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Abstract

Renal cell carcinoma (RCC) is one of the most lethal urologic malignancies. Its incidence continues to rise worldwide with a
rate of 2% per year. Approximately, one-third of the RCC patients are diagnosed at advanced stages due to the asymptomatic
nature of its early stages. This represents a great hurdle, since RCC is largely chemoresistant/radioresistant, and targeted
therapy of mRCC still has limited efficacy. The 5-year survival rate of metastatic RCC (mRCC) is only around 10%. Adop-
tive cell transfer (ACT), a particular form of cell-based anticancer immunotherapy, is a promising approach in the treatment
of mRCC. The vaccination principle, however, faces unique challenges that preclude the efficacy of ACT. In this article, we
review the main challenges of ACT in the treatment of mRCC and describe multiple methods that can be used to overcome
these challenges. In this respect, the ultimate purpose of this review is to provide a descriptive tool by which to improve the
development of novel protocols for ACT of mRCC.
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Abbreviations

ACT Adoptive cell transfer

ccRCC Clear cell RCC

IL Interleukin

ITF Intratumoral fibrosis

mRCC Metastatic RCC

NK cell Natural killer cell

non-ccRCC  Non-clear cell RCC

PBMC Peripheral blood mononuclear cell
PECAM Platelet endothelial cell adhesion molecule
RCC Renal cell carcinoma

TIL Tumor-infiltrating lymphocyte

TRAIL TNF-related apoptosis-inducing ligand
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Renal cell carcinoma (RCC)

One of the leading malignancies of central Europe, renal cell
carcinoma (RCC), is considered to be the most lethal malig-
nant tumor of the urologic system. It is broadly divided into
clear cell renal carcinoma (ccRCC, approx. 80% of cases)
and non-clear cell renal carcinoma (non-ccRCC, approx.
20% of cases). The overall incidence is still on the rise with a
rate of 2% per year [1, 3]. If identified at an early stage,
radical surgical intervention offers a favorable prognosis,
with the survival rate of 60% within 5 years [1]. However,
approximately one-third of RCC patients are diagnosed
at advanced stages due to the asymptomatic nature of the
early ones. The advanced stages are characterized by inva-
sive growth or distant metastases. Unfortunately, there are
currently no effective imaging or cytology-based screening
methods for the early detection of RCC necessitating the
need for appropriate treatment selection [2].

RCC is a highly chemoresistant/radioresistant malig-
nancy. The landscape of metastatic RCC (mRCC) treatment
has changed during the last decade with the introduction
of targeted therapies, and the first-line treatment options
are currently mTOR and tyrosine kinase inhibitors together
with biological therapy, such as anti-VEGF drugs [3]. Immu-
notherapeutic approaches, based on the inhibition of the
immune checkpoint molecules PD-1 and/or CTLA-4, have
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also shown favorable results and have been approved by the
FDA and EMA for the treatment of mRCC [3]. Nevertheless,
targeted therapies still share limited efficacy in the treatment
of mRCC. The 5-year survival rate of mRCC is around 10%
[1]. Since the wide tumor-immune system interplay in RCC
is evident, immunotherapies aimed at increasing intratu-
moral T cell numbers or increasing their cytotoxicity may
have a unique potential to improve the survival of patients
with mRCC [3, 4].

Adoptive transfer of expanded
tumor-infiltrating lymphocytes (TILs) in RCC

Adoptive cell transfer (ACT), a particular form of cell-
based anticancer immunotherapy, may be one potential
treatment modality in metastatic diseases, where conven-
tional therapy tends to fail. As shown in Fig. 1, ACT is a cell
therapy based on immune cells extracted from the patient,
processed in vitro, extensively expanded, then transferred
back to the patient [5, 6]. For ACT, both peripheral and
tumor-infiltrating lymphocytes (TILs) can be used as the
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source of cells [5]. The in vitro processing of these source
cells may include either purification or the enrichment of the
cell culture. Alternatively, the cells can be genetically modi-
fied [4]. The following in vitro expansion of the cells allows
the tumor-specific cells to be grown outside the immuno-
suppressive tumor microenvironment these cells encounter
in vivo. Moreover, the patient can undergo lymphodepletion
to reduce the number of suppressor immune cells prior to
the transfer [5, 6].

ACT has been shown in clinical trials to cause objec-
tive clinical responses in 40-72% of patients with metastatic
melanoma. Moreover, up to 40% of these patients experi-
enced complete regressions lasting up to 7 years ongoing
[6]. These results caused an overall optimism and led to
the exploration of the efficacy of ACT in a number of non-
melanoma solid tumors. Unfortunately, ACT in the treatment
of mRCC has shown only limited efficacy [7]. Therefore,
novel approaches and novel combinations of therapeutic
strategies in this field are needed. Successful ACT requires
the isolation of immune cells, their expansion and, once
transferred back to the patient, efficient trafficking of the
tumor-specific immune cells to the tumor. TILs isolated
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Fig.1 In renal cell carcinoma (RCC), the tumor-immune system
interplay is evident; therefore, immunotherapeutic approaches may
be the most promising treatment modalities. Adoptive cell transfer
(ACT) is a cell-based vaccination approach, where tumor-specific
lymphocytes can be selected from the patient, stimulated, expanded
to large numbers in vitro and injected back to the patient. For the
purpose of ACT, both peripheral and tumor-infiltrating lymphocytes
(TILs) can be used. TILs are obtained from freshly resected tumors,
expanded with IL-2, IL-15 and/or other cytokines and purified. TILs
are a very heterogenous cell population. The population, however,
contains cells capable of recognizing tumor-associated antigens
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(TAAs).This represents a great advantage in using TILs as a source
material. On the other hand, peripheral blood mononuclear cells
(PBMCs) can be readily extracted from the whole blood of patients
and their isolation does not require surgical resection of the tumor.
PBMCs can be stimulated in vitro with cytokines and to achieve the
specific anti-tumor response, priming with TAA-pulsed dendritic
cells is often required. The efficacy of ACT can be amplified by
patient’s pre-conditioning. The therapy itself can be combined with
other immunotherapeutic approaches, such as check point inhibition
and/or the biological therapy
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from excised tumors and non-specifically expanded in vitro
are the traditional source for ACT [6, 8]. However, TILs are
a very heterogeneous cell population, and the subpopulations
that could provide the most convenient source of TILs for
ACT have not yet been defined [8].

Main challenges of ACT

TIL-based ACT, in combination with high-dose IL-2, has
shown up to 50% objective and durable responses in meta-
static melanoma patients with proper lymphodepleting pre-
conditioning [9]. Out of twenty patients, two patients had
complete remissions, eight had partial responses with signif-
icantly prolonged progression-free survival and four patients
showed disease stabilization [9]. However, in the treatment
of other solid tumors, TIL-based ACT still faces unique
challenges. Partially, it is because of the biological barrier
that prevents immune cells from penetrating the tumor tis-
sues. Recently, Torcellan et al. provided in vivo imaging of
immune cell migration towards multiple solid tumors and
showed that the collagen fibers in the tumor ECM affect
intratumoral T cell distribution and migration [11]. The bio-
logical barrier that accompanies the growth of the tumor
is characterized by a high density of extracellular matrix
(ECM) and production of a broad amount of pro-fibrotic
molecules, such as transforming growth factor beta (TGF-f),
fibroblast growth factor (FGF), and others [10]. The bar-
rier, together with the abnormal tumor vessel barrier and
interstitium, causes insufficient trafficking of the immune
cells towards the tumor. Imaging techniques allowed a deep
insight into the intratumoral T cell dynamics and in lung
cancer specifically, the ECM fibers surrounding the tumor
were shown to significantly influence T cell migration and to
cause limited T cell trafficking into the tumor [12]. Moreo-
ver, in human ovarian carcinomas, the high density of ECM
resulted in impaired CD8" T cell migration and caused alter-
native forward and backward movements of the cells in the
peritumoral area [13]. Taken together, the pathologic nature
of the tumor microenvironment may restrain a direct contact
of adoptively transferred immune cells with tumor antigens
and limit the efficacy of ACT [10, 13].

As shown in Table 1, other obstacles that preclude the
efficacy of ACT in mRCC are immunosuppressive and hos-
tile tumor microenvironments, poor immune cell recruitment
into tumors [14] and the loss of cytotoxic functions of the
immune cells [14, 15]. How to improve the unpredictable
lifespan of transferred immune cells in the hostile tumor
microenvironment has been a matter of intensive debate
[14]. Survival of both NK and CD8" T cells was shown to
be prolonged in the presence of IL-2, IL-7, and IL-15 and,
together with IL-21, these cytokines stimulated the telom-
erase activity and inhibited apoptosis of the transferred cells

Table 1 Adoptive cell transfer (ACT) faces unique challenges

Constant challenges

Patient’s non-compliance

Non-resectable tumor

Low immunogenicity of the tumor
Pre-treatment intolerance

Complete/partial resistance to therapy
Processing difficulties

External factors

Variable challenges

Lack of chemoattraction to the tumor site
Poor trafficking to the tumor site

Lack of cytotoxicity of the transferred cells
Exhaustion of the transferred cells

Short in vivo persistence of transferred cells

Constant challenges include factors that are difficult to predict and
modify, such as immunogenicity of the tumor, resistance to the ther-
apy, and also the factors that individually vary among the patients,
such as compliance of the patient and the individual tolerance of lym-
phodepleting regimens. Variable challenges are factors that can be
modified by changing the tumor microenvironment or changing the
mechanisms of isolation, expansion and transferring the immune cells

[15]. Nevertheless, successful augmentation of the in vivo
survival and effector functions of transferred cells along
with facilitating the tumor infiltration with these cells still
remains to be determined.

Isolating TILs from different RCC
compartments for the purpose
of phenotypic analyses

The lymphocyte infiltration in the RCC tissue may serve not
only as a valuable prognostic biomarker, but also as a unique
source material for ACT [16]. As TILs are very heterogene-
ous, many studies attempted to identify and evaluate those
populations of TILs which have the highest cytotoxic and
migratory potential [16]. However, this approach is limited
not only by the tumor sample size, but also by the types of
analyses that can be performed with the limited number of
cells available.

The tumor size, the surgical resectability of the tumor,
and the intensity of intratumoral lymphocyte infiltration
might be the major aspects that favor malignant melanoma
in TIL preparation while causing difficulties in other solid
tumors. Several strategies have been devised to find the opti-
mal lymphocyte populations for ACT [8]. Since malignant
melanoma is the most immunogenic cancer, successful gen-
eration and phenotyping of TILs are widely reported by a
number of studies [17].

In RCC patients, the phenotypic signature of intratumoral
NK cells and T cells patients has also been described [18,
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19]. However, only a few studies considered the importance
of peritumoral lymphocytes [16, 20]. Recently, it has been
shown that the presence of mature dendritic cells in the
peritumoral immune aggregates, in combination with CD8*
TILs, in ccRCC patients is associated with a good prognosis
[18]. Nevertheless, a comparative analysis that would evalu-
ate the phenotypic signatures of infiltrating immune cell in
the pertinent tissue compartments, i.e. the tumor, peritu-
moral tissue, and the adjacent healthy renal tissue, has not
been conducted until recently [20].

The strategy of TIL preparation and analysis
in RCC patients

The preparation and administration of TILs for clinical pur-
poses have been limited to highly specialized research cent-
ers where a tight interdisciplinary relationship is secured.
Isolation of TILs from RCC patients is a complex multi-
step process. In the first step, tumor samples are aseptically
resected from the kidney after radical nephrectomy. The
optimal mean size of the sample is at least 0.5 cm in diameter
[21, 22]. To analyze lymphocyte migration within different
microenvironmental compartments, peritumoral tissue can
be also obtained and its infiltrating lymphocytes evaluated.
Peritumoral tissue is characterized as the boundary between
the normal tissue and the tumor. However, to reach compara-
ble data among different studies, peritumoral tissue needs to
be established as the tissue which is localized approximately
0.5-1.0 cm from the macroscopic tumor edge [23]. After the
resection, it is essential to transport the tissue samples in an

appropriate liquid solution, such as a saline solution or, pref-
erably, a cell culture medium. The samples are transported to
and processed in a specialized laboratory that is compliant
with Good Manufacturing Practice (GMP). Each sample is
then sliced into small pieces (1 mm?) and transferred into
the cell culture medium. The medium is then supplemented
with a mixture of collagenase, hyaluronidase, and DNAse to
enzymatically dissociate the sliced tissue. The dissociated
tissue is passed through a sterile 70 pm or 100 um nylon cell
strainer to separate the cells (Fig. 2). The separated cells are
rinsed with phosphate-buffered saline (PBS) and the excess
of red blood cells is removed by centrifugation or by spe-
cific lysis. To perform phenotypic analysis, the cell surface
markers are stained with fluorophore-conjugated monoclonal
antibodies. To decrease the formation of cell aggregates and
antibody internalization, 2 mM EDTA is often added. The
stained cells are then rinsed to remove unbound antibodies
and analyzed with a flow cytometer [20-22]. For the pur-
pose of ACT, non-homogenized cut pieces of the tumor can
be also used, once the cultures are supplemented with high
doses of IL-2. This cytokine leads to the rapid expansion of
lymphocytes in the culture, which is further followed by the
elimination of tumor cells by the expanded lymphocytes [5].

Overcoming insufficient trafficking
to the tumor site

ACT often utilizes extensively in vitro-expanded TILs.
However, the therapeutic efficacy of the expanded TILs is
largely compromised by poor trafficking to the tumor site.
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Fig. 2 Isolation of tissue-infiltrating lymphocytes from RCC patients
is a complex multi-step process. 1. In the first step, tumor samples,
peritumoral tissue, and healthy renal tissue are aseptically resected
from the kidney after radical nephrectomy. 2. Each sample is then
sliced into small pieces (I mm?) and transferred into the cell culture
medium. 3. The medium is then supplemented with a mixture of col-
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lagenase, hyaluronidase, and DNAse to enzymatically dissociate the
sliced tissue. 4. The dissociated tissue is passed through a sterile
70 pm or 100 um nylon cell strainer to singularize the cells. 5. To
perform phenotypic analysis, the cell surface markers can be stained
with fluorophore-conjugated monoclonal antibodies
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To improve the therapeutic efficacy of ACT, it is crucial to
enable the tumor-specific lymphocytes to achieve direct con-
tact with their target cancer cells. To this aim, the lympho-
cytes need to cross the aberrant fibrotic and vessel barrier
of the tumors [10, 24]. Intratumoral fibrosis (ITF), together
with abnormal tumor vasculature, is the main factor protect-
ing the tumor against the immune cells [10, 24]. In most
tumors, the ITF results in a worse prognosis. This fibropro-
tection is present in many solid tumor malignancies. RCC
is a highly vascularized cancer. The most common type,
ccRCC, is often associated with a significant peritumoral
or intratumoral fibrosis. In ccRCC, the ITF not only defines
worse prognosis but also relates to other poor prognostic fac-
tors, such as increased Fuhrman nuclear grade, intratumoral
necrosis and lymphovascular invasion [25].

A number of new strategies have been tested in mouse
models to enhance the trafficking of adoptively transferred
lymphocytes. One approach is to control the remodeling of
tumor vasculature, either with angiogenesis inhibitors, such
as anginex, endostatin and angiostatin [26], or with anti-
VEGF or anti-VEGFR antibodies [26]. Another approach
that has been extensively studied is focused on increasing the
permeability of small vessels with NGR-containing ligands
[27]. This approach is being currently tested in a randomized
phase III clinical trial and does, to date, not cause serious
adverse reactions (NCT01098266) [28]. Recently, chimeric
antigen receptor T (CAR-T) cells engineered to express
extracellular matrix-degrading enzymes or chemokine
receptors have also been reported to assist the engineered T
cells in infiltrating the tumor microenvironment [29].

When searching for optimal TIL subsets for ACT, the
cell subsets which express the transendothelial migration
(TEM)-enhancing molecules should be taken into considera-
tion [10, 30]. There are a number of surface molecules regu-
lating extravasation, paracellular migration and endothelial
transmigration of leukocytes to the site of inflammation
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Fig.3 There are a number of surface molecules regulating extrava-
sation, paracellular migration and transendothelial migration (TEM)
of leukocytes to the site of inflammation. Among these, platelet/
endothelial cell adhesion molecule 1 (PECAM-1, also known as
CD31) strongly defines TEM capacity of leukocytes and was found
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[31] (Fig. 3). Among these, platelet/endothelial cell adhe-
sion molecule 1 (PECAM-1, also known as CD31), strongly
defines the TEM capacity of leukocytes and was found to be
required for TEM [31, 32]. The PECAM-1-mediated leu-
kocyte migration can be effectively prevented by PECAM-
1-specific blocking antibodies or by inhibition of PECAM-1
expression [31, 32]. PECAM-1 is expressed diffusely on
leukocytes and platelets. However, some cells may lack the
expression of PECAM-1, resulting in their arrest along the
tight junctions and the apical membrane of the endothelium
[31]. Moreover, it has been demonstrated that PECAM-1, as
opposed to other adhesion molecules, when transfected into
cells that normally lack it, supports TEM and allows cells to
transmigrate efficiently [31, 32]. From that vantage point, it
is surprising that PECAM-1-expressing tumor-infiltrating T
cells or NK cells have not been studied yet for their potential
use in ACT. PECAM-1 shows a great deal of promise in
enhancing the trafficking of the immune cells towards and
potentially into the tumors. However, to improve the thera-
peutic efficacy of ACT, the search for the tumor-specific
infiltrating lymphocytes that express this molecule that could
be then used for ex vivo expansion for ACT will certainly
also necessitate the analysis of the phenotypes of the infil-
trating lymphocytes beyond the tumor compartments and
also in addition to beyond the tumors themselves [20]. We
hypothesize that adoptive transfer of cells with enhanced
migratory capacity could be the optimal phenotype for
improving the therapeutic efficacy of ACT of RCC.

Cytotoxicity of adoptively transferred TILs

Our ability to define and expand therapeutically potent
migratory and cytotoxic lymphocytes may be critical in
developing effective TIL-based ACT for mRCC. Andersen
et al. searched in RCC patients for cytotoxic TILs that could
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to be required for TEM. The PECAM-1 molecule shows a great deal
of promise in enhancing the trafficking of the immune cells towards
the tumor. TEM allows T cells to get in direct contact with tumor-
associated antigens (TAAs) and to use cytotoxic tools, such as FasL
and TRAIL
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be efficiently exploited for ACT. The study showed that
TILs, isolated from primary RCC specimens, can recognize
tumors. Nevertheless, the immune responses of TILs against
RCC tumor cells remained weak [33].

In TIL-based ACT, to achieve a desired therapeutic out-
come, only a small number of TILs with appropriate effector
functions may be necessary. Once identified, these TILs can
be specifically isolated, ex vivo expanded to large numbers
and used for cancer treatment [5]. Among these TIL popula-
tions, there are lymphocytes that express the cytotoxic mark-
ers TRAIL (CD253) [34, 35] and FasL (CD178) [36]. It has
been reported that sub-lethal ionizing radiation enhanced
FasL- and TRAIL-mediated apoptosis in cancer cells. This
event was further shown to increase Fas/TRAIL-mediated
apoptosis, even in chemoresistant ovarian cancer cells [37].
Clinical trials testing the TRAIL agonists, however, did not
show similar therapeutic effects [38]. However, none of
these TRAIL-focused trials aimed to specifically isolate and
expand TRAIL™" TILs. Due to these disappointing results, it
may be prudent to terminate the use of indiscriminate pan-
specific expansion of TILs for ACT and to direct more atten-
tion to the use of specific TIL populations with promising
phenotype for ex vivo expansion and ACT. The rationale for
this approach stems not only from the current disappointing
results, but also from pre-clinical observations which sug-
gested that adoptive transfer of one particular subset of cells
showed better therapeutic efficacy than transferring immune
cells non-selectively [39, 40]. No clinical comparison has,
however, been done to favor one selected subset over the
other [39, 40]. Whether the use of specifically expanded
TRAIL* or Fas™ or TRAILY/Fas™ TILs can really improve
the efficacy of ACT in the treatment of mRCC still remains
to be determined.

Increasing the potency of TIL-based ACT

The approaches to increase the potency of adoptively trans-
ferred TILs are being largely debated and investigated
in most of the solid tumors. Different pre-conditioning
approaches have been utilized. In malignant melanoma
patients, lymphodepletion with cyclophosphamide (CTX)
and fludarabine (FLU) increases the response to ACT with
TILs [5]. Total body irradiation (TBI) appears to augment
the efficacy of adoptively transferred cells in malignant
melanoma patients [5].

In addition to pre-conditioning regimens, approaches uti-
lizing ACT with phenotypically diverse T cells and NK cells
have been tested [15]. It is still unclear whether improved
cytotoxicity of transferred cells can be achieved by trans-
ferring a particular subset of afy T cells, yd T cells, by co-
transferring different cell subsets, or by transferring CAR T
cells [15]. Different cell-based clinical trials in RCC have
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been initiated (NCT00328861, NCT02926053), including
CAR T cell therapy for RCC which is currently being tested
in phase I/II clinical trial (NCT02830724). Particularly rel-
evant to this issue may also be the boosting effect of den-
dritic cell-based immunotherapy when given in combination
with TIL ACT [41].

Immunosuppressive tumor
microenvironment in RCC

One of the aspects that limits the effector functions of the
transferred TILs is the inhibitory tumor microenvironment
in RCC. The causes of tumor-induced immunosuppression
are primarily due to the production of checkpoint receptor
ligands and to the production and release of anti-inflam-
matory cytokines by the tumor cells. The strategy to block
immune checkpoints has shown encouraging results in clini-
cal trials and has already been approved for the treatment of
mRCC [3]. However, in some patients, primary resistance
to checkpoint inhibitors has been reported [3]. Thus, other
immunotherapies, such as the ACT, should also be investi-
gated for the treatment of this condition.

One factor that suppresses the effector functions of
transferred cells is the pathological generation of inhibitory
immune cells, such as myeloid-derived suppressor cells
(MDSCs), tumor-associated macrophages (TAMs) and
regulatory T cells (Tregs). Increased levels of circulating
Tregs have been reported in patients with RCC [42, 43].
The immunosuppressive properties of MDSCs, TAMs, and
Tregs may be, however, reversed by decreasing their num-
bers [44], by blocking their suppressive activity [45] or by
antagonizing chemokine receptors, and thus causing a failure
of their migration towards the inflammatory environment
[46]. Depletion of inhibitory host cells, without impairing
effector function of adoptively transferred cells, is currently
an area of intense investigation for the treatment of cancer
patients, including those with RCC.

Discussion

It remains a challenge for current therapeutic strategies to
effectively treat late stages of RCC. Immunotherapy has
led to major breakthroughs in the treatment of a number of
cancers and, thus, represents a promising approach for the
treatment of mRCC.

Immunotherapy, with immune checkpoint blockade,
has become an approved treatment for RCC patients and
has proved to be clinically effective [3]. However, resist-
ance to immune checkpoint blockade has been reported
in a subgroup of individuals [3]. TIL-based ACT is a
promising approach in the treatment of diverse human
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malignancies. However, TIL-based ACT also faces unique
challenges that preclude its efficacy and wide use in the
treatment of mRCC. To overcome the challenges, the cur-
rent approaches based on selecting non-terminally dif-
ferentiated cells that recognize tumor cells appear to be
inadequate [47]. These cells need to additionally have an
enhanced capacity to reach their targets in the challeng-
ing environment of RCC tumors. Furthermore, they need
to have an enhanced capacity to eradicate cancer cells
and need to expand to sufficient numbers to face the pres-
ence of the large population of immunosuppressive cells
in RCC tumors. To achieve these properties, the method
of the preparation of cells for ACT needs to be substan-
tially changed. Firstly, the methods for the expansion of
these populations need to be developed. This cannot be
restricted to only the tumor site but should also expand
to adjacent tissues [20]. Secondly, the populations need
to have a strong capacity to effectively penetrate the
enhanced fibroprotection of RCC tumors. Immune cells
which express markers of transendothelial migratory
capacity, such as PECAM-1, should be then considered.
Thirdly, the populations must be able to effectively eradi-
cate the cancer cells. The cells that express TRAIL and Fas
ligand receptors may represent the lead candidates to con-
sider in this way. Finally, the populations with the intended
migratory and cytotoxic phenotypes need to outnumber the
immunosuppressive cells in the tumors. Therefore, cells
with these phenotypes need to be specifically expanded for
ACT and used in sufficient numbers for RCC treatment.
To develop protocols for preparation of cells with such
features for ACT of RCC will certainly require intensive
and challenging research. However, as preclinical data are
already promising, these approaches may indeed prove to be
worthwhile and bring new hope in the form of novel ACT-
based treatment of such challenging cancer as mRCC.
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