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ABSTRACT
The tumor microenvironment includes a complex network of cytokines and chemokines that contribute to 
shaping the intratumoral immune reaction. Understanding the mechanisms leading to immune-hot 
(Immunoscore-high) altered (excluded and immunosuppressed) and cold tumors are of critical impor-
tance for successful anti-cancer therapies. Two essential mechanisms are highlighted. Specific chemokines 
and adhesion molecules appeared to target and attract immune effector T cells to the tumor microenvir-
onment and to specific regions within the tumor. These mechanisms are dependent upon intratumoral IL- 
15 expression. Decreased IL15 expression also affected the local proliferation of B and T lymphocytes. 
A comprehensive analysis revealed a major contribution of IL15 in shaping the tumor immune contexture. 
Thus, an in situ lymphocytic infiltration is mediated through chemokines and attraction inside or around 
the tumor microenvironment, and an IL15-mediated in situ lymphocytic proliferation, which expand the 
local pool of intratumoral cytotoxic CD8 T-cells are key determinants of the immune contexture. Increased 
IL15 expression and local proliferation of T-cells were associated with decreased risk of tumor recurrence 
and prolonged survival of cancer patients. These data provide further mechanisms to prioritize research 
and help in designing better therapeutic interventions.
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Attraction and in situ lymphocyte proliferation to 
shape a proper immune contexture

Considerable progress has been made in the understanding of 
cancer and of intratumor immunity.1 Accumulating evidence 
suggests that tumor progression, invasion, metastatic dissemina-
tion and tumor recurrence are shaped and governed by the 
intratumoral immune landscape.1,2 From pre-cancer lesions to 
late metachronous metastases, the immune microenvironment 
plays a central role regarding cancer development and patients’ 
survival.1,2 The cytotoxic and memory T cells infiltrating primary 
tumors best predict survival of patients, notably in colorectal 
cancer.1–6 A powerful concept in oncology, the cancer immune 
contexture,1,2,7 came with the observation that the type, density, 
quality and location of immune cell within the tumor site pre-
dicted colorectal cancer (CRC) patients’ survival better than the 
classical TNM system, for the first time for any cancer.1,2 This led 
to the development and implementation of the Immunoscore. 
Immunoscore is a standardized consensus scoring-system based 
on densities of two lymphocyte populations (CD3, CD8) infiltrat-
ing the tumor (CT) and invasive margin (IM) that has a highly 
significant prognostic value, and that has been introduced into 
cancer classification (WHO classification of Digestive System 
Tumors) and into clinical guidelines (ESMO).1,2

The immune contexture parameters are associated with long- 
term survival and prediction of response to treatments.8 We first 
described three major immune coordination profiles (hot, 
altered, cold) observed within primary CRCs, thus classified 
according to the balance between tumor escape and immune 

coordination. The altered phenotype was further divided in two 
distinct patterns, “excluded” and “immunosuppressed”.8 This 
“excluded” phenotype reflects the ability of the host immune 
system to mount a T-cell-mediated immune response, and also 
the ability of the tumor to physically hindering T-cell infiltration. 
In contrast to these physical barriers, an “immunosuppressed” 
phenotype is characterized by suppressive cells, receptors and 
soluble factors, limiting further recruitment and expansion.8 

Understanding the mechanisms leading to hot, altered (excluded 
and immunosuppressed) and cold tumors is of critical impor-
tance for successful anti-cancer therapies. Some mechanisms are 
related to host genetics, to microenvironmental characteristics, 
to intrinsic tumor cell features, but also to the tremendously 
complex interplay between the tumor and the immune system.

Given the major importance of the local immune reaction at 
the tumor site, it is critical to understand mechanisms resulting 
in high or low densities of specific immune cells within the 
tumors. Genomic alterations that occur in neoplastic cells 
during tumor development and progression could influence 
the tumor microenvironment. Our study presented 
a comprehensive analysis of all known cytokines and cytokine 
receptors, using comparative genomic hybridization combined 
with system biology approaches, functional network tailored 
pipeline and large-scale data analysis of the intratumoral 
immune reaction.9 We investigated mechanisms that may 
explain the difference in the intratumoral densities of particu-
larly important immune cells?

The power of integrative cancer immunology approaches 
and functional network tailored pipeline allowed to define, in 
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patients, relevant mechanisms resulting in high or low densi-
ties of specific immune cells within the tumor.

Our comprehensive analysis determined whether alterations 
of cytokine function contributed to tumor progression and how 
cytokines are shaping the intra-tumoral immune reaction. We 
highlighted several important findings (Figure 1).9

(1) We revealed which chromosomal instability of cytokine 
genes is associated with tumor progression, lymph- 
node metastasis and distant metastasis.

(2) Within the tumor microenvironment, IL-15 was pro-
duced by epithelial cells and activated myeloid cells.

(3) We showed for the first time that copy number varia-
tion of the IL15 gene was a mechanism associated with 
different densities of intratumor immune cells in tumor 
regions.

(4) We pinpointed IL15 as a pivotal cytokine in human 
tumors, and shown that IL15 is involved into the local 
proliferation of T and B cells within the tumor, and 
particularly CD8 cytotoxic T-cells.

(5) We demonstrated that actively proliferating lympho-
cytes are correlating with the survival of the patients.

We also revealed mechanisms determining the densities (high or 
low) of specific immune cells in colorectal tumors (Figure 1).10 

Chemokines and adhesion molecules appeared to target and 
attract immune effector T cells to the tumor microenvironment 
and to specific regions within the tumor. The majority of cells 
attracted by CX3CL1 were TH1 and effector-activated cytotoxic 

T cells, whereas CXCL9 and CXCL10 attracted mostly memory 
CD45RO T cells.10

In mouse models, multiple and concomitant effects, com-
bining both expansion of tumor-resident lymphocytes and 
recruitment of new immune cells via chemokine gradients 
led to the increased tumor accumulation of CD8+ T and NK 
cells observed in hetIL-15 treated animals (Figure 1). 
Activated lymphocytes also secrete XCL1 in response to 
hetIL-15 treatment, a chemokine involved in the enhance-
ment of intratumoral influx of cDC1. Importantly, CXCL9 
and CXCL10 secretion by myeloid cells require exposure to 
IFN-γ, suggesting a positive feedback loop whereby the hetIL- 
15-dependent increase in intratumoral XCL-1 and IFN-γ– 
producing lymphocytes enhances cDC1 recruitment, ampli-
fying the CXCL9/10-mediated intratumoral infiltration by 
CXCR3+ effector lymphocytes. Therapy with hetIL-15 stimu-
lated trafficking of CD8+ T and NK cells into the tumors, and 
promoted proliferation (increased Ki67 levels) and survival 
(increased Bcl-2) of the intratumoral lymphocytes.11 Overall, 
mouse model results showed that hetIL-15 administration, 
may be a general method to enhance T and cDC1 cell entry 
in tumors, increasing the success rate of immunotherapeutic 
interventions.

Immunostimulatory cytokines are often employed as immu-
nological adjuvants, in order to unleash the immunogenic poten-
tial of other immunotherapeutic agents, such as tumor-targeting 
vaccines and checkpoint inhibitors. There are preclinical and 
clinical advances for the use of cytokines as immunostimulatory 
factors, including IL-15, in oncological indications.12–16

Figure 1. Intrametastatic immune landscape. (a) an in situ lymphocytic infiltration is mediated through chemokines and attraction inside or around the tumor 
microenvironment. IL15, produced mainly by activated myeloid cells and tumor cells, activates cytotoxic CD8 T-cells and NK-cells, which together with Th1 cells produce 
IFNG, a major cytokine involved together with XCL1 in shaping a good immune contexture and in activating cDC1 cells. These activated cDC1 cells, by producing 
chemokines such as CXCL9/10 are attracting CXCR3+ cells, notably memory CD45RO+ T-cells, cytotoxic CD8 T-cells and NK-cells. (b) In parallel, IL15 is also inducing 
a direct in situ lymphocytic proliferation, which expand the local pool of intratumoral cytotoxic CD8 T-cells. IL15 and these proliferating CD8 T-cells were associated with 
prolonged survival in cancer patients.
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In translation of many results, combination immunotherapy 
clinical trials were initiated with IL-15.16 A phase I trial was initiated 
involving recombinant human IL-15 (rhIL-15), nivolumab and 
ipilimumab in patients with malignancy (NCT03388632). 
A clinical trial is being initiated for patients with cancer using an 
intralesional anti-CD40 in combination with rhIL-15. Combination 
therapy of IL-15 with anticancer monoclonal antibodies including 
rituximab (anti-CD20) or alemtuzumab (anti-CD52), showed clin-
ical benefit in mouse models. IL-15 enhanced the ADCC and 
therapeutic efficacy of both antibodies. These results provided the 
scientific basis for trials of IL-15 combined with alemtuzumab (anti- 
CD52) for patients with ATL (NCT02689453), with obinutuzumab 
(anti-CD20) for patients with CLL (NCT03759184), and with 
avelumab (anti-PD-L1) in patients with T-cell lymphoma 
(NCT03905135) and renal cancer (NCT04150562).16

Our data highlight the power of integrative cancer immunology 
approaches to understand the challenging issues of tumor progres-
sion and tumor recurrence in human cancer. This knowledge can be 
used to prioritize research and therapeutic interventions.
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