conditioned melanoma cell lysate, in conjunction with the hemocyanin derived from the 

Chilean mollusk concholepas concholepas as an adjuvant, called TRIMELvax vaccine. Our 

preclinical data showed that mice immunized with TRIMELvax show a marked decrease in 

the tumor growth rate using the B16-F10 murine melanoma model which was CD8+ T cell 

dependent. 

In this work, we characterized the CD8+ T cell population within the tumor site, expect-

ing to understand possible mechanisms behind TRIMELvax antitumor effect. Further analysis 

of this CD8+ T cell population using flow cytometry showed that immunotherapy based on 

tumor cell lysates induced an important decrease in the expression and frequency of tumor 

infiltrating CD8+ T cells expressing exhaustion associated receptors such as PD-1, Lag-3 and 

ICOS in addition to preliminary data indicating lower levels of expression of exhaustion-

associated TOX transcription factor. Unfortunately, no differences between treatments were 

determined when analyzing effector cytokine production (IL-2, IFN-γ and TNF-α). Remarka-

bly, TRIMELvax vaccination not only reduced the exhaustion-associated phenotype of CD8+ 

tumor infiltrating lymphocytes but also increased the frequency of central memory T cells ra-

ther than effector memory T cells as observed on control mice. Interestingly, TRIMELvax 

promoted an increase on a naive-like phenotype on tumor infiltrating CD8+ T cells, which 

might have progenitor-like features which is currently being further studied. 

Additionally, we analyzed TRIMELvax effect modulating the tumor myeloid compart-

ment since it’s complex interaction with tumor infiltrating CD8+ T cell population. As expected, 

TRIMELvax vaccination strongly increased tumor infiltrating conventional dendritic cells and 

in vitro promoted maturation markers expression and IL-12 production, inducing an anti-

tumoral DC associated phenotype (DC3 state). 
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 Overall, this new knowledge will help elucidating possible mechanisms by which 

TRIMELvax boosts the antitumor response improving the development of a TRIMELvax clini-

cal trial phase I that is currently taking place.  
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V. INTRODUCTION 
 

 

Carcinogenesis is a process described as a multi-stage event, in which the effect 

of genetic alterations leads to the progressive transformation of normal cells into high-

ly malignant tumor cells [1].  

Currently, it is well described that the immune system is continuously detecting 

and eliminating cancer cells, while managing diverse immune evading mechanisms 

developed by tumor cells [2]. To achieve this, antigen presenting cells (APCs), such 

as dendritic cells (DC) within the tumor, capture tumor derived antigens and activate 

antigen specific T cells in tumor draining lymph nodes. Through this activation, T cells 

acquire the capacity to migrate back and eliminate tumor cells using diverse cytotoxic 

mechanisms [3]. Unfortunately, the immunosuppression of the tumor microenviron-

ment and the persistence of tumor antigens promotes the induction of a dysfunctional 

state on T cells called “exhaustion” impeding an efficient, long lasting antitumoral re-

sponse. 

 

T cell exhaustion 
 

The presence of tumor infiltrating T cells has been described as a positive 

prognosis marker in several types of cancer, such as melanoma, ovarian, colorectal, 

bladder, breast, and pancreatic cancers [4–9]. However, their mere presence does 

not ensure an effective antitumor response. Tumor cells and tumor associated 

cells have developed several mechanisms to survive through diminishing T cell effec-

tor function. These immunosuppressive mechanisms include recruitment or develop-

ment of immunosuppressive cells, like myeloid derived suppressor cells (MDSCs) and 

regulatory T cells (Tregs), inhibition of T cell function by the production of suppressive 

cytokines, compounds, enzymes and metabolites by tumor and tumor associated 

cells [10–19] and physiological changes in the tumor microenvironment, such as hy-

poxia, low pH, and deprivation of nutrients among others [20,21]. All these factors 

cooperate to allow the immune evasion performed by the tumoral cells [22,23]. 

In addition, T cell activation is not only impaired in the tumor site by extrinsic 

factors. The constant and persistent T cell receptor (TCR) stimulation by tumor asso-
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ciated antigens drives a specific epigenetic program on T cells, which diminishes their 

function hence impeding a proper antitumor response, called T cell exhaustion [24]. 

Exhausted T cells were primarily identified in chronic viral infections and are charac-

terized by an altered transcriptional program which translates into diminished effector 

function and the co-expression of multiple inhibitory receptors, such as programed 

cell death protein 1 (PD-1), T cell immunoglobulin and mucin domain 3 (Tim-3), Lym-

phocyte and activation gene 3 (Lag-3), Cytotoxic T lymphocyte antigen-4 (CTLA-4) 

and T cell immunoglobulin and ITIM domain (TIGIT) among others [25–27]. 

Another important feature of exhausted T cells, is the progressive loss of effec-

tor functions, including cytokine production, such as interleukin-2 (IL-2), tumor necro-

sis factor-α (TNF-α) and interferon-γ (IFN-γ)[28]. Thymocyte selection-associated high 

mobility group box transcription factor (TOX) has been described by several groups to 

promote the acquisition of an exhausted phenotype in CD8+ T cells, following chronic 

antigen stimulation [29–31], therefore proposing TOX as a central regulator of the 

exhausted T cell state. TOX is a critical factor for the normal progression of T cell dys-

function and the maintenance of exhausted T cells during chronic infection. In cancer 

patients, T-cell exhaustion associated receptors is concurrent with the elevated ex-

pression of TOX in T cells considering it a potential target for reversing T cell exhaus-

tion and improving T cell function [32–35] 

 

T cell exhaustion compartment 
  

Initially the T cell exhausted population was described as a one homogeneous 

T cell subset. However, the fact that throughout the years different authors have de-

scribed this T cell population using different receptors and different lack of functions, 

raised the question about the real homogeneity of this subpopulation. This hetero-

geneity besides being disease related, has also been described within the T cell 

exhausted compartment as a progressive process.  These stages form a prolif-

erative hierarchy during steady state chronic infections and cancer, that is critical to 

maintain the population of exhausted T cells. At first, it was described that exhausted 

T cells with intermediate PD-1 and high T-bet expression (T-bethi subset) were less 

differentiated being defined as progenitor cells, which continually gave rise to a termi-
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nal differentiated exhausted T cells with high PD-1 and Eomes expression (Eomeshi 

subset). While the T-bethi subset was slightly better in terms of cytokine production, 

only the Eomeshi subset maintained modest cytotoxic capacity, indicating that this 

terminally exhausted subset had an important role in containing (but not fully eliminat-

ing) persisting infections and tumor cells. Importantly, PD1 pathway blockade seemed 

to only reinvigorate the T-bethi subset, while having little to no impact on the Eomeshi 

cells, showing an important aspect of population dynamics in ICB mediated reversal 

of T cell exhaustion [26,36]. 

This transitional model has been recently updated and amplified by the defini-

tion of four progressive stages that develop during chronic viral infections and cancer. 

These subsets are mainly described by the expression of CD69 and Ly108 (slamf6), 

and the interplay between T cell factor-1 (TCF1), TOX and T-bet transcription factors, 

proposing the existence of two progenitor exhausted T cells stages that progress into 

an intermediate exhausted stage that finally declines into terminal exhausted T cells. 

Specifically, in cancer using samples from murine B16-F10 tumor infiltrating lympho-

cytes (TILs) and from human melanoma TILs, it was suggested that the predominant 

tumor infiltrating subset within the tumor site are terminally differentiated exhausted T 

cells [37].  

Therefore, a better characterization of the different stages of exhausted CD8+ 

T cells on cancer patients, focusing on the different factors that might contribute in 

their progression towards terminally exhausted T cells and their response to different 

therapeutic strategies is highly relevant.  

 

Tumor derived factors that cooperate in T cell exhaustion 
 

During the past few years, several factors have been described to have an im-

portant role in cooperating with the generation of this exhausted population. Although 

diverse mechanisms have been described for the generation of exhausted T cells 

addressing chronic viral infections [38], the complexity of the tumor microenvironment 

suggests possible new mechanisms may be involved in this setting. 

As already mentioned, Tregs are one of the main tumors infiltrating immuno-

suppressive populations, where through a variety of mechanisms avoid T cell effector 



 | 14  

 

function hence impeding tumor cell elimination. Recent data described that through 

the secretion of immunosuppressive cytokines such as interleukin-10 (IL-10) and in-

terleukin-35 (IL-35), Tregs can cooperatively promote intratumoral T cell exhaustion 

on CD8+ TILs by modulating B lymphocyte-induced maturation protein-1 (BLIMP1) 

transcription factor expression which induces several inhibitory receptors expression 

and an exhaustion associated transcriptomic signature [39,40]. 

In addition to the secretion of immunosuppressive cytokines, it is well de-

scribed that Tregs can produce adenosine, a strong immunosuppressive metabolite 

[41]. Adenosine is produced from the degradation of ATP via ectonucleotidases CD39 

and CD73, which are highly expressed on Tregs and play a key role in their inhibitory 

role over effector T cells [42]. Specifically, in vitro studies have shown the inhibitory 

role of adenosine over cytokine production on anti-melanoma specific CD8+ and CD4+ 

T cells, suggesting that intratumor-produced adenosine could impair the function of 

TILs [43]. Recent data showed that the density of FoxP3+ Tregs and adenosine re-

ceptor (A2aR+) versus CD8+ T cells density was higher in gastric cancer (GC) tissue 

compared to peritumoral normal tissue and significantly correlated with the TNM 

stage, lymph node metastasis, and distant metastasis of GC. Also, authors suggested 

that Tregs within the TME might reduce CD8+ T cell function through diminishing IFN-

γ, TNF-ɑ and perforin production [44]. Indeed, it has been shown that adenosine 

blockers in combination with other therapeutic strategies, exhibited a significantly in-

creased reduction in tumor progression compared to control groups in preclinical 

models. However, it is still unclear the action mechanisms involved in this therapeutic 

effect [45]. 

Another relevant immunosuppressive population that resides on tumors are 

myeloid derived suppressor cells (MDSCs). Specifically, chemokine receptor CXCR2 

expressing MDSCs, predominantly accumulates and expands during breast cancer 

progression and upregulates the expression of immunosuppressive molecules such 

as PD1, PD-L1, LAG3, CTLA-4 and TIM3 on murine CD4+ and CD8+ T cells [46]. In 

myelodysplastic syndromes (MDS), it has been recently suggested that MDSCs pro-

mote CD8+ T cell exhaustion through the galectin 9/TIM-3 pathway indicating that the 
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use of TIM3/Gal-9 pathway inhibitors might be promising candidates for target thera-

py of MDS in the future [47]. 

However, not only MDSCs are the only myeloid population who seems to par-

ticipate in promoting the T cell exhaustion program on CD8+ T cells. Tumor-

associated macrophages or TAMs are a macrophage subpopulation with well de-

scribed pro-tumoral functions [48]. Within the TME it was recently determined that 

monocyte-macrophage lineage cells produced glucocorticoids which might activate 

glucocorticoid receptor signaling on CD8+ T cells promoting the expression of multiple 

checkpoint receptors and inducing the expression of dysfunction-associated genes 

upon T cell activation. Hence, the genetic ablation of steroidogenesis in tumor asso-

ciated macrophages (TAMs) as well as localized pharmacologic inhibition of glucocor-

ticoid biosynthesis was able to improve tumor growth control on preclinical models. 

This suggests glucocorticoid signaling pathway may be a relevant therapeutic target 

in some kinds of cancer [49]. 

Besides tumor antigen presentation, tumor cells acquire several mechanisms 

to promote tumor evasion through inducing T cell exhaustion. Vascular endothelial 

growth factor-A (VEGF-A) is a proangiogenic molecule produced by the tumors, 

which plays a key role in the development of an immunosuppressive microenviron-

ment. In particular, it has been shown that VEGF-A enhances co-expression of inhibi-

tory receptors associated to CD8+ T cell exhaustion such as PD-1, LAG3 and CTLA-4 

in in vitro experiments. Additionally, VEGF-A neutralization decreases expression of 

exhaustion-associated receptors on CD8+ T cells in murine tumor models [50]. Re-

cent data obtained on microsatellite stable (MSS) colorectal cancer (CRC) showed 

that VEGF-A induces the expression of transcription factor TOX in T cells to drive ex-

haustion-specific transcription program on T cells. Through a combinatorial immuno-

therapeutic approach using combined blockade of PD-1 and anti-VEGF-A, the anti-

tumor function of T cells was restored, resulting in better control of MSS CRC tumors 

[51]. 

The intratumoral microenvironment indeed, is a very hostile environment for T 

cells. Aside from the high production of immunosuppressive factors, the highly hypox-

ic conditions within the tumor site, alters the TILs metabolic state affecting other sig-
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naling pathways. Continuous antigen stimulation in hypoxic conditions promoted 

Blimp-1-mediated repression of Peroxisome proliferator-activated receptor-gamma 

coactivator (PGC-1α) dependent mitochondrial reprogramming. This consequently 

leaves T cells poorly responsive to hypoxic environments. Loss of mitochondrial func-

tion generated high levels of reactive oxygen species (ROS), which promoted T cell 

terminal exhaustion. Decreasing ROS or hypoxia exposure hinders T cell differentia-

tion to exhaustion and improves response to immunotherapy [52]. In fact, it was 

shown that mitochondrial fitness directly affects the process of exhaustion since en-

forced accumulation of depolarized mitochondria using pharmacological inhibitors 

induced epigenetic reprogramming toward terminal exhaustion, indicating that mito-

chondrial deregulation cooperates in T cell exhaustion development. Furthermore, 

supplementation with nicotinamide riboside, which enhanced T cell mitochondrial fit-

ness, improved responsiveness to anti-PD1 immunotherapy [53]. 

Finally, it was suggested that the lack of specific signals provided to CD8+ T 

cells during the activation process might also be relevant in the acquisition of this dys-

functional state. It is well described the relevance of CD4+ T cell help during the acti-

vation and the generation of CD8+ T cell memory response during viral infections [54–

57]. Remarkably, this cooperative function has also been described in cancer, where 

CD4+ T cell help promotes a specific cytotoxic effector program on CD8+ TILs, down-

regulating exhaustion associated receptors and improving migratory potential [58–60]. 

It has been suggested that the mechanism by which CD4+ T cell help sustains CD8+ T 

cells effector functions might be by the production of interleukin 21 (IL-21) which is 

required for the formation of a specific subset of cytotoxic CD8+ T cells that has effec-

tor functions against chronic infection and cancer. In fact, it was recently shown that 

at least on chronic infections, the main producer of this cytokine supporting CD8+ T 

cell effector responses are CD4+ T follicular helper cells [61–63]. 
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Figure 1. Mechanisms of T cell exhaustion on the tumor microenvironment 

 

In summary, several mechanisms that cooperates with persistent TCR stimula-

tion in the promotion of an exhaustion state have been described (Figure 1). Howev-

er, undoubtedly there might be more due to the high diversity of populations present 

within tumors.  Altogether, they describe how the complexity of the tumor microenvi-

ronment affects the effector state of CD8+ TILs pointing out that although T cell ex-

haustion is intrinsic to T cells, diverse variables might be contributing to the develop-

ment of this state, hence impeding a proper antitumor response. Till now, it is unclear 

how T cells progress from a progenitor exhausted T cell towards a terminal exhausted 

state. It is possible that other immune and tumor associated populations might collab-

orate in this antigen-driven process. Additionally, even though most of the knowledge 

about T cell exhaustion comes from studying chronic viral infections, the fact is that 

tumor development has clear differences to viral infection, thus suggesting they might 

not share every step and every variable affecting the process.  
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Although there is some knowledge on populations in the tumor site that may 

cooperate in the induction of the exhaustion state of the CD8+ tumor-infiltrating T cell 

population, less it is known about possible populations that might contribute maintain-

ing healthy efficient activated antitumor CD8+ T cells less prone to dysfunctionality in 

the tumor site. However, one classical population has always been linked to CD8+ T 

cell function and activation: Dendritic Cells. 

 

Conventional Dendritic Cells: cDC1 critical role on Cancer 
 

As already mentioned, a critical phase of the antitumor response is the effec-

tive activation of tumor specific CD8+ T cells by dendritic cells, mainly conventional 

dendritic cells (cDCs), which allows CD8+ T cells to gain the ability to eliminate cancer 

cells. The activation of such cells is critically dependent on type 1 conventional Den-

dritic Cells (cDC1s), which excel in cross-presentation of tumor-associated antigens 

to cytotoxic CD8+ T lymphocytes [64,65], and secrete soluble factors (including cyto-

kines such as IL-12 and type III interferons (IFNs), and the chemokines CXCL9 and 

CXCL10), which recruit and boost CD8+ T cell function at the tumor site [66–71]. 

cDC1 infiltration correlates with improved prognosis and better response to immune 

checkpoint blockade (ICB) therapy in several cancer types [72–76]. Furthermore, 

therapeutic strategies focused on expanding and activating the cDC1 compartment 

have shown promising results in animal models and clinical trials [77]. Interestingly, 

a novel DC activation state termed ‘DC3’ or ‘mReg DCs’ (mature DCs enriched 

in immunoregulatory molecules) originating from cDCs has been proposed to 

contribute to antitumor CD8+ T cell responses. It has been suggested that this 

new state arises from conventional dendritic cells after phagocytizing tumor cells in 

the tumor site, and it may be characterized by the expression of PD-L1, CD40, CCR7, 

and the production of IL-12 [70,78,79].  

As already mentioned, IL-12 promotes CD8+ T effector cells [80,81]. Interest-

ingly, although little is known about possible mechanisms that might reduce dysfunc-

tionality on CD8+ T cells, a few data describe IL-12 as a possible cytokine that in spe-

cific settings might reduce the expression of TOX transcription factor [82,83].  
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Some authors have also suggested that in the tumor site, DCs might also ex-

press IL-15 receptor, which may allow them to trans present IL-15 to CD8+ T cells in 

specific niches in the tumor as a survival signal for this population, augmenting the 

antitumor response [79]. This may be a possible mechanism describing how within 

the tumor site, CD8+ T cells can maintain the antitumor response functioning for long 

periods of time without necessarily becoming exhausted and how if this process is 

completely understood, it could become useful for future generations immunothera-

pies.  

Indeed, taking advantage on this natural capacity of the immune system to de-

stroy tumoral cells, several therapeutic strategies have been used. Hence, cancer 

Immunotherapies aim to boost the natural defense to eliminate malignant cells 

through diverse mechanisms.  

 

Cancer Immunotherapies 
 

One of the first attempts came from scientist William Bradley Coley who proposed 

a direct association between bacterial infection and cancer remission. Therefore, in 

1981 he began injecting a bacterial mixture (Coley’s toxin) into patients' tumors. 

Hence, Coley’s work supported the fact that the immune system of the cancer pa-

tients could still respond and be enhanced to eliminate tumor cells [84].  

Since then, a diversity of different approaches has been used in the field of cancer 

immunotherapies with different levels of success.  

Cytokines are the primary messengers of the immune system; thus, they have 

been used for many years as antitumor response enhancers. Cytokines such as inter-

leukin-2 (IL-2) and several interferons have been used as promoters of immune re-

sponses against several kinds of cancer. However, studies showed that even though 

they produce good clinical responses, poor tolerability and high toxicity frustrated their 

further use as monotherapies in clinical settings [85–89].  Instead, their use in much 

lower doses in combination with other immunotherapies is still being investigated.  

Based on the principle that T cells are key in the antitumor response, adoptive cell 

therapy (ACT) has been used. In ACT, autologous immune cells, most commonly T 

cells, are isolated, expanded ex-vivo are reinfused into the patients to eliminate ma-



 | 20  

 

lignant cancer cells. In fact, due to the advances in genetic engineering, either chi-

meric antigen receptor (CAR) T cells or T cell receptor engineered T cells have been 

used in ACT with successful clinical results mainly on hematologic malignancies. 

However, this approach has not been as successful on solid tumors, and commonly 

patients discontinue treatment due to live-threatened levels of toxicity [90–93]. 

In addition, cancer vaccines were developed to promote a specific-antitumor im-

munity by targeting tumor or tumor associated antigens. First attempts used vaccina-

tion with tumor- specific antigens such as MAGE (melanoma associated antigen) fam-

ily and human melanoma antigen Gp100 [94–97]. With the advances in genomics, 

neoantigens have risen as interesting targets for the development of personalized 

cancer vaccines [98]. Although the use of tumor associated peptides have shown to 

be tumor-specific and safe for use, the translation to the clinic has not been as suc-

cessful due to tumor heterogeneity, self-tolerance, and immune suppression [99]. 

Other attempts have used whole genetically modified tumor cells to trigger antitumor 

responses such as GVAX. This treatment is composed of genetically modified autolo-

gous tumor cells, thus becoming able to secrete granulocyte-macrophage-colony -

stimulating factor (GM-CSF). This strategy alone or in combination with other immu-

notherapies had some promising results in multiple cancer types [100–102]. 

Aside from direct vaccination with tumor antigens or whole tumor cells, vaccina-

tion using autologous dendritic cells has also shown significant clinical outcomes 

[103–105]. One of the most successful attempts was the use of a dendritic cell-based 

vaccine on prostate cancer patients, denominated Sipleucel-T that showed evidence 

of efficacy [106,107].  However, the use of Dendritic cell vaccines has shown discrete 

clinical benefits in a large patient population. Current technologies have widened the 

knowledge on this key immune population, which generates positive expectations in 

this field of study [108,109]. 

Currently, Immune Checkpoint Blockade (ICB) has been the breakthrough in the 

immunotherapy field for the past few years.  Immune checkpoints are molecules with-

in the co-inhibitory signaling pathways, with a critical role in maintaining immune tol-

erance. In the tumor microenvironment, tumor cells either express or promote the ex-

pression of these molecules on immune cells, mainly T cells, hence inhibiting the 
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promotion of an effective antitumor response [110,111]. The use of antibodies de-

signed against immune checkpoints (ICB) aims to disrupt this inhibitory signaling 

pathway therefore promoting the antitumor response [112]. The most common exam-

ples of ICB targets are cytotoxic T lymphocyte-associated molecule-4 (CTLA-4), pro-

grammed cell death receptor-1 (PD-1), and programmed cell death ligand-1 (PD-L1).  

Although the use of ICB has achieved impressive clinical results on different cancer 

types this response is cancer type dependent. Additionally, a significant percentage of 

patients are refractory to primary or secondary ICB-based therapies, primarily due to 

resistance development to the treatment and lack or weak immune tumor infiltration. 

Thus, although diverse strategies have been used in pre-clinical models the fact is 

that their translation into the clinic hasn’t been fully successful since most patients 

only develop partial, short-term, or no clinical response. As already mentioned, ICB 

treatment induces a partial reinvigoration of the T cells exhausted compartment sug-

gesting that some subsets of exhausted T cells can be rescued or reinvigorated using 

this therapeutic tool [26]. In fact, a strong correlation between clinical response to an-

ti-PD-1 ICB therapy and the ratio between the responding circulating exhausted T 

cells and tumor burden on melanoma patients has been shown [113]. Additionally, 

pre-clinical data showed that the use of a half-life-extended interleukin-10–Fc fusion 

protein enhanced expansion and effector function of terminally exhausted CD8+ TILs 

which was independent of the progenitor exhausted T cells subset [114]. Indeed, a 

combination of a pegylated IL-10 with an PD-1 ICB was relatively safe and activated 

the anti-tumor immunity in patients with advanced solid tumors during clinical trials 

[115]. 

Unfortunately, recent data showed that exhausted CD8+ T cells, although can par-

tially present some phenotypic and transcriptional features of memory T cells after 

antigen clearance, have durable epigenetic changes that might affect the strength of 

future immune responses [116]. This epigenetic “scar” might be critical during long-

term processes such as cancer, where the development of an efficient T cell memory 

response becomes critical.  

Additionally, even though the use of ICB therapies alone or as combinatorial 

strategies have had an important rescue effect over exhausted T cells, ICB therapies 
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only induced a clinical response in a minority of patients. Besides, patients can devel-

op resistance to this kind of therapies highlighting the need of new therapeutic ap-

proaches. 

 

Conditioned melanoma cell lysate as a promising promoter of the antitumor 
response 
 

In this regard, our group, using a treatment based on conditioned tumor cell ly-

sates (TRIMEL) loaded autologous monocyte derived DCs called TAPcells (for tumor 

antigen presenting cells), has conducted phase I clinical studies on advanced mela-

noma patients. These studies demonstrated that 60% of the treated patients devel-

oped antitumoral immune responses, with a positive correlation between the delayed 

hypersensitivity reaction (DTH) against tumor antigens and their survival [117].  

Although evidence shows that an important percentage of patients respond to the 

use of DC vaccines, such as TAPcells, this is a time-consuming process with several 

logistic challenges. The requirement of special equipment, technically trained special-

ists, and GMP approved facilities hinders the global implementation of this kind of 

approaches. Furthermore, ex-vivo mature monocyte derived DCs, which are com-

monly used in this kind of vaccines, do not strictly correlate with DCs type 1 [118]. 

These cells are the principal DC subtype with the ability to cross-present antigens to 

CD8+ T cells [119,120], which is a crucial process in the generation of an antitumor 

response [121,122]. However, the isolation of the cDC1 population remains elusive 

due to the very low frequency of this population in human peripheral blood, hindering 

their use for immunotherapy. Therefore, the development of new immunotherapies, 

where we avoid the use of monocyte derived DCs, is a desirable therapeutic tool.  

Therefore, we have developed an innovative approach by directly using a condi-

tioned tumor cell lysate derived vaccine as a potent antitumor treatment in a 

preclinical B16-F10 melanoma murine model. This treatment consists of the ad-

ministration of a mix of human and murine heat conditioned melanoma cell lysates 

plus hemocyanin from concholepas concholepas (CCH) as adjuvant, called 

TRIMELvax. Heat-conditioned tumor cell lysates provides a complex source of tumor 

associated antigens and contains several DAMPs, such as HMGB1 and ATP release 
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hence inducing DCs maturation, and promoting cross-presentation of tumor derived 

antigens required for establishing an antitumor response in several types of cancers, 

such as melanoma, gallbladder, and ovarian cancer [117,123–125]. Our previous 

results using B16-F10 murine melanoma model showed that TRIMELvax immu-

notherapy reduces the tumor growth rate in a CD8+ and CD4+ T cell dependent 

manner. Immunohistochemistry analysis showed a higher infiltration of CD8+ T cells 

inside the tumor of TRIMELvax vaccined mice compared to control injected mice 

[125]. Interestingly, the use of only murine B16-F10 lysate plus CCH, in the absence 

of human lysate, lacks antitumoral effect, although a high presence of CD8+ T cells 

within the tumor site was described (Unpublished results). This indicates that even 

though CD8+ T cells tumor infiltration is necessary for an effective antitumor response 

but not sufficient. Hence, other variables such as their phenotype and/or functionality 

may be critical. 

 

Therefore, we propose TRIMELvax efficacy may rely on maintaining CD8+ T 

cell activity within the tumor site which may be associated with the presence 

and activity of other tumor infiltrating immune populations such as cDCs and 

the production of effector cytokines like IL-12. (Figure 2) 
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Figure 2. Heat-conditioned melanoma cell lysate derived vaccine promotes the anti-
tumor capacity of CD8+ T cells by diminishing the acquisition of an exhausted profile 
and the induction of DC3 state on tumor infiltrating DCs. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 | 25  

 

VI.  HYPOTHESIS 
 

Heat-conditioned melanoma cell lysate derived vaccine (TRIMELvax) promotes 

the anti-tumor capacity of CD8+ T cells by diminishing the acquisition of an exhausted 

profile and the induction of DC3 state on tumor infiltrating DCs.  

 

 

VII. MAIN AIM 
 

Study the effect of heat-conditioned melanoma cell lysates derived vaccine over 

the exhaustion state of tumor infiltrating CD8+ T cells and frequency and activation of 

cDCs in the tumor site in the B16-F10 melanoma murine model. 

 

 

SPECIFIC AIMS 
 

1. Characterization of circulating and tumor infiltrating CD8+ T cells in immunized 

mice versus control mice in the B16-F10 melanoma murine model. 

 

2. Analyze frequency and activation state of tumor infiltrating cDCs in immunized 

mice versus control mice in the B16-F10 melanoma murine model.  

 

 

 

 

 

 

 

 

 

 

 



 | 26  

 

VIII. MATERIALS AND METHODS 
 

⮚ Preparation of tumor cell lysate derived vaccine TRIMELvax (Figure 3) 

 

 A. Mel1, Mel2 and Mel3 human melanoma lines are cultivated, harvested, and subjected to 

heat shock treatment (HS), inducing the production of several molecular signals associated 

with danger (DAMPs), such as the translocation of calreticulin (CRT), ATP release, HMGB1 

translocation and heat shock proteins induction (HSP). Then, cells are lysed by freeze/thaw 

cycles to produce the TRIMEL immunogenic lysate. B. Scheme showing the composition of 

the experimental vaccine TRIMELvax used to induce antitumor activity in B16-F10 melanoma 

murine model. 

 

For the generation of tumor cell lysates either using B16.F10 cells or a mixture of 

human melanoma cell lines (MEL1, MEL2, MEL3 for TRIMEL), heat-conditioning and 

cell lysis was performed as previously described [117]. For vaccine generation, addi-

tionally, concholepas concholepas hemocyanin (CCH) was used as an adjuvant.  

 

 

Figure 3. Schematic representation of TRIMELvax vaccine production 
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⮚ TRIMELvax therapeutic model (Figure 4) 

 

Therapeutic scheme used to evaluate antitumor activity in B16F10 melanoma murine model. 

18 days post tumor inoculation, tumor, lymphnodes were dissected and FACS analysis was 

performed. 

 

B16-F10 cells were thawed from our cell nitrogen deposit at least two weeks 

before starting any vaccination procedure, allowing the tumor cells to be in optimal 

metabolic and viability conditions prior to being injected. Also, during this period, it 

was concluded that prior tumor cell injection, cell culture must be over 80% viability 

measured using LUNA-FL™ Dual Fluorescence Cell Counter (Logos Biosystems). 

Since a very low tumor cell number is injected on each mouse, cells must acquire 

optimal metabolic and viability conditions to grow in vivo. Hence, after checking B16-

F10 cell viability, C57BL/6 female mice were subcutaneously injected with 2.5x104 

B16-F10 murine melanoma cells on day 0. On days 1, 6, and 12 after tumor cell inoc-

ulation, either PBS, B16-F10 lysate + CCH or TRIMELvax (TRIMEL+ B16 lysate + 

CCH) was administered on the opposite flank of the spine to the injection of tumor 

cells (Figure 4). For each experiment, 4-6 mice per group were used and tumor 

Figure 4. TRIMELvax vaccination therapeutic strategy. 
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growth was evaluated from day 8-10, when the tumor mass becomes visible and 

measurable, every two days following bioethical statements. For tumor measure-

ments the following formula was used: 

 
 

Animals were kept during the therapeutic procedures either at the Central Bio-

terium at the Faculty of Medicine, Universidad de Chile, or at Fundación Ciencia & 

Vida Bioterium, under Bio-ethical protocol CBA N°1069 FMUCH until the end of each 

experiment. 

 

⮚ Obtaining samples from lymph node and tumor of treated mice 

On day 18-20 mice were sacrificed, and organs were dissected. At the beginning, 

spleen, lymphnodes and tumor samples were evaluated by FACS, however since no 

difference was detected in the parameters evaluated between lymphnodes and 

spleen, only lymphnodes and tumor samples were evaluated for posterior experi-

ments. Tumor and lymphnodes (Inguinal, braquial and axiliary) were collected on 

PBS, and manually dissociated using scissors. Cell suspension was incubated in 1X 

PBS medium + 5% SFB + Collagenase D (10 mg / ml, Roche) + DNAse I (10 mg / ml, 

Roche) for 30 minutes at 37 ° C.  

For lymphnode samples, after digestion, cells were passed through a 70uM cell 

strainer and washed with RPMI medium + 10% SFB. Finally, cells were counted using 

LUNA-FL™ Dual Fluorescence Cell Counter (Logos Biosystems). For tumor samples, 

after digestion, cells were passed through a 70 μm cell strainer, received in a 50 ml 

tube, and washed with RPMI medium + 10% SFB. Then cells were centrifuged at 

500g for 5 minutes and Percoll (GE Healthcare) gradient was performed. After density 

gradient generation leukocytes were recovered from the intermediate phase, trans-

ferred to a new tube, and washed with RPMI + 10% SFB medium for posterior utiliza-

tion. 

 



 | 29  

 

⮚ Cell activation for cytokine measurement 

To analyze cytokine production by CD8+ T cells, lymphnode and tumor samples 

were activated separately using PMA + Ionomycin + Brefeldin-A. For this, cells were 

resuspended at 2x106 cells/ml in RPMI+10%FCS and PMA (50 ng/ml; Sigma-Aldrich), 

Ionomycin (1 ug/ml; Sigma-Aldrich) and Brefeldin A (1X; Biolegend) was added. After 

a 4-hour incubation at 37°C and 5% CO2 were recovered for posterior antibody stain-

ing and FACS analysis. 

 

⮚ Staining of samples and flow cytometry 

For extracellular staining, cells were incubated for 10 minutes at 4°C in 1X PBS + 

2% FCS plus mouse FcBlock® (Biolegend). After the cells were washed, the corre-

sponding antibodies were added and a 30-minute incubation at 4°C protected from 

light was performed. For intracellular staining of either TOX transcriptional factor or 

cytokine analysis, samples were permeabilized and fixed using FoxP3 staining buffer 

(eBiosciences) following manufacture instructions. Then, acquisition was performed 

using BD LSR Fortessa or BD FACSVerse cytometer and posterior analysis using 

Flowjo 10.4 software. 

 

⮚ Data analysis 

The FCS files obtained were analyzed using Flowjo 10.8.1 software and Plug-ins from 

Flowjo exchange webpage. Statistical analysis was conducted using GraphPad Prism 

software (v9.1.2). All results are expressed as the mean ± SD. Multiple groups were 

compared using non-parametric Kruskal-Wallis analysis with Dunn’s post-test. A p-

value < 0.05 was considered statistically significant. 
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IX. RESULTS 

 

SPECIFIC AIM 1. Characterization of circulating and tumor infiltrating CD8+ T 
cells in immunized mice versus control mice in the B16.F10 melanoma murine 
model. 
 

To begin with, since different authors have identified tumor infiltrating exhaust-

ed CD8+ T cells analyzing the expression of different exhausted associated recep-

tors, a working definition of an exhausted CD8+ T cell. For the purpose of this work a 

tumor infiltrating CD8+ T cell is characterized by a high expression of multiple exhaus-

tion associated receptors such as PD-1, LAG3 and TIM3, expression of TOX tran-

scription factor and low production of effector cytokines; IL-2, IFN-γ and TNF-α as 

seen on Figure 5. 

 

 

Exhausted CD8+ T cells will be described by a high expression of multiple exhaustion asso-

ciated receptors such as PD-1, LAG3 and ICOS, expression of TOX transcription factor and 

low production of effector cytokines; IL-2, IFN-γ and TNF-α 

 

Figure 5. Definition of an Exhausted CD8+ T cell. 
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We began analyzing the expression of exhausted-associated receptors on the 

CD8+ T cell population from mice vaccinated with either TRIMELvax, B16 lysate + 

CCH or PBS (Control) following the therapeutic design as shown on Figure 6.  

 

18 days post tumor inoculation, tumor, lymphnodes were dissected and FACS analysis was 

performed focusing on T cell exhaustion phenotype analysis. 

 

Since only tumor infiltrating CD8+ T cells showed significant expression of ex-

hausted associated receptors such as PD-1, Lag-3 (Figure 7) and ICOS (CD278) (da-

ta not shown) indicating that the generation of exhausted T cells was mainly tumor 

dependent on this model, we focused on the characterization of tumor infiltrating 

CD8+ T cells and CD8+ T cells from lymphnodes. 

 

Figure 6. Scheme of the Therapeutic design used to evaluate CD8+ T cell population in 

B16F10 melanoma murine model.  
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Figure 7. PD1+ and Lag3+CD8+ T cells are predominantly present on the tumor site.  

Analysis of the spleen, lymphnode and tumor infiltrating CD8+ T cell population in mice receiv-

ing TRIMELVAX, B16 lysate + CCH or no treatment (Control) Bar graphs show mean and 

SD. Kruskal-wallis test with Dunn’s posttest is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 

n=5-10 mice per group 

 

To perform a deep characterization of tumor infiltrating CD8+ T cells, FACS da-

ta acquired using BD LSR Fortessa was further analyzed using Flowjo v10. For this 

analysis, first, a concatenate from three different tumor samples from each treatment 

was done. Then, after gating on the live CD8+ T cell population (lymphocyte+viability-

stain-CD45+CD3+CD8+) (Figure 8), a down sample was done limiting to 1800 events 

each concatenate. Finally, a final concatenate was done using the previous down 

sample concatenates for each treatment.  
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Then using the phenograph Flowjo plug-in (with preset values using compen-

sated values for ICOS, LAG3, TIM3, CD62L, PD-1,.CD103, OX40, CD69 and CD44), 

8 clusters were determined. This information was used to perform an UMAP analysis 

on this final concatenate using the preset flowjo plug-in parameters; minimum dis-

tance= 0,5, number of components= 2 and 8 nearest neighbors as determined by the 

previous phonograph analysis. Interestingly, UMAP visualization analysis determined 

a striking difference on cluster distribution when comparing tumor infiltrating CD8+ T 

cells from control, B16 lysate + CCH and TRIMELvax mice (Figure 9).  

Figure 8. Gating strategy for CD8+ TILs analysis of flow cytometry data acquired from 

TRIMELvax, B16 lysate + CCH or Control mice 
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UMAP analysis based on tumor infiltrating CD8+ T cells expression of 9 parameters: PD-1, 

LAG3, TIM3, ICOS, CD44, CD62L, OX-40, CD69 and CD103. A. UMAP visualization using 

data from Control, B16 lysate + CCH and TRIMELvax vaccinated tumors. B. UMAP visualiza-

tion using data from each treatment. n=3 mice per group 

 

 

 

 

 

Figure 9. Different treatments generate different cluster distribution of tumor infiltrat-

ing CD8+ T cells. 
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Since, the co-expression of multiple exhausted-associated receptors is strongly 

associated with increased level of dysfunctionality, UMAP visualization colored by 

each exhausted associated receptor (ICOS, LAG3, TIM-3, PD-1) signal intensity was 

performed. As shown on Figure 10, the highest expression of these receptors is fo-

cused on the top right zone, which is mainly present on CD8+ TILs from B16 lysate + 

CCH and control mice. PD-1 is the most recognized exhausted-associated receptor, 

even being used as the main target for immune blockade immunotherapy, highlighting 

its relevance in T cell function in the tumor. The difference on PD-1 expression was 

the most evident where B16 lysate + CCH vaccinated, and control mice showed a 

higher expression than TRIMELvax treated mice. Indeed, TRIMELvax treated mice 

even lacks the clusters where the expression of PD-1, Lag3, ICOS and TIM-3 was the 

highest (top right area). 
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UMAP visualization colored by each receptor signal intensity from tumor infiltrating CD8+ T 

cells from control (left), B16 lysate + CCH (middle) and TRIMELvax (right). n=3 mice per 

group 

Figure 10. Exhausted-associated receptors expression across the different cell clus-

ters. 
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Interestingly, when analyzing each treatment separately, a striking difference be-

tween CD8+ TILs from control, B16 lysate + CCH and TRIMELvax vaccinated mice 

was shown. Analysis of each distribution, using the cluster explorer plug in from Flow-

jo, showed that the 8 previously determined cluster present different frequencies on 

each treatment data set (Figure 11).  

 CD8+ TILs from control mice predominantly presents higher frequencies of clus-

ters 2 and 6, CD8+ TILs from B16 lysate + CCH vaccination on clusters 1 and 3, 

where those from TRIMELvax treated mice predominantly did on clusters 4 and 5 

(Figure 11.B). These striking differences on cluster distribution supports the fact that 

TRIMELvax vaccination promotes a completely different phenotype of CD8+ TILs in 

comparison to control and B16 lysate + CCH treated mice. Indeed, although control 

and B16 lysate + CCH both have similar tumor growth rates, the phenotype of CD8+ 

TILs from both treatments differ completely. When analyzing the expression of each 

parameter measured, using heatmap visualization (Figure 11.C) it was observed that 

CD8+ TILs from TRIMELvax mice have a higher expression of CD62L on the clusters 

that were predominantly increased in comparison with control and B16 lysate + CCH 

where PD-1 had a higher expression on the clusters that were predominantly ob-

served. Using these tools of analysis, it was possible to suggest that the three differ-

ent treatments have differences in CD8+ TILs phenotype when measuring this set of 

receptors, where TRIMELvax vaccinated mice clearly distinguishes between control 

and even more with B16 lysate + CCH vaccinated mice. Interestingly, B16 lysate + 

CCH had strong differences in comparison with control mice which was unexpected. 
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Figure 11. Tumor infiltrating CD8+ T cells distribute in 8 different clusters.  

A. UMAP visualization of the 8 clusters determined within the tumor infiltrating CD8+ T cells 
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from all treatments. B. Bar graphs showing frequency of cells on each cluster shown on A. C. 

Heatmaps showing the level of expression of 9 parameters used to describe the population; 

ICOS, LAG3, TIM3, CD62L, PD-1,.CD103, OX40, CD69 and CD44 for each cluster for all 

treatments. The most frequent clusters for each treatment are highlighted in yellow: Control 

clusters 2 and 6, B16 lysate + CCH cluster 1 and 3, and TRIMELvax clusters 4 and 5. n=3 

mice per group 

 

Then, using manual gating, exhausted associated receptors level of expression 

was analyzed separately on tumor infiltrating CD8+ T cells for each treatment, show-

ing that TRIMELvax decreases the level of expression of PD-1 when compared to 

CD8+ TILs from B16 lysate + CCH treated mice. Overall, there was subtle differences 

observed between treatments, but no statistical difference was determined when 

comparing the three treatments (Figure 12).  
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A. Representative histograms of ICOS, LAG-3, PD-1, TIM-3 and OX-40 expression on CD8
+
 

TILs from control (black), B16 lysate + CCH (orange) and TRIMELvax (red) treatments. B. 

Quantification of A., Bar graphs show mean and SD. Kruskal-wallis test with Dunn’s post test 

is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=3 mice per group 
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Figure 12. Analysis of exhausted associated receptors expression level on CD8+ TILs 

from Control, B16 lysate + CCH and TRIMELvax vaccinated mice.  
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Additionally, frequency of tumor infiltrating CD8+ T cells with exhausted associ-

ated receptors was analyzed for each treatment. TRIMELvax decreases the expres-

sion of PD-1, Lag-3 and ICOS when compared to CD8+ TILs from B16 lysate + CCH 

treated mice. Although no statistical difference was determined when comparing 

TRIMELvax treatment versus control, an important decrease on the frequency of cells 

expressing these receptors was observed (Figure 13).  No difference was observed 

when analyzing TIM3 and OX-40. The latter was used as a specificity inside control 

since it is not associated with the exhausted profile. 

Graph bars showing the frequency of CD8+ TILs expressing each receptor, comparing differ-

ent treatments. Bar graphs show mean and SD. Kruskal-wallis test with Dunn’s post test is 

shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=8-3 mice per group. 
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Figure 13. TRIMELvax vaccinated mice have lower frequency of tumor infiltrating CD8+ 

T cell that express exhausted associated receptors.  
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Exhausted state on T cells is proposed as a progressive phenomenon. In this 

regard, data suggested PD-1 expression level could distinguish PD-1 low expressing 

CD8+ T cells (PD-1int) that could be reinvigorated with anti-PD-1 therapies and PD-1 

high expressing CD8+ T cells (PD-1hi) which are terminally exhausted and refractory 

to anti-PD-1 therapies. Hence, PD-1neg, PD-1lo and PD-1hi population were evaluated 

on CD8+ TILs from control, B16 lysate + CCH and TRIMELvax treated mice (Figure 

14).  

 

A. Representative zebra-plots showing PD-1 negative (PD-1neg), PD-1 low (PD-1lo) and PD-1 

high (PD-1hi) CD8+ TILs frequency comparing; control, B16 lysate + CCH and TRIMELvax 

treatments. B. Graph bars showing frequency of PD-1neg PD-1lo or PD-1hi (left to right) CD8+ 

TILs comparing different treatments. Bar graphs show mean and SD. Kruskal-wallis test with 

Dunn’s post test is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=8-5 mice per group 

Figure 14.TRIMELvax vaccinated mice have a lower frequency of PD-1hi and PD-1lo 

CD8+ TILs. 
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TRIMELvax treatment increases the frequency of CD8+ TILs lacking PD-1 ex-

pression (PD-1-) and decreases the frequency of PD-1 intermediate expressing CD8+ 

TILs (PD-1int) compared to control mice (Figure 14.B). Interestingly, PD-1 high ex-

pressing CD8+ TILs (PD-1hi) were predominantly present in tumors from B16 lysate + 

CCH treated mice. This phenomenon might partly explain why, although there is an 

increase in CD8+ tumor infiltrating cells on B16 lysate + CCH treated mice no effect 

on tumor growth rate is seen as shown on previous results [125]. 

When correlating the frequency of PD1neg, PD-1lo and PD-1hi CD8+ TILs with 

tumor volume, as expected, frequency of PD-1hi and PD-1lo expressing CD8+ TILs 

positively correlated to B16-F10 tumor volume measured at day 19 and frequency of 

PD-1neg expressing CD8+ TILs negatively correlated to B16-F10 tumor volume meas-

ured at day 19 (Figure 15). These results agree with literature showing that high lev-

els of exhaustion in CD8+ TILs are strongly associated with a poor clinical outcome in 

cancer patients [126–130]. 
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A. Bar graph (left) shows frequency of PD-1neg expressing CD8+ TILs for each treatment, 

Dot-plot (right) shows negative correlation between frequency of PD-1neg CD8+ TILs and tu-

mor volume measured on day 19. B. Bar graph (left) shows frequency of PD-1lo expressing 

CD8+ TILs for each treatment, Dot-plot (right) shows positive correlation between frequency 

of PD-1lo CD8+ TILs and tumor volume measured on day 19. C. Bar graph (left) shows fre-

quency of PD-1hi expressing CD8+ TILs for each treatment, Dot-plot (right) shows positive 

Figure 15. PD-1 expression on CD8+ TILs correlate with B16-F10 tumor volume. 
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correlation between frequency of PD-1lo CD8+ TILs and tumor volume measured on day 19. 

Bar graphs (left) show mean and SD. Kruskal-wallis test with Dunn’s post test is shown. * p < 

0.05; ** p < 0.01; *** p < 0.001 n=8-5 mice per group. Non-parametric Spearman correlation 

was calculated for each dot-plot (right), r and p values are shown n=17-18. 

 

Exhausted T cells are characterized by high expression of multiple inhibitory re-

ceptors and diminished functionality described as low effector cytokine production. 

Hence, production of IL-2, TNF-α and IFN-γ separately and in combination was ana-

lyzed through PMA/Iono/BFA induced activation and flow cytometry of lymphnode 

and tumor samples. Unexpectedly, no differences were determined either in CD8+ T 

cell population from lymphnode nor tumor samples from each treatment (Figure 16 

and data not shown). 
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A. Representative zebra-plots showing IL-2 (upper), TNF-α (middle) and IFN-γ (lower) pro-

duction of CD8+ TILs for control, B16 lysate + CCH and TRIMELvax treatments. B. Quantifi-

cation of A. showing frequency (left column) and geometric mean fluorescence intensity 

Figure 16. TRIMELvax vaccination does not alter CD8+ TILs effector-cytokine produc-

tion 
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(right column) per each effector cytokine measured. C. Frequency of CD8+ TILs producing 

multiple cytokines. Bar graphs show mean and SD. Kruskal-wallis test with Dunn’s post test 

is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=10-6 mice per group  

 

Transcriptional factor TOX (Thymocyte selection-associated high mobility group 

box protein) has shown to be a critical regulator of exhausted CD8+ T cells. Therefore, 

TOX expression was analyzed on CD8+ T cells from lymphnode and tumor samples 

for each treatment. Results obtained evaluating CD8+ TILs from the different treat-

ments suggest that TOX expression is decreased on CD8+ TILs from TRIMELvax 

treated mice when compared to control and B16 lysate + CCH treated mice (Figure 

17.A.). Also, when analyzing the co-expression of PD-1 and TOX on CD8+ TILs, re-

sults obtained suggest that TRIMELvax treatment decreased the frequency of PD-

1+TOX+ CD8+ TILs compared to CD8+ TILs from control and B16 lysate + CCH treat-

ed mice (Figure 17.B.). 

 



 | 48  

 

 

A. Representative histogram of TOX expression (left) and quantification (right) for CD8+ TILs 

from control, B16 lysate + CCH and TRIMELvax treatments B. Representative zebra plot 

showing PD-1 and TOX expression of CD8+ TILs (left) and frequency quantification (right). 

Bar graphs show mean and SD. n=4-2 mice per group  
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Figure 17. TRIMELvax vaccination likely diminishes TOX expression on CD8+ TILs and 

decreases frequency of PD1+TOX+CD8+ TILs 
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Promoting immune memory is one of the most important challenges when devel-

oping vaccines. Furthermore, it is critical in cancer treatment which can be a long-

term process. Using cancer immunotherapies, it has been shown that central memory 

T cells and stem cell memory T cells confer improved antitumor responses when 

adoptively transferred in tumor murine models and clinical trials, making these popu-

lations an interesting differentiation target. Hence, in addition to studying the exhaust-

ed associated phenotype, the evaluation of the T cell differentiation within the CD8+ T 

cell population was performed.  As shown on Figure 18, TRIMELvax treatment in-

creased the frequency of CD8+TILs with central-memory (CD62L+CD44+) and naïve-

like (CD62L+CD44- ) phenotypes while decreasing the frequency of effector-memory T 

cells (CD62L-CD44+) in comparison to B16 lysate + CCH vaccinated mice and control 

mice which present higher frequencies of effector-memory T cells (CD62L-CD44+).  

This increase in the frequency of a naïve-like (CD62L+CD44- ) population was unex-

pected, however since it is very rare to observe tumor infiltrating naïve CD8+ T cells, it 

is suggested that this population might be T memory stem cells (Tscm). 

T memory stem cells (Tscm) are a newly identified population, which have similar 

expression of CD62L and CD44 with naïve T cells. However, Tscm show robust self-

renewal and the multipotent capacity to generate central memory and effector T cells 

as progenitor cells, hence their designation as T memory stem cells. With the data 

obtained, only CD62L and CD44 were analyzed on CD8+ tumor infiltrating cells. 

Since, their location, within the tumor site, and their CD62L high expression and lack 

of CD44 expression, it is strongly suggested that these cells that are increased in tu-

mors from TRIMELvax treated mice correspond to progenitor like T cells. However, 

further data is needed to have a better characterization of this population. 

 

 

 

 

 



 | 50  

 

 

A. Pie chart showing the population distribution observed among CD8+ TILs for each treat-

ment. Effector-memory T cells (Tem) were described as CD62L-CD44+, central-memory T 

cells (Tcm) as CD62L+CD44+ and naïve-like T cells (Tnl) as CD62L+CD44- among the 

CD45+CD3+CD8+ population. DN= double negative B. Quantification of A. showing frequency 

of each population. Bar graphs show mean and SD. Kruskal-wallis test with Dunn’s post test 

is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=3 mice per group  

 

 

Overall, these results showed that TRIMELvax treated mice predominantly 

present tumor infiltrating CD8+ T cells with a central memory or naïve-like phenotype 

which might be represented by clusters 4 and 5 observed on the UMAP visualization 

and cluster analysis. Additionally, these populations showed a low expression of ex-
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Figure 18. TRIMELvax treatment increases CD8+ TILs with central memory and naive-

like phenotype 
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hausted associated receptors which were highly expressed on tumor infiltrated CD8+ 

T cells from control and particularly from B16 lysate + CCH vaccinated mice that were 

mainly represented by clusters 1,2 and 3. 

Additionally, a recent population of memory T cells present within the tumor 

has been characterized named resident memory T cells. This population has been 

suggested to have an important role in antitumor immunity residing within tumors and 

metastatic lesions being even associated to better clinical outcomes in cancer pa-

tients [131–135]. Therefore, the expression of CD69 and CD103, as characteristic 

markers for this T cell subset, was performed (Figure 19). 
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Figure 19. TRIMELVAX, B16 lysate + CCH nor Control tumors have significant differ-

ences on CD8+ Trm CD69+ nor CD8+ Trm CD69+ CD103+ cells. 

A. Representative histograms of CD69 and CD103 expression on CD8+ TILs from control, 

B16 lysate + CCH and TRIMELvax treatments (left) and bar graphs showing the quantifica-

tion of CD8+ TILs CD69+ and CD69+ CD103+ gMFI. B. Frequency of tumor infiltrating CD8+ 

Trm CD69+ or CD8 +Trm CD69+ CD103+ cells from control, B16 Lysate + CCH and TRIMELvax 

vaccinated mice. Bar graphs show mean and SD. Kruskal-wallis test with Dunn’s post test is 

shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=3 mice per group. 

 

No statistical difference on frequency or level of expression was observed 

comparing the three treatments. However, a slight tendency of lower CD69 levels of 

expression and CD8 +Trm CD69+ CD103+ cells frequency on the tumors from 

TRIMELvax vaccinated mice was observed (Figure 19). 
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SPECIFIC AIM 2. Analyze frequency and activation state of tumor infiltrating 
cDCs in immunized mice versus control mice in the B16.F10 melanoma murine 
model.  
 

Previous results showed that TRIMELvax vaccine was able to diminish the acqui-

sition of the exhausted profile on tumor infiltrating CD8+ T cells. As already men-

tioned, T cell exhaustion is mainly driven by persistent antigen stimulation. However 

recent has shown that several immune populations may promote this profile cooperat-

ing with the tumor derived antigen stimulation (Figure 1). Published results showed 

that TRIMELvax vaccination increases the frequency of cDCs within the tumor [125], 

however no data of other myeloid populations had been obtained. Hence, tumor mye-

loid compartment analysis on mice receiving different treatments was performed as 

explained for specific aim 1 for the CD8+ T cell population (Figure 20). 

 

 

 

Figure 20. Therapeutic design used to evaluate tumor myeloid population in B16-F10 

melanoma murine model. 

18 days post tumor inoculation, tumors were dissected and FACS analysis was performed 

focusing on non-T cell population analysis. 
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To perform a first characterization of tumor myeloid compartment, FACS data 

acquired using BD LSR Fortessa was further analyzed using Flowjo v10 as for the 

tumor infiltrating CD8+ T cells. For this analysis, first, a concatenate from three differ-

ent tumor samples from each treatment was done. Then, after gating on the live im-

mune non-T cell population (viability-stain- CD45+ CD3- cells), a down sample was 

done limiting to 5000 events each concatenate. Finally, a final concatenate was done 

using the previous down sample concatenates for each treatment.  

Then using the phenograph Flowjo plug-in (with preset values using compen-

sated values for IA/IE, XCR1, CD24, CD86, Ly6C, Ly6G, F4/80, CD11c, Sirpa and 

CD11b), 12 clusters were determined. This information was used to perform an 

UMAP analysis on this final concatenate using the preset flowjo plug-in parameters; 

minimum distance= 0,5, number of components= 2 and 12 nearest neighbors as de-

termined by the previous phenograph analysis. Interestingly, using UMAP visualiza-

tion analysis determined a different cluster distribution when comparing the tumor 

myeloid compartment from control, B16 lysate + CCH or TRIMELvax mice (Figure 

21). Hence, a similar result compared to what was observed in the CD8+ T cell popu-

lation 
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UMAP analysis based on tumor infiltrating immune non-T cell population (CD45+CD3-) ex-

pression of 9 parameters; CD86, Ly6C, Ly6G, F4/80, IA/IE, XCR1, CD24, CD11c, Sirpa and 

CD11b.A. UMAP visualization using data from Control, B16 lysate + CCH and TRIMELvax 

vaccinated tumors. B. UMAP visualization using data from each treatment. n=3 mice per 

group 

 

 

Later, analysis of each cluster determined by phenograph, using the cluster ex-

plorer plug in from Flowjo, showed that the 12 previously determined cluster present 

different frequencies on each treatment data set (Figure 22).  
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Figure 21. Different treatments generate different cluster distribution of tumor infil-

trating Myeloid population 
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A. UMAP visualization of the 12 clusters determined within the tumor myeloid compartment 

from all treatments. B. Bar graphs showing frequency of cells on each cluster shown on A. C. 

Heatmaps showing the level of expression of 9 parameters used to describe the population: 

IAIE, XCR1, CD24, CD86, Ly6C, Ly6G, F4/80, CD11c, Sirpa, CD11b for each cluster for 

each treatment. The most frequent clusters for each treatment are highlighted in orange: 

Control cluster 1, B16 lysate + CCH cluster 1 and 3, and TRIMELvax cluster 2. n=3 mice per 
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Figure 22. Tumor myeloid compartment distribute in 12 different clusters. 
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group 

 

 Analysis of the tumor myeloid compartment from control mice predominantly pre-

sents higher frequencies of cluster 1, B16 lysate + CCH vaccination on clusters 1 and 

3, where those from TRIMELvax treated mice predominantly did on cluster 3 (Figure 

22.B). These differences on cluster distribution supports the fact that TRIMELvax 

vaccination promotes a completely different tumor microenvironment in comparison to 

control and B16 lysate + CCH treated mice. However, the distribution between tumor 

myeloid compartment from B16 lysate + CCH vaccinated mice present a similar dis-

tribution to the one observed on the analysis of control mice when compared to 

TRIMELvax vaccinated tumors. This observation differs to what was observed on the 

tumor infiltrating CD8+ T cells, where the three different treatments have different clus-

ter distribution. No differences on levels of expression were seen in the comparison of 

the three heatmaps obtained (22.C). 

Next, through manual gating the frequency of each myeloid population was ob-

tained. Several tumor myeloid populations were analyzed: Tumor-associated Neutro-

phils (TANs), Monocytes, Monocyte-derived Dendritic Cells (moDCs), Tumor-

associated Macrophages (TAMs) and Conventional Dendritic cells (cDCs). (Figure 

23). 
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FACS data analysis shows tumor infiltrating immune non-T cell population (gate CD45+CD3-) 

 

 

Results suggest TRIMELvax treatment induces a decrease in frequency of TANs, 

Monocytes, moDCs, and TAMs and an increase in frequency of cDCs compared to 

control treated mice (Figure 24). When comparing TRIMELvax versus B16 lysate + 

CCH vaccinated mice the results suggested similar frequencies on TANs and TAMs, 

and a decrease of frequency on TRIMELvax vaccinated mice tumors when analyzing 

monocytes and moDCs. Interestingly, only cDCs population present an increase on 

TRIMELvax vaccinated mice tumors, but a different result is obtained between control 

and B16 lysate + CCH vaccinated mice tumors. Indeed, tumors from B16 lysate + 

CCH vaccinated mice have very low frequencies of this population (<20%) in compar-

ison to control (~50%) and TRIMELvax vaccinated mice (~80%). Looking back on the 

results obtained using the UMAP visualization and cluster analysis, is it possible that 

Figure 23. Representative gating analysis used on FACS data to characterize tumor 

myeloid compartment for each treatment. 
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cluster 3, which is highly represented on the tumor myeloid compartment from 

TRIMELvax vaccinated mice but almost absent on the other two conditions might cor-

respond to this cDC population. Cluster 3 as shown on figure 22, has an slight in-

crease on CD24 expression which is usually expressed by tumor infiltrating cDCs. 

Unfortunately, due to the low experimental number it wasn’t possible to determine 

statistical differences on Monocyte and MonoDCs analysis which showed very high 

dispersion among the individuals measured. Indeed, increasing the experimental 

number will allow to clarify how TRIMELvax affects other tumor myeloid populations. 
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Bar graphs show frequency of each myeloid population for different treatments. Bar graphs 

show mean and SD. Kruskal-wallis test with Dunn’s post test is shown. * p < 0.05; ** p < 

0.01; *** p < 0.001 n=3 mice per group  

 

Next, due to pandemic associated problems an in vitro approach was used to ana-

lyze the TRIMELvax activation profile on cDCs. Bone marrow derived dendritic cells 

were generated using the cytokine ms-like tyrosine kinase 3 ligand (FLT3-L) (DCs-FL) 

which were used to determine the DC3 activation profile induced by the different 

treatments on cDC, cDC1 and cDC2 (Figure 25.A). Novel DC3 activation state is 

Figure 24. TRIMELvax modulates the tumor myeloid compartment. 
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characterized by high expression of PD-L1, CD40, CCR7 and IL-15R plus high pro-

duction of IL-12 [78,79]. These experiments were performed in collaboration with Dr 

Fabiola Osorio’s Laboratory. 

DCs were stimulated for 18 hours using either:  

• TRIMELvax (TRIMEL + B16 Lysate + CCH) 

• B16 lysate+ CCH  

• Lysates (TRIMEL + B16 lysate) 

• CCH  

• Lipopolysaccharide (LPS) (positive control for DCs activation) 

• Unstimulated (basal status control) 

 

For IL-12 analysis, Brefeldin A (BFA) was added to the culture during the last 2 

hours of stimulation. BFA is a protein transport inhibitor commonly used to enhance 

intracellular cytokine staining signals by blocking transport processes during cell acti-

vation. 

After the stimulation time was completed, cells were recovered, and flow cytome-

try was used to determine the DCs activation profile. For this through manual gating, 

cDCs, cDCs1 and cDCs2 were analyzed (Figure 25.B). 
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A. Scheme of the experimental design used to evaluate DCs activation status. Bone marrow 

derived DCs-FL were stimulated using either; B16 lysate + CCH, TRIMELvax, Lysates (B16 

lysate + TRIMEL), CCH, LPS (as positive control for activation) or left untreated (NT). After 

18 hours, activation profile was measured using flow cytometry. For IL-12 analysis, cells 

were left with BFA for 2 hours before intracellular cytokine measurement. B. Representative 

gating analysis to determine cDC1s and cDC2s after the 7 days stimulation.  

 

First, the expression level of several molecules was measured on the total cDC 

population using flow cytometry since it has been determined that the DC3 activation 

state can be acquired by cDC1 and cDC2 subpopulations. It was observed that non-

treated cDCs express lower levels of expression of CD86, PD-L1, CD40, CCR7 and 

IL-15 when compared with LPS stimulated cells which was used as an activation con-

trol. These results were expected because it is well known that LPS activated DCs 

mainly through toll like receptor 4, promoting its activation [136]. 

A.

B.

Gate B220-

Figure 25. Evaluation of FL-DCs activation profile. 
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Interestingly, TRIMELvax, B16 lysate + CCH and Lysates stimulation promoted 

similar activation levels on all the measured parameters, which were higher that NT 

cells but usually lower than LPS stimulated cells. Additionally, CCH stimulated cells 

present low expression levels of all the measured parameters, similar to NT cells 

suggesting that CCH does not have an activating effect over cDCs when stimulated 

using TRIMELvax, at least on the measured parameters. This is supported by the 

results obtained when stimulating cDCs with Lysates, which contains the tumor cell 

lysates that compose TRIMELvax but without adding CCH (Figure 26).  
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Figure 26. Tumor cell lysate induces a cDCs activation profile on FL-DCs. 

Bar graphs show gMFI of different markers on FL-DCs stimulated for 18 hours with either; 

B16 lysate + CCH, TRIMELvax, CCH, Lysates, LPS (positive control) or left untreated (NT). 

Bar graphs show mean and SD. Kruskal-wallis test with Dunn’s post test is shown. * p < 

0.05; ** p < 0.01; *** p < 0.001 n=3 per stimuli. 

 

 

cDC1s are the main drivers of the antitumor response. Therefore, the cDC1 

population was analyzed separately. The results obtained were equivalent to those 

obtained when analyzing the whole cDC population. TRIMELvax, B16 lysate + CCH 



 | 65  

 

and Lysates stimulation promoted similar activation levels on all the measured pa-

rameters, which were higher that NT cells but usually lower than LPS stimulated cells 

(Figure 27).  

 

 

Bar graphs show gMFI of different markers on DCs-FL cDC1s subpopulation (as described 

on Figure 24.B) stimulated for 18 hours with either; B16 lysate + CCH, TRIMELvax, CCH, 

Lysates, LPS (positive control) or left untreated (NT) Bar graphs show mean and SD. Krus-

kal-wallis test with Dunn’s post test is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=3 per 

stimuli. 
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Figure 27. Tumor cell lysate induces cDCs activation on FL-DCs cDC1s sub popula-

tion. 
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CD4+ T cells have emerged as an important actor of the antitumor response. 

CD4+ T helper cells can license DCs to enhance immunity and stimulate pro-

inflammatory myeloid cell programs [137]. Additionally, cDC2s can present tumor-

derived antigens to CD4+ T cells, promoting the antitumor response [138]. Therefore, 

cDC2s subpopulation was analyzed separately. The results observed are like those 

obtained when analyzing cDCs and cDC1s (Figure 28). 

 

Bar graphs show gMFI of different markers on DCs-FL cDC2s subpopulation (as described 

on Figure 24.B) stimulated for 18 hours with either; B16 lysate + CCH, TRIMELvax, CCH, 
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Figure 28. Tumor cell lysate induces activation of FL-DCs cDC2s sub population. 
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Lysates, LPS (positive control) or left untreated (NT) Bar graphs show mean and SD. Krus-

kal-wallis test with Dunn’s post test is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=3 per 

stimuli. 

 

As a novel described state, DC3s have been characterized using different pa-

rameters according to different authors. However, it has been suggested that DCs 

acquire this specific program of activation when up taking autoantigens in particular 

tumor associated antigens. DCs that up take these antigens acquire a high expres-

sion of CD40 and PD-L1, therefore the analysis of co-expression between those two 

molecules was performed (Figure 29) [78]. 

 

 

A. Representative pseudo color plots showing CD40
+
PD-L1

+ 
population analysis on FL-DCs 

after stimulated for 18 hours using either; B16 lysate + CCH, TRIMELvax, CCH, Lysates, LPS 
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Figure 29.Tumor cell lysate induces a DC3-like activation profile on cDCs, cDC1s and 

cDC2s subpopulation. 
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(positive control) or left untreated (NT) n=3 for each stimulus. B. Bar graphs showing fre-

quency of PD-L1+CD40+ cells on cDCs (left), cDC1s (middle) or cDC2s (right). Bar graphs 

show mean and SD. Kruskal-wallis test with Dunn’s post test is shown. * p < 0.05; ** p < 0.01; 

*** p < 0.001 n=3 per stimuli.N=3 * p < 0.05; ** p < 0.01; *** p < 0.001 

 

Results obtained show that tumor cell lysates (TRIMELvax, B16 lysates + CCH 

and lysates) promoted the co-expression of CD40 and PD-L1 on cDCs, cDC1s and 

cDC2s. Interestingly, the frequency of double positive expressing cells was as high as 

those obtained when activating using LPS, supporting the fact already published that 

tumor cell lysates have a strong activation capacity on DCs [125] but also suggesting 

this activation state might be similar to the DC3 activation program (Figure 29). How-

ever, it has been suggested that the physiological uptake of tumor antigens drives an 

immunoregulatory program that might promote a protumor microenvironment. How-

ever, the modulation of this program through IL-4 signaling blockade enhances IL-12 

production promoting an antitumoral phenotype which expands the pool of tumor infil-

trating effector T cells and reduces tumor growth. Therefore, IL-12 production was 

measured after 18-hour stimulation with the different treatments (Figure 30) 
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A. Representative pseudocolor plots showing IL-12+ population analysis on FL-cDCs after 

stimulated for 18 hours with either; B16 lysate + CCH, TRIMELvax, CCH, Lysates, LPS (posi-

tive control) or left untreated (NT). BFA was added in the last two hours of the 18 hours 

stimulation. n=3 for each stimulus. B. Bar graphs showing frequency of IL-12+ cells on cDCs 

(left), cDC1s (middle) or cDC2s (right) population. Bar graphs show mean and SD. Kruskal-

wallis test with Dunn’s post test is shown. * p < 0.05; ** p < 0.01; *** p < 0.001 n=3 per stimuli. 

 

Interestingly, tumor cell lysates induce IL-12 production on cDCs, cDC1 and 

cDC2s from stimulated FL-DCs culture. As expected cDC1s had higher frequency of 

IL-12

F
S

C
-A

NT LPS TRIMELvax
B16 lysate + 

CCH Lysates CCH

F
S

C
-A

IL-12

FMOA.

B.

N
T

B16
 ly

sa
te

+C
C
H

TR
IM

ELv
ax

C
C
H

Ly
sa

te
s

LP
S

0

5

10

15

20

25

cDCs

%
IL

-1
2

+
 p

4
0

N
T

B16
 ly

sa
te

+C
C
H

TR
IM

ELv
ax

C
C
H

Ly
sa

te
s

LP
S

0

20

40

60

80

cDC1

%
IL

-1
2

+
 p

4
0

N
T

B16
 ly

sa
te

+C
C
H

TR
IM

ELv
ax

C
C
H

Ly
sa

te
s

LP
S

0

5

10

15

20

25

cDC2

%
IL

-1
2

+
 p

4
0

Figure 30. Tumor cell lysate induces a DC3-like activation profile IL-12 producing FL-

DCs. 
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IL-12+ cells when compared to cDCs2, highlighting their critical role in antitumor im-

munity.  

Overall, these results suggest that TRIMELvax and B16 lysate + CCH vaccines 

can promote an DC3-like program on FL-DCs in vitro. Therefore, indicating 

TRIMELvax not only induces DCs tumor infiltration but suggesting it might promote a 

DC3 activation program which may partly explain how TRIMELvax vaccination pro-

duces a T cell dependent response. Undoubtedly, further studies are required to ex-

plore this hypothetic action mechanism. 
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X. DISCUSSION  
 

Several strategies are currently used in cancer immunotherapies being ICBs the 

one with better clinical results. However, the economic costs of their development and 

application, makes it almost inaccessible for most patients. Unfortunately, treated pa-

tients can also be refractory to primary or secondary ICB-based therapies, primarily 

due to resistance development to the treatment and low immune tumor infiltration. 

Therefore, the need for cheaper and better immunotherapies becomes critical. 

Regarding this, our group through the development of a DC-based cancer vaccine 

(TAPcells) or by a tumor lysate-based vaccine (TRIMELvax) has shown how condi-

tioned tumor cell lysate can be an interesting source of tumor associated antigens 

also including several DAMPs promoting DC maturation and activation of tumor spe-

cific T cells [117,125]. However, the mechanisms behind their antitumoral effect are 

still unknown with several studies on this topic being currently developed.  

In this work, tumor infiltrating CD8+ T cells where the focus since previous results 

had shown their critical role in TRIMELvax antitumoral effect. The lack of CD8+ or 

CD4+ T cells makes TRIMELvax vaccination completely useless, indicating its effect 

is T cell dependent. In addition, current data have shown that tumor infiltrating CD8+ T 

cells undergo a persistent antigen stimulation driven process called exhaustion which 

limits antitumor immunity. Results showed TRIMELvax vaccination diminished the 

acquisition of an exhausted phenotype on tumor infiltrating CD8+ T cells in compari-

son to control PBS vaccinated mice. As previously mentioned, although TRIMELvax 

and B16 lysate + CCH vaccination promoted CD8+ T cells tumor infiltration, only 

TRIMELvax showed an antitumoral effect. Hence, suggesting different tumor infiltrat-

ing CD8+ T cell phenotype and functionality among the two vaccines. According to 

this result, we also expected some level of immunomodulation by the B16 lysate + 

CCH vaccination since using this vaccine promoted CD8+ T cell tumor infiltration con-

trary to what was observed for control mice which lacks it. However, it was striking 

that B16 lysate + CCH vaccination strongly aggravated the normal exhaustion de-

scribed for this model (as seen for control mice), partly explaining why although it 

promoted CD8+ T cell tumor infiltration no antitumoral effect was observed. Indeed, 
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when performing phenograph and UMAP visualization it was clear to observe that the 

three conditions generated completely different distributions (Figure 9). The high fre-

quency of exhausted tumor infiltrating CD8+ T cells seen on B16 lysate + CCH vac-

cinated mice cannot be explained yet, however it is suggested that increasing the 

amount of B16-F10 derived antigens might promote this antigen driven process. In 

addition, exhaustion might be promoted by the high level of B16-F10 antigens plus 

the lack of an undetermined signal that TRIMEL (human melanoma cell lysate) pro-

vides. From previous results, DAMPs emerge as possible candidates since heat 

shocked treatment has been proven to induce translocation of calreticulin, ATP re-

lease, High mobility group box 1 (HMGB1) translocation and heat shock proteins in-

duction [117,123,124] (Figure 3). Additional published results have determined that 

even though both human and murine tumor cell lysates have similar DC activation 

capacity, some differences in phagocytic levels have been determined. Indeed, the 

generation of a xenogeneic immune response induced by the inoculation of human 

tumor cell lysate on murine models cannot be discarded, since previous results 

showed that TRIMELvax vaccinated mice possess serum IgGs that bind B16-F10 and 

human melanoma cells. However, TRIMELvax vaccinated mice sera also reacts 

against human PBL indicating some level of xenogeneic immune response [125]. 

When analyzing different exhausted-associated markers, PD-1 emerged as the 

more distinctive due to the low expression observed on tumor infiltrating CD8+ T cell 

population on TRIMELvax vaccinated mice in contrast to control and B16 lysate + 

CCH (Figure 10, 12,13, 14). Indeed, it was possible to observe higher frequencies of 

tumor infiltrating CD8+ T cells expressing high levels of PD-1 after B16 lysate + CCH 

vaccination. High levels of PD-1 expression have been linked to terminally exhausted 

CD8+ T cells which can’t be reinvigorated after ICB therapy, indicating how B16 lysate 

+ CCH vaccination aggravates the induction of an exhausted phenotype.  

PD-1 receptor has been widely studied since being used in immune checkpoint 

blockade therapy on cancer patients. Nivolumab (an anti-PD-1 monoclonal antibody) 

in combination with Ipilimumab (an anti-CTLA-4 monoclonal antibody) has shown 

successful clinical results when treating malignant melanoma patients highlighting the 

important role PD-1 expression has on antitumor immunity [139,140]. Indeed, previ-
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ous published results showed no improvement of the combinatorial use of anti-PD-1 

plus TRIMELvax vaccination in the B16-F10 melanoma murine model [125]. The lack 

of PD-1 expression seen on tumor infiltrating CD8+ T cells from TRIMELvax vaccinat-

ed mice could partly explain the non-improvement observed when using the combina-

torial therapy.  

Decrease functionality is another characteristic of exhausted T cells. Unfortunate-

ly, using this setting, no differences in cytokine production was observed (Figure 16). 

Hence, functionality of tumor infiltrating CD8+ T cells from control and B16 lysate + 

CCH vaccinated mice might not be affected in terms of cytokine production. This was 

a completely unexpected result since the striking differences observed when analyz-

ing exhausted associated receptors. Although other authors have used PMA + Iono-

mycin + BFA stimulation to analyze tumor infiltrating CD8+ T cells cytokine intracellu-

lar production, this method showed no difference between different treatments. The 

use of other techniques to induce cytokine production such as antigen specific stimu-

lation using tumor lysate pulsed bone marrow derived dendritic cells or anti-CD3 + 

anti-CD28 antibodies, could be tested since the activation stimuli chosen could not be 

optimal. However, during the last period of this work, the TRIMELvax model showed 

several issues not allowing its reproducibility. The COVID pandemic besides hinder-

ing the progress seen on the phenotype analysis, intensified this issue which nowa-

days hadn’t been completely solved. This problematic might have affected the cyto-

kine analysis where TRIMELvax still showed antitumor efficacy, but tumor growth be-

came erratic. Anyhow, tumor infiltrating CD8+ T cells from control and B16 lysate + 

CCH vaccinated high and multiple expression of exhausted associated receptors, 

suggests these cells wouldn’t be allowed to function properly within the tumor site 

affecting at least partially their cytokine production. However, it is expected to repeat 

these experiments in the future. 

B16-F10 tumor growth rate is highly aggressive even with the low tumor cell num-

ber inoculated for this work. Indeed, due to ethical issues, the model could not be 

maintained past the 18–19-day post-inoculation. However, it is impressive how fast 

tumor CD8+ T cells acquire an exhausted phenotype on control and B16 lysate + 

CCH vaccinated mice. Regarding this, the experimental design used caused a big 
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difference on tumor size by the end of each experiment and the evaluation performed 

only at day 18-19 didn’t allow the description of this progressive process. It is possible 

that the differences observed between treatments might be caused by the big differ-

ences on tumor size at the experimental end point, where bigger tumors might have 

little or no immune infiltration in comparison to smaller tumors. In addition, as exhaus-

tion is an antigen driven process it is feasible that smaller tumors translate into less 

tumor derived antigens hence fewer exhaustion, so to resolve these questions the 

analysis at earlier times and at different time points is desirable. Nevertheless, as al-

ready mentioned, the fast growth rate observed on the B16-F10 model hinders its use 

when analyzing at earlier timepoints. Since TRIMELvax vaccination delays tumor cell 

growth rate early, at approximately day 11-12, analyzing these tumors implies tech-

nical difficulties due to low cell counts. Hence, the use of different, less aggressive 

tumor cell lines inoculations as for example MC38 murine colon carcinoma which has 

been previously used in tumor cell lysate-based vaccination, should be evaluated for 

future experiments  [125]. Certainly, the use of less aggressive murine cancer models 

will allow a bigger therapeutic frame, favoring the use of different therapeutic 

schemes such as delaying the beginning of treatment. The B16-F10 model aggres-

siveness growth induced the use of a therapeutic scheme where mice are vaccinated 

just one day after tumor cell inoculation. When translating this therapy into the clinic 

this scenery is far from real. Most treated patients have already developed long 

termed malignant melanoma, hence the use of a longer animal model with a longer 

therapeutic frame is highly desirable and will also allow the study of long-term pro-

cesses like memory responses and possibly metastasis.  

Anti-PD-1 ICB therapies have shown the capacity to reinvigorate exhausted tumor 

infiltrating CD8+ T cells. Indeed, as already mentioned, early exhausted CD8+ T cells 

can be rescued and even present some phenotypic and epigenetic resemble to 

memory T cells after antigen clearance. This is a desirable effect as exhausted tumor 

infiltrating CD8+ T cells are indeed tumor antigen specific T cells. 

 However, recent data has shown that acquiring the exhausted epigenetic pro-

gram leaves traces that might alter future immune responses. Cancer vaccines like 

TRIMELvax aim to boost the immune response towards a specific antitumor effect. 
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However, the search for better ways to induce memory responses becomes crucial 

when dealing with chronic diseases such as cancer. Besides being long-lasting with 

some periods of latency, the antitumoral response must maintain a local response 

within the tumor site and at the same time search for new sites where metastasis 

might take place. Hence, the need for memory responses becomes highly relevant 

and processes like exhaustion, that might hinder this kind of response, must be 

avoided. TRIMELvax vaccination decreased the frequency of tumor infiltrating CD8+ T 

cells with high expression of PD-1, and overall diminished the exhausted associated 

receptors expression on this population. This finding is remarkable considering that 

early hindering this process should lead to better and stronger memory T cell anti-

tumor responses which is highly desirable.  

The most striking result of this work was the finding that TRIMELvax vaccination 

also promoted the differentiation towards central memory cells rather than effector 

memory cells as seen on control and B16 lysate + CCH vaccinated mice (Figure 18).  

ACT experiments have shown that less differentiated T cells, such as central memory 

T cells, rather than more differentiated effector memory T cells, have better antitumor 

effects. In fact, a subset of mature T cells with similar phenotype to naive T cells 

(CD44low and CD62Lhigh) but high expression of stem cell antigen-1 (Sca-1), IL-2Rβ 

(CD122), B-cell lymphoma 2 (Bcl-2) and chemokine receptor CXCR3 (CD183), exhibit 

the stem cell-like attributes of self-renewal, multipotency and the ability to undergo 

asymmetric division, therefore called T memory stem cells (Tscm). This subset pos-

sesses high antitumor capacity and can be induced by Wnt-B-catenin signaling, pro-

moting the induction of T cell factor 1 (TCF-1) activity [141–143]. Additionally, a tumor 

infiltrating naïve-like CD8+ T cell population was observed with high frequency on 

TRIMELvax vaccinated mice (Figure 18.B). This was completely unexpected since it 

wasn’t this work main aim, however it is coherent with the observation that 

TRIMELvax hindered T cell exhaustion at the tumor site.  As already mentioned, ex-

hausted T cells develop through a progressive process. Accordingly, a gene signature 

of redistribution from progenitor-like to terminal exhausted T cell states, described by 

the loss of TCF-1 expression has been described. This loss of expression was asso-

ciated with poor survival in lung and other cancer cohorts supporting the importance 
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of the progenitor exhausted T cell pool maintenance [144]. Tumor infiltrating T cells 

present dynamic epigenetic, transcriptional, and metabolic states. It has been pro-

posed that meanwhile tumor progression takes place, T cells loose progenitor-like 

properties to differentiate into effector T cells that later develop an exhausted state 

through strong and persistent antigen stimulation in addition to the hostile tumor mi-

croenvironment [145,146]. Interestingly, the ectopic expression of TCF-1 on CD8+ T 

cells on murine models of lymphocytic choriomeningitis virus (LCMV) chronic infection 

and modified melanoma B16-F10 cells, ameliorated T cell exhaustion and promoted T 

stem-cell features, highlighting the relevance that TCF-1 expression has on maintain-

ing T cell function and boosting antiviral and antitumor immunity [147]. Hence, further 

characterization of this naïve-like population and TCF-1 expression analysis is cur-

rently being done. 

 The existence of specific niches within the tumor site, where progenitor-like 

CD8+ T cells locate in proximity to antigen presenting cells (APC) resembling tertiary 

lymphoid structures has been described. These data established a strong correlation 

between the presence of DCs and the number of progenitor-like T cells in human tu-

mor samples from several types of cancer. Even so, the authors proposed that the 

decline of the T cell antitumor response is due to the failure of the establishment of 

these specific APC/progenitor-like CD8+ T cells niches. Impeding T cell proper stimu-

lation hindered the generation of terminally differentiated CD8+ T cells in the tumor.  

Therefore, failure of niche establishment might be a new mechanism of immune eva-

sion that requires further study [148]. 

Tim-3 has emerged as an important immune-checkpoint molecule, being stud-

ied in multiple types of cancer. Hence, its expression has been usually associated 

with T cells. However, it has been recently described that Tim-3 is also expressed on 

DCs, showing that the loss of expression promoted a strong antitumor response pre-

venting the acquisition of a DCs immunoregulatory program and expanding the pro-

genitor-like and effector T cell pool within the tumor site [149]. In addition, recent data 

showed that Tim-3 blockade enhances the ability of intratumoral conventional cDC1s 

to promote CD8+ T cell effector function by increasing the proximity between these 

two immune populations, once again highlighting the necessity of cDC-CD8+ T cell 
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niches in the tumor site [150]. Besides, it was described that tumor infiltrating progeni-

tor-like T cells (expressing TCF-1) differentiated into effector T cells (that lacked TCF-

1 expression) in a chemokine receptor CXCR6 (CD186) dependent manner. This col-

ocalization allows activated cDCs to sustain the effector response by trans-presenting 

interleukin-15 (IL-15) to effector CD8+ T cells prolonging their survival in the TME. 

Hence delaying or impeding the fast development of an exhaustion state [79]. Fur-

thermore, it has been shown that during the tumor progression, TCF1+ progenitor-like 

T cells not only maintain the T cell effector pool within the tumor site, but they are also 

present in tumor draining lymph nodes (TdLN). Indeed, is suggested that TdLN T 

cells are the developmental precursors of, and be clonally related to, their more dif-

ferentiated intratumoral counterparts with a continuous flux of these cells towards the 

tumor site feeding this tumor infiltrating progenitor-like pool [151]. These TdLN pro-

genitor-like T cells would be supported by the action of TdLN cDC1s. It was observed 

that as the tumor progresses, TdLN cDC1s decreased in number as the progenitor-

like T pool decreased. Indeed, the use of FMS-like tyrosine kinase 3 ligand (Flt3L) + 

anti-CD40 treatment, which supports and promotes cDC development, drove an im-

proved tumor-specific CD8+ T cell response. Therefore, suggesting that during anti-

tumor responses TdLN cDC1s keep a pool of TdLN TCF-1+ progenitor-like CD8+ T 

population that supplies the tumor with new progenitor-like CD8+ T cells.  Thereby, 

the decrease of this cDC1s population, as the tumor progresses, contributes to a 

failed antitumor response [152].   

Overall, these results highlight the importance of TdLN during the antitumor re-

sponse, specifically addressing TCF1+ CD8+ T cells interaction with cDC1s. There-

fore, performing multiple analysis of the tumor and TdLN during TRIMELvax treat-

ment will allow for a better understanding of the antitumor response promoted by this 

vaccination. In this analysis, not only the CD8+ T cell should be observed, but also 

cDCs should be included. 

Unfortunately, all studies about progenitor CD8 T cells and cDC1s interaction 

is quite recent, hence it was not addressed in this work, however it is currently being 

studied. Indeed, cDC1s have a key role to establish a successful antitumor immune 

response. Previous published results showed that TRIMELvax vaccination induced 
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high frequency of tumor infiltrating cDC1s, but no information about this population 

and other tumor myeloid populations on B16 lysate + CCH vaccinated mice had ever 

been collected. Therefore, a broad analysis of these populations was performed to 

expand the knowledge of the tumor myeloid compartment immunomodulation due to 

vaccination (Figure 20). 

According with the previous results showing that both vaccines immunomodu-

lated the tumor infiltrating CD8+ T cells to opposing phenotypes far from the results 

obtained when analyzing PBS vaccinated mice (control), it was expected to observe 

differences in the tumor myeloid compartment due to the described relevance these 

populations have on the tumor microenvironment and on tumor infiltrating CD8+ T 

cells. Indeed, striking differences were observed in the tumor myeloid compartment 

clustering from vaccinated versus control mice as shown in the UMAP visualization 

(Figure 21). Data clustering using phenograph flow jo plug-in showed the existence of 

12 different clusters which had different frequencies among different treatments. Both 

control and B16 lysate + CCH tumors from vaccinated mice showed events distribut-

ed among all the 12 different clusters, showing a wide diversification of this compart-

ment. Although they have different frequencies, both treatments showed a similar 

cluster distribution having representation on all 12 clusters, distinct to what was ob-

served on TRIMELvax treated mice where most of the events were distributed mainly 

on clusters 1 and 3 (Figure 22). However, due to the complexity of the tumor myeloid 

compartment, it was not possible to suggest specific immune populations from the 

expression of the parameters measured using this analysis. Hence, using manual 

gating analysis, as shown in figure 23, it was possible to determine tumor associated 

neutrophils (TANs), monocytes, monocyte derived DCs (moDCs), tumor associated 

macrophages (TAMs) and conventional DCs frequencies (Figure 24). Unfortunately, 

because of technical issues, it was not possible to determine cDC1s and cDC2s, but 

it is expected to repeat this analysis in the future. Additionally, due to low experi-

mental number, only some of the populations analyzed showed statistical differences, 

however clear tendencies were observed. 

It has been shown that an increase in circulating neutrophil numbers is an in-

dicative of a worsened prognosis in several cancer types such as gliomas, lung, and 
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esophageal cancer [153–155]. Indeed, in a large cohort of advanced melanoma pa-

tients who received ipilimumab, baseline neutrophilia was significantly associated with 

an increased risk of death and disease progression [156]. Additionally, tumor cells 

can secrete chemokines, like IL-8, as well as GRO chemokines (CXCL1/2/3) 

and TGF-β to induce neutrophil migration to the primary tumor at early stages and 

then allowing their infiltration at advanced stages [157,158]. Neutrophils can promote 

tumor development through several mechanisms such as reactive oxygen species 

production, secretion of Matrix Metalloproteinase 9 (MMP9), Interleukin 17 (IL-17), 

Vascular Endothelial Growth Factor (VEGF) and angiogenesis induction among other 

effects [92,159–163]. Therefore, it was expected to observe a decrease in this popu-

lation frequency on TRIMELvax vaccinated tumors in comparison to control mice. 

However, B16 lysate + CCH vaccinated mice, although not statistically significant, 

also showed a decrease in this population frequency when compared to control mice 

(Figure 24). This was unexpected, but it may be possible that in this setting, TANs 

may not have a critical role or that at this timepoint no differences can be observed. 

Beside tumor neutrophil recruitment, neutrophil polarization towards either a pro or 

anti tumoral phenotype should also be addressed. Therefore, analyzing TANs at an 

earlier stage and/or circulating neutrophils in TRIMELvax pre-clinical model is desira-

ble. 

In this regard, neutrophils can promote macrophage polarization and recruit-

ment to inflammation sites by Interleukin 8 (IL-8), TNF-α and myeloperoxidase secre-

tion [164,165]. Although direct interaction between TANs and TAMs in the TME has 

not been well established, data obtained from hepatocellular carcinoma suggests 

TANs can recruit TAMs to the TME promoting tumor progression highlighting the im-

portance of this interaction [166]. Interestingly, a similar result to what was observed 

with TANs frequency was observed when analyzing TAMs frequency in the TME. 

Both TRIMELvax and B16 lysate + CCH vaccinated mice showed lower frequencies 

of TAMs when compared to tumors from control mice (only statistically significant 

when comparing B16 lysate + CCH vaccinated mice with control mice), which sup-

ports the hypothesis of a possible TANs-TAMs interaction in the TME (Figure 24).  

Additionally, the study of TAMs origin has shown that both tissue-resident macro-
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phages and circulating inflammatory monocytes could be sources of TAMs develop-

ment [46,167,168]. In this regard, monocytes are circulating cells able to migrate in-

side tissues in response to damage signals and can be recruited to the TME, where 

they locally mainly differentiate into: TAMs, tumor infiltrating DCs and myeloid derived 

suppressor cells [169].  Although no statistical differences were determined in tumor 

infiltrating monocyte frequencies between different treatments, it was suggested that 

TRIMELvax might diminish this population in comparison to B16 lysate + CCH vac-

cinated mice and control mice. This result is in accordance with what was observed 

when evaluating monocyte derived DCs, where TRIMELvax seems to decrease the 

frequency of this population. Although these results can only be suggested, they 

would agree with the hypothesis that TRIMELvax vaccination promotes an im-

munostimulatory tumor microenvironment rather than an immunosuppressive one as 

observed on B16 lysate + CCH vaccinated mice and control mice. Therefore, these 

experiments should be reproduced to determine if these differences are statistically 

significant. 

Finally, tumor infiltrating cDCs frequency was evaluated (Figure 24). As al-

ready published, TRIMELvax vaccinated mice showed high frequencies of this popu-

lation when compared to control mice (no statistical difference), but this increase was 

even higher when compared to B16 lysate + CCH vaccinated mice. Although it might 

have been expected to observe a lower frequency of cDCs on B16 lysate + CCH vac-

cinated mice due to the lack of antitumor response observed with this treatment, the 

fact that cDCs frequency was even lower than control mice was unexpected.  Not on-

ly B16 lysate + CCH vaccination promoted PD-1 expression on tumor infiltrating CD8+ 

T cells (Figure 14) but also it seems to diminish cDCs tumor infiltration.   

Even though several differences were observed in the tumor myeloid com-

partment, the frequency of cDCs was the only parameter where a clear difference 

between TRIMELvax and B16 lysate + CCH was observed (Figure 24).  Although it is 

not possible to determine possible differences between tumor infiltrating cDC1s and 

cDC2s in this analysis, previous published results showed that TRIMELvax promoted 

only an increase in cDC1s frequency. cDC1s are specialized on taking up tumor as-

sociated antigens and transport them to tumor-draining lymph nodes where they can 
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cross-prime anti-tumor CD8+ T cells [65,74]. Additionally, cDC1 play a key role within 

tumors themselves by attracting T cells [67], re-stimulating and expanding tumor spe-

cific CD8+ T cells [66] and supporting T cell effector function by IL-12 secretion [10]. 

Indeed, therapeutic strategies aimed to increase tumor infiltrating cDC1 abundance or 

activation may promote anti-tumor immunity potentially increasing cancer patients’ 

responsiveness to immunotherapy [66,67,74]. Unfortunately, the mechanisms under-

lying cDC1 recruitment at the tumor site are still not totally clear. However, it has been 

described that natural killer (NK) cells that produce the cDC1 chemo attractants CCL5 

and XCL1 promote cDC1 tumor infiltration. Remarkably, tumor cells can produce 

prostaglandin E2 (PGE2) which leads to evasion of the NK cell-cDC1 axis, partly by 

impairing NK cell viability and chemokine production, along with downregulating 

cDC1s chemokine receptor expression [170]. Unfortunately, previous published re-

sults showed no differences in tumor infiltrating NK cells in tumors from TRIMELvax 

vaccinated mice compared to control mice suggesting other mechanisms might be 

involved [125]. 

Since the aim of this analysis was to find possible mechanisms by which 

TRIMELvax could diminish tumor infiltrating CD8+ T cell exhaustion, which was exac-

erbated on B16 lysate + CCH vaccinated mice, cDC population raised as an interest-

ing target for further analysis. As previously mentioned, a recently described DC acti-

vation state termed “DC3”/” mREG” has been proposed to be a conservated state 

among different types of human cancers that when modulated might contribute to an-

titumor responses [70,78,79]. 

DC3s IL-12 production has been suggested one of their main characteristics 

when IL-4 signaling has been blocked. This was quite interesting since IL-12 signaling 

has been shown to diminish TOX expression [83]. However, during the experiments 

of tumor myeloid compartment determination, it was not possible to address any data 

about activation status. Hence, the next step was to evaluate the activation status of 

tumor infiltrating cDCs after vaccination, expecting that tumor infiltrating cDCs from 

TRIMELvax vaccinated mice should have a DC3-like phenotype. 

Unfortunately, due to pandemic issues, it was not possible to evaluate this 

phenotype in the B16-F10 in vivo murine model, hence an in vitro approach was 
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used. Several strategies have been used to generate DCs in vitro, being the most 

used either GM-CSF generated BMDCs or FLT3-L generated BMDCs (FL-DCs). In 

collaboration with Dr. Fabiola Osorio, FLT3-L model was used to obtain cDCs with a 

closer resemblance to physiologically cDCs since GM-DCs had been reported to re-

semble monocyte derived DCs and macrophages rather than cDCs. FL-DCs cultures 

allow the segregation of 3 populations resembling: cDC1s, cDC2s and to a lesser ex-

tend plasmacytoid DCs (pDCs) [171,172]. Therefore, using FL-DCs approach, char-

acterization of cDCs after vaccines stimulation was determined.  

As seen on figure 25.A, FL-DCs were stimulated for 18 hours with; 

TRIMELvax, B16 lysate + CCH, LPS (positive control of activation) or NT (not treat-

ed). Additionally, to further characterize the role of each component of TRIMELvax 

vaccine, FL-DCs were stimulated with either lysates (TRIMELvax without CCH) or 

CCH. In vitro experiments had an important delay since technical issues were detect-

ed in the culture rooms and incubators. However, after a few attempts it was possible 

to perform this experiment. On figure 25.B, it is shown a representative zebra plot of 

the FL-DCs obtained after the 7-day bone marrow DC generation culture and before 

any stimuli is applied. It is possible to determine the generation of cDCs-like cells, 

which can be segregated into cDC1s (XCR-1+ expressing cells) and cDC2s (Sir1a+ 

expressing cells). To further characterize the activated DC3-like phenotype, induction 

of several key receptors has been described. Hence, CD86, PD-L1, CD40, CCR7 and 

IL-15R were evaluated after 18 hours of stimulation.  The determination of the levels 

of expression of each receptor, using mean fluorescence intensity, was determined in 

the 3 populations evaluated: total cDCs (Figure 26), cDC1s (Figure 27) and cDC2s 

(Figure 28). For every parameter measured, LPS treatment showed the highest in-

duction level when compared to unstimulated DCs (NT). In general, both vaccines 

and lysates treatment induced the expression of the different receptors analyzed 

when compared to NT condition but usually it was lower than those obtained after 

LPS treatment. This was expected since previous results had shown that CD86 is 

upregulated after stimulation using conditioned tumor cell lysates or TRIMELvax. Ad-

ditionally, CCH treatment didn’t promote the induction of any of the receptors evaluat-

ed being similar to what was observed in the NT condition. This was also expected 
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since the lack of CD86 induction after CCH stimulation on FL-DCs had previously 

been published [125]. In addition, cDC1s showed higher induction levels of PD-L1 

and CCR7 when compared to cDC2s after stimulation using conditioned tumor cell 

lysates containing conditions (TRIMELvax, B16 lysate + CCH and lysates) and LPS. It 

is suggested that there is also a similar situation with CD40 induction levels, however, 

is not as clear as CCR7 and PD-L1 induction. Interestingly, as already mentioned, 

cDC1s are the main immune population to uptake tumor dead cells and perform cross 

presentation of tumor associated antigens to T cells. Therefore, it seems coherent 

that this cDC subpopulation had higher levels of activation, since previous published 

results had suggested cDC1s have higher phagocytic abilities when up taking condi-

tioned tumor cell lysates in vitro [125]. Interestingly, although there was not a statisti-

cal significance when evaluating IL-15R expression, it is suggested that conditioned 

tumor cell lysate stimulation promoted IL-15R expression in cDC1s rather than 

cDC2s. Nonetheless with such a small experimental number (n=3) it is not possible to 

determine if there is a real effect mainly on cDC1s, hence increasing the experimental 

number would be interesting to address this phenomenon. 

Additionally, the analysis of CD40/PD-L1 co-expression was performed as a 

hallmark for DC3 activation. Remarkably, results showed that conditioned tumor cell 

lysate have similar induction levels as LPS. Indeed, when evaluating IL-12 production 

which is a key cytokine for antitumoral responses, it is suggested conditioned tumor 

cell lysate also promoted IL-12 production being TRIMELvax and lysates condition 

the highest ones (Figure 29).  

Therefore, these results confirmed previously published results from our group, 

indicating that conditioned tumor cell lysates have a strong stimulating capacity over 

murine and human DCs [117,125]. Also, it has been described that conditioned tumor 

cells lysates comprise several DAMPs such as ATP, HMGB1 and calreticulin which 

account for lysates DC maturation capacity [117,123,124]. Indeed, patients with pol-

ymorphisms in TLR4 showed lower levels of DC maturation after conditioned tumor 

cell lysate stimuli, indicating the importance of tumor cell lysates as DC maturation 

signals (DAMPs) providers as their role as sources of tumor associated antigens 

[173].  
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As seen on figures 26, 27, 28, 29 and 30, B16 lysate + CCH showed similar 

capacity on promoting DC maturation and possibly a DC3-like state as TRIMELvax in 

vitro. These results are not coherent with the fact that B16 lysate + CCH vaccination 

lacks antitumoral effect on the B16-F10 murine model. Hence, it may possible that in 

vivo results might show differences in their activation levels when compared to 

TRIMELvax. Additionally, B16 lysate + CCH vaccination does not promote tumor DC 

recruitment as seen on tumors from TRIMELvax vaccinated mice, hence suggesting 

that although cDCs may be activated with B16 lysate + CCH vaccination, other tumor 

DC recruitment signals are lacking or their migration and/or infiltration capacity is low-

er than cDCs from TRIMELvax vaccinated mice. As the TME from TRIMELvax com-

pared to B16 lysate + CCH is clearly different as seen on most of the results showed 

using the in vivo approach, it is likely that the presence of other tumor immune popu-

lations might be relevant as already mentioned with NK cells. Therefore, this might be 

an interesting phenomenon to address in the future. 

Overall, these results suggest TRIMELvax promotes a specific tumor microen-

vironment with low presence of immunomodulatory populations such as TANs and 

TAMs, and highly enriched on tumor infiltrating cDCs which might partly account for 

the striking differences observed on tumor infiltrating CD8+ T cells phenotype. It is 

likely, that these differences on the TME promoted by TRIMELvax vaccination, might 

affect T cell differentiation promoting central memory and naïve-like T cells with pos-

sible progenitor features. In this regard, as new literature has shown the relevance of 

tumor draining lymphnodes in the maintenance of an effective antitumor response, by 

feeding the tumoral niche with progenitor CD8+ T cells, it might be possible that 

TRIMELvax also immunomodulates the initial response occurring on this site. As the 

experimental design used for this work only analyzed tumor and LNs at day 18-20, it 

is highly desirable to, in future experiments, study the role of TdLN during TRIMELvax 

treatment, suggesting early analysis of TdLN might show interesting effects of vac-

cination that might account for the antitumoral effect of this vaccine. 

Finally, these results unraveled possible ways by which TRIMELvax promotes 

an effective antitumor response. Additionally, using the B16 lysate + CCH vaccina-

tion, it was possible to determine how conditioned tumor cell lysates might promote 
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antitumoral activity, such as DC tumor infiltration and tumor infiltrating CD8+ T cell 

phenotype. Additionally, this knowledge will be increased as a TRIMELvax clinical 

trial on advanced melanoma patients is now taking place. All the data obtained from 

this work helped in the selection of immune parameters evaluated on enrolled pa-

tients, hence contributing with the current work from our group.  

As combinatorial immunotherapies have arisen as an interesting therapeutic 

approach for cancer patients due to this highly multifactorial disease. TRIMELvax 

might be an interesting candidate for this kind of combinatorial therapies. Although, 

when combined with anti-PD-1 treatment no improvement was observed [125], it is 

possible that other therapeutic strategies or other therapeutic schemes or even differ-

ent cancer types might enable an enhancement of TRIMELvax antitumoral capacity 

making it an interesting field to work on. 
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XI.  FINAL REMARKS 

 

 

As shown on Figure 31, several conclusions were obtained from the present work and 

are described below. 

 

1. TRIMELvax vaccination diminished the acquisition of an exhausted profile on 

tumor infiltrating CD8+ T cells when compared to control PBS vaccinated mice. 

2. The use of B16 lysate + CCH vaccination, as a “control lysate”, showed that 

tumor infiltration of CD8+ T cells is not sufficient to promote an effective antitumor re-

sponse. This vaccination in addition to inducing CD8+ T cell infiltration, promoted a 

CD8+ T cell exhausted phenotype in concordance with its lack of antitumor capacity. 

3. TRIMELvax vaccination promoted tumor infiltration of CD8+ T cells with a cen-

tral memory or naïve-like phenotypes rather than effector memory phenotype as seen 

on control and B16 lysate + CCH vaccinated mice. This naïve-like population might 

have progenitor potential, hence further studies are taking place. 

Figure 31. Results summary 
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4. TRIMELvax vaccination modulated the tumor myeloid compartment by de-

creasing TANs, TAMs and possibly monocytes/mono DCs when compared to control 

mice. This is coherent since, TANs, TAMs and tumor infiltrating monocytes/mono 

DCs have been described to have pro tumoral effects. 

5. TRIMELvax vaccination promoted cDCs tumor infiltration, as already published 

[125]. However, it was possible to determine that B16 lysate + CCH vaccination 

lacked this capacity in accordance with its absence of antitumoral capacity. This re-

sult might be associated with the CD8+ T cell exhausted phenotype seen on these 

mice, since the relevance of cDCs on promoting CD8+ T cell antitumor responses. 

However more studies are necessary addressing this interaction. 

6. Conditioned tumor cell lysates promoted FL-cDC maturation in vitro, possibly 

inducing a DC3-like activation state. 

Finally, TRIMELvax vaccination not only promoted DC and CD8+ T cell tumor 

infiltration but also immunomodulated tumor infiltrating CD8+ T cells diminishing T cell 

exhausted phenotype and inducing a possible CD8+ T cell progenitor-like population. 

Additionally, conditioned tumor cell lysates showed an interesting capacity to induce 

not only DC maturation but possibly a DC3-like activation state with high antitumor 

capacity. This activation might be relevant in the promotion of tumor infiltrating CD8+ T 

cell progenitor like phenotype seeing on TRIMELvax vaccinated mice. Therefore, 

TRIMELvax might exert it antitumoral effect by modulating different immune popula-

tions which are relevant for an effective antitumor response (Figure 32). 
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Figure 32.  TRIMELvax exerts its antitumor effect by modulating different immune 

populations. 

In the present work TRIMELvax role in diminishing T cell exhaustion, and promotion of 

infiltration/ activation of cDCs was addressed. Additionally, it is suggested the CD8+ T cell 

effector response might be also improved. 

 

 

  

 

 

 

 

 

 

 



 | 89  

 

XII. BIBLIOGRAPHY 
 

 

[1] D. Hanahan, R.A. Weinberg, Hallmarks of cancer: The next generation, Cell. 

144 (2011) 646–674. https://doi.org/10.1016/j.cell.2011.02.013. 

[2] G.P. Dunn, A.T. Bruce, H. Ikeda, L.J. Old, R.D. Schreiber, Cancer 

immunoediting : from immuno- surveillance to tumor escape, Nat. Immunol. 3 

(2002) 991–998. https://doi.org/10.1038/ni1102-991. 

[3] D.S. Chen, I. Mellman, Oncology meets immunology: The cancer-immunity 

cycle, Immunity. 39 (2013) 1–10. https://doi.org/10.1016/j.immuni.2013.07.012. 

[4] W.H. Clark, Tumour progression and the nature of cancer, Br. J. Cancer. 64 

(1991) 631–644. https://doi.org/10.1038/bjc.1991.375. 

[5] E. Sato, S.H. Olson, J. Ahn, B. Bundy, H. Nishikawa, F. Qian, A.A. Jungbluth, 

D. Frosina, S. Gnjatic, C. Ambrosone, J. Kepner, T. Odunsi, G. Ritter, S. Lele, 

Y.-T. Chen, H. Ohtani, L.J. Old, K. Odunsi, Intraepithelial CD8+ tumor-

infiltrating lymphocytes and a high CD8+/regulatory T cell ratio are associated 

with favorable prognosis in ovarian cancer, Proc. Natl. Acad. Sci. 102 (2005) 

18538–18543. https://doi.org/10.1073/pnas.0509182102. 

[6] G. Jerome, A. Costes, F. Sanchez-Cabo, A. Kirilovsky, B. Mlecnik, C. Lagorce-

Pages, M. Tosolini, Type, Density, and location of immune cells within human 

colorectal tumors predict clinical outcome, Science (80-. ). 313 (2006) 1220–

1225. https://doi.org/10.1126/science.1229223. 

[7] P. Sharma, Y. Shen, S. Wen, S. Yamada, A.A. Jungbluth, S. Gnjatic, D.F. 

Bajorin, V.E. Reuter, H. Herr, L.J. Old, E. Sato, CD8 tumor-infiltrating 

lymphocytes are predictive of survival in muscle-invasive urothelial carcinoma, 

Proc. Natl. Acad. Sci. U. S. A. 104 (2007) 3967–3972. 

https://doi.org/10.1073/pnas.0611618104. 

[8] S.M.A. Mahmoud, E.C. Paish, D.G. Powe, R.D. Macmillan, M.J. Grainge, 

A.H.S. Lee, I.O. Ellis, A.R. Green, Tumor-infiltrating CD8+ lymphocytes predict 

clinical outcome in breast cancer, J. Clin. Oncol. 29 (2011) 1949–1955. 

https://doi.org/10.1200/JCO.2010.30.5037. 

[9] J.L. Carstens, P.C. De Sampaio, D. Yang, S. Barua, H. Wang, A. Rao, J.P. 



 | 90  

 

Allison, V.S. Le Bleu, R. Kalluri, Spatial computation of intratumoral T cells 

correlates with survival of patients with pancreatic cancer, Nat. Commun. 8 

(2017). https://doi.org/10.1038/ncomms15095. 

[10] B. Ruffell, D. Chang-Strachan, V. Chan, A. Rosenbusch, C.M.T. Ho, N. Pryer, 

D. Daniel, E.S. Hwang, H.S. Rugo, L.M. Coussens, Macrophage IL-10 Blocks 

CD8+T Cell-Dependent Responses to Chemotherapy by Suppressing IL-12 

Expression in Intratumoral Dendritic Cells, Cancer Cell. 26 (2014) 623–637. 

https://doi.org/10.1016/j.ccell.2014.09.006. 

[11] G. Liu, K. Yang, S. Burns, S. Shrestha, H. Chi, The S1P(1)-mTOR axis directs 

the reciprocal differentiation of T(H)1 and T(reg) cells., Nat. Immunol. (2010) 1–

11. https://doi.org/10.1038/ni.1939. 

[12] L. Yang, Y. Pang, H.L. Moses, TGF-beta and immune cells: an important 

regulatory axis in the tumor microenvironment and progression., Trends 

Immunol. 31 (2010) 220–7. https://doi.org/10.1016/j.it.2010.04.002. 

[13] V.P. Chekhonin, S.A. Shein, A.A. Korchagina, O.I. Gurina, VEGF in Tumor 

Progression and Targeted Therapy, Curr. Cancer Drug Targets. 13 (2013) 423–

443. https://doi.org/10.2174/15680096113139990074. 

[14] A. Costa, A. Scholer-Dahirel, F. Mechta-Grigoriou, The role of reactive oxygen 

species and metabolism on cancer cells and their microenvironment, Semin. 

Cancer Biol. 25 (2014) 23–32. 

https://doi.org/10.1016/j.semcancer.2013.12.007. 

[15] R.B. Holmgaard, D. Zamarin, Y. Li, B. Gasmi, D.H. Munn, J.P. Allison, T. 

Merghoub, J.D. Wolchok, Tumor-Expressed IDO Recruits and Activates 

MDSCs in a Treg-Dependent Manner, Cell Rep. 13 (2015) 412–424. 

https://doi.org/10.1016/j.celrep.2015.08.077. 

[16] F. Ghiringhelli, M. Bruchard, F. Chalmin, C. Rébé, Production of adenosine by 

ectonucleotidases: A key factor in tumor immunoescape, J. Biomed. Biotechnol. 

2012 (2012). https://doi.org/10.1155/2012/473712. 

[17] K. Kobayashi, K. Omori, T. Murata, Role of prostaglandins in tumor 

microenvironment, (2018). https://doi.org/10.1007/s10555-018-9740-2. 

[18] B. Wegiel, M. Vuerich, S. Daneshmandi, P. Seth, Metabolic Switch in the 



 | 91  

 

Tumor Microenvironment Determines Immune Responses to Anti-cancer 

Therapy, Front. Oncol. 8 (2018) 284. https://doi.org/10.3389/fonc.2018.00284. 

[19] D. Lindau, P. Gielen, M. Kroesen, P. Wesseling, G.J. Adema, The 

immunosuppressive tumour network: Myeloid-derived suppressor cells, 

regulatory T cells and natural killer T cells, Immunology. 138 (2013) 105–115. 

https://doi.org/10.1111/imm.12036. 

[20] V. Kumar, D.I. Gabrilovich, Hypoxia-inducible factors in regulation of immune 

responses in tumour microenvironment, Immunology. 143 (2014) 512–519. 

https://doi.org/10.1111/imm.12380. 

[21] M. Abaza, Y.A. Luqmani, The influence of pH and hypoxia on tumor metastasis, 

Expert Rev. Anticancer Ther. 13 (2013) 1229–1242. 

https://doi.org/10.1586/14737140.2013.843455. 

[22] W.H. Fridman, L. Zitvogel, C. Sautès-Fridman, G. Kroemer, The immune 

contexture in cancer prognosis and treatment, Nat. Rev. Clin. Oncol. 14 (2017) 

717–734. https://doi.org/10.1038/nrclinonc.2017.101. 

[23] S. Spranger, R.M. Spaapen, Y. Zha, J. Williams, Y. Meng, T.T. Ha, T.F. 

Gajewski, Up-regulation of PD-L1, IDO, and Tregs in the melanoma tumor 

microenvironment is driven by CD8+ T cells, Sci. Transl. Med. 5 (2013). 

https://doi.org/10.1126/scitranslmed.3006504. 

[24] E.J. Wherry, T cell exhaustion., Nat. Immunol. 131 (2011) 492–9. 

https://doi.org/10.1038/ni.2035. 

[25] E.J. Wherry, M. Kurachi, Molecular and cellular insights into T cell exhaustion, 

Nat. Rev. Immunol. 15 (2015) 486–499. https://doi.org/10.1038/nri3862. 

[26] S.D. Blackburn, H. Shin, G.J. Freeman, E.J. Wherry, Selective expansion of a 

subset of exhausted CD8 T cells by αPD-L1 blockade, Proc. Natl. Acad. Sci. U. 

S. A. 105 (2008) 15016–15021. https://doi.org/10.1073/pnas.0801497105. 

[27] V.K. Kuchroo, A.C. Anderson, C. Petrovas, Coinhibitory receptors and CD8 T 

cell exhaustion in chronic infections, Curr. Opin. HIV AIDS. 9 (2014) 439–445. 

https://doi.org/10.1097/COH.0000000000000088. 

[28] L. Baitsch, P. Baumgaertner, E. Devêvre, S.K. Raghav, A. Legat, L. Barba, S. 

Wieckowski, H. Bouzourene, B. Deplancke, P. Romero, N. Rufer, D.E. Speiser, 



 | 92  

 

Exhaustion of tumor-specific CD8 + T cells in metastases from melanoma 

patients Find the latest version : Exhaustion of tumor-specific CD8 + T cells in 

metastases from melanoma patients, J. Clin. Invest. 121 (2011) 2350–2360. 

https://doi.org/10.1172/JCI46102.2350. 

[29] A.C. Scott, F. Dündar, P. Zumbo, S.S. Chandran, C.A. Klebanoff, M. Shakiba, 

P. Trivedi, L. Menocal, H. Appleby, S. Camara, D. Zamarin, T. Walther, A. 

Snyder, M.R. Femia, E.A. Comen, H.Y. Wen, M.D. Hellmann, N. 

Anandasabapathy, Y. Liu, N.K. Altorki, P. Lauer, O. Levy, M.S. Glickman, J. 

Kaye, D. Betel, M. Philip, A. Schietinger, TOX is a critical regulator of tumour-

specific T cell differentiation, Nature. 571 (2019) 270–274. 

https://doi.org/10.1038/s41586-019-1324-y. 

[30] F. Alfei, K. Kanev, M. Hofmann, M. Wu, H.E. Ghoneim, P. Roelli, D.T. 

Utzschneider, M. von Hoesslin, J.G. Cullen, Y. Fan, V. Eisenberg, D. 

Wohlleber, K. Steiger, D. Merkler, M. Delorenzi, P.A. Knolle, C.J. Cohen, R. 

Thimme, B. Youngblood, D. Zehn, TOX reinforces the phenotype and longevity 

of exhausted T cells in chronic viral infection, Nature. 571 (2019) 265–269. 

https://doi.org/10.1038/s41586-019-1326-9. 

[31] O. Khan, J.R. Giles, S. McDonald, S. Manne, S.F. Ngiow, K.P. Patel, M.T. 

Werner, A.C. Huang, K.A. Alexander, J.E. Wu, J. Attanasio, P. Yan, S.M. 

George, B. Bengsch, R.P. Staupe, G. Donahue, W. Xu, R.K. Amaravadi, X. Xu, 

G.C. Karakousis, T.C. Mitchell, L.M. Schuchter, J. Kaye, S.L. Berger, E.J. 

Wherry, TOX transcriptionally and epigenetically programs CD8+ T cell 

exhaustion, Nature. 571 (2019) 211–218. https://doi.org/10.1038/s41586-019-

1325-x. 

[32] M. Pei, W. Chai, X. Wang, Y. Duan, H. Wang, Y. Xi, W. Mou, W. Wang, X. 

Chen, H. Zhang, Q. Li, W. Song, H. Wang, X. Ma, J. Gui, The transcription 

factor TOX is involved in the regulation of T-cell exhaustion in neuroblastoma, 

Immunol. Lett. 248 (2022) 16–25. https://doi.org/10.1016/j.imlet.2022.06.004. 

[33] Y. Zhao, P. Liao, S. Huang, T. Deng, J. Tan, Y. Huang, H. Zhan, Y. Li, S. Chen, 

L. Zhong, Increased TOX expression associates with exhausted T cells in 

patients with multiple myeloma, Exp. Hematol. Oncol. 11 (2022) 1–5. 



 | 93  

 

https://doi.org/10.1186/s40164-022-00267-0. 

[34] F. Brauneck, F. Haag, R. Woost, N. Wildner, E. Tolosa, A. Rissiek, G. 

Vohwinkel, J. Wellbrock, C. Bokemeyer, J. Schulze zur Wiesch, C. Ackermann, 

W. Fiedler, Increased frequency of TIGIT+CD73-CD8+ T cells with a TOX+ 

TCF-1low profile in patients with newly diagnosed and relapsed AML, 

Oncoimmunology. 10 (2021). https://doi.org/10.1080/2162402X.2021.1930391. 

[35] C. Liang, Y. Zhao, C. Chen, S. Huang, T. Deng, X. Zeng, J. Tan, X. Zha, S. 

Chen, Y. Li, Higher TOX Genes Expression Is Associated With Poor Overall 

Survival for Patients With Acute Myeloid Leukemia, Front. Oncol. 11 (2021) 1–

9. https://doi.org/10.3389/fonc.2021.740642. 

[36] M.A. Paley, D.C. Kroy, P.M. Odorizzi, J.B. Johnnidis, D. V. Dolfi, B.E. Barnett, 

E.K. Bikoff, E.J. Robertson, G.M. Lauer, S.L. Reiner, E.J. Wherry, Progenitor 

and terminal subsets of CD8+ T cells cooperate to contain chronic viral 

infection, Science (80-. ). 338 (2012) 1220–1225. 

https://doi.org/10.1126/science.1229620. 

[37] J.C. Beltra, S. Manne, M.S. Abdel-Hakeem, M. Kurachi, J.R. Giles, Z. Chen, V. 

Casella, S.F. Ngiow, O. Khan, Y.J. Huang, P. Yan, K. Nzingha, W. Xu, R.K. 

Amaravadi, X. Xu, G.C. Karakousis, T.C. Mitchell, L.M. Schuchter, A.C. Huang, 

E.J. Wherry, Developmental Relationships of Four Exhausted CD8+ T Cell 

Subsets Reveals Underlying Transcriptional and Epigenetic Landscape Control 

Mechanisms, Immunity. 52 (2020) 825-841.e8. 

https://doi.org/10.1016/j.immuni.2020.04.014. 

[38] B. Ye, X. Liu, X. Li, H. Kong, L. Tian, Y. Chen, T-cell exhaustion in chronic 

hepatitis B infection: current knowledge and clinical significance, Cell Death 

Dis. 6 (2015) e1694. https://doi.org/10.1038/cddis.2015.42. 

[39] D. V. Sawant, H. Yano, M. Chikina, Q. Zhang, M. Liao, C. Liu, D.J. Callahan, Z. 

Sun, T. Sun, T. Tabib, A. Pennathur, D.B. Corry, J.D. Luketich, R. Lafyatis, W. 

Chen, A.C. Poholek, T.C. Bruno, C.J. Workman, D.A.A. Vignali, Adaptive 

plasticity of IL-10+ and IL-35+ Treg cells cooperatively promotes tumor T cell 

exhaustion, Nat. Immunol. 20 (2019) 724–735. https://doi.org/10.1038/s41590-

019-0346-9. 



 | 94  

 

[40] M.E. Turnis, D. V. Sawant, A.L. Szymczak-Workman, L.P. Andrews, G.M. 

Delgoffe, H. Yano, A.J. Beres, P. Vogel, C.J. Workman, D.A.A. Vignali, 

Interleukin-35 Limits Anti-Tumor Immunity, Immunity. 44 (2016) 316–329. 

https://doi.org/10.1016/j.immuni.2016.01.013. 

[41] T. Bopp, C. Becker, M. Klein, S. Klein-Heßling, A. Palmetshofer, E. Serfling, V. 

Heib, M. Becker, J. Kubach, S. Schmitt, S. Stoll, H. Schild, M.S. Staege, M. 

Stassen, H. Jonuleit, E. Schmitt, Cyclic adenosine monophosphate is a key 

component of regulatory T cell-mediated suppression, J. Exp. Med. 204 (2007) 

1303–1310. https://doi.org/10.1084/jem.20062129. 

[42] S. Deaglio, K.M. Dwyer, W. Gao, D. Friedman, A. Usheva, A. Erat, J.-F. Chen, 

K. Enjyoji, J. Linden, M. Oukka, V.K. Kuchroo, T.B. Strom, S.C. Robson, 

Adenosine generation catalyzed by CD39 and CD73 expressed on regulatory T 

cells mediates immune suppression., J. Exp. Med. 204 (2007) 1257–65. 

https://doi.org/10.1084/jem.20062512. 

[43] T. Raskovalova, A. Lokshin, X. Huang, Y. Su, M. Mandic, H.M. Zarour, E.K. 

Jackson, E. Gorelik, Inhibition of cytokine production and cytotoxic activity of 

human antimelanoma specific CD8+ and CD4+ T lymphocytes by adenosine-

protein kinase A type I signaling, Cancer Res. 67 (2007) 5949–5956. 

https://doi.org/10.1158/0008-5472.CAN-06-4249. 

[44] L. Shi, M. Feng, S. Du, X. Wei, H. Song, X. Yixin, J. Song, G. Wenxian, 

Adenosine Generated by Regulatory T Cells Induces CD8+ T Cell Exhaustion 

in Gastric Cancer through A2aR Pathway, Biomed Res. Int. 2019 (2019). 

https://doi.org/10.1155/2019/4093214. 

[45] J. Liao, D.N. Zeng, J.Z. Li, Q.M. Hua, Z. Xiao, C. He, K. Mao, L.Y. Zhu, Y. Chu, 

W.P. Wen, L. Zheng, Y. Wu, Targeting adenosinergic pathway enhances the 

anti-tumor efficacy of sorafenib in hepatocellular carcinoma, Hepatol. Int. 14 

(2020) 80–95. https://doi.org/10.1007/s12072-019-10003-2. 

[46] Y. Zhu, J.M. Herndon, D.K. Sojka, K.W. Kim, B.L. Knolhoff, C. Zuo, D.R. 

Cullinan, J. Luo, A.R. Bearden, K.J. Lavine, W.M. Yokoyama, W.G. Hawkins, 

R.C. Fields, G.J. Randolph, D.G. DeNardo, Tissue-Resident Macrophages in 

Pancreatic Ductal Adenocarcinoma Originate from Embryonic Hematopoiesis 



 | 95  

 

and Promote Tumor Progression, Immunity. 47 (2017) 323-338.e6. 

https://doi.org/10.1016/j.immuni.2017.07.014. 

[47] J. Tao, D. Han, S. Gao, W. Zhang, H. Yu, P. Liu, R. Fu, L. Li, Z. Shao, CD8+ T 

cells exhaustion induced by myeloid-derived suppressor cells in 

myelodysplastic syndromes patients might be through TIM3/Gal-9 pathway, J. 

Cell. Mol. Med. 24 (2019) 1046–1058. https://doi.org/10.1111/jcmm.14825. 

[48] K.K. Goswami, T. Ghosh, S. Ghosh, M. Sarkar, A. Bose, R. Baral, Tumor 

promoting role of anti-tumor macrophages in tumor microenvironment, Cell. 

Immunol. 316 (2017) 1–10. https://doi.org/10.1016/j.cellimm.2017.04.005. 

[49] N. Acharya, A. Madi, H. Zhang, M. Klapholz, G. Escobar, S. Dulberg, E. 

Christian, M. Ferreira, K.O. Dixon, G. Fell, K. Tooley, D. Mangani, J. Xia, M. 

Singer, M. Bosenberg, D. Neuberg, O. Rozenblatt-Rosen, A. Regev, V.K. 

Kuchroo, A.C. Anderson, Endogenous Glucocorticoid Signaling Regulates 

CD8+ T Cell Differentiation and Development of Dysfunction in the Tumor 

Microenvironment, Immunity. 53 (2020) 658-671.e6. 

https://doi.org/10.1016/j.immuni.2020.08.005. 

[50] T. Voron, O. Colussi, E. Marcheteau, S. Pernot, M. Nizard, A.L. Pointet, S. 

Latreche, S. Bergaya, N. Benhamouda, C. Tanchot, C. Stockmann, P. Combe, 

A. Berger, F. Zinzindohoue, H. Yagita, E. Tartour, J. Taieb, M. Terme, VEGF-A 

modulates expression of inhibitory checkpoints on CD8++ T cells in tumors, J. 

Exp. Med. 212 (2015) 139–148. https://doi.org/10.1084/jem.20140559. 

[51] C.G. Kim, M. Jang, Y. Kim, G. Leem, K.H. Kim, H. Lee, T.S. Kim, S.J. Choi, 

H.D. Kim, J.W. Han, M. Kwon, J.H. Kim, A.J. Lee, S.K. Nam, S.J. Bae, S.B. 

Lee, S.J. Shin, S.H. Park, J.B. Ahn, I. Jung, K.Y. Lee, S.H. Park, H. Kim, B.S. 

Min, E.C. Shin, VEGF-A drives TOX-dependent T cell exhaustion in anti-PD-1-

resistant microsatellite stable colorectal cancers, Sci. Immunol. 4 (2019) 1–18. 

https://doi.org/10.1126/sciimmunol.aay0555. 

[52] N.E. Scharping, D.B. Rivadeneira, A. V. Menk, P.D.A. Vignali, B.R. Ford, N.L. 

Rittenhouse, R. Peralta, Y. Wang, Y. Wang, K. DePeaux, A.C. Poholek, G.M. 

Delgoffe, Mitochondrial stress induced by continuous stimulation under hypoxia 

rapidly drives T cell exhaustion, Nat. Immunol. 22 (2021) 205–215. 



 | 96  

 

https://doi.org/10.1038/s41590-020-00834-9. 

[53] Y.R. Yu, H. Imrichova, H. Wang, T. Chao, Z. Xiao, M. Gao, M. Rincon-

Restrepo, F. Franco, R. Genolet, W.C. Cheng, C. Jandus, G. Coukos, Y.F. 

Jiang, J.W. Locasale, A. Zippelius, P.S. Liu, L. Tang, C. Bock, N. Vannini, P.C. 

Ho, Disturbed mitochondrial dynamics in CD8+ TILs reinforce T cell exhaustion, 

Nat. Immunol. 21 (2020) 1540–1551. https://doi.org/10.1038/s41590-020-0793-

3. 

[54] Y. Nakanishi, B. Lu, C. Gerard, A. Iwasaki, CD8 + T lymphocyte mobilization to 

virus-infected tissue requires CD4 + T-cell help, Nature. 462 (2009) 510–513. 

https://doi.org/10.1038/nature08511. 

[55] J.-C.E. Wang, A.M. Livingstone,  Cutting Edge: CD4 + T Cell Help Can Be 

Essential for Primary CD8 + T Cell Responses In Vivo , J. Immunol. 171 (2003) 

6339–6343. https://doi.org/10.4049/jimmunol.171.12.6339. 

[56] E.B. Wilson, A.M. Livingstone,  Cutting Edge: CD4 + T Cell-Derived IL-2 Is 

Essential for Help-Dependent Primary CD8 + T Cell Responses , J. Immunol. 

181 (2008) 7445–7448. https://doi.org/10.4049/jimmunol.181.11.7445. 

[57] B.J. Laidlaw, N. Zhang, H.D. Marshall, M.M. Staron, T. Guan, Y. Hu, L.S. 

Cauley, J. Craft, S.M. Kaech, CD4+ T Cell Help Guides Formation of CD103+ 

Lung-Resident Memory CD8+ T Cells during Influenza Viral Infection, Immunity. 

41 (2014) 633–645. https://doi.org/10.1016/j.immuni.2014.09.007. 

[58] T. Ahrends, A. Spanjaard, B. Pilzecker, N. Baobała, A. Bovens, Y. Xiao, H. 

Jacobs, J. Borst, CD4+T Cell Help Confers a Cytotoxic T Cell Effector Program 

Including Coinhibitory Receptor Downregulation and Increased Tissue 

Invasiveness, Immunity. (2017) 1–14. 

https://doi.org/10.1016/j.immuni.2017.10.009. 

[59] A. Arina, T. Karrison, E. Galka, K. Schreiber, R.R. Weichselbaum, H. Schreiber, 

Transfer of allogeneic CD4+ T cells rescues CD8+ T cells in anti-PD-L1-

resistant tumors leading to tumor eradication, Cancer Immunol. Res. 5 (2017) 

127–136. https://doi.org/10.1158/2326-6066.CIR-16-0293. 

[60] J. Busselaar, S. Tian, H. van Eenennaam, J. Borst, Helpless Priming Sends 

CD8+ T Cells on the Road to Exhaustion, Front. Immunol. 11 (2020) 1–12. 



 | 97  

 

https://doi.org/10.3389/fimmu.2020.592569. 

[61] R. Zander, D. Schauder, G. Xin, C. Nguyen, X. Wu, A. Zajac, W. Cui, CD4+ T 

Cell Help Is Required for the Formation of a Cytolytic CD8+ T Cell Subset that 

Protects against Chronic Infection and Cancer, Immunity. 51 (2019) 1028-

1042.e4. https://doi.org/10.1016/j.immuni.2019.10.009. 

[62] R. Zander, M.Y. Kasmani, Y. Chen, P. Topchyan, J. Shen, S. Zheng, R. Burns, 

J. Ingram, C. Cui, N. Joshi, J. Craft, A. Zajac, W. Cui, Tfh-cell-derived 

interleukin 21 sustains effector CD8+ T cell responses during chronic viral 

infection, Immunity. 55 (2022) 475-493.e5. 

https://doi.org/10.1016/j.immuni.2022.01.018. 

[63] P. Topchyan, G. Xin, Y. Chen, S. Zheng, R. Burns, J. Shen, M.Y. Kasmani, M. 

Kudek, N. Yang, W. Cui, Harnessing the il‐21‐batf pathway in the cd8+ t cell 

anti‐tumor response, Cancers (Basel). 13 (2021) 1–15. 

https://doi.org/10.3390/cancers13061263. 

[64] K. Hildner, B.T. Edelson, W.E. Purtha, M. Diamond, H. Matsushita, M. 

Kohyama, B. Calderon, B.U. Schraml, E.R. Unanue, M.S. Diamond, R.D. 

Schreiber, T.L. Murphy, K.M. Murphy, Batf3 deficiency reveals a critical role for 

CD8α+ dendritic cells in cytotoxic T cell immunity, Science (80-. ). 322 (2008) 

1097–1100. https://doi.org/10.1126/science.1164206. 

[65] E.W. Roberts, M.L. Broz, M. Binnewies, M.B. Headley, A.E. Nelson, D.M. Wolf, 

T. Kaisho, D. Bogunovic, N. Bhardwaj, M.F. Krummel, Critical Role for 

CD103+/CD141+ Dendritic Cells Bearing CCR7 for Tumor Antigen Trafficking 

and Priming of T Cell Immunity in Melanoma, Cancer Cell. 30 (2016) 324–336. 

https://doi.org/10.1016/j.ccell.2016.06.003. 

[66] M.L. Broz, M. Binnewies, B. Boldajipour, A.E. Nelson, J.L. Pollack, D.J. Erle, A. 

Barczak, M.D. Rosenblum, A. Daud, D.L. Barber, S. Amigorena, L.J. van’tVeer, 

A.I. Sperling, D.M. Wolf, M.F. Krummel, Dissecting the Tumor Myeloid 

Compartment Reveals Rare Activating Antigen-Presenting Cells Critical for T 

Cell Immunity, Cancer Cell. 26 (2014) 638–652. 

https://doi.org/10.1016/j.ccell.2014.09.007. 

[67] S. Spranger, D. Dai, B. Horton, T.F. Gajewski, Tumor-Residing Batf3 Dendritic 



 | 98  

 

Cells Are Required for Effector T Cell Trafficking and Adoptive T Cell Therapy, 

Cancer Cell. 31 (2017) 711-723.e4. https://doi.org/10.1016/j.ccell.2017.04.003. 

[68] J.P. Böttcher, E. Bonavita, P. Chakravarty, H. Blees, M. Cabeza-Cabrerizo, S. 

Sammicheli, N.C. Rogers, E. Sahai, S. Zelenay, C. Reis e Sousa, NK Cells 

Stimulate Recruitment of cDC1 into the Tumor Microenvironment Promoting 

Cancer Immune Control, Cell. 172 (2018) 1022-1037.e14. 

https://doi.org/10.1016/j.cell.2018.01.004. 

[69] M.T. Chow, A.J. Ozga, R.L. Servis, D.T. Frederick, J.A. Lo, D.E. Fisher, G.J. 

Freeman, G.M. Boland, A.D. Luster, Intratumoral Activity of the CXCR3 

Chemokine System Is Required for the Efficacy of Anti-PD-1 Therapy, 

Immunity. 50 (2019) 1498-1512.e5. 

https://doi.org/10.1016/j.immuni.2019.04.010. 

[70] G.M. Gerhard, R. Bill, M. Messemaker, A.M. Klein, M.J. Pittet, Tumor-infiltrating 

dendritic cell states are conserved across solid human cancers, J. Exp. Med. 

218 (2021). https://doi.org/10.1084/JEM.20200264. 

[71] G. Ghislat, A.S. Cheema, E. Baudoin, C. Verthuy, P.J. Ballester, K. Crozat, N. 

Attaf, C. Dong, P. Milpied, B. Malissen, N. Auphan-Anezin, T.P. Vu Manh, M. 

Dalod, T. Lawrence, NF-kB–dependent IRF1 activation programs cDC1 

dendritic cells to drive antitumor immunity, Sci. Immunol. 6 (2021). 

https://doi.org/10.1126/sciimmunol.abg3570. 

[72] K.C. Barry, J. Hsu, M.L. Broz, F.J. Cueto, M. Binnewies, A.J. Combes, A.E. 

Nelson, K. Loo, R. Kumar, M.D. Rosenblum, M.D. Alvarado, D.M. Wolf, D. 

Bogunovic, N. Bhardwaj, A.I. Daud, P.K. Ha, W.R. Ryan, J.L. Pollack, B. 

Samad, S. Asthana, V. Chan, M.F. Krummel, A natural killer–dendritic cell axis 

defines checkpoint therapy–responsive tumor microenvironments, Nat. Med. 24 

(2018) 1178–1191. https://doi.org/10.1038/s41591-018-0085-8. 

[73] A.R. Sánchez-Paulete, F.J. Cueto, M. Martínez-López, S. Labiano, A. Morales-

Kastresana, M.E. Rodríguez-Ruiz, M. Jure-Kunkel, A. Azpilikueta, M.A. Aznar, 

J.I. Quetglas, D. Sancho, I. Melero, Cancer immunotherapy with 

immunomodulatory anti-CD137 and anti–PD-1 monoclonal antibodies requires 

BATF3-dependent dendritic cells, Cancer Discov. 6 (2016) 71–79. 



 | 99  

 

https://doi.org/10.1158/2159-8290.CD-15-0510. 

[74] H. Salmon, J. Idoyaga, A. Rahman, J. Brody, F. Ginhoux, M. Merad, Expansion 

and Activation of CD103 + Dendritic Cell Progenitors at the Tumor Site 

Enhances Tumor Responses to Therapeutic PD-L1 and BRAF Inhibition Article 

Expansion and Activation of CD103 + Dendritic Cell Progenitors at the Tumor 

Site Enhances Tumor Resp, (2016) 924–938. 

https://doi.org/10.1016/j.immuni.2016.03.012. 

[75] C.S. Garris, S.P. Arlauckas, R.H. Kohler, M.P. Trefny, S. Garren, C. Piot, C. 

Engblom, C. Pfirschke, M. Siwicki, J. Gungabeesoon, G.J. Freeman, S.E. 

Warren, S.F. Ong, E. Browning, C.G. Twitty, R.H. Pierce, M.H. Le, A.P. Algazi, 

A.I. Daud, S.I. Pai, A. Zippelius, R. Weissleder, M.J. Pittet, Successful Anti-PD-

1 Cancer Immunotherapy Requires T Cell-Dendritic Cell Crosstalk Involving the 

Cytokines IFN-γ and IL-12, Immunity. 49 (2018) 1148-1161.e7. 

https://doi.org/10.1016/j.immuni.2018.09.024. 

[76] L. Hammerich, T.U. Marron, R. Upadhyay, J. Svensson-Arvelund, M. Dhainaut, 

S. Hussein, Y. Zhan, D. Ostrowski, M. Yellin, H. Marsh, A.M. Salazar, A.H. 

Rahman, B.D. Brown, M. Merad, J.D. Brody, Systemic clinical tumor 

regressions and potentiation of PD1 blockade with in situ vaccination, Nat. Med. 

25 (2019) 814–824. https://doi.org/10.1038/s41591-019-0410-x. 

[77] T. Oba, M.D. Long, T. Keler, H.C. Marsh, H. Minderman, S.I. Abrams, S. Liu, F. 

Ito, Overcoming primary and acquired resistance to anti-PD-L1 therapy by 

induction and activation of tumor-residing cDC1s, Nat. Commun. 11 (2020). 

https://doi.org/10.1038/s41467-020-19192-z. 

[78] B. Maier, A.M. Leader, S.T. Chen, N. Tung, C. Chang, J. LeBerichel, A. 

Chudnovskiy, S. Maskey, L. Walker, J.P. Finnigan, M.E. Kirkling, B. Reizis, S. 

Ghosh, N.R. D’Amore, N. Bhardwaj, C. V. Rothlin, A. Wolf, R. Flores, T. 

Marron, A.H. Rahman, E. Kenigsberg, B.D. Brown, M. Merad, A conserved 

dendritic-cell regulatory program limits antitumour immunity, Nature. 580 (2020) 

257–262. https://doi.org/10.1038/s41586-020-2134-y. 

[79] M. Di Pilato, R. Kfuri-Rubens, J.N. Pruessmann, A.J. Ozga, M. Messemaker, 

B.L. Cadilha, R. Sivakumar, C. Cianciaruso, R.D. Warner, F. Marangoni, E. 



 | 100  

 

Carrizosa, S. Lesch, J. Billingsley, D. Perez-Ramos, F. Zavala, E. Rheinbay, 

A.D. Luster, M.Y. Gerner, S. Kobold, M.J. Pittet, T.R. Mempel, CXCR6 

positions cytotoxic T cells to receive critical survival signals in the tumor 

microenvironment, Cell. 184 (2021) 4512-4530.e22. 

https://doi.org/10.1016/j.cell.2021.07.015. 

[80] N.K. Egilmez, M.O. Kilinc, Tumor-resident CD8+ T-cell: The critical catalyst in 

IL-12-mediated reversal of tumor immune suppression, Arch. Immunol. Ther. 

Exp. (Warsz). 58 (2010) 399–405. https://doi.org/10.1007/s00005-010-0097-7. 

[81] F.Z. Chowdhury, H.J. Ramos, L.S. Davis, J. Forman, J.D. Farrar, IL-12 

selectively programs effector pathways that are stably expressed in human 

CD8+ effector memory T cells in vivo, Blood. 118 (2011) 3890–3900. 

https://doi.org/10.1182/blood-2011-05-357111. 

[82] D. Lehmann, J. Spanholtz, C. Sturtzel, M. Tordoir, B. Schlechta, D. 

Groenewegen, E. Hofer, IL-12 directs further maturation of ex vivo differentiated 

NK cells with improved therapeutic potential, PLoS One. 9 (2014). 

https://doi.org/10.1371/journal.pone.0087131. 

[83] N. Page, B. Klimek, M. De Roo, K. Steinbach, H. Soldati, S. Lemeille, I. 

Wagner, M. Kreutzfeldt, G. Di Liberto, I. Vincenti, T. Lingner, G. Salinas, W. 

Brück, M. Simons, R. Murr, J. Kaye, D. Zehn, D.D. Pinschewer, D. Merkler, 

Expression of the DNA-Binding Factor TOX Promotes the Encephalitogenic 

Potential of Microbe-Induced Autoreactive CD8+ T Cells, Immunity. 48 (2018) 

937-950.e8. https://doi.org/10.1016/j.immuni.2018.04.005. 

[84] E.F. McCarthy, The toxins of William B. Coley and the treatment of bone and 

soft-tissue sarcomas., Iowa Orthop. J. 26 (2006) 154–158. 

[85] B.Y.S.A. Rosenberg, J.J. Muli, P.J. Spiess, C.M. Reichert, S.L. Schwarz, 

INTERLEUKIN, 161 (1985). 

[86] S.A. Rosenberg, M.T. Lotze, L.M. Muul, S. Leitman, A.E. Chang, S.E. 

Ettinghausen, Y.L. Matory, J.M. Skibber, E. Shiloni, J.T. Vetto, C.A. Seipp, C. 

Simpson, C.M. Reichert, Observations on the Systemic Administration of 

Autologous Lymphokine-Activated Killer Cells and Recombinant Interleukin-2 to 

Patients with Metastatic Cancer, N. Engl. J. Med. 313 (1985) 1485–1492. 



 | 101  

 

https://doi.org/10.1056/nejm198512053132327. 

[87] J.M. Kirkwood, M.H. Strawderman, M.S. Ernstoff, T.J. Smith, E.C. Borden, R.H. 

Blum, Interferon alfa-2b adjuvant therapy of high-risk resected cutaneous 

melanoma: The Eastern Cooperative Oncology Group trial EST 1684, J. Clin. 

Oncol. 14 (1996) 7–17. https://doi.org/10.1200/JCO.1996.14.1.7. 

[88] P. Mohr, A. Hauschild, U. Trefzer, A. Enk, W. Tilgen, C. Loquai, H. Gogas, T. 

Haalck, J. Koller, R. Dummer, R. Gutzmer, N. Brockmeyer, E. Hölzle, C. 

Sunderkötter, C. Mauch, A. Stein, L.A. Schneider, M. Podda, D. Göppner, D. 

Schadendorf, M. Weichenthal, Intermittent high-dose intravenous interferon 

alfa-2b for adjuvant treatment of stage III melanoma: Final analysis of a 

randomized phase III dermatologic cooperative oncology group trial, J. Clin. 

Oncol. 33 (2015) 4077–4084. https://doi.org/10.1200/JCO.2014.59.6932. 

[89] A.M.M. Eggermont, S. Suciu, P. Rutkowski, W.H. Kruit, C.J. Punt, R. Dummer, 

F. Salès, U. Keilholz, G. De Schaetzen, A. Testori, Long term follow up of the 

EORTC 18952 trial of adjuvant therapy in resected stage IIB-III cutaneous 

melanoma patients comparing intermediate doses of interferon-alpha-2b (IFN) 

with observation: Ulceration of primary is key determinant for IFN-sensitivity, 

Eur. J. Cancer. 55 (2016) 111–121. https://doi.org/10.1016/j.ejca.2015.11.014. 

[90] D.L. Porter, B.L. Levine, M. Kalos, A. Bagg, C.H. June, Chimeric Antigen 

Receptor–Modified T Cells in Chronic Lymphoid Leukemia, N. Engl. J. Med. 

365 (2011) 725–733. https://doi.org/10.1056/nejmoa1103849. 

[91] R.A. Morgan, M.E. Dudley, J.R. Wunderlich, M.S. Hughes, J.C. Yang, R.M. 

Sherry, R.E. Royal, S.L. Topalían, U.S. Kammula, N.P. Restifo, Z. Zheng, A. 

Nahvi, C.R. De Vries, L.J. Rogers-Freezer, S.A. Mavroukakis, S.A. Rosenberg, 

Cancer regression in patients after transfer of genetically engineered 

lymphocytes, Science (80-. ). 314 (2006) 126–129. 

https://doi.org/10.1126/science.1129003. 

[92] D.M. Kuang, Q. Zhao, Y. Wu, C. Peng, J. Wang, Z. Xu, X.Y. Yin, L. Zheng, 

Peritumoral neutrophils link inflammatory response to disease progression by 

fostering angiogenesis in hepatocellular carcinoma, J. Hepatol. 54 (2011) 948–

955. https://doi.org/10.1016/j.jhep.2010.08.041. 



 | 102  

 

[93] S. Yu, M. Yi, S. Qin, K. Wu, Next generation chimeric antigen receptor T cells: 

Safety strategies to overcome toxicity, Mol. Cancer. 18 (2019). 

https://doi.org/10.1186/s12943-019-1057-4. 

[94] J.F. Vansteenkiste, B.C. Cho, T. Vanakesa, T. De Pas, M. Zielinski, M.S. Kim, 

J. Jassem, M. Yoshimura, J. Dahabreh, H. Nakayama, L. Havel, H. Kondo, T. 

Mitsudomi, K. Zarogoulidis, O.A. Gladkov, K. Udud, H. Tada, H. Hoffman, A. 

Bugge, P. Taylor, E.E. Gonzalez, M.L. Liao, J. He, J.L. Pujol, J. Louahed, M. 

Debois, V. Brichard, C. Debruyne, P. Therasse, N. Altorki, Efficacy of the 

MAGE-A3 cancer immunotherapeutic as adjuvant therapy in patients with 

resected MAGE-A3-positive non-small-cell lung cancer (MAGRIT): a 

randomised, double-blind, placebo-controlled, phase 3 trial, Lancet Oncol. 17 

(2016) 822–835. https://doi.org/10.1016/S1470-2045(16)00099-1. 

[95] T. Saito, H. Wada, M. Yamasaki, H. Miyata, H. Nishikawa, E. Sato, S. 

Kageyama, H. Shiku, M. Mori, Y. Doki, High expression of MAGE-A4 and MHC 

class I antigens in tumor cells and induction of MAGE-A4 immune responses 

are prognostic markers of CHP-MAGE-A4 cancer vaccine, Vaccine. 32 (2014) 

5901–5907. https://doi.org/10.1016/j.vaccine.2014.09.002. 

[96] S. Ueda, Y. Miyahara, Y. Nagata, E. Sato, T. Shiraishi, N. Harada, H. Ikeda, H. 

Shiku, S. Kageyama, NY-ESO-1 antigen expression and immune response are 

associated with poor prognosis in MAGE-A4-vaccinated patients with 

esophageal or head/neck squamous cell carcinoma, Oncotarget. 9 (2018) 

35997–36011. https://doi.org/10.18632/oncotarget.26323. 

[97] D. McDermott, J. Haanen, T.T. Chen, P. Lorigan, S. O’Day, Efficacy and safety 

of ipilimumab in metastatic melanoma patients surviving more than 2 years 

following treatment in a phase III trial (MDX010-20), Ann. Oncol. 24 (2013) 

2694–2698. https://doi.org/10.1093/annonc/mdt291. 

[98] P.A. Ott, Z. Hu, D.B. Keskin, S.A. Shukla, J. Sun, D.J. Bozym, W. Zhang, A. 

Luoma, A. Giobbie-Hurder, L. Peter, C. Chen, O. Olive, T.A. Carter, S. Li, D.J. 

Lieb, T. Eisenhaure, E. Gjini, J. Stevens, W.J. Lane, I. Javeri, K. Nellaiappan, 

A.M. Salazar, H. Daley, M. Seaman, E.I. Buchbinder, C.H. Yoon, M. Harden, N. 

Lennon, S. Gabriel, S.J. Rodig, D.H. Barouch, J.C. Aster, G. Getz, K. 



 | 103  

 

Wucherpfennig, D. Neuberg, J. Ritz, E.S. Lander, E.F. Fritsch, N. Hacohen, 

C.J. Wu, An immunogenic personal neoantigen vaccine for patients with 

melanoma, Nature. 547 (2017) 217–221. https://doi.org/10.1038/nature22991. 

[99] A.J. Stephens, N.A. Burgess-Brown, S. Jiang, Beyond Just Peptide Antigens: 

The Complex World of Peptide-Based Cancer Vaccines, Front. Immunol. 12 

(2021) 1–14. https://doi.org/10.3389/fimmu.2021.696791. 

[100] E.J. Lipson, W.H. Sharfman, S. Chen, T.L. McMiller, T.S. Pritchard, J.T. Salas, 

S. Sartorius-Mergenthaler, I. Freed, S. Ravi, H. Wang, B. Luber, J.D. Sproul, 

J.M. Taube, D.M. Pardoll, S.L. Topalian, Safety and immunologic correlates of 

Melanoma GVAX, a GM-CSF secreting allogeneic melanoma cell vaccine 

administered in the adjuvant setting, J. Transl. Med. 13 (2015) 1–14. 

https://doi.org/10.1186/s12967-015-0572-3. 

[101] D.T. Le, E. Lutz, J.N. Uram, E.A. Sugar, B. Onners, S. Solt, L. Zheng, L.A. 

Diaz, R.C. Donehower, E.M. Jaffee, D.A. Laheru, Evaluation of ipilimumab in 

combination with allogeneic pancreatic tumor cells transfected with a GM-CSF 

gene in previously treated pancreatic cancer, J. Immunother. 36 (2013) 382–

389. https://doi.org/10.1097/CJI.0b013e31829fb7a2. 

[102] J. Nemunaitis, T. Jahan, H. Ross, D. Sterman, D. Richards, B. Fox, D. Jablons, 

J. Aimi, A. Lin, K. Hege, Phase 1/2 trial of autologous tumor mixed with an 

allogeneic GVAX® vaccine in advanced-stage non-small-cell lung cancer, 

Cancer Gene Ther. 13 (2006) 555–562. https://doi.org/10.1038/sj.cgt.7700922. 

[103] L.H. Butterfield, L. Vujanovic, P.M. Santos, D.M. Maurer, A. Gambotto, J. Lohr, 

C. Li, J. Waldman, U. Chandran, Y. Lin, H. Lin, H.A. Tawbi, A.A. Tarhini, J.M. 

Kirkwood, Multiple antigen-engineered DC vaccines with or without IFNα to 

promote antitumor immunity in melanoma, J. Immunother. Cancer. 7 (2019) 1–

15. https://doi.org/10.1186/s40425-019-0552-x. 

[104] A.K. Palucka, H. Ueno, J. Connolly, F. Kerneis-Norvell, J.P. Blanck, D.A. 

Johnston, J. Fay, J. Banchereau, Dendritic cells loaded with killed allogeneic 

melanoma cells can induce objective clinical responses and MART-1 specific 

CD8+ T-cell immunity, J. Immunother. 29 (2006) 545–557. 

https://doi.org/10.1097/01.cji.0000211309.90621.8b. 



 | 104  

 

[105] S. Wilgenhof, A.M.T. Van Nuffel, J. Corthals, C. Heirman, S. Tuyaerts, D. 

Benteyn, A. De Coninck, I. Van Riet, G. Verfaillie, J. Vandeloo, A. Bonehill, K. 

Thielemans, B. Neyns, Therapeutic vaccination with an autologous mRNA 

electroporated dendritic cell vaccine in patients with advanced melanoma, J. 

Immunother. 34 (2011) 448–456. 

https://doi.org/10.1097/CJI.0b013e31821dcb31. 

[106] L. Fong, P. Carroll, V. Weinberg, S. Chan, J. Lewis, J. Corman, C.L. Amling, 

R.A. Stephenson, J. Simko, N.A. Sheikh, R.B. Sims, M.W. Frohlich, E.J. Small, 

Activated lymphocyte recruitment into the tumor microenvironment following 

preoperative sipuleucel-T for localized prostate cancer, J. Natl. Cancer Inst. 106 

(2014). https://doi.org/10.1093/jnci/dju268. 

[107] P. Kantoff, C. Higano, N. Shore, R. Berger, E. Small, D.F. Penson, C.H. 

Redfern, A.C. Ferrari, R. Dreicer, R.B. Sims, Y. Xu, D. Ph, M.W. Frohlich, P.F. 

Schellhammer, Sipuleucel-T Immunotherapy for Castration-Resistant Prostate 

Cancer, N. Engl. J. Med. (2010) 411–422. 

[108] A. Harari, M. Graciotti, M. Bassani-Sternberg, L.E. Kandalaft, Antitumour 

dendritic cell vaccination in a priming and boosting approach, Nat. Rev. Drug 

Discov. 19 (2020) 635–652. https://doi.org/10.1038/s41573-020-0074-8. 

[109] C.R. Perez, M. De Palma, Engineering dendritic cell vaccines to improve 

cancer immunotherapy, Nat. Commun. 10 (2019) 1–10. 

https://doi.org/10.1038/s41467-019-13368-y. 

[110] J.S. O’Donnell, M.W.L. Teng, M.J. Smyth, Cancer immunoediting and 

resistance to T cell-based immunotherapy, Nat. Rev. Clin. Oncol. 16 (2019) 

151–167. https://doi.org/10.1038/s41571-018-0142-8. 

[111] A. Rotte, J.Y. Jin, V. Lemaire, Mechanistic overview of immune checkpoints to 

support the rational design of their combinations in cancer immunotherapy, 

Ann. Oncol. 29 (2018) 71–83. https://doi.org/10.1093/annonc/mdx686. 

[112] P. Sharma, J.P. Allison, The future of immune checkpoint therapy, Science (80-

. ). 348 (2015). 

[113] A.C. Huang, M.A. Postow, R.J. Orlowski, R. Mick, B. Bengsch, S. Manne, W. 

Xu, S. Harmon, J.R. Giles, B. Wenz, M. Adamow, D. Kuk, K.S. Panageas, C. 



 | 105  

 

Carrera, P. Wong, F. Quagliarello, B. Wubbenhorst, K. D’Andrea, K.E. Pauken, 

R.S. Herati, R.P. Staupe, J.M. Schenkel, S. McGettigan, S. Kothari, S.M. 

George, R.H. Vonderheide, R.K. Amaravadi, G.C. Karakousis, L.M. Schuchter, 

X. Xu, K.L. Nathanson, J.D. Wolchok, T.C. Gangadhar, E.J. Wherry, T-cell 

invigoration to tumour burden ratio associated with anti-PD-1 response, Nature. 

545 (2017) 60–65. https://doi.org/10.1038/nature22079. 

[114] Y. Guo, Y.Q. Xie, M. Gao, Y. Zhao, F. Franco, M. Wenes, I. Siddiqui, A. 

Bevilacqua, H. Wang, H. Yang, B. Feng, X. Xie, C.M. Sabatel, B. Tschumi, A. 

Chaiboonchoe, Y. Wang, W. Li, W. Xiao, W. Held, P. Romero, P.C. Ho, L. 

Tang, Metabolic reprogramming of terminally exhausted CD8+ T cells by IL-10 

enhances anti-tumor immunity, Nat. Immunol. 22 (2021) 746–756. 

https://doi.org/10.1038/s41590-021-00940-2. 

[115] A. Naing, D.J. Wong, J.R. Infante, W.M. Korn, R. Aljumaily, K.P. Papadopoulos, 

K.A. Autio, S. Pant, T.M. Bauer, A. Drakaki, N.G. Daver, A. Hung, N. Ratti, S. 

McCauley, P. Van Vlasselaer, R. Verma, D. Ferry, M. Oft, A. Diab, E.B. Garon, 

N.M. Tannir, Pegilodecakin combined with pembrolizumab or nivolumab for 

patients with advanced solid tumours (IVY): a multicentre, multicohort, open-

label, phase 1b trial, Lancet Oncol. 20 (2019) 1544–1555. 

https://doi.org/10.1016/S1470-2045(19)30514-5. 

[116] M.S. Abdel-Hakeem, S. Manne, J.C. Beltra, E. Stelekati, Z. Chen, K. Nzingha, 

M.A. Ali, J.L. Johnson, J.R. Giles, D. Mathew, A.R. Greenplate, G. Vahedi, E.J. 

Wherry, Epigenetic scarring of exhausted T cells hinders memory differentiation 

upon eliminating chronic antigenic stimulation, Nat. Immunol. 22 (2021) 1008–

1019. https://doi.org/10.1038/s41590-021-00975-5. 

[117] R. Aguilera, C. Saffie, A. Tittarelli, E.E. González, M. Ramírez, D. Reyes, C. 

Pereda, D. Hevia, T. García, L. Salazar, A. Ferreira, M. Hermoso, A. Mendoza-

Naranjo, C. Ferrada, P. Garrido, M.N. López, F. Salazar-Onfray, Heat-shock 

induction of tumor-derived danger signals mediates rapid monocyte 

differentiation into clinically effective dendritic cells, Clin. Cancer Res. 17 (2011) 

2474–2483. https://doi.org/10.1158/1078-0432.CCR-10-2384. 

[118] K. Lundberg, A.S. Albrekt, I. Nelissen, S. Santegoets, T.D. de Gruijl, S. Gibbs, 



 | 106  

 

M. Lindstedt, Transcriptional Profiling of Human Dendritic Cell Populations and 

Models - Unique Profiles of In Vitro Dendritic Cells and Implications on 

Functionality and Applicability, PLoS One. 8 (2013). 

https://doi.org/10.1371/journal.pone.0052875. 

[119] A. Bachem, S. Güttler, E. Hartung, F. Ebstein, M. Schaefer, A. Tannert, A. 

Salama, K. Movassaghi, C. Opitz, H.W. Mages, V. Henn, P.-M. Kloetzel, S. 

Gurka, R.A. Kroczek, Superior antigen cross-presentation and XCR1 

expression define human CD11c + CD141 + cells as homologues of mouse CD8 

+ dendritic cells, J. Exp. Med. 207 (2010) 1273–1281. 

https://doi.org/10.1084/jem.20100348. 

[120] S.L. Jongbloed, A.J. Kassianos, K.J. McDonald, G.J. Clark, X. Ju, C.E. Angel, 

C.-J.J. Chen, P.R. Dunbar, R.B. Wadley, V. Jeet, A.J.E. Vulink, D.N.J. Hart, 

K.J. Radford, Human CD141 + (BDCA-3) + dendritic cells (DCs) represent a 

unique myeloid DC subset that cross-presents necrotic cell antigens, J. Exp. 

Med. 207 (2010) 1247–1260. https://doi.org/10.1084/jem.20092140. 

[121] E. Segura, S. Amigorena, Cross-Presentation in Mouse and Human Dendritic 

Cells, 1st ed., Elsevier Inc., 2015. https://doi.org/10.1016/bs.ai.2015.03.002. 

[122] B. Wylie, E. Seppanen, K. Xiao, R. Zemek, D. Zanker, S. Prato, B. Foley, P.H. 

Hart, R.A. Kroczek, W. Chen, J. Waithman, Cross-presentation of cutaneous 

melanoma antigen by migratory XCR1 + CD103 − and XCR1 + CD103 + 

dendritic cells, Oncoimmunology. 4 (2015) e1019198. 

https://doi.org/10.1080/2162402X.2015.1019198. 

[123] D. Rojas-Sepúlveda, A. Tittarelli, M.A. Gleisner, I. Ávalos, C. Pereda, I. 

Gallegos, F.E. González, M.N. López, J.M. Butte, J.C. Roa, P. Fluxá, F. 

Salazar-Onfray, Tumor lysate-based vaccines: on the road to immunotherapy 

for gallbladder cancer, Cancer Immunol. Immunother. 0 (2018) 1–14. 

https://doi.org/10.1007/s00262-018-2157-5. 

[124] I. Flores, D. Hevia, A. Tittarelli, D. Soto, D. Rojas-Sepúlveda, C. Pereda, F. 

Tempio, C. Fuentes, C. Falcón-Beas, J. Gatica, F. Falcón-Beas, M. Galindo, F. 

Salazar-Onfray, F.E. González, M.N. López, Dendritic cells loaded with heat 

shock-conditioned ovarian epithelial carcinoma cell lysates elicit T cell-



 | 107  

 

dependent antitumor immune responses in vitro, J. Immunol. Res. 2019 (2019). 

https://doi.org/10.1155/2019/9631515. 

[125] M.A. Gleisner, C. Pereda, A. Tittarelli, M. Navarrete, C. Fuentes, I. Ávalos, F. 

Tempio, J.P. Araya, M.I. Becker, F.E. González, M.N. López, F. Salazar-

Onfray, A heat-shocked melanoma cell lysate vaccine enhances tumor 

infiltration by prototypic effector T cells inhibiting tumor growth, J. Immunother. 

Cancer. 8 (2020). https://doi.org/10.1136/jitc-2020-000999. 

[126] M. Ahmadzadeh, L. a Johnson, B. Heemskerk, J.R. Wunderlich, M.E. Dudley, 

D.E. White, S. a Rosenberg, W. Dc, Tumor antigen − specific CD8 T cells 

infiltrating the tumor express high levels of PD-1 and are functionally impaired 

Tumor antigen – specific CD8 T cells infiltrating the tumor express high levels of 

PD-1 and are functionally impaired, Blood. 114 (2009) 1537–1544. 

https://doi.org/10.1182/blood-2008-12-195792. 

[127] C. Granier, C. Dariane, P. Combe, V. Verkarre, S. Urien, C. Badoual, H. 

Roussel, M. Mandavit, P. Ravel, M. Sibony, L. Biard, C. Radulescu, E. Vinatier, 

N. Benhamouda, M. Peyromaure, S. Oudard, A. Méjean, M.O. Timsit, A. Gey, 

E. Tartour, Tim-3 expression on tumor-infiltrating PD-1+CD8+ T cells correlates 

with poor clinical outcome in renal cell carcinoma, Cancer Res. 77 (2017) 

1075–1082. https://doi.org/10.1158/0008-5472.CAN-16-0274. 

[128] J. Tan, S. Chen, J. Huang, Y. Chen, L. Yang, C. Wang, J. Zhong, Y. Lu, L. 

Wang, K. Zhu, Y. Li, Increased exhausted CD8 + T cells with programmed 

death-1, T-cell immunoglobulin and mucin-domain-containing-3 phenotype in 

patients with multiple myeloma, Asia. Pac. J. Clin. Oncol. 14 (2018) e266–e274. 

https://doi.org/10.1111/ajco.13033. 

[129] D.S. Thommen, J. Schreiner, P. Müller, P. Herzig, A. Roller, A. Belousov, P. 

Umana, P. Pisa, C. Klein, M. Bacac, O.S. Fischer, W. Moersig, S.S. Prince, V. 

Levitsky, V. Karanikas, D. Lardinois, A. Zippelius, Progression of lung cancer is 

associated with increased dysfunction of T cells defined by coexpression of 

multiple inhibitory receptors, Cancer Immunol. Res. 3 (2015) 1344–1354. 

https://doi.org/10.1158/2326-6066.CIR-15-0097. 

[130] J. Ma, B. Zheng, S. Goswami, L. Meng, D. Zhang, C. Cao, T. Li, F. Zhu, L. Ma, 



 | 108  

 

Z. Zhang, S. Zhang, M. Duan, Q. Chen, Q. Gao, X. Zhang, PD1Hi CD8+ T cells 

correlate with exhausted signature and poor clinical outcome in hepatocellular 

carcinoma, J. Immunother. Cancer. 7 (2019) 1–15. 

https://doi.org/10.1186/s40425-019-0814-7. 

[131] B.T. Malik, K.T. Byrne, J.L. Vella, P. Zhang, T.B. Shabaneh, S.M. Steinberg, 

A.K. Molodtsov, J.S. Bowers, C. V. Angeles, C.M. Paulos, Y.H. Huang, M.J. 

Turk, Resident memory T cells in the skin mediate durable immunity to 

melanoma, Sci. Immunol. 2 (2017) 1–12. 

https://doi.org/10.1126/sciimmunol.aam6346. 

[132] S.E. Murray, K.G. Toren, D.C. Parker, Peripheral CD4(+) T-cell tolerance is 

induced in vivo by rare antigen-bearing B cells in follicular, marginal zone, and 

B-1 subsets., Eur. J. Immunol. (2013). https://doi.org/10.1002/eji.201242784. 

[133] S.L. Park, A. Buzzai, J. Rautela, J.L. Hor, K. Hochheiser, M. Effern, N. McBain, 

T. Wagner, J. Edwards, R. McConville, J.S. Wilmott, R.A. Scolyer, T. Tüting, U. 

Palendira, D. Gyorki, S.N. Mueller, N.D. Huntington, S. Bedoui, M. Hölzel, L.K. 

Mackay, J. Waithman, T. Gebhardt, Tissue-resident memory CD8+ T cells 

promote melanoma–immune equilibrium in skin, Nature. 565 (2019) 366–371. 

https://doi.org/10.1038/s41586-018-0812-9. 

[134] F. Gálvez-Cancino, E. López, E. Menares, X. Díaz, C. Flores, P. Cáceres, S. 

Hidalgo, O. Chovar, M. Alcántara-Hernández, V. Borgna, M. Varas-Godoy, F. 

Salazar-Onfray, J. Idoyaga, A. Lladser, Vaccination-induced skin-resident 

memory CD8+ T cells mediate strong protection against cutaneous melanoma, 

Oncoimmunology. 7 (2018) 1–12. 

https://doi.org/10.1080/2162402X.2018.1442163. 

[135] E. Menares, F. Gálvez-Cancino, P. Cáceres-Morgado, E. Ghorani, E. López, X. 

Díaz, J. Saavedra-Almarza, D.A. Figueroa, E. Roa, S.A. Quezada, A. Lladser, 

Tissue-resident memory CD8+ T cells amplify anti-tumor immunity by triggering 

antigen spreading through dendritic cells, Nat. Commun. 10 (2019). 

https://doi.org/10.1038/s41467-019-12319-x. 

[136] K. Hoshino, O. Takeuchi, T. Kawai, H. Sanjo, T. Ogawa, Y. Takeda, K. Takeda, 

S. Akira, Pillars Article: Cutting Edge: Toll-Like Receptor 4 (TLR4)-Deficient 



 | 109  

 

Mice Are Hyporesponsive to Lipopolysaccharide: Evidence for TLR4 as the Lps 

Gene Product. J. Immunol. 1999. 162: 3749-3752., J. Immunol. 197 (2016) 

2563–6. 

[137] A. Corthay, D.K. Skovseth, K.U. Lundin, E. Røsjø, H. Omholt, P.O. Hofgaard, 

G. Haraldsen, B. Bogen, Primary antitumor immune response mediated by 

CD4+ T cells, Immunity. 22 (2005) 371–383. 

https://doi.org/10.1016/j.immuni.2005.02.003. 

[138] M. Binnewies, A.M. Mujal, J.L. Pollack, A.J. Combes, E.A. Hardison, K.C. 

Barry, J. Tsui, M.K. Ruhland, K. Kersten, M.A. Abushawish, M. Spasic, J.P. 

Giurintano, V. Chan, A.I. Daud, P. Ha, C.J. Ye, E.W. Roberts, M.F. Krummel, 

Unleashing Type-2 Dendritic Cells to Drive Protective Antitumor CD4+ T Cell 

Immunity, Cell. 177 (2019) 556-571.e16. 

https://doi.org/10.1016/j.cell.2019.02.005. 

[139] J. Larkin, V. Chiarion-Sileni, R. Gonzalez, J.-J. Grob, P. Rutkowski, C.D. Lao, 

C.L. Cowey, D. Schadendorf, J. Wagstaff, R. Dummer, P.F. Ferrucci, M. 

Smylie, D. Hogg, A. Hill, I. Márquez-Rodas, J. Haanen, M. Guidoboni, M. Maio, 

P. Schöffski, M.S. Carlino, C. Lebbé, G. McArthur, P.A. Ascierto, G.A. Daniels, 

G. V. Long, L. Bastholt, J.I. Rizzo, A. Balogh, A. Moshyk, F.S. Hodi, J.D. 

Wolchok, Five-Year Survival with Combined Nivolumab and Ipilimumab in 

Advanced Melanoma, N. Engl. J. Med. 381 (2019) 1535–1546. 

https://doi.org/10.1056/nejmoa1910836. 

[140] J.D. Wolchok, V. Chiarion-Sileni, R. Gonzalez, P. Rutkowski, J.-J. Grob, C.L. 

Cowey, C.D. Lao, J. Wagstaff, D. Schadendorf, P.F. Ferrucci, M. Smylie, R. 

Dummer, A. Hill, D. Hogg, J. Haanen, M.S. Carlino, O. Bechter, M. Maio, I. 

Marquez-Rodas, M. Guidoboni, G. McArthur, C. Lebbé, P.A. Ascierto, G. V. 

Long, J. Cebon, J. Sosman, M.A. Postow, M.K. Callahan, D. Walker, L. Rollin, 

R. Bhore, F.S. Hodi, J. Larkin, Overall Survival with Combined Nivolumab and 

Ipilimumab in Advanced Melanoma, N. Engl. J. Med. 377 (2017) 1345–1356. 

https://doi.org/10.1056/nejmoa1709684. 

[141] L. Gattinoni, X.S. Zhong, D.C. Palmer, Y. Ji, C.S. Hinrichs, Z. Yu, C. 

Wrzesinski, A. Boni, L. Cassard, L.M. Garvin, C.M. Paulos, P. Muranski, N.P. 



 | 110  

 

Restifo, Wnt signaling arrests effector T cell differentiation and generates CD8 

+ memory stem cells, Nat. Med. 15 (2009) 808–813. 

https://doi.org/10.1038/nm.1982. 

[142] L. Gattinoni, E. Lugli, Y. Ji, Z. Pos, C.M. Paulos, M.F. Quigley, J.R. Almeida, E. 

Gostick, Z. Yu, C. Carpenito, E. Wang, D.C. Douek, D.A. Price, C.H. June, F.M. 

Marincola, M. Roederer, N.P. Restifo, A human memory T cell subset with stem 

cell-like properties, Nat. Med. 17 (2011) 1290–1297. 

https://doi.org/10.1038/nm.2446. 

[143] L. Gattinoni, D.E. Speiser, M. Lichterfeld, C. Bonini, T memory stem cells in 

health and disease, Nat. Med. 23 (2017) 18–27. 

https://doi.org/10.1038/nm.4241. 

[144] E. Ghorani, J.L. Reading, J.Y. Henry, M.R. De Massy, R. Rosenthal, V. Turati, 

K. Joshi, A.J.S. Furness, A. Ben Aissa, S.K. Saini, S. Ramskov, A. Georgiou, 

M.W. Sunderland, Y.N.S. Wong, M.V. De Mucha, W. Day, F. Galvez-Cancino, 

P.D. Becker, I. Uddin, T. Oakes, M. Ismail, T. Ronel, A. Woolston, M. Jamal-

Hanjani, S. Veeriah, N.J. Birkbak, G.A. Wilson, K. Litchfield, L. Conde, J.A. 

Guerra-Assunção, K. Blighe, D. Biswas, R. Salgado, T. Lund, M. Al Bakir, D.A. 

Moore, C.T. Hiley, S. Loi, Y. Sun, Y. Yuan, K. AbdulJabbar, S. Turajilic, J. 

Herrero, T. Enver, S.R. Hadrup, A. Hackshaw, K.S. Peggs, N. McGranahan, B. 

Chain, C. Swanton, S.A. Quezada, The T cell differentiation landscape is 

shaped by tumour mutations in lung cancer, Nat. Cancer. 1 (2020) 546–561. 

https://doi.org/10.1038/s43018-020-0066-y. 

[145] S.K. Vodnala, R. Eil, R.J. Kishton, M. Sukumar, T.N. Yamamoto, N.H. Ha, P.H. 

Lee, M.H. Shin, S.J. Patel, Z. Yu, D.C. Palmer, M.J. Kruhlak, X. Liu, J.W. 

Locasale, J. Huang, R. Roychoudhuri, T. Finkel, C.A. Klebanoff, N.P. Restifo, T 

cell stemness and dysfunction in tumors are triggered by a common 

mechanism, Science (80-. ). 363 (2019). 

https://doi.org/10.1126/science.aau0135. 

[146] T. Wu, Y. Ji, E. Ashley Moseman, H.C. Xu, M. Manglani, M. Kirby, S.M. 

Anderson, R. Handon, E. Kenyon, A. Elkahloun, W. Wu, P.A. Lang, L. 

Gattinoni, D.B. McGavern, P.L. Schwartzberg, The TCF1-Bcl6 axis counteracts 



 | 111  

 

type I interferon to repress exhaustion and maintain T cell stemness, Sci. 

Immunol. 1 (2016) 1–13. https://doi.org/10.1126/sciimmunol.aai8593. 

[147] Q. Shan, S. Hu, X. Chen, D.B. Danahy, V.P. Badovinac, C. Zang, H.H. Xue, 

Ectopic Tcf1 expression instills a stem-like program in exhausted CD8+ T cells 

to enhance viral and tumor immunity, Cell. Mol. Immunol. 18 (2021) 1262–

1277. https://doi.org/10.1038/s41423-020-0436-5. 

[148] C.S. Jansen, N. Prokhnevska, V.A. Master, M.G. Sanda, J.W. Carlisle, M.A. 

Bilen, M. Cardenas, S. Wilkinson, R. Lake, A.G. Sowalsky, R.M. Valanparambil, 

W.H. Hudson, D. McGuire, K. Melnick, A.I. Khan, K. Kim, Y.M. Chang, A. Kim, 

C.P. Filson, M. Alemozaffar, A.O. Osunkoya, P. Mullane, C. Ellis, R. Akondy, 

S.J. Im, A.O. Kamphorst, A. Reyes, Y. Liu, H. Kissick, An intra-tumoral niche 

maintains and differentiates stem-like CD8 T cells, Nature. 576 (2019) 465–

470. https://doi.org/10.1038/s41586-019-1836-5. 

[149] K.O. Dixon, M. Tabaka, M.A. Schramm, S. Xiao, R. Tang, D. Dionne, A.C. 

Anderson, O. Rozenblatt-Rosen, A. Regev, V.K. Kuchroo, TIM-3 restrains anti-

tumour immunity by regulating inflammasome activation, Nature. 595 (2021) 

101–106. https://doi.org/10.1038/s41586-021-03626-9. 

[150] A. Gardner, Á. De Mingo Pulido, K. Hänggi, S. Bazargan, A. Onimus, A. 

Kasprzak, J.R. Conejo-Garcia, K.A. Rejniak, B. Ruffell, TIM-3 blockade 

enhances IL-12-dependent antitumor immunity by promoting CD8 + T cell and 

XCR1 + dendritic cell spatial co-localization, J. Immunother. Cancer. 10 (2022) 

1–12. https://doi.org/10.1136/jitc-2021-003571. 

[151] K.A. Connolly, M. Kuchroo, A. Venkat, A. Khatun, J. Wang, I. William, N.I. 

Hornick, B.L. Fitzgerald, M. Damo, M.Y. Kasmani, C. Cui, E. Fagerberg, I. 

Monroy, A. Hutchins, J.F. Cheung, G.G. Foster, D.L. Mariuzza, M. Nader, H. 

Zhao, W. Cui, S. Krishnaswamy, N.S. Joshi, A reservoir of stem-like CD8+ T 

cells in the tumor-draining lymph node preserves the ongoing antitumor 

immune response, Sci. Immunol. 6 (2021) 31–40. 

https://doi.org/10.1126/sciimmunol.abg7836. 

[152] J.M. Schenkel, R.H. Herbst, D. Canner, A. Li, M. Hillman, S.L. Shanahan, G. 

Gibbons, O.C. Smith, J.Y. Kim, P. Westcott, W.L. Hwang, W.A. Freed-Pastor, 



 | 112  

 

G. Eng, M.S. Cuoco, P. Rogers, J.K. Park, M.L. Burger, O. Rozenblatt-Rosen, 

L. Cong, K.E. Pauken, A. Regev, T. Jacks, Conventional type I dendritic cells 

maintain a reservoir of proliferative tumor-antigen specific TCF-1+ CD8+ T cells 

in tumor-draining lymph nodes, Immunity. 54 (2021) 2338-2353.e6. 

https://doi.org/10.1016/j.immuni.2021.08.026. 

[153] A. Schernberg, L. Moureau-Zabotto, E.R. Del Campo, A. Escande, M. Ducreux, 

F. Nguyen, D. Goere, C. Chargari, E. Deutsch, Leukocytosis and neutrophilia 

predict outcome in locally advanced esophageal cancer treated with definitive 

chemoradiation, Oncotarget. 8 (2017) 11579–11588. 

https://doi.org/10.18632/oncotarget.14584. 

[154] A. Schernberg, A. Nivet, F. Dhermain, S. Ammari, A. Escande, J. Pallud, G. 

Louvel, E. Deutsch, Neutrophilia as a biomarker for overall survival in newly 

diagnosed high-grade glioma patients undergoing chemoradiation, Clin. Transl. 

Radiat. Oncol. 10 (2018) 47–52. https://doi.org/10.1016/j.ctro.2018.04.002. 

[155] A. Schernberg, L. Mezquita, A. Boros, A. Botticella, C. Caramella, B. Besse, A. 

Escande, D. Planchard, C. Le Pechoux, E. Deutsch, Neutrophilia as prognostic 

biomarker in locally advanced stage III lung cancer, PLoS One. 13 (2018) 1–14. 

https://doi.org/10.1371/journal.pone.0204490. 

[156] P.F. Ferrucci, P.A. Ascierto, J. Pigozzo, M. Del Vecchio, M. Maio, G.C. Antonini 

Cappellini, M. Guidoboni, P. Queirolo, P. Savoia, M. Mandalà, E. Simeone, S. 

Valpione, M. Altomonte, F. Spagnolo, E. Cocorocchio, S. Gandini, D. 

Giannarelli, C. Martinoli, Baseline neutrophils and derived neutrophilto-

lymphocyte ratio: Prognostic relevance in metastatic melanoma patients 

receiving ipilimumab, Ann. Oncol. 27 (2016) 732–738. 

https://doi.org/10.1093/annonc/mdw016. 

[157] I. Mishalian, R. Bayuh, L. Levy, L. Zolotarov, J. Michaeli, Z.G. Fridlender, 

Tumor-associated neutrophils (TAN) develop pro-tumorigenic properties during 

tumor progression, Cancer Immunol. Immunother. 62 (2013) 1745–1756. 

https://doi.org/10.1007/s00262-013-1476-9. 

[158] S. SenGupta, L.E. Hein, Y. Xu, J. Zhang, J.R. Konwerski, Y. Li, C. Johnson, D. 

Cai, J.L. Smith, C.A. Parent, Triple-Negative Breast Cancer Cells 



 | 113  

 

Recruit Neutrophils by Secreting TGF-β and CXCR2 Ligands, Front. Immunol. 

12 (2021) 1–20. https://doi.org/10.3389/fimmu.2021.659996. 

[159] X. Zhang, H. Shi, X. Yuan, P. Jiang, H. Qian, W. Xu, Tumor-derived exosomes 

induce N2 polarization of neutrophils to promote gastric cancer cell migration 11 

Medical and Health Sciences 1112 Oncology and Carcinogenesis 06 Biological 

Sciences 0601 Biochemistry and Cell Biology, Mol. Cancer. 17 (2018) 1–16. 

https://doi.org/10.1186/s12943-018-0898-6. 

[160] A.M.G. Houghton, D.M. Rzymkiewicz, H. Ji, A.D. Gregory, E.E. Egea, H.E. 

Metz, D.B. Stolz, S.R. Land, L.A. Marconcini, C.R. Kliment, K.M. Jenkins, K.A. 

Beaulieu, M. Mouded, S.J. Frank, K.K. Wong, S.D. Shapiro, Neutrophil 

elastase-mediated degradation of IRS-1 accelerates lung tumor growth, Nat. 

Med. 16 (2010) 219–223. https://doi.org/10.1038/nm.2084. 

[161] M. Nawa, S. Osada, K. Morimitsu, K. Nonaka, M. Futamura, Y. Kawaguchi, K. 

Yoshida, Growth effect of neutrophil elastase on breast cancer: Favorable 

action of sivelestat and application to anti-HER2 therapy, Anticancer Res. 32 

(2012) 13–19. 

[162] S.K. Wculek, I. Malanchi, Neutrophils support lung colonization of metastasis-

initiating breast cancer cells, Nature. 528 (2015) 413–417. 

https://doi.org/10.1038/nature16140. 

[163] S.J. Huh, S. Liang, A. Sharma, C. Dong, G.P. Robertson, Transiently entrapped 

circulating tumor cells interact with neutrophils to facilitate lung metastasis 

development, Cancer Res. 70 (2010) 6071–6082. https://doi.org/10.1158/0008-

5472.CAN-09-4442. 

[164] V. Kumar, A. Sharma, Neutrophils: Cinderella of innate immune system, Int. 

Immunopharmacol. 10 (2010) 1325–1334. 

https://doi.org/10.1016/j.intimp.2010.08.012. 

[165] D.L. Lefkowitz, S.S. Lefkowitz, Macrophage-neutrophil interaction: A paradigm 

for chronic inflammation revisited, Immunol. Cell Biol. 79 (2001) 502–506. 

https://doi.org/10.1046/j.1440-1711.2001.01020.x. 

[166] S.L. Zhou, Z.J. Zhou, Z.Q. Hu, X.W. Huang, Z. Wang, E.B. Chen, J. Fan, Y. 

Cao, Z. Dai, J. Zhou, Tumor-Associated Neutrophils Recruit Macrophages and 



 | 114  

 

T-Regulatory Cells to Promote Progression of Hepatocellular Carcinoma and 

Resistance to Sorafenib, Gastroenterology. 150 (2016) 1646-1658.e17. 

https://doi.org/10.1053/j.gastro.2016.02.040. 

[167] K. Movahedi, D. Laoui, C. Gysemans, M. Baeten, G. Stangé, J. Den Van 

Bossche, M. Mack, D. Pipeleers, P. In’t Veld, P. De Baetselier, J.A. Van 

Ginderachter, Different tumor microenvironments contain functionally distinct 

subsets of macrophages derived from Ly6C(high) monocytes, Cancer Res. 70 

(2010) 5728–5739. https://doi.org/10.1158/0008-5472.CAN-09-4672. 

[168] R.A. Franklin, W. Liao, A. Sarkar, M. V. Kim, M.R. Bivona, K. Liu, E.G. Pamer, 

M.O. Li, The cellular and molecular origin of tumor-associated macrophages, 

Science (80-. ). 344 (2014) 921–925. https://doi.org/10.1126/science.1252510. 

[169] R. Zilionis, C. Engblom, C. Pfirschke, V. Savova, D. Zemmour, H.D. Saatcioglu, 

I. Krishnan, G. Maroni, C. V. Meyerovitz, C.M. Kerwin, S. Choi, W.G. Richards, 

A. De Rienzo, D.G. Tenen, R. Bueno, E. Levantini, M.J. Pittet, A.M. Klein, 

Single-Cell Transcriptomics of Human and Mouse Lung Cancers Reveals 

Conserved Myeloid Populations across Individuals and Species, Immunity. 50 

(2019) 1317-1334.e10. https://doi.org/10.1016/j.immuni.2019.03.009. 

[170] J.P. Böttcher, E. Bonavita, P. Chakravarty, H. Blees, M. Cabeza-Cabrerizo, S. 

Sammicheli, N.C. Rogers, E. Sahai, S. Zelenay, C. Reis e Sousa, NK Cells 

Stimulate Recruitment of cDC1 into the Tumor Microenvironment Promoting 

Cancer Immune Control, Cell. 172 (2018) 1022-1028.e14. 

https://doi.org/10.1016/j.cell.2018.01.004. 

[171] K. Brasel, T. De Smedt, J.L. Smith, C.R. Maliszewski, Generation of murine 

dendritic cells from flt3-ligand–supplemented bone marrow cultures, Blood. 96 

(2000) 3029–3039. https://doi.org/10.1182/blood.v96.9.3029. 

[172] S.H. Naik, A.I. Proietto, N.S. Wilson, A. Dakic, P. Schnorrer, M. Fuchsberger, 

M.H. Lahoud, M. O’Keeffe, Q. Shao, W. Chen, J.A. Villadangos, K. Shortman, 

L. Wu,  Cutting Edge: Generation of Splenic CD8 + and CD8 − Dendritic Cell 

Equivalents in Fms-Like Tyrosine Kinase 3 Ligand Bone Marrow Cultures , J. 

Immunol. 174 (2005) 6592–6597. 

https://doi.org/10.4049/jimmunol.174.11.6592. 



 | 115  

 

[173] A. Tittarelli, F.E. González, C. Pereda, G. Mora, L. Muñoz, C. Saffie, T. García, 

D. Díaz, C. Falcón, M. Hermoso, M.N. López, F. Salazar-Onfray, Toll-like 

receptor 4 gene polymorphism influences dendritic cell in vitro function and 

clinical outcomes in vaccinated melanoma patients, Cancer Immunol. 

Immunother. 61 (2012) 2067–2077. https://doi.org/10.1007/s00262-012-1268-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 | 116  

 

XIII. JOURNAL PUBLICATIONS  
 

• F.Flores-Santibañez , S.Rennen , D.Fernandez , C.De Nolf , S.Gaete , C.Fuentes , 

C.Moreno , D.Figueroa , A.Lladser , T.Iwawaki ,  MR Bono , S.Janssens, F. Osorio. “Acti-

vation of IRE1 RNase in dendritic cells curtails antitumor adaptive immunity in melanoma” 

In review. 

• P. García-González, F. Tempio, C. Fuentes, C. Merino, L. Vargas, V. Simon, M. Ramirez-

Pereira, V. Rojas, E. Tobar, G. Landskron, JP Araya, M. Navarrete, C. Bastias, R. Torde-

cilla, M. Varas, P. Maturana, A. Marcoleta, ML. Allende, R. Naves, M. Hermoso, F. Sala-

zar-Onfray, M. Lopez, MR. Bono, F. Osorio. "Dysregulated Immune Responses in 

COVID-19 Patients Correlating with Disease Severity and Invasive Oxygen Require-

ments" Frontiers in Immunology, vol 12, 2021 

• MA. Gleisner, C. Pereda, A. Tittarelli, M. Navarrete, C. Fuentes, I. Ávalos, F. Tempio, J. 

Araya, MI. Becker, F. González, M. López, F. Salazar-Onfray. “A heat-shocked melanoma 

cell lysate vaccine enhances tumor infiltration by prototypic effector T cells inhibiting tu-

mor growth” Journal for Immunotherapy of cancer, 2020 

• Flores, D. Hevia, A. Tittarelli, D. Soto, D. Rojas-Sepúlveda, C. Pereda, F. Tempio, C. 

Fuentes, C. Falcón-Beas, J. Gatica, F. Falcón-Beas, M. Galindo, F. Salazar-Onfray, F. 

González, M. López “Dendritic Cells Loaded with Heat Shock-Conditioned Ovarian Epi-

thelial Carcinoma Cell Lysates Elicit T Cell-Dependent Antitumor Immune Responses In 

Vitro” Journal of Immunology Research, 2019 

 

XIV. AWARDS 
 

● AAI/IUIS Travel grant: Advanced Immunology course July 2020 (COVID-19 cancelled), 

Boston USA. Award defered to 2021 virtual course. 

● ANID Internship grant for doctoral studies 2021: resign due to COVID-19 pandemic 

 

XV. MEETING PRESENTATIONS 
 

● “A Melanoma Vaccine based on Heat Shock Conditioned Tumor Cell Lysates Inhib-

its Tumor Growth and increases mice survival, even in the absence of anti-PD1 

Treatment” M. Navarrete, M. Gleisner, C. Pereda, I. Ávalos, F. Tempio, C. Fuentes, 

D.Rojas-Sepúlveda, M.Becker, F. González, A. Tittarelli, M. López, F. Salazar-Onfray. 

CICON 2019, Paris, France. Poster presentation. 



 | 117  

 

 

● “Unravelling the CD8+ T cell response during cell lysate vaccine immunotherapy” 

C. Fuentes, M.Navarrete, C.Merino, F.Tempio, M.Gleisner, F.Salazar-Onfray, M.López. 

ASOCHIN Meeting, November 2019 (cancelled). Poster presentation. 

 

● “Unravelling the CD8+ T cell response during cell lysate vaccine immunotherapy” 

C. Fuentes, M.Navarrete, C.Merino, F.Tempio, M.Gleisner, F.Salazar-Onfray, M.López. 
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A Melanoma Vaccine based on Heat Shock Conditioned Tumor Cell Lysate In-

hibits Tumor Growth and increases mice survival, even in the absence of anti-

PD1 Treatment 

 AUTHORS: M. Navarrete1,2, MA. Gleisner1,2, C.Pereda1,2, I.Ávalos1,2,  F.Tempio1,2, 

C.Fuentes1,2, MI.Becker, F.González1, A.Tittarelli1,2, M.López1,2, F.Salazar-Onfray1,2 

INSTITUTIONS: 1Millennium Institute on Immunology and Immunotherapy, Faculty of Medi-

cine, University of Chile, 8380453 Santiago, Chile; 2Disciplinary Program of Immunology, In-

stitute of Biomedical Sciences, Faculty of Medicine, University of Chile, 8380453 Santiago, 

Chile.  

Clinical immunotherapeutic strategies using immune-checkpoint blockers (ICB), such 

as anti-CTLA4, anti-PD1 or anti-PD-L1 antibodies, have demonstrated durable survival bene-

fits in patients with melanoma and other solid tumors. Nevertheless, an important percentage 

of these patients remain refractory, suggesting that its combination with active immunization 

may improve this response rate. In this context, cancer vaccines become a complementary 

and attractive alternative for cancer treatment. Optimal delivery of antigens (Ags) and ade-

quate use of adjuvants are crucial factors for vaccine success. Here, a prototype of a generic 

therapeutic vaccine for malignant melanoma treatment was tested in an experimental 

C57BL/6 murine melanoma preclinical model. This vaccine, named TRIMELVax is based on 

a heat shock-conditioned melanoma cell lysate (TRIMEL) combined with the Concholepas 

Concholepas hemocyanin (CCH) as a specific adjuvant. Vaccination with TRIMELVax has 

demonstrated to activate immune responses against B16F10 tumors in vivo, in both prophy-

lactic and therapeutic approaches, inhibiting tumor growth and prolonging animals’ survival. 

These immune responses were associated with increased CD8+ T lymphocytes and dendritic 

cell tumor infiltration, in contrast to reduced neutrophils intratumor presence, measured by 

immunohistochemistry and multiparametric flow cytometry. Moreover, increased antibody 

production against tumors was detected by ELISA. Also, TRIMELVax delays tumor growth at 

comparable levels with anti-PD1 therapy. Remarkably, while anti-PD1 treatment doesn’t in-

crease survival of tumor bearing mice, TRIMELVax prolongs mice survival even in the ab-

sence of combinatorial therapy with anti-PD1 antidody. As TRIMELVax seems to be a potent 

vaccine against melanoma, this encourages the testing of this therapy in future clinical trials. 

 

Financed by grants FONDECYT 1171213; FONDEF ID16I10148 and MIII P09/016-F. 
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Unravelling the CD8+ T cell response during cell lysate vaccine 

immunotherapy 

AUTHORS: C. Fuentes1,2, M. Navarrete1,2, C. Merino1,2, F. Tempio1,2, M. Gleisner1,2, F. Sala-

zar-Onfray1,2, M. López1,2. 

INSTITUTIONS: 1Faculty of Medicine, ICBM, Immunology Program, Universidad de Chile, 

Chile; 2Millenium Institute of Immunology and Immunotherapy, Santiago, Chile.    

In the tumor microenvironment, high and sustained antigen and inflammatory stimula-

tion can lead to altered CD8+ T cell differentiation inducing a dysfunctional state so-called 

exhaustion. This phenomenon affects the antitumor capacity of specific CD8+ T cells against 

the tumor, inhibiting their action in the elimination of tumor cells. The rescue of this dysfunc-

tional population has been described of great relevance in the success of several immuno-

therapies, such as checkpoint immune blockade therapies. In Chile, our laboratory developed 

an immunotherapy based on dendritic cells stimulated with lysates obtained from tumor cell 

lines, which has had successful results in patients. Recently, we have optimized this therapy 

using an innovative approach through the direct inoculation of a heat-conditioned melanoma 

cell lysate, in conjunction with the hemocyanin derived from the Chilean mollusk concholepas 

concholepas used as an adjuvant, called TRIMELvax vaccine. Our preclinical data shows that 

mice immunized with TRIMELvax show a marked decrease in the tumor growth rate in the 

murine melanoma model B16-F10. Although the use of this immunotherapy based on tumor 

lysates has shown to have successful results, the mechanisms of action behind this effect are 

not fully elucidated. Recent results using immunohistochemistry have shown that there is an 

important increase in the infiltration of CD3+ and CD8+ cells within the tumor. Further charac-

terization of this CD8+ T cell population using flow cytometry showed that immunotherapy 

based on tumor cell lysates induced an important decrease in the PD-1hiLag3+ CD8+ T cell 

population within the tumor, which has been associated to the phenotype of dysfunctional T 

cells. These results might suggest our therapy affects CD8+ T cell population by diminishing 

the dysfunctionality of these cells, which might explain the anti-tumoral effect seen on immun-

ized mice. Elucidating the effect of tumor lysate-based immunotherapy over the CD8+T cell 

response will contribute to understanding the action mechanisms of this kind of therapies, 

helping to improve current treatments and predict future therapy outcomes. 

 

Keywords: Immunotherapy, lymphocytes, melanoma 

Funded by grants FONDEFD11I1036; IMII P09/016F and ANID Scholarship 21180616 
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