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Abstract
Tumor infiltrating lymphocyte (TIL) therapy is a personalized treatment for locally
advanced or metastatic cancer. TIL therapy requires the surgical excision of a portion of
the malignant tissue and subsequent ex vivo expansion of tumor reactive immune cells,
primarily T-lymphocytes (T-cells), prior to reinfusion into the patient. TIL therapy has been
shown to be efficacious in numerous forms of cancer; however, a lack of consistent in
vitro TIL production has hindered the development of this potentially curative cell therapy
for renal cell carcinoma (RCC). I (Mitchell W. Braun) report my work, in the Godwin
research laboratory, which has aimed to advance the prospect of TIL therapy for RCC. A
novel method for TIL expansion has been developed that has shown a 94% success rate
for creating TIL cultures from clear cell RCC. This method generates a TIL product with
an optimal phenotype relative to other established TIL production protocols, namely the
pre-rapid expansion protocol (PreREP)/REP and FTD + beads method. PreREP involves
IL-2 supplementation alone as the source of exogenous stimulation during the first phase
of expansion. The fresh tumor digests (FTD) + beads method involves supplementation
of IL-2, as well as anti-CD3/CD28 beads to initiate TIL cultures. Relative to the PreREP
and FTD + beads protocols, our method involves adherent cell depletion (ACD), referred
to as panning, and generates significantly fewer regulatory (CD4+/CD25+/FOXP3+)
(p=0.049, p=0.005), tissue-resident memory (CD8+/CD103+) (p=0.027, p=0.009), PD1+/TIM-3+ double-positive (p=0.009, p=0.011) and TIGIT+ T-cells (p=0.049, p=0.026),
respectively. These phenotypic changes were achieved while increasing the average
tumor reactive T-cell yield in the final TIL product. However, using this method a majority
of the CD8+ expanded TILs bear an effector-memory or effector phenotype, which is subiii

optimal for adoptive transfer and similar to the other protocols. Therefore, various
methods to induce a less differentiated phenotype during in vitro TIL expansion were.
AKT inhibition (AKTi) during TIL expansion was shown to increase expression of the
memory-associated/lymph-node homing selectin, CD62L (p<0.0001), which would be
expected to increase TIL effectiveness and the durability of responses. However, AKTi
decreased TIL yield after two weeks of expansion (p=0.047). To identify a pathway that
might mimic the advantageous effects of AKTi but avoid the loss of TILs, a reverse phase
protein array (RPPA) was used to identify downstream targets of AKTi. This analysis
identified the kinase GSK3β as a major down-regulated target of AKTi. Inhibition of
GSK3β is known to upregulate the pioneer transcription factor TCF1, which is associated
with T-cell memory development. Subsequent investigation demonstrated that treatment
with a GSK3β inhibitor (GSK3βi) during TIL expansion did indeed recapitulate the positive
effect of increasing expression of CD62L (p=0.029). Importantly, though, GSK3βi did not
affect TIL yield (p=0.76). This approach has the potential to increase the persistence of
the TIL product after infusion leading to increased durable response rates in RCC and
potentially other tumors. I submit these findings, as well as additional data, as part of my
application for the degree of Doctor of Philosophy in Pathology and Laboratory Medicine
from the University of Kansas Medical Center.
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Chapter 1: Introduction

1

Immunotherapy for the treatment of cancer has revolutionized the field of oncology
over the last decade. Previously there were only few indications for this form of therapy;
however, now approximately half of all cancer patients in the United States are eligible
for an immune modulating agent and these therapies are a cornerstone of oncology
alongside surgery, radiation, targeted therapies and chemotherapy. This decade long
boom of improved patient outcomes due to the advent of novel immunotherapeutics
started in March of 2011 with the FDA approval of the first immune checkpoint inhibitor,
ipilimumab, which targets the CTLA-4 receptor. However, harnessing the immune system
in an attempt to treat cancer has been continually explored since William Coley
(recognized as the Father of Cancer Immunotherapy) first began inoculating sarcoma
patients with erysipelas in the 1890s (1). At that time, Coley did not fully appreciate the
mechanism of tumor regression due to immune activation as a result of pathogen
associated

molecular

patterns

(PAMPs),

streptococcal

superantigens

or

lipopolysaccharide (LPS); however, his reports sowed the seeds from which modern
cancer immunotherapy has grown.

Over the next several decades, debates regarding the origins of cancer led to the first
well-formed hypotheses, largely accredited to Thomas and Burnet, describing somatic
mutations giving rise to neoantigens which were capable of being recognized by the
immune system (2-4). The resulting theory of immunosurveillance arose as the first
descriptions of T-cells mediating graft rejection were reported; the connection was made
that the same immune effector cells could be responsible for the rare reports of
spontaneous tumor regression. As the understanding of the innate and adaptive immune
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systems grew over the remainder of the 20th century it became clear that T-cells and NK
cells possessed an extraordinary ability to recognize and eliminate neoplastic cells.
However, developing therapeutics that could leverage this potential and be safely
translated into broad patient populations would prove to be a difficult endeavor.

There are several different approaches to enhance the immune system’s ability to
eliminate cancer and a comprehensive review of these therapies will be covered in
Chapter 2; however, this report is focused on an individualized form of adoptive cell
transfer (ACT) known as tumor infiltrating lymphocyte (TIL) therapy. Clear cell renal cell
carcinoma (ccRCC) has many of the hallmarks of tumor types that would respond well to
TIL therapy: it is a highly immunogenic neoplasm with a consistent reactive T-cell infiltrate
and is known to respond to other immunotherapies including aldesleukin (IL-2), interferonα, and checkpoint inhibitors (5-11). However, RCC has been labeled a difficult target for
TIL-based therapies because the only randomized, phase III trial exploring TIL treatment
for RCC was terminated early in 1997 due to lack of efficacy. Notably, 41% of patients
randomized to the experimental group did not receive a TIL infusion due to a failure of in
vitro TIL manufacturing (12). Since the termination of this trial, little work has been done
to explore why in vitro culture failed for such a large proportion of RCC patients. This
clinical void leaves an unmet need to develop novel methods for TIL expansion from RCC.

Although RCC is an immunogenic tumor with a consistent T-cell infiltrate, the conundrum
remained regarding why it is so challenging to clinically generate TIL cultures. TIL
expansion in the phase III trial was attempted using a two-stage protocol. IL-2 (1,200
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IU/mL) alone was used to establish TIL cultures followed by an early version of a rapid
expansion protocol (REP) involving phytohemagglutinin stimulation after CD8 selection.
TIL expansion protocols have changed considerably since this trial and Andersen and
colleagues have shown that with an improved pre-rapid expansion protocol (PreREP)
protocol and pooling of the bulk “young TIL”, a TIL generation success rate of 92% can
be achieved from RCC. However, it required up to 2 months of culture for this first phase
of the TIL expansion protocol to be complete (13). This prolonged duration required to
establish TIL cultures from RCC will likely hinder the application of this therapy for patients
with aggressive disease. This limitation was partially addressed by Baldan et al., who
showed that optimized tumor dissociation and immediate addition of mitogenic stimulation
via anti-CD3/anti-CD28 paramagnetic beads to the fresh tumor digest (FTD) increased
successful TIL generation rates from RCC in a 15-day time frame (14). It is important to
note that the criteria for considering a TIL culture successful is not standardized and
therefore, the prospective head-to-head comparison of these expansion methods with our
novel technique, which is reported in Chapter 3 is a valuable data set which helps unveil
the differences in TIL yields, phenotype and function that are a result of the methods
used.

We hypothesized that TIL generation from RCC could be further improved by using an
additional technique: removal of the immunosuppressive tumor and stromal cells that are
present in the surgical specimen by adherence-based separation. Investigation of this
hypothesis is documented in detail in Chapter 3 of this dissertation. During efforts to
optimize TIL generation from RCC, we first experimented with ways to enrich TILs from
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FTDs including fluorescence-activated cell sorting (FACS) and magnetic bead-based
sorting to remove TILs from their immunosuppressive environment prior to expansion.
These methods added an additional time and resource requirement to the already labor
and resource intensive TIL production process. Labeling and additional manipulation
were also required which subjected the limited tumor digests to cell loss and stress and
proved to have a negative impact on expansion and successful culture rates. However,
the immunosuppressive cell types within the tumor microenvironment that we aimed to
exclude, including tumor cells, cancer associated fibroblasts, and some myeloid derived
suppressor cells, all share the in vitro characteristic of adherence. Therefore, we
developed and evaluated a technique to promote the expansion of RCC TILs (referred to
as “panning”), which involves an overnight adherent cell depletion (ACD) step following
tumor dissociation and prior to TIL stimulation. We report that this strategy, which requires
minimal time, resources, and manipulation, increases average TIL yield in a 14-day time
frame and creates fewer regulatory T-cells, fewer tissue resident memory T-cells, and
fewer dysfunctional T-cells expressing multiple inhibitory immune checkpoints. These
differences are expected to contribute to the robustness of TIL function for use in antitumor clinical applications.

In addition to developing an effective, rapid protocol for TIL production, we also sought to
make a “better,” more effective TIL that could produce durable responses. These efforts
are documented in Chapter 4 of this dissertation. The ability for in vitro expanded tumor
reactive T-cells to produce durable responses after re-infusion is partially dependent upon
their differentiation/memory state (15, 16). Although more terminally differentiated
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effector-memory (Tem) and effector (Teff) T-cells possess the ability to directly lyse tumor
cells, their less differentiated central-memory (Tcm) and stem-cell like memory (Tscm)
counterparts have greater anti-tumor efficacy in vivo (17-21). This is because less
differentiated T-cell populations have a greater ability to engraft and persist and
subsequently produce a pool of effectors upon antigen re-encounter. A weakness of most
TIL production protocols, including our newly developed ACD method, is that before and
after TIL expansion a vast majority of CD8+ T-cells bear a Tem/Teff phenotype. To address
this drawback, we aimed to modulate intracellular signaling pathways during TIL
expansion to promote a desirable memory phenotype without impacting the magnitude of
TIL expansion. We report that a desirable phenotype is achieved by small molecule
inhibition of either AKT (protein kinase B) or glycogen synthase kinase 3β (GSK3β).
However, only GSK3β inhibition (GSK3βi) was able to achieve this without impacting TIL
proliferation.

The following work shows that consistent in vitro production of TILs with a phenotype that
is hypothesized to produce durable responses is possible from ccRCC. The stigma from
the 1990’s that TIL therapy is not feasible for RCC should be disregarded and renewed
efforts at translating this promising therapy into the clinics for patients with advanced
ccRCC is warranted.
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Chapter 2: The Past, Present, and Future of Cancer Immunotherapy and
Renal Cell Carcinoma: A Literature Review

7

2.1 Cancer Immunotherapy
Enhancing the body’s natural ability to eliminate malignant cells is an intuitive
treatment strategy. A majority of approaches to achieve this aim revolve around
modulating one or more aspects of T-cell activation including stimulation through the Tcell receptor/CD3 complex (or mimicking this signal using an engineered receptor),
signaling through co-receptors (such as stimulatory CD28 or inhibitory PD-1), and
signaling through cytokine receptors. There are several different approaches that are
being widely explored to unleash the immune system to eliminate cancer and these can
be broadly characterized as: 1) The supplementation of recombinant forms of naturally
occurring, or synthetically modified cytokines; 2) vaccination using common tumor
specific/associated antigens or personalized vaccination strategies involving the
identification of patient specific neoantigens; 3) blockade of inhibitory co-receptors or the
augmentation of stimulatory co-receptor signaling; and 4) adoptive cell therapies involving
in vitro growth and reinfusion of naturally occurring or genetically modified tumor reactive
T-cells. All of these approaches show promise and have at least one FDA approved
indication; the following will review the basic science and clinical data regarding these
treatment strategies.
2.1.1 Cytokines
Cytokine therapy was one of the first widely used immuno-modulatory treatments
for cancer, with interferon-α (IFNα) receiving FDA approval for the treatment of leukemia
in 1986. IFNα is most widely known to be a primary mediator of the innate immune
response to viral pathogens. Receptors are ubiquitously expressed and ligand interaction
results in JAK-STAT signaling and activation of a family of transcription factors known as
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interferon regulatory factors (IRFs). This signaling cascade primes cells to an anti-viral
state. In the setting of malignant transformation, these signaling cascades have beneficial
effects on both the neoplastic cells as well as the innate and adaptive immune system.
This observation led to therapeutic supplementation of recombinant IFNα being explored
for renal cell carcinoma, melanoma, AIDS-related Kaposi’s sarcoma, follicular nonHodgkin’s lymphoma, hairy cell leukemia, chronic myelogenous leukemia, multiple
myeloma cutaneous T-cell lymphoma, neuroendocrine tumors, and several other forms
of cancer. IFNα can limit proliferation and induce apoptosis of tumor cells by increasing
expression and enhancing the function of the tumor suppressor p53, although IFNα
signaling alone does not activate p53 (22). Another critical effect of IFNα on tumor cells
is its ability to influence antigen presentation by upregulating transporters associated with
antigen processing on the endoplasmic reticulum as well as class I major
histocompatibility complexes (23, 24). These effects make the tumor cells more
susceptible to antigen recognition by CD8+ T-cells and subsequent killing. There are also
several indirect effects of supplemental IFNα which enhance tumor control and
elimination by influencing immune cell populations. For instance, IFNα aids in the
development of dendritic cells (DCs) from monocyte precursors (25). As a result, these
professional antigen presenting cells (APCs) are ready to phagocytose tumor
specific/associated antigens, migrate to lymph nodes and cross-present these peptide
fragments to naïve or memory CD8+ T-cells resulting in a more robust adaptive immune
response against the tumor. IFNα also has direct effects of T-cells, neutrophils, NK cells
and many if not all tissues in the body (26-29) making it a relatively non-specific form of
immune modulation.
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Recombinant interleukin-2 (IL-2) is another cytokine therapy which received FDA
approval in 1992 for the treatment of metastatic renal cancer. The discovery of IL-2 was
first reported in 1976 and 1977 and was aptly named T-cell growth factor for its ability to
support in vitro growth of human T-cells for over 13 months (30, 31). IL-2 has since been
solidified as the prototypical cytokine to support T-cell activation and growth. The IL-2
receptor (IL-2R) has two separate forms that can transduce an intracellular signal, and
the differences have significant clinical implications. The first is a heterotrimer composed
of the IL-2R α-chain (CD25), IL-2R β chain (CD122) and the common ɣ chain (CD132)
which binds IL-2 with high affinity (Kd ~ 10-11 M). This complex is found primarily on
regulatory T-cells (Tregs) and recently activated conventional T-cells. The second is a
heterodimer consisting of the IL-2R β-chain and the common ɣ chain which binds with
intermediate affinity (Kd ~ 10-9 M) and is primarily expressed by memory T-cells and NK
cells. The IL-2R α-chain alone binds with low affinity but does not transduce a signal
without the other subunits present (32). As a result of the different receptor affinities and
the T-cell subsets that express them, the dosing regimen of IL-2 has a drastic impact on
the observed outcome. High-dose IL-2 administration induces an immunostimulatory
state in which the differentiation of effector T-cells from memory and naïve precursors
predominates which is beneficial for the treatment of renal cell carcinoma and metastatic
melanoma (7). However, with low-dose IL-2 administration the higher affinity receptors
sequester most of the cytokine resulting in preferential regulatory T cell (Treg) activation
and expansion. This results in an immunosuppressive state that can be leveraged for the
treatment of autoimmunity, graft-versus-host disease, and to prevent the rejection of a
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transplanted organ (33-35). High-dose IL-2 alone has fallen out of favor in oncology clinics
due to the emergence of newer targeted therapies and immune checkpoint inhibitors;
however, this cytokine still has a critical role for in vitro T-cell production for adoptive cell
therapies and is also used as an adjuvant infusion or bolus injection in this setting to help
promote in vivo proliferation and engraftment of infused T-cell products.

There are several other cytokine-based therapies that have been and are actively being
explored. Three of the most prominent that have been studied in clinical trial settings for
numerous indications, including cancer, are interleukin-7 (IL-7), interleukin-12 (IL-12) and
interleukin-15 (IL-15). IL-7 and IL-15 are in the same class as IL-2, referred to as common
ɣ chain cytokines, because their receptors all utilize the CD132 subunit. However, IL-12
is in a separate class of cytokines and largely functions by inducing a type 1 T-cell
phenotype upon the activation of naïve T-cells. Signaling through the common gamma
chain cytokine receptors has shown to have both overlapping and differential effects on
T-cell activation, proliferation, and differentiation (36). IL-7 is known to be critical for Tcell development in the thymus and plays a homeostatic role within naïve and memory Tcells, while IL-15 has been implicated in CD8+ T-cell memory induction and survival, but
also the generation of CD4+ T-cells with a regulatory-like phenotype, although “Tregs”
induced by IL-15 alone may have less suppressive activity than conventional Tregs (3741). Determining the optimal balance of supplemental cytokines to bolster anti-tumor
immune responses is an active area of research which has promise when combined with
other forms of immunotherapy, notably – adoptive cell therapies.
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2.1.2 Cancer Vaccines
Vaccines are typically thought be administered to healthy individuals to prime a
cellular and humoral immune response and prevent future pathogenesis. With respect to
cancer, this form of vaccination has been highly effective at preventing cancers
associated with viral infection, such as human papillomavirus which is associated with
cervical, anal, throat, vaginal, vulvar, and penile cancers, as well as the hepatitis B virus
which has been linked to hepatocellular carcinoma. Attempts at preventively vaccinating
individuals against tumor specific antigens associated with cancers that arise due to
somatic mutation have been far less successful. However, a separate form of vaccination
aimed at treating patients who have already developed cancer has proven to be
efficacious in certain settings.

Treatment-based cancer vaccines have been developed in several different forms
including autologous or allogeneic tumor cell lysates, common or patient specific purified
tumor antigens, and dendritic cell vaccines which bridge the gap between adoptive cell
therapy and vaccination (42-44). The latter is the only form of treatment-based cancer
vaccination which has received FDA approval and this therapy is indicated for metastatic
castrate-resistant prostate cancer (44).

This autologous dendritic cell vaccine involves removing peripheral blood mononuclear
cells from the patient through an apheresis process, activating and differentiating dendritic
cells from this population in the presence of a prostate acid phosphatase
(PAP)/granulocyte-macrophage-colony-stimulating-factor (GMCSF) fusion protein and
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then reinfusing PAP primed DCs at three separate time points. The mechanism of
therapeutic efficacy is through the robust anti-PAP T-cell response that results after the
DCs present the PAP antigen to T-cells both in vitro (i.e., the T-cells within the infusion
product) as well as in vivo after cell infusion. Response rates and increased overall
survival due to this therapy have been very encouraging, particularly considering the
advantageous safety profile, and as a result similar approaches are being explored for
melanoma, renal cell carcinoma, glioblastoma, breast cancer and several other forms of
neoplasia (45-49).

An emerging personalized form of cancer vaccination that involves the i) rapid
identification of patient specific neoantigens via whole exome sequencing, ii) in vitro
validation for a stimulatory T-cell response and iii) administration of up to 20 synthetic
long peptides with a poly-ICLC adjuvant to the patient. This approach is showing promise
in early phase clinical trials (NCT03633110) (50). It is likely that highly personalized
approaches involving multiple target antigens, as highlighted in this study, are going to
be necessary if significant responses within diverse patient populations with various tumor
types are going to be achieved. This approach will be essential because even within a
tumor subset, it is not common to have a single antigen unique to the tumor, which is
expressed by all tumors or even all tumor cells within an individual patient.
2.1.3 Immune Checkpoint Modulators
The discovery of the inhibitory immune checkpoints known as cytotoxic Tlymphocyte associated protein 4 (CTLA-4) and programmed cell death 1 (PD-1) where
two of the most transformative events in oncologic history. James Allison and Tasuku
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Honjo were awarded the 2018 Nobel Prize in Physiology or Medicine for these discoveries
and subsequent work showing that blocking these receptors “released the brakes” on the
immune system to fight cancer. As of March 2021, the FDA has approved seven immune
checkpoint inhibitors (ICIs) for at least 15 indications, one of which is a broad indication
for any form of cancer with high microsatellite instability or defective mismatch repair (51,
52). ICIs have increased response rates relative to previous standard of care therapies
and the most transformative aspect of these treatments is the highly durable response
which is often obtained and was previously unprecedented in patients with metastatic
cancer (53). However, the path to broad clinical implementation of this novel class of
therapeutics had several setbacks and although improved responses are worthy of praise
there is still a large cohort of patients which do not benefit from ICI alone.

There are two general approaches when it comes to modulating “signal 2” of the T-cell
activation paradigm to increase T-cell function: blocking co-inhibitory signals or
augmenting co-stimulatory signals. The former has proven to be highly efficacious with a
tolerable safety profile; however, the latter was also explored and resulted in a
catastrophe which shocked the field of immunotherapy, medicine in general and
regulatory agencies alike. CD28 is the prototypical co-stimulatory molecule for T-cells.
Academic researchers in Germany, in collaboration with the biotech company TeGenero,
aimed to augment signaling through this receptor by developing a superagonist antibody
(TGN1412) which bound to this receptor outside of the typical ligand binding cleft. At the
time, their pre-clinical data indicated this monoclonal antibody may preferentially activate
Tregs and be a potential therapeutic for autoimmune disease, but that it also had the
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potential to activate Tem cells and could potentially be leveraged for the treatment of
cancer as well - depending on the state of the patient’s immune system. A first in human
Phase 1 clinical trial was approved by the European Medical Agency in 2006 and six
healthy male participants were enrolled and given a dose thought to be 500 times lower
than what would be tolerable. Rapidly after infusion all six participants developed life
threatening cytokine release syndrome (CRS) and were barely kept alive in the intensive
care unit (54). This trial created a fear of manipulating the immune system and resulted
in broad changes to clinical trials in general. There has not been an approved therapy
that augments co-stimulatory T-cell signals for the treatment of cancer; however, there
are ongoing trials exploring 4-1BB (CD137), OX40 and GITR augmentation, all of which
are additional T-cell co-stimulatory receptors, and no such life-threatening reactions have
been reported when administered under newly established regulatory guidelines (55-57).

Blocking co-inhibitory T-cell signals has proven to be highly effective at augmenting antitumor T-cell responses but the mechanisms behind each class of ICI are not redundant
and as a result they have different effects on T-cells and produce different clinical
outcomes. Anti-CTLA-4, Anti-PD-1, anti-PD-L1 are the three classes of immune
checkpoint inhibitors which have approvals. Although targeting PD-1 and PD-L1 do have
differential effects, first the differences between targeting the CTLA-4 pathway and the
general PD-1 pathway will be explored. CTLA-4 inhibits T-cell activation by outcompeting
CD28 for its ligands CD80 and CD86. It achieves this because it has a higher affinity for
these molecules than CD28. As a result, CTLA-4 inhibition largely functions during T-cell
priming by professional APCs in secondary lymphoid tissues. Since it functions at this
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early stage of T-cell activation is to increase the clonal diversity of a T-cell response and
in theory lead to new T-cells entering an otherwise “cold” tumor. However, because it is
working early in the T-cell response pathway, clinical improvement is slow relative to the
other ICIs due to the time it takes for expansion of the new T-cell populations. In contrast,
targeting the PD-1 pathway results in relatively rapid clinical responses. These rapid
responses occur because PD-1 pathway inhibition works primarily on T-cells already in
the tumor microenvironment, which are considered exhausted. PD-1 signaling interferes
with the intracellular cascade downstream of the TCR, preventing effectors from utilizing
their cytotoxic potential after antigen recognition. For these reasons, inhibiting the PD-1
pathway does not tend to increase the clonal diversity of the T-cell infiltrate, in contrast to
CTLA-4 inhibition. Anti-PD-1 and anti-PD-L1 do have a few important differences. First,
the PD-1 receptor has two known ligands. By targeting this receptor, PD-1 signaling is
inhibited regardless of the ligand. In contrast, anti-PD-L1 therapy only blocks PD-1/PDL1 interaction and not PD-1/PD-L2 interaction (58). Next, the in vitro EC50 values are
lower for the anti-PD-L1 antibodies (e.g., atezolizumab, avelumab and durvalumab)
relative to the anti-PD-1 antibodies (e.g., nivolumab and pembrolizumab) indicating that
they are more effective at inhibiting the PD-1/PD-L1 interaction specifically (59). The best
translation of these differences is exemplified with clinical data from a metanalysis of ICI
use across cancer types in which overall response rates were greater when using antiPD-1 monotherapy (27.5%) relative to anti-PD-L1 monotherapy (17.6%) (60). However,
the trend in any grade immune-related adverse events (irAE) was also the same with 26%
of anti-PD-1 patients and 13.7% of anti-PD-L1 patients experiencing an adverse event
(60).
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ICIs have changed the treatment of cancer. Over 43% of all U.S. cancer patients are now
eligible for this form of therapy (61); however, there is still a clear need for improved
outcomes. To address this need, there are ongoing investigations focused on blocking
additional inhibitory immune checkpoints including LAG-3, TIM-3, VISTA, and BTLA;
currently there are more than 1,500 clinical trials exploring the safety and efficacy ICIs as
monotherapy or as a combination therapy, some of the most intriguing being the
combination of ICIs and adoptive cell therapy (clinicaltrials.gov).

2.1.4 Adoptive Cell Therapy (ACT)
ACT is process of harvesting, manufacturing, and administering either autologous
or allogeneic T-cells for the treatment of cancer. There are three primary forms of ACT
being explored including tumor infiltrating lymphocyte (TIL) therapy, engineered T-cell
receptor (TCR) therapy and chimeric antigen receptor (CAR) T-cell therapy. Although the
definition of ACT could logically include hematopoietic stem cell transplantation (HSCT),
NK cell therapy and similar therapies for the treatment of various other disease states,
this focused definition will be utilized and an overview each form will be provided in the
following.

Tumor Infiltrating Lymphocyte (TIL) Therapy
TIL therapy involves creating an autologous tumor reactive T-cell product from a
patient’s own surgically resected tumor tissue. The T-cells present within the tumor are
enriched with TCRs that are tumor reactive relative to peripheral blood T-cells, however,
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they are failing to control or eliminate the cancer at the time of surgery. By virtue of
numerically expanding these cells ex vivo in conditions optimized to reinvigorate the
lymphocytes the balance can be shifted in favor of tumor elimination once the cells are
reinfused into the patient.

Protocols for TIL therapy have varied widely over the decades and they continue to
change to allow for consistent in vitro TIL growth while maintaining tumor reactivity and
optimal response to therapy after infusion. Most protocols begin with the surgical excision
of a portion of the tumor burden at either the primary site or a metastatic lesion; however,
there is rationale for ipilimumab treatment prior to surgery, since CTLA-4 blockade has
shown to induce new T-cell infiltrates into the tumor, as described above. In this setting,
the resulting TIL product may have a broader range of tumor reactivity leading to
increased responses and it could also increase the successful TIL culture rate if the
absolute number of TIL in the resected tissue is a limiting factor when neoadjuvant
ipilimumab is not used. Finally, neoadjuvant ipilimumab may prevent disease progression
during the TIL manufacturing timeframe leading to an increased percentage of patients
who ultimately receive the cell infusion. For these reasons, this approach is being actively
investigated in the clinic (NCT01701674) (62, 63).

After the surgical removal of tumor tissue, the TIL manufacturing process begins. There
are two approaches for the first step of in vitro TIL growth: expansion from intact tumor
fragments or expansion from a single cell suspension by creating a fresh tumor digest
(FTD) (64). The traditional approach is to culture TILs from fragments approximately 3-5
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mm3 in size within individual wells of a 24-well plate. This approach requires less
manipulation potentially resulting in fewer incidences of technical error. However, TILs
are required to migrate out of the tumor tissue for robust expansion and the extracellular
matrix (ECM) can be immunosuppressive as well as a physical barrier to T-cell growth.
Therefore, it is now common practice to expand TILs after the combination of physical
and enzymatic dissociation commonly using type IV collagenase, DNase and sometimes
hyaluronidase.

Currently, the most widely used method for TIL expansion is a two-phase protocol known
as the “young TIL” method which is an adaptation of the protocol now known as “standard
TIL” (65, 66). The first phase is known as pre-rapid expansion (PreREP). During this time
fragments or FTDs are cultured in media containing 6,000 IU/mL of IL-2. Supplementing
IL-2 alone is thought to induce selective proliferation of tumor reactive clones since the
only source of TCR stimulation is presumptive tumor antigens. This first phase of IL-2
alone mediated TIL expansion is continued until a dense carpet of T-cells is visible in
each well and generally takes between 10 and 18 days (66); however, it can take up to
60 days depending on the type of tumor and criteria for considering the culture
“established” (13). The “standard TIL” protocol has an extended PreREP phase in which
microcultures are split and maintained in IL-2 only until a pre-determined cell number is
reached. After the PreREP phase, the “standard TIL” protocol requires the identification
of individual TIL cultures that display tumor reactivity by using an in vitro screening
technique such as a cytokine release assay in response to autologous or HLA-matched
tumor cell lines. Individual tumor-reactive TIL microcultures are subsequently rapidly
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expanded to clinical scale. This complex technique has been largely abandoned because
it has been shown that in vitro screening does not always correlate with the actual in vivo
anti-tumor function of the T-cells (66). Therefore, a simple technique is now commonly
used in which all of the “young TIL” microcultures established from an individual patient
are grown only to confluency in their initial well, then pooled and subjected to the rapid
expansion protocol (REP) in order to create the final cell product. This process is faster
and results in a T-cell product with longer average telomeres and higher expression of
CD27 and CD28 all of which are correlated to higher overall response rates (ORRs)
and/or the durability of response (65-67).

The REP is the final stage of this common expansion method and involves stimulating
the PreREP cultures with irradiated (40 Gy) allogeneic PBMCs at a 200:1 feeder cell to
TIL ratio along with 30 ng/mL OKT3 and 6,000 IU/mL of IL-2 for 11 to 14 days. Typically
a 500- to 2,000-fold expansion can be achieved when using specialized T-cell culture
vessels with a gas permeable silicon base allowing for excess media to be stacked in the
flask so nutrient availability does not become a limiting factor (64).

Prior to infusing the expanded T-cell product it is common practice to utilize a nonmyeloablative lymphodepleting (NMA-LD) chemotherapy regimen (68). NMA-LD
chemotherapy creates a niche for the TIL product to engraft. It also acts by depleting the
host of non-desirable T-cell populations, critically the regulatory T-cells which are
commonly elevated in cancer patients and produce a suppressive environment which can
counteract the expanded TIL function (69). Depleting the host of pre-existing T-cells
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before TIL infusion also may prevent these populations from acting like a “cytokine sink”
and sequestering the adjuvant IL-2 as well as naturally occurring homeostatic cytokines
such as IL-7 and IL-15 (70). The most common NMA-LD regime begins 7 days prior to
TIL infusion and involves two days of 60 mg/kg of cyclophosphamide followed by 25
mg/m2 of fludarabine for five days (known as Cy/Flu) (71). Following TIL administration,
typically between 1010 and 1011 total T-cells, adjuvant IL-2 is given, commonly an
intravenous dose of 720,000 IU/kg every 8 hours up to a maximum of 15 doses or until
dose limiting toxicities are experienced (71). However, decrescendo IL-2 regimens as well
as subcutaneous IL-2 injection have also been explored (72, 73). Typically, this is the
entire TIL therapy process; however, TIL infusion at multiple time points (73) as well as
adjuvant ICI administration for up to 2 years after cell infusion is also being explored
(NCT03645928).

Melanoma is one of the most widely studied forms of cancer with regards to
immunotherapy. Prior to this new era in oncology, the average life expectancy for a patient
with metastatic disease was approximately six months. The combination of nivolumab
and ipilimumab is now the preferred and FDA approved treatment option providing an
objective response rate (ORR) of 58% and a complete response (CR) rate of 22% (74).
However, TIL-based therapy has provided more impressive responses in subsets of
melanoma patients on clinical trials even before the beginning of the checkpoint inhibitor
revolution. At the National Cancer Institute (NCI), Steven Rosenberg’s group has
pioneered TIL therapy and has reported ORRs of up to 72% (18/25) and CR rates up to
40% (10/25) for metastatic melanoma patients depending upon the treatment protocol

21

(preparative Cy/Flu + 12 Gy total body irradiation) (75). These outcomes make TIL
therapy the most efficacious treatment ever explored for this patient cohort; yet no form
of TIL therapy has ever been approved for any type of cancer. This is largely due to the
logistical, technical and regulatory complications associated with standardizing the
creation of a cell product from a patients’ own tissue. However, this may soon change
with the advent of Lifileucel (LN-144), which is a TIL product developed by Iovance
Biotherapeutics in pivotal/Phase 3 trials for melanoma and cervical cancer. Similar
products are being explored in Phase 1/2 trials for head and neck cancer, non-small cell
lung cancer, ovarian cancer and sarcomas.

TIL-based therapies have produced durable responses in numerous forms of cancer with
recent clinical trials exploring efficacy for the treatment of melanoma, cervical cancer,
ovarian cancer, breast cancer, non-small cell lung cancer, hepatocellular carcinoma,
head and neck squamous cell carcinoma, glioblastoma, gastric cancer, colorectal cancer,
neuroendocrine tumors, osteosarcoma, soft-tissue sarcomas, pancreatic ductal
adenocarcinoma, and cholangiocarcinoma (clinicaltrials.gov) (75-80). However, there is
only a single ongoing phase 1 trial exploring the safety and efficacy of TIL therapy for
RCC (NCT02926053) (13). It has been known since the 1980s that TIL therapy was
feasible for RCC (81) and an early clinical trial showed limited promise in a small cohort
(82). However, the last phase III trial was terminated in the 1990s because of a failure of
the cell manufacturing process, and thus there has been a reluctance to revisit TIL therapy
for RCC. This is unfounded because modern TIL manufacturing processes are drastically
different and have much higher successful culture rates - including the adherent cell

22

depletion (ACD) method described in Chapter 4 (83). As a result, not only will more
patients who are randomized to the treatment group receive a cell infusion, but the
absolute number of tumor reactive TIL will be much higher in the final product. As few as
5 x 107 total T-cells were infused in the RCC TIL trial in the 1990s and it took up to 7
weeks to obtain those cell counts beginning with a minimum of 10 grams of tumor tissue.
This is a remarkably low number of cells for a TIL product and exemplifies how poor the
manufacturing protocol from the 1990s truly was. The trial in the 90s was also performed
at a time when NMA-LD chemotherapy was not standard in ACT protocols and so there
was no neoadjuvant Cy/Flu to promote engraftment and to deplete the non-desirable
effects of the pre-existing T-cell populations. For this reason, the calls for revisiting TIL
therapy for RCC with improved approaches are justified (14, 83, 84).

Chimeric Antigen Receptor (CAR) T-cell Therapy
CAR T-cell therapy involves the in vitro genetic modification T-cells to promote the
expression of a fusion protein which has the extracellular antigen binding domain of a
single chain of an antibody, a transmembrane domain, the intracellular signaling domain
of CD3 zeta chain and commonly one or more co-stimulatory signaling domains, such as
CD28, 4-1BB, or OX-40 (85). This expression construct creates a new receptor which
gives the specificity of an antibody to the T-cell. Upon antigen binding, this chimeric
receptor transduces a signal that mimics the TCR and co-receptor activation, leading to
the cytotoxicity of cells expressing the target antigen. CAR T-cell therapy was the first
FDA approved form of gene therapy for any indication and has revolutionized the
treatment of B-cell derived hematologic malignancies. Tisagenlecleucel (KYMRIAH®,
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Novartis) was approved in 2017 and since that time three additional CAR-T cell therapies
have been FDA approved, with the most recent coming in February of 2021 (86). All four
FDA approved CAR constructs target CD19 which is a molecule that is almost exclusively
expressed by B-cells. As a result, T-cells that are transduced with the CAR construct
effectively eliminate CD19 expressing tumors. However, they also eliminate normal CD19
expressing B-cells as well, known as the on-target-off-tumor effect, and in this scenario
the result is hypogammaglobulinemia. B-cell malignancies are unique in this manner
because most uniformly express the CD19 molecule (prior to treatment), making it a
perfect therapeutic target when one considers that a patient can live a relatively regular
life without their normal B-cells by treating the hypogammaglobulinemia with prophylactic
intravenous immunoglobulin (IVIg) therapy (87, 88).

CAR T-cell therapy has improved outcomes for patients with various forms of B-cell
malignancies (89-93); however, there have been several hurdles that have arisen which
limit its efficacy and hamper the ability to translate this therapy to other forms of cancer.

One of the biggest drawbacks to CAR T-cell therapy is that it is largely limited to targeting
a single, cell surface antigen. In the setting of B-cell malignancies, the on-target-off-tumor
effect is manageable and nearly all the tumor cells express CD19. However, it has been
reported that relapse after CAR-T is often due to the occurrence of CD19-negative B-cell
malignancy, which was essentially unheard of before CD19 targeted therapies arose (94,
95). This tumor recurrence is the inevitable result of cancer immunoediting which happens
when only a single antigen that is not essential for tumor survival is targeted. As a result,
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newer CAR-T cell constructs are being designed to target multiple tumor-associated
antigens (e.g., bispecific CAR-T cells) to make immune escape less likely (96-99).
However, CAR-T is still largely limited by the targeting of cell surface molecules which
are associated with the tumor and overexpressed, not specific for the tumor. One
alternative approach that could be more specific and promising is targeting oncofetal
surface molecules (100). In any event, there is a continual balance of managing on-targetoff-tumor toxicities, which can be treatment-limiting when trying to target the most
abundant form of cancer, epithelium-derived sold tumors.

Carcinomas are the “elephant in the room” for CAR-T cell therapy. Unlike B-cell
malignancies, where one can target the prototypical B-cell marker, CD19, and manage
the toxicity of the on-target-off-tumor effect, targeting common epithelial markers is far
more problematic because of the life-threatening systemic reactions that could result if
the CAR-T cells activate in response to every epithelial cell in the body. There are unique
approaches being explored to prevent adverse reactions to common antigens that are
overexpressed by epithelial tumor cells. This includes modifying the antigen density
requirement for CAR-T activation which sets a threshold that is only reached in the setting
of target antigen overexpression on tumor cells, but not low-level expression in normal
tissues (101-103). There is a potential therapeutic window using this approach; however,
it is likely that this will simply lead to immune editing and eventual escape of a tumor with
lower levels of target antigen expression.

25

“The single greatest challenge in targeting solid tumors [with CAR-T cells] is the
identification of suitable target antigens” says Marcela Maus and Carl June (104). As
opposed to limiting target antigens to cell surface molecules expressed by the tumor, an
alternative approach is to exploit the cellular machinery that has evolved to bring peptide
fragments from foreign or mutated-self, tumor-specific intracellular proteins to the cell
surface and present them to immune cells. This antigen processing pathway is present in
all nucleated cells of the human body and is how the natural T-cell receptor (TCR)
recognizes target cells. Leveraging natural antigen presentation is the mechanism behind
TIL therapy and engineered TCR therapy and this may be a more efficacious approach
for targeting many solid tumors.

Engineered T-cell Receptor (TCR) Therapy
Engineered TCR therapy is a form of ACT that uses the genetic modification of Tcells, similar to CAR-T; however, instead of inducing the expression of a chimeric
receptor, this form of therapy promotes the expression of natural (or affinity tuned) TCR(s)
which are known to target tumor antigen(s) presented on a given MHC/HLA molecule.
Engineered TCR therapy can be broadly split into two classes: those that target known
cancer antigens such as NY-ESO-1 and those that identify patient-specific neoantigens
and corresponding TCRs using methods such as the tandem minigene (TMG) approach.

NY-ESO-1 is the most common target in the field of engineered TCR therapy with at least
31 clinical trials utilizing TCRs specific for this antigen (105). NY-ESO-1 is a cancer/testis
antigen (CTA), meaning the only adult tissue in which it is expressed is the testis as well
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as many forms of solid tumors, making it a potential immunotherapeutic target. However,
NY-ESO-1 is an intracellular protein making it infeasible to target with CAR-T technology,
but an ideal target for engineered TCR therapy (106). Retroviral transduction of a TCR
specific for a NY-ESO-1 epitope has produced objective responses in patients with
melanoma, non-small cell lung cancer, multiple myeloma and synovial cell sarcoma and
is being explored in several other CTA expressing solid tumor types (107-109). However,
not every patient, who has a given form of cancer, expresses NY-ESO-1 in their tumor.
Also, the TCRs designed to target this antigen are HLA-A*0201 restricted. While this is a
relatively frequent HLA-A allele in the general population, specifically among people of
European descent (110), for both of these reasons not all patients’ are eligible for this
form of engineered TCR therapy.

One of the most intriguing forms of cancer immunotherapy currently being explored is
engineered TCR therapy targeting patient specific neoantigens using patient specific
TCRs. This approach is still in its infancy and appears to have suffered a setback, with
several of the first clinical trials being withdrawn or suspended. It was reported by an NIH
task force that the U.S. FDA shut down cell manufacturing facilities run by Dr. Steven
Rosenberg at the NIH due to the “discovery of widespread contamination” and failure to
adhere to a set of standard safety and compliance principles. However, there is a single
ongoing trial utilizing neoantigen targeted engineered TCR therapy at the City of Hope
Cancer Center (NCT03970382).
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Nevertheless, this therapeutic approach has proven to be feasible preclinically and has
been repeatedly utilized in the basic science laboratory to identify the neoantigen specific
TCRs within the T-cell products of patients undergoing TIL therapy (80, 111-115). The
most prevalent method to achieve the identity of an individual patients’ neoantigen
specific TCRs is known as the tandem minigene (TMG) approach. The TMG approach is
a spin-off of TIL therapy in which exact TCR/neoantigen matches are identified by an in
vitro assay. Numerous co-cultures of TILs and autologous DCs transfected with various
minigenes containing multiple patient-specific neoantigens are conducted. Co-cultures
that show TIL activation are then further investigated to identify the exact neoantigen/TCR
match. The neoantigens within the original TMG that produced a TIL response are teased
out and loaded individually into autologous DCs for a second round of co-culture. The Tcells that respond in co-culture can be sorted, based on an activation marker such as 41BB, and subjected to single cell paired alpha/beta TCR sequencing. This approach
identifies the exact TCR responding to a given neoantigen and this TCR can then be
transduced into autologous peripheral blood lymphocytes to make a potent, individualized
cell therapy.

In general, the TMG method is laborious and time consuming which may hinder its clinical
utility when used as a monotherapy unless it becomes highly standardized. However, it
could be implemented in a multi-tiered adoptive cell therapy approach in which bulk TILs
are i) rapidly expanded after surgery, ii) infused into the patient and iii) if a complete
durable response is not achieved with TIL, then a booster of neoantigen specific TCR
transduced peripheral blood lymphocytes (PBLs) could be administered.
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2.2 Renal Cell Carcinoma (RCC)
Renal cell carcinoma (RCC) accounts for approximately 85% of all primary
neoplasms in the kidney and originates from the tubular epithelium. There are
approximately 14,000 deaths and 76,000 new cases of RCC annually in the U.S. and
175,000 deaths and 403,000 new cases worldwide (116). Incidence rates are increasing
worldwide and RCC is approximately two times more common in men relative to women
(117). The average age of diagnosis is 64 and the overall 5-year survival rate is 75%;
however, there is a large disparity between early and late stage disease. Partial or radical
nephrectomy is potentially curative early in the disease course, but there is only a 12%
5-year survival rate for metastatic disease (118).

2.2.1 Histological and Molecular Subtypes of RCC
Traditional classification of RCC relies upon histology and separates RCC into
three common subtypes: Clear cell, papillary and chromophobe (and other rare subtypes
such as medullary, collecting duct, and translocation). However, molecular profiling is
revealing additional subtypes which have clinical significance.

Clear cell accounts for approximately 75% of all RCCs and originates from the proximal
tubular epithelium (119, 120). Upon gross pathology, clear cell RCC (ccRCC) appears
orange or yellow and is a soft tumor type with variable necrotic, hemorrhagic, and fibrotic
portions. Microscopically, the cytoplasm is largely filled with lipids and glycogen, which is
washed out by alcohol during tissue processing and not stained by hematoxylin and eosin
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(H&E), thus giving these tumor cells the “clear cell” morphology. The clear cells typically
form clusters or nests with “chicken wire” vasculature separating them. ccRCC is the most
common subset to display sarcomatoid features, although it is a rare occurrence.
Sarcomatoid dedifferentiation consist of atypical spindle-shaped cells and giant cells with
high density and is indicative of aggressive disease and a poor prognosis due to common
metastasis and resistance to therapy (121, 122). Immunohistochemical staining can aid
in the diagnosis and ccRCC will typically stain positive for carbonic anhydrase IX (CAIX)
and paired box 8 (PAX8).

Papillary RCC (PRCC) is the second most common subset accounting for approximately
16% of RCC diagnoses and is thought to arise from the distal tubular epithelium (119,
120). At gross examination, the papillary subtype appears tan to reddish-brown and this
tumor is typically friable. Microscopically, the tumor cells form papillae or finger-like
projections with fibrosis and vasculature at the core. PRCC has been divided into two
types which vary with regards to tumor cell size, pale/eosinophilic cytoplasmic staining,
nucleus/nucleolar prominence, the presence of foamy macrophages in papillae core and
cytokeratin 7 staining (123). Overall, PRCC has a better prognosis than clear cell with a
5-year survival rate of ~86% (124).

Chromophobe RCC (ChRCC) is the third most common subset accounting for
approximately 7% of RCC diagnoses and arises from the intercalated cells of the distal
convoluted tubules (120). ChRCC is usually well circumscribed, encapsulated and
appears tan. Microscopically, the cells have a pale cytoplasm with prominent cell
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boarders and grow in sheets, nests, or alveoli-like structures. The chromophobe subset
rarely develops metastases nor involves the lymph nodes and therefore has a near 100%
five year survival rate (125).

The molecular characterization of RCC has revealed unique differences in the
epigenetics, genomics, and gene expression signatures that are associated with each
histological subtype and also reveal new subtypes and mechanisms of pathogenesis with
clinical implications. The most prominent molecular association in RCC is the link
between loss of von Hippel-Lindau (VHL) protein expression and ccRCC pathogenesis.
VHL inactivation occurs in at least 86% of histologically confirmed ccRCC cases and is
considered pathognomonic for the clear cell subtype by many (126). Inactivation can
occur through various mechanisms, including loss of the short arm of chromosome 3 (3p)
on which the VHL gene resides, DNA sequence alteration or epigenetic alterations such
as VHL promoter methylation. Over 80% of ccRCC has a loss of at least one copy of
chromosome 3p and subsequent loss of expression from the second copy results in a
sequela that leads to tumor formation, although VHL protein loss alone appears to be
insufficient for tumorigenicity (127, 128). The VHL protein acts as a tumor suppressor and
is part of a ubiquitin ligase complex that leads to the degradation of hypoxia inducible
factor-1 (HIF-1) (129). In the absence of VHL, HIF-1 is constitutively expressed and
promotes the aberrant expression of numerous genes, notably vascular endothelial
growth factor (VEGF) resulting in tumor angiogenesis and the multidrug resistance
(MDR1) gene which makes ccRCC a difficult therapeutic target (130, 131). This clinical
manifestation was the initial rationale for exploring VEGF inhibition as a treatment option
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and the results have been encouraging, especially in combination with immune
checkpoint inhibition, although complete response remain rare even with this combination
therapy (132).

Another significantly mutated gene in ccRCC is Polybromo 1 (PBRM1), which also
resides on 3p and codes for a protein involved in chromatin remodeling. The PBRM1
mutation status has been implicated in response to antiangiogenic therapy and immune
checkpoint blockade. There is increased progression-free and overall survival for patients’
with PBRM1 mutations who receive these therapies relative to patients with wild-type
PBRM1 (133-135). However, the effects were modest and some patients with wild-type
PBRM1 showed clinical benefit, so the mutational status of this gene alone is not a clinical
indication for a given therapy.

BAP1 is another significantly mutated gene in ccRCC and has been proposed to define
a new subset kidney cancer. BAP1 also resides on 3p, like VHL and PBRM1; however,
BAP1 and PBRM1 mutation are inversely correlated. Approximately, 70% of ccRCC have
one of these genes mutated, while BAP1 mutations are found in approximately 15% of
these tumors (136). This molecular characterization begins to help explain the
pathogenesis of ccRCC. Specifically, the loss of 3p and mutation or silencing of the
second copy of VHL sets the stage for tumorigenesis, while the subsequent complete
loss of PBRM1 or BAP1 function helps drive the separate forms ccRCC. This paradigm
has potential clinical implication. Although, ccRCC is considered to be radioresistant,
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BAP1 deficient tumors may be uniquely sensitive to radiation therapy as well as poly
(ADP-ribose) polymerase (PARP) inhibition (136).

2.2.2 clear cell RCC: Presentation, Management, and an Unmet Medical Need
The classic presentation of a patient with RCC is the triad of flank pain, hematuria,
and a palpable abdominal mass; however, this clinical presentation occurs in less than
10% of RCC patients and indicates advanced disease. Due to increased usage of
abdominal imaging studies for unrelated chief complaints, many early stage cases of RCC
are diagnosed incidentally, and this has contributed to the increased survival rates in
recent years (137). However, approximately 25% of patients have locally advanced or
metastatic disease at the time of diagnosis, and this is the patient cohort for which novel
therapeutics are needed.

For the 75% of patients who present with localized disease, most of them can be cured
with nephrectomy and nephron sparing surgery is appropriate in select patients. In the
setting of metastatic disease, surgery also plays a prominent role in the treatment plan of
many patients, which is an important aspect with regards to clinical trials for TIL therapy
– patients do not have to be subjected to a surgery that would otherwise not be indicated.
RCC is a relatively radioresistant tumor type (see section 2.2.1); however, radiation
therapy may be used to treat limited metastases, and chemotherapy has essentially no
role in the treatment of RCC (not including the role of NMA-LD chemotherapy as a
neoadjuvant to TIL) (138). Systemic therapy with immune checkpoint inhibitors (ICIs) and
molecularly targeted therapies inhibiting the vascular endothelial growth factor (VEGF)
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pathway play an important role in the first-line management of advanced disease (132,
139). However, the best approved combination therapy for advanced RCC provides a
disappointing ~9% complete response rate and thus this leaves most patients and
clinicians seek more efficacious options (139).
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Chapter 3: Adherent Cell Depletion Promotes the Expansion of Renal Cell
Carcinoma Infiltrating T-cells with Optimal Characteristics for Adoptive
Transfer

This work was previously published as open access articles (CC-BY) and reprinted here
with additional, never-before published text:
Braun, M.W., Abdelhakim, H., Li, M., et al. Adherent cell depletion promotes the
expansion of renal cell carcinoma infiltrating T-cells with optimal characteristics for
adoptive
transfer.
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for
ImmunoThearpy
of
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2020;8:e000706.doi:10.1136/jitc-2020-000706. PMID: 33037114.
Braun M.W., Godwin A.K. (2021) An in vitro Model for Evaluating Autologous T-cell and
Tumor Cell Interactions in Renal Cell Carcinoma. J Clin Cell Immunol. 12:609.
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There is a clear need for novel therapeutics to treat metastatic ccRCC. A promising
approach to address this need is the development of new T-cell based therapies which
can overcome the historical problems of inconsistent and time-consuming TIL generation
from this form of cancer. The following exemplifies that the rapid and consistent
generation of TILs from clinical ccRCC tissue samples is feasible and therefore warrants
re-visiting TIL-based therapy with a modern approach to in vitro manufacturing and
clinical administration of the cell product.

3.1 Consistent liberation of viable CD8+ effector memory T cells from ccRCC
Using our RCC tumor digestion protocol involving gross tumor dissection,
mechanical and enzymatic digestion, and ammonium-chloride-potassium (ACK)
mediated RBC lysis we observe both viable presumptive lymphocytes (green arrows) and
tumor cells (red arrows) in the preparation using trypan blue exclusion (Figure 1A). We
confirmed that there was both a viable CD4+ and CD8+ T-cell infiltrate liberated within
tumor digests of the 10 ccRCC samples from which pre-expansion phenotypes were
analyzed and found the average CD4/CD8 ratio to be approximately 5:4 (Figure 1B, C).
We also found that 50% of the samples had greater than 10% of double-positive T-cells
(CD3+/CD4+/CD8+) prior to expansion (Figure 1B, C). Double-positive T-cells within the
tumor microenvironment have been proposed to be a clonal/oligoclonal population of
dysfunctional, tumor-specific T-cells capable of being reactivated by checkpoint inhibitors;
however, the significance of these double positive T-cells outside of the thymus is largely
unknown (140, 141). We next characterized the differentiation state of pre-expansion TILs

36

and showed that an average of 62% of ccRCC infiltrating CD8+ T-cells have an effectormemory (Tem = CD45RA-/CD62L-) phenotype prior to expansion, a subset which is known
to have proliferative potential, in contrast to the average 29% with an effector phenotype
(Teff = CD45RA+/CD62L-, AKA Temra) which have a minimal ability to divide and are prone
to apoptosis (Figure 1D, E). In summary, we consistently liberated viable CD8+ effectormemory T-cells from freshly collected RCC tumor tissue specimens which should have
the capacity for in vitro expansion. Therefore, in subsequent experiments we directly
compared PreREP to other methods of TIL expansion in order to determine if the reported

Figure 1. Consistent liberation of viable CD8+ effector-memory T-cells from
ccRCC. (A) Creation of a fresh tumor digest from clear cell renal cell carcinoma.
Green arrows indicate viable presumptive lymphocytes and red arrows indicate viable
presumptive tumor cells after trypan blue exclusion (B) Representative CD4+ and
CD8+ staining of pre-expansion CD3+ RCC TILs. (C) Frequencies of pre-expansion
CD8+, CD4+, Double-Negative (DN), and Double-Positive (DP) T-cells from 10 clear
cell RCC samples. (D) Representative effector (eff), effector-memory (em), centralmemory (cm), and stem-cell like memory/naïve (scm/nv) staining of pre-expansion
CD3+/CD8+ RCC TILs. (E) Frequencies of pre-expansion CD3+/CD8+ with a eff, em,
cm, and scm/nv phenotype from 10 clear cell RCC samples. (F) Outline of the three
TIL expansion methods utilized. ACD = Adherent Cell Depletion.
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high failure rates for expanding TILs from whole RCC FTDs with IL-2 alone could be
overcome with alternative protocols. Figure 1F depicts the schema for the three TIL
expansion protocols which were explored.

3.2 Tumor cells predominate in the adherent cell population within ccRCC and
express immunosuppressive ligands
We hypothesized that inhibitory signals from tumor and/or stromal cell populations
within the FTD could be suppressing mitogenic stimulation from tumor antigens and
exogenous IL-2 and that this could be responsible for the reported failures for generating
TIL cultures from whole RCC FTDs with IL-2 supplementation alone. First, we observed
that the adherent cultured cells from the ccRCC samples have a striking morphology
which differs from adjacent normal renal cortical tissue (Figure 2A). There are prominent
vacuoles within the cytoplasm of the adherent cells, likely filled with lipids and glycogen,
which give the parent tissue its characteristic “clear cell” morphology. This was our first
clue that tumor cell growth dominated the adherent population as opposed to other
stromal populations. Also, primary adherent cell cultures from ccRCC uniformly express
cytokeratin reflecting the epithelial origin of these tumors as well as the transcription factor
PAX-8 which is expressed in the proximal tubules of the kidney that is thought to be the
cell of origin of ccRCC (Figure 2B). Next, to further characterize the adherent cells, we
evaluated gene mutations using a next generation sequencing gene panel (275 genes,
covering primarily the coding regions) on DNA isolated from 3 consecutive adherent
ccRCC cultures. We detected pathogenic VHL mutations, the most commonly mutated
gene in ccRCC (128), in all three of the adherent primary cultures. Mutant PBRM1 (2 of
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3), SETD2 (1 of 3), and TP53 (1 of 3) were also detected in the adherent cell cultures, all
with greater than 98% mutant allele frequency, confirming a near pure population of clonal
tumor cells grows out after five or more passages (Table 1). This genomic analysis
confirmed that primary tumor cells were enriched in the adherent cell cultures and this is
critical because it allows for subsequent T-cell functional assays to be performed using a
near pure population of autologous tumor cells.
Gene

RCC11

RCC12

RCC13

VHL

Val155Met

Ser72fs

His115Asn

PBRM1

WT

Ile97fs

Asp419Gly

SETD2

WT

WT

Lys1712_Ser1714del

TP53

WT

WT

Leu330His

Table 1. Mutation profile of adherent RCC TCLs. Pathogenic, likely pathogenic,
and selected mutations of uncertain significance detected in primary adherent cell
lines established from clear cell RCC using a 275 oncology NGS gene panel. WT =
wild-type.

Next, we asked if these adherent tumor cells expressed immunosuppressive ligands in
vitro, which could be responsible for failed TIL generation from whole FTDs. We found
that adherent cells in culture are able to express programmed death ligand 1 (PD-L1), a
well characterized inhibitory immune checkpoint lingand. Two of three samples displayed
at least a 10-fold increase in MFI relative to the isotype when cultured in fresh media (FM
– blue historgram); however, in response to autologous stimulated TIL conditioned media
(TIL CM – red histogram) for 24 hours all three samples massively upregulated PD-L1
with an average 80-fold increase in MFI relative to the isotype contorl (Figure 2C). This
39

is likely due to interferon-γ (IFNɣ) present in the TIL CM because PD-L1 has been shown
to be an interferon inducible ligand in many cell types (Figure 2D) (142, 143). Galectin-9
(Gal-9) is a ligand for the T-cell immunoglobulin and mucin-domain containing-3 (TIM-3)
receptor and it has been shown to be a negative prognostic factor in ccRCC likely due to
suppression of type 1 T-cell responses by teathering the inhibitory TIM-3 receptor to the
supramolecular activation cluster on the surface of T-cells (144-146). We found that
adherent RCC cells during in vitro culture express galectin-9 (Gal-9), as shown by the
average 5-fold increase (n=3) in mean fluorescence intensity (MFI) relative to the isotype
control (Figure 2E). IFNɣ is known to upregulate Gal-9 in certain cell types (147);
however, we observed a slight decrease in MFI when RCC cells were cultured in TIL CM.
This could be due to complex interplay of Gal-9 expression and secretion because Gal-9
is known to be secreted by non-classical pathways involving multivesicular bodies (MVB)
which mediates exosomes biogenesis, however, little is known about the regulation of
this secretion (148).

Together, these data suggest that the adherent cells left in culture are primarily tumor
cells and during TIL expansion will they express multiple inhibitory ligands that have the
potential to counteract the stimulatory signals from exogenous IL-2. This phenomenon
can be visualized by comparing cultures of autologous TILs expanded by panning,
PreREP, and FTD + beads over the first 6 days of culture, in which TILs expanded after
adherent cell depletion rapidly form proliferating clusters of T-cells requiring splitting at
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day 4 and again at day 6, relative to both other protocols in which adherent cells are left
in culture and splitting was not indicated in the first 6 days (Figure 2F).

Figure 2. Tumor cells predominate in the adherent cell population within
ccRCC and express immunosuppressive ligands. (A) Hematoxylin and eosin
(H&E) staining of adjacent normal renal cortex and autologous clear cell RCC (top
panel) and corresponding passage 0 adherent cell lines established from those
tissues (bottom panel). (B) Pan-cytokeratin (PanCK) and PAX-8 staining of RCC
tissue (top panel) and the autologous, adherent cells at passage 0 derived from the
same sample (bottom panel). (C) PD-L1 expression on the surface of adherent
primary RCC cells cultured in fresh media or conditioned media from autologous
TILs (TIL CM). (D) Interferon gamma (IFNγ) enzyme-linked immunosorbent assay
(ELISA) results from RCC TIL conditioned media (CM) of autologous TILs left
unstimulated or stimulated with IL-2 and anti-CD3/CD28 Dynabeads. (E) Galectin-9
(Gal-9) expression within adherent primary RCC cells. (F) 40X photomicrographs
of TILs expanding in 24 well plates using the Panning, PreREP, and FTD + beads
protocols at 18 hours, Day 4, and Day 6 post-surgery.
In addition to the immunosuppressive properties of the adherent RCC cells themselves,
myeloid derived suppressor cells (MDSCs: CD33+ /HLA-DR-) are known to impact T-cell
expansion and function.

Therefore, we examined if monocytic-MDSCs (mMDSCs:

CD33+/HLA-DR-/CD14+), granulocytic-MDSCs (pmnMDSCs: CD33+/HLA-DR-/CD15+),
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and/or early-MDSCs (eMDSC: CD33+/HLA-DR-/CD14-/CD15-) were depeleted by
removing adherent cells prior to expansion. We found that MDSCs were a rare subset
within three RCC FTDs and that a portion of CD33+ myeloid cells in general were
depleted during the ACD step involving overnight culture in T-cell media (i.e., rare in both
the adherent and non-adherent population relative to day 0); however, some of the
persisting pmnMDSCs and eMDSCs seem to have been preferentially depleted by
adherence based selection indicating that panning does reduce T-cell exposure to these
non-desirable cell types during TIL expansion (Figure 3).

Figure 3. A subset of pmnMDSCs and eMDSCs are depleted by adherencebased selection. MDSCs characterization in whole FTDs and the corresponding
adherent and non-adherent populations after overnight selection.
3.3 TILs generated by panning have an optimal phenotype for adoptive transfer
For this study, tissue specimens from 76 patients undergoing radical or partial
nephrectomy were used; 55 of the samples were used for establishing a tumor digestion
protocol, optimizing adherent tumor cell culture, characterization of pre-expansion TIL
and MDSC phenotypes and exploring ex vivo TIL expansion methods. A validation cohort
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of 19 consecutive samples were then used to confirm consistent TIL expansion using the
ACD method which was developed. Within the validation cohort, we observed a 94%
success rate (15/16 consecutive samples) for establishing TIL cultures from histologically
confirmed ccRCC using our panning protocol and a 0% success rate for establishing TIL
cultures from papillary (0/2) and chromophobe RCC (0/1). Digests of 6 of the ccRCC
samples in the validation cohort contained at least 1.2 x 107 total viable cells (samples
designated by “*” in Table 2), which was the minimum number of total cells within the
FTD needed to compare autologous TIL expansion using all three protocols (4 x 106
cells/protocol). No more than 6 x 106 total viable cells were used to initiate TIL cultures
using each protocol in order to improve comparability between samples. Importantly, 5 of
the 6 samples used to compare protocols were from TNM stage 3 ccRCC, one of which
had confirmed metastatic disease, making this cohort clinically relevant because early
stage RCC is often cured by nephrectomy (149), whereas later stage disease has a poor
prognosis and is the main focus of efforts to improve outcomes using immunotherapies.
BSR
ID

RCC
#

Age at
Date of
Surgery

Gende
r

29299

1

66

Male

29321

2

61

Male

29359

3

37

Male

29370

4

74

Female

29721

5

70

Female

29446

6

59

Male

Race/Ethnicit
y

Histologic
Classificatio
n

White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
Other/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino

clear cell
RCC

G4

pT1bNxM(N/A)

clear cell
RCC

G4

pT3a N0 M(N/A)

clear cell
papillary
RCC
clear cell
RCC

G2

pT3NXM(N/A)

G3

pT3aNxM(N/A)

clear cell
RCC

G2

pT3apNXpM(N/A)

Chromophob
e RCC

N/A

pT3aNxM(N/A)
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Grade

TNM Stage

29712

7

82

Male

29722

8

67

Male

29821

9

43

Female

29858

10

66

Male

29996

11

34

Female

30000

12

53

Male

29651

13

70

Male

29665

14

60

Male

24774

15

62

Male

28281

16

57

Male

28369

17

70

Male

29623

18

70

Male

28382

19

82

Male

28383

20

57

Male

28912

21

43

Male

24862

22

68

Male

28406

23

62

Male

24875

24

56

Female

White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
Hispanic or
Latino
Hispanic or
Latino
White/Not
Hispanic or
Latino
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clear cell
RCC

G2

pT3apNXpM(N/A)

clear cell
RCC

G2

pT3aN0M(N/A)

clear cell
RCC

G2

pT1a NX M(N/A)

clear cell
RCC

G4

pT3a NX M(N/A)

clear cell
RCC
clear cell
RCC

G2

pT1b NX M(N/A)

G2

pT1a NX M(N/A)

clear cell
RCC

G3

pT3a NX M1

clear cell
RCC

G3

pT1b NX M(N/A)

invasive high
grade
urothelial
carcinoma
clear cell
RCC

Low
Grade

pT4 N1 M(N/A)

G2

pT2bpN0pM(N/A)

clear cell
RCC

G2

pT3a NX M(/N/A)

Papillary
RCC

G4

pT3aNXM(N/A)

clear cell
RCC

G2

pT3aNxM(N/A)

Papillary
RCC

G3

pT3aNxM(N/A)

Hemorrhagic
Cyst w/
benign
epithelial
lining
Papillary
RCC
clear cell
RCC
clear cell
RCC

N/A

N/A

G1

pT1bNxM(N/A)

G2

pT1aNxM(N/A)

G2

pT3aNxM(N/A)

28445

25

70

Male

28434

26

64

Male

24941

27

63

Male

24951

28

52

Male

28484

29

69

Male

28486

30

44

Female

28544

31

62

Male

28564

32

40

Female

28609

33

88

Female

28614

34

59

Male

28624

35

61

Female

28651

36

47

Male

28573

37

50

Male

30919

38

44

Female

30924

39

61

Male

33197

40

46

Male

33249

41

61

Male

33260

42

72

Female

White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
Black or
African
American
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
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clear cell
RCC

G2

pT1bNxM(N/A)

Oncocytoma

N/A

N/A

Papillary
RCC

G3

pT3Nx

clear cell
RCC

G1

pT1aNx

clear cell
RCC

G4

pT3a N0 M(N/A)

clear cell
RCC

G2

pT1apNxpM(N/A)

Papillary
RCC

G2

pT3aNxM(N/A)

clear cell
RCC

G2

pT1bNxM(N/A)

clear cell
RCC

G2

pT1aNxM(N/A)

clear cell
RCC

G2

pT3bN1M(N/A)

Papillary
RCC

G2

pT2aN0M(N/A)

RCC,
unclassified

G2

mpT1bNxM(N/A)

clear cell
RCC

G3

pT3aNxM(N/A)

clear cell
RCC

G2

pT1a NX M(N/A)

clear cell
RCC

G1

pT1a NX M(N/A)

clear cell
RCC

G2

pT1aNxM(N/A)

clear cell
RCC

G3

pT1a NX M(N/A)

clear cell
RCC

G4

pT3a N1 (6/6) M1

33261

43

58

Male

30998

44

62

Male

31028

45

71

Male

31032

46

65

Female

33287

47

64

Male

31076

48

80

Male

31110

49

58

Male

33324

50

59

Male

31145

51

56

Female

33277

52

55

Male

33696

PRCC
1

61

Male

33710

53

57

Female

33750

54

58

Male

33792

56

60

Male

33821

*57

44

Female

33836

58

69

Female

33851

59

46

Female

33885

60

62

Female

33906

61

24

Male

Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
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clear cell
RCC
clear cell
RCC

G3

pT3a NX M(N/A)

G2

pT3apNxM(N/A)

clear cell
RCC

G4

pT3a N0 M1

clear cell
RCC

G3

pT1aNxM(N/A)

Chromophob
e RCC

N/A

pT1bNxM(N/A)

Papillary
RCC

G1

pT2aNx

clear cell
RCC

G3

pT1aNxM(N/A)

clear cell
RCC
clear cell
RCC

G2

pT1bNx

G3

pT2a NX M(N/A)

Clear Cell
RCC

G2

pT1b NX M(N/A)

Clear Cell
RCC

G2

pT2a NX M(N/A)

Clear Cell
RCC

G2

pT1a NX M(N/A)

Clear Cell
RCC

G2

pT1b N0(0/6)
M(N/A)

Clear Cell
RCC

G2

pT3b N0(0/10)
M1

Clear Cell
RCC

G2

pT3a NX M(N/A)

Clear Cell
RCC

G3

pT3a NX M(N/A)

Chromophob
e RCC

G3

pT3a NX M(N/A)

Clear Cell
RCC

G2

pT1b N0(0/9)
M(N/A)

Clear Cell
RCC

G2

pT1b N0(0/2)
M(N/A)

33915

*62

48

Male

33956

63

74

Female

33962

*64

79

Male

35707

65

84

Male

35712

*66

58

Female

32147

67

75

Male

35769

*68

64

Male

39288

*69

53

Male

35862

70

53

Female

35887

71

85

Male

35891

72

62

Male

35934

74

49

Male

35955

75

69

Male

White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino
Asian
White/Not
Hispanic or
Latino
White/Not
Hispanic or
Latino

Clear Cell
RCC

G4

pT3a N1(15/17)
M1

Papillary
RCC

G2

pT2b NX M(N/A)

Clear Cell
RCC

G2

pT3a NX M(N/A)

Papillary
RCC

G3

pT2a NX M(N/A)

Clear Cell
RCC

G2

pT1a NX M(N/A)

Clear Cell
RCC

G2

pT1b NX M(N/A)

Clear Cell
RCC

G4

pT3a NX M(N/A)

Clear Cell
RCC

G4

pT3a NX M(N/A)

Clear Cell
RCC

G2

pT1a NX M(N/A)

Clear Cell
RCC

G4

pT3aNxM(N/A)

clear cell
papillary
RCC
Metastatic
Clear Cell
RCC
Clear Cell
RCC

G1

pT1a

Unavaila
ble
G2

Unavailable
pT1b NX M(N/A)

Table 2. Summary of RCC Patient and sample characteristics. The KUMC
Biospecimen Repository Core Facility (BRCF) identification number, RCC sample
number designation for this study, age of patient, gender, race/ethnicity, histologic
subtype, grade and stage of all the samples used in this study.

Successful TIL generation was considered to be a cell culture which required splitting at
least 4 times (1 well of a 24 well plate to an upright 175 cm2 flask) using the panning
protocol or 3 times (2 wells of a 24 well plate to an upright 175 cm2) using the PreREP or
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FTD + beads protocols in the 14-day time frame (see Chapter 5: Materials and Methods
for additional detail). Average TIL yield was 23.6 x 107 (range = 5.5 x 107 – 4.8 x 108)
using the panning protocol, 6.6 x 107 (range = 4.6 x 106 – 2.5 x 108) using the PreREP
protocol and 18.1 x 107 (range = 4.5 x 107 – 3.7 x 108) using the FTD + beads protocol
(Figure 4A). Using the described criteria for successful TIL generation, of the 6 samples
used for comparing the protocols 6/6 panning, 3/6 PreREP, and 6/6 FTD + beads were
successful; however, there were enough viable cells in the three failed PreREP cultures
to perform immunophenotyping and functional assays – which was the rationale for using
a minimum of 4 x 106 total cells to initiate each culture. An average of 93.2%, 82.6%, and

Figure 4. TILs generated by panning have an optimal phenotype for adoptive
transfer. (A) TIL yields from 6 clear cell RCC samples using the Panning, PreREP,
and FTD + beads protocols to expand autologous TILs. (B) Percentage of CD3+ cells
in the final TIL products. (C) Frequencies of CD8+, CD4+, DN, and DP T-cells in the
final TIL products. (D) Representative CD103 staining of CD3+/CD8+ T-cells in the final
TIL products. (E) Frequency of CD103+/CD8+ T-cells in the final TIL products. (F)
Representative Treg staining and fluorescence minus one (FMO) control. G)
Frequencies of CD25+/FOXP3+ T-cells within the CD4+ subset in the final TIL products.
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93.0% of cells were CD3+ after expansion using the panning, PreREP and FTD + beads
protocols, respectively (Figure 4B) and there were no statistically significant differences
in the percentage of CD4+ or CD8+ T-cells generated by each protocol (Figure 4C).
However, TILs expanded from two donors via PreREP had greater than 20% doublenegative (DN) T-cells which parallels Markel et al’s report (2009) using the PreREP
protocol for generating TILs from RCC (84), but the biological significance of these postexpansion DN TILs is largely unknown.

Significantly fewer CD103+/CD8+ T-cells were observed when TILs were expanded by
panning relative to both other protocols with an average of 10.6%, 31.8%, and 24.6% of
CD8+ T-cells expressing CD103 in the TIL products expanded by panning, PreREP, and
FTD + beads, respectively (Figure 4D, E). CD103 is a marker of tissue-resident memory
T-cells (TRM) and binds to E-cadherin, playing a role in retaining these T-cells in epithelial
tissues (150, 151). Although TRM-cells may play an important role in the immune response
to tumors derived from the epithelium, we believe they are not optimal for adoptive
transfer because they are not known to recirculate (152) and therefore are unlikely to
contribute to systemic responses after adoptive transfer. It is also known that TRM cells
can be generated by less differentiated T-cell subsets and therefore creating a TIL
product enriched with these more desirable memory subsets is our aim and further
described in Chapter 4. Another T-cell subset that we believe is not optimal for adoptive
transfer is regulatory T-cells (Tregs), which are known to suppress anti-tumor effector
functions. We show that panning produces a significantly smaller proportion of
presumptive Tregs (Tregs = CD4+/CD25+/FOXP3+) with an average of 5.9%, 18.2%, and
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13.7% of CD4+ T-cells expressing CD25 and FOXP3 after expansion by panning,
PreREP, and FTD + beads, respectively (Figure 4F, G). The high levels of presumptive
Tregs produced by both
other protocols may be a
result

of

simultaneous

activation and PD-1/PD-L1
signaling that occurs as a
result of leaving adherent
cells in the culture. This
combination of stimulatory
and inhibitory signaling has
been implicated in Treg
induction (153). There were
no statistically significant

Figure 5. TIL expansion protocol does not affect the
expression of proteins associated with T-cell
differentiation states. Percent expression of CD28,
CD27, KLRG1, CD62L, IL-7Ra, and CCR7 on the T-cells
in the final TIL product.

differences in the expression of common markers used to determine the differentiation
state of T-cells such as CD28, CD27, KLRG1, CD62L, or IL-7Ra as a result of expansion
method; however, a slight (average 2.1% vs 3.8%), but statistically significant increase in
CCR7 expression was observed when TILs were expanded by FTD + beads relative to
panning (Figure 5). This is believed to be an anomaly, without biological significance,
and is a result of using our predetermined statistical measure, the ratio-paired t test. When
the same data is analyzed using a conventional paired t test, statistical significance is not
reached. Although there is no clear difference in expression when evaluating each of
these markers individually, when we evaluate co-expression of all of these markers
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simultaneously using t-distributed stochastic neighbor embedding (tSNE), we see
differential clustering indicating that the different TIL expansion protocols do preferentially
expand unique T-cell subsets which are not appreciated by single-variable analysis
(Figure 6).

Figure 6. tSNE reveals differential T-cell expansion because of TIL production
protocol. Representative tSNE plots of autologous TIL expanded by each protocol.
Heat maps of the concatenated files shows relative expression of each indicated
marker and density plots show where TIL expanded by each method cluster.

There is strong evidence that co-expression of multiple inhibitory immune checkpoints
correlates with a state of decreased function and “exhaustion” (154, 155), therefore we
also characterized the presence and relative abundance of immune checkpoint molecules
on TILs following expansion using each of the three protocols. We report that the panning
method, compared to the previously reported PreREP, and FTD + beads protocols,
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generates significantly fewer PD-1+ T-cells (an average of 7.2%, 31.2%, and 15.4%,
respectively) (Figure 7A, B). We show that on average over 75% of RCC TILs expanded
in all conditions express TIM-3 (Figure 7A, C) with no significant differences in the
percentage of TIM-3+ T-cells between methods. However, the percentage of PD-1+/TIM3+ double-positive T-cells is also significantly lower in the TIL products expanded by
panning relative to PreREP and FTD + beads with an average of 6.0%, 23.0%, and 12.9%
of T-cells expressing both PD-1 and TIM-3, respectively (Figure 7A, D). These PD1+/TIM-3+ T-cells are known to be severely dysfunctional, terminally differentiated and
have even been shown to produce the suppressive cytokine IL-10, which makes them

Figure 7. TILs generated by panning have reduced co-expression of immune
checkpoints. (A) Representative TIM-3 vs PD-1 staining of autologous TIL products.
(B) Frequency of PD-1+ T-cells in the final TIL products. (C) Frequency of TIM-3+ Tcells in the final TIL products. (D) Frequency of PD-1+/TIM-3+ double-positive T-cells
in the final TIL products. (E) Frequency of LAG-3+ T-cells in the final TIL products. (F)
Representative TIGIT staining of autologous TIL products. (G) Frequency of TIGIT+
T-cells in the final TIL products.
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suboptimal for adoptive transfer (156). We did not observe a significant difference in the
percentage of T-cells expressing the LAG-3 immune checkpoint (Figure 7E); however,
we also see a significant decrease in TIGIT+ T-cells when panning is used, as compared
to PreREP and FTD + beads, with an average of 50.8%, 67.9%, and 62.1% of T-cells
expressing TIGIT, respectively (Figure 7F, G). Taken together, our results demonstrate
a decrease in co-expression of inhibitory immune checkpoints when TILs are expanded
by panning which may indicate a decreased relative state of exhaustion making them
superior for adoptive transfer.

3.4 Bead-based expansion generates TIL products with increased clonal diversity
TILs are known to respond to a variety of tumor specific neoantigens created by
somatic mutations within protein coding genes which are transcribed, translated,
degraded and ultimately presented as mutated peptide fragments on major
histocompatibility

complexes

(MHC).

TILs

recognize

these

mutated

peptide

fragments/MHC complexes through their unique T-cell receptors (TCRs). The most
diverse region of the TCR is the complementarity determining region 3 (CDR3) on the
beta chain and it is statistically improbable that two different T-cell clones share the same
TCRB CDR3 sequence; therefore, this region can be used to identify unique T-cell clones.

We preformed TCRB CDR3 sequencing on autologous TILs expanded by panning,
PreREP, and FTD + beads from three donors. Donor 68 was selected for further studies
because it was the outlier in which TIL yields were nearly identical using all three methods
(22.4 x 107, 24.7 x 107, and 22.8 x 107, respectively) and donors 57 and 62 were selected
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because TILs from these samples fit the trends in yield, phenotype, and function which
we are reporting. We found that TILs expanded using pan-CD3 stimulation via antiCD3/CD28 beads (panning and FTD + beads) results in a TIL product with a greater
absolute number of T-cell clones (Figure 8A). An average of 13,822, 4,279, and 11,381
clones were detected in the TIL products expanded by panning, PreREP and FTD +
beads, respectively based on productive TCRB CDR3 DNA sequences which result in a
unique amino acid sequence (i.e., unique but synonymous DNA sequences were

Figure 8. Bead-based TIL expansion generates TIL products with increased
clonal diversity. We noted that dominant clones are identical and were expanded by
all methods. (A) Absolute number of productive TCRB CDR3 rearrangements detected
in the TIL products expanded by each method. (B) The combined productive frequency
of the top 20 clones expanded by each method. (C) The productive Simpson clonality
metric for the TIL products expanded by each method. (D) Comparison of clonal
frequency for each specimen and method: clear dots represent clones which were too
infrequent to be analyzed (each dot may represent multiple clones), grey dots
represent clones which were not significantly enriched due to expansion method, blue
dots represent clones which were significantly enriched by the method on the x-axis
and red dots represent clones which were significantly enriched by the method on the
y-axis.
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considered identical clones). The top 20 most abundant clones detected in the TIL
products expanded by the three methods accounted for an average of 16.5%, 54.8% and
17.2% of the total TCR repertoires, respectively (Figure 8B). In agreement with these
trends the productive Simpson clonality was greatest in the TIL products expanded by
PreREP (Figure 8C). Finally, we show that although the overall clonal diversity within the
TIL products differed, the most abundant clones expanded by each method tend to be
identical (Figure 8D). This is exemplified by TILs expanded from donor 68 in which gross
TIL yields were nearly identical and the frequency of the most abundant clones were also
highly comparable.

TILs generated by panning are tumor reactive
A potential concern when expanding TILs using immediate pan-CD3 stimulation via
anti-CD3/CD28 beads is that the increased clonal diversity of the TILs may be the result
of expanding bystander T-cells which
are not specific for tumor antigens.
This could create a dilute TIL product
relative to the PreREP protocol.
However,

on

the

contrary

the

increased clonal diversity could be
attributed to tumor reactive T-cell
clones which are eliminated because
of the suppressive signaling that
occurs when leaving adherent cells

Figure 9. Uniform GZMB expression in postexpansion TIL. (A) Representative CD8 vs
GZMB staining of autologous TIL expanded by
the indicated method. (B) Summary of the
percentage of GZMB+ TIL from each sample.
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in the TIL culture. First, we confirmed that a on average over 80% of TILs expanded by
all methods express the effector molecule granzyme B (GZMB) which is known to be
stored in preformed granules within T-cells allowing for rapid release and cytotoxic
potential upon antigen recognition (Figure 9A, B). Surprisingly, there was not a significant
difference in the proportion of TILs which degranulated (CD107a+) after co-culture with
autologous tumor cells as a result of the expansion method. Both a CD8+ and CD8-

Figure 10. Degranulation of CD8+ and CD8- TIL in response to autologous tumor
cells. (A) Representative plots of CD8- TIL degranulation in response to autologous
tumor cells. (B) Summary of the CD8- TIL response from all samples.
response was observed and the CD8- response consisted of CD3+/CD4+ T-cells,
CD3+/CD56+ presumptive NKT-cells as well as CD3+/CD4-/CD8-/CD56- T-cells and there
were no significant differences in CD8- responses observed as a result of expansion
method (Figure 10A, B). The average percentage of total T-cells degranulating in
response to autologous tumor cells was greatest using the PreREP protocol with a mean
of 2.2%, 3.8%, and 1.9% of TILs expanded by panning, PreREP, and FTD + beads
transiently expressing CD107a at their cell surface (Figure 11A, B). Of note, there were
as many as 3.2% of TILs degranulating in the unstimulated condition after PreREP
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expansion and up to 1.8% using the FTD + beads protocols. This observation may
indicate tumor cells and/or antigen are still in the TIL cultures at the 14-day mark using
these protocols. There was also no significant difference in the percentage of TILs which
produced IFNɣ in response to autologous tumor cells with an average of 1.5%, 2.0%, and
1.0% of TILs producing this effector molecule after expansion by panning, PreREP, and
FTD + beads respectively. A similar phenomenon of IFNγ production in the unstimulated
populations, which were not subjected to panning, was noted (Figure 11C, D).
Interestingly, in response to autologous tumor cells, TILs generated by all protocols were
rarely polyfunctional (i.e., simultaneously degranulated and produced IFNɣ) (Figure 11E).
As shown, only ~16.5% (0.89/5.39) of the TILs which responded in co-culture with
autologous tumor cells produced IFNγ and degranulated, even though of the cells capable
of degranulating and/or producing IFNγ (OKT3 positive control) ~40.8% (17.3/42.4) were
polyfunctional. This could be a result of bystander TILs, which are only activated in the
positive control, having increased levels of polyfunctionality or it may be that the tumor
cells are suppressing a polyfunctional response by an unknown mechanism. These
results parallel the report by Markel and colleagues who showed that non-pooled PreREP
RCC TIL cultures displayed either lytic activity or IFNɣ secretion, but not both (84). The
average percentage of tumor reactive T-cells generated – defined as CD107a+ and/or
IFNγ+ when co-cultured with autologous tumor cells – was greatest using the PreREP
protocol (Figure 11F). An average of 3.4%, 5.3%, and 2.8% of TIL were tumor reactive
in the final TIL products expanded by panning, PreREP and FTD + beads, respectively.
However, when we multiplied the percentage of tumor reactive TIL (Figure 11F) by the
absolute number of TILs generated in each condition from each sample (Figure 4A), we
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observed an average of 8.0 x 106, 2.7 x 106, and 4.6 x 106 total tumor reactive TILs
generated by panning, PreREP and FTD + beads, respectively (Figure 11G). These
results indicate that although a greater percentage of bystander TIL are potentially being
generated when anti-CD3/CD28 beads are added to the initial TIL culture, the
combination of adherent cell depletion and bead-based TIL stimulation generates an
increased total number of RCC reactive TIL in a 14-day time frame.

Figure 11. TILs generated by panning are tumor reactive. (A) Degranulation
(CD107a+) of autologous TIL products left unstimulated, OKT3 stimulated or in
response to the autologous tumor cell line (auto TCL). (B) Frequency of degranulation
of the final TIL products. (C) IFNγ expression by autologous TILs in the indicated
conditions. (D) Frequency of IFNγ expression within the final TIL products. (E) Costaining IFNγ vs CD107a of Panning TIL in response to autologous tumor cells. (F)
Percentage of T-cells which degranulated and/or produced IFNγ in response to
autologous tumor cells (Tumor Reactive TIL) in the final TIL products. (G) Tumor
reactive TIL yield - calculated by multiplying the percentage of tumor reactive TIL by
the total TIL yield for each condition and sample.
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3.5 Discussion
Consistent generation of TIL cultures from RCC has been historically problematic
which has hindered the development of this potentially curative cell therapy for patients
with kidney cancer (12). Here we demonstrate that a novel protocol for TIL expansion
allows for the consistent production of tumor reactive TIL from ccRCC as well as the
consistent establishment of autologous adherent tumor cell cultures from patient samples.
This creates an in vitro model for
studying TIL therapy and also
allows for evaluating the complex
interplay

between

autologous

tumor cells and T-cells in an in
vitro setting which may mimic the
tumor microenvironment (TME)
(Figure 12) (157).
Critically, the panning approach
advances the field of T-cell
therapy

for

RCC

by

demonstrating that the phenotype

Figure 12. An in vitro model for evaluating
autologous T-cell and tumor cell interactions
in ccRCC. Representative image depicting the
process of creating autologous TIL and tumor cell
lines using the adherent cell depletion method by
Braun et al. This image was created
with BioRender.com.

of the resulting TIL product is superior for adoptive transfer relative to autologous TILs
produced by other protocols. Mechanistically, we hypothesize these phenotypic
differences are a result of expanding TILs in the absence of immunosuppressive tumor
cells. An activated T-cell within a whole FTD secretes inflammatory molecules (e.g., IFNγ)
and as a result adherent tumor cells in culture actively upregulate PD-L1 which is known
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to suppress TIL activation. Simultaneously, secretion of galectin-9 by tumor cells may
teather TIM-3 to the supramolecular activation cluster on T-cells (146). The significance
of galectin-9/TIM-3 interaction alone has been somewhat controversial; however, this
interaction has been shown to lead to the phosphorylation of tyrosine 265 on the
cytoplasmic tail of TIM-3 and most evidence points to this interaction playing a role in
suppressing type 1 T-cell responses (146, 158-161). Other ligands of TIM-3 which have
been shown to modulate function which can be restored with TIM-3 blockade are
phosphatidylserine

(PS),

carcinoembryonic

antigen

cell

adhesion

molecule

1

(CEACAM1), and high mobility group box 1 (HMGB1) and these ligands have binding
clefts separate from galectin-9’s on the TIM-3 receptor (160, 162). Therefore, if the
activated T-cell does manage to degranulate and lyse an adherent tumor cell during TIL
expansion, the flipping of PS to the outermembrane of tumor cell derived apoptotic bodies
may deliver this second immunosuppressive signal via the galectin-9 primed TIM-3
receptor. We believe this combination of activating and inhibitory signals is responsible
for inducing a regulatory and exhausted phenotype which can be minimized by ACD prior
to TIL expansion.

The proposed panning method also likely reduces TIL exposure to the CD103 ligand, Ecadherin, which is expressed by adherent epithelial cells. We hypothesize that decreased
ligand exposure is the mechanisms which leads to a TIL product with fewer CD103+
tissue-resident memory T-cells. Although TRM-cells have been implicated in anti-tumor
responses (163), we believe they are not ideal for adoptive transfer because durable
systemic responses will likely require tumor reactive T-cells with a memory phenotype
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which allows them to recirculate. Therefore, the phenotypic differences that result from
expanding RCC TILs after adherent cell depletion are optimal for adoptive transfer.

We show that the proposed panning method produces a greater absolute number of
tumor reactive T-cells on average, as determined by in vitro co-culture with autologous
tumor cells. However, we believe it is likely that both the percent and absolute number of
tumor reactive T-cells are being underestimated using this method. Indeed, the NGS data
(i.e., >98% allele frequency for a given mutation) suggests that short-term in vitro
propagation of the adherent tumor cells leads to clonal populations. However, it does not
represent the more heterogeneous tumor cell populations that exist in vivo. Therefore,
there may be tumor reactive TILs expanded by all methods that are not appreciated in
these assays because a clonal tumor cell population was used as the target.

Finally, it has been suggested that there is an inverse correlation between in vitro culture
time and the efficacy of the TIL product; however, it has also been demonstrated that
there is a direct correlation between the absolute number of TILs infused and response
rates. Balancing these two opposing curves is an overarching challenge in the field of TIL
therapy. We are proposing the panning protocol as a single-phase, modified rapid
expansion protocol to generate a TIL product in an unprecedented 14-day time frame.
The absolute TIL yields reported here are a result of starting with only a fraction of the
tumor digests which were generated using discard tissue after surgical pathology
processed the samples. In the clinical trial setting, a larger portion of tissue would likely
be obtained for TIL generation and the entire sample could be used to generate a TIL
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product via panning which would drastically scale up TIL yields in the same time frame.
TIL counts of 1010 to 1011 are the usual target yields prior to cell infusion using the twophase PreREP/REP protocol; however, cell manufacturing can take up to 6 to 8 weeks to
achieve these counts using this method. A two-week TIL product would be of great
interest to patients dealing with the mental and physical stresses associated with waiting
for TIL production as well as clinicians monitoring disease progression during this same
time frame; therefore, we propose further evaluation of this single-phase protocol to
expand TILs with a firm 14-day timeline from surgery to infusion of the cell product.

These studies demonstrate the consistent and rapid generation of tumor reactive TILs
from clear cell RCC is possible. The stigma from the 1990’s that TIL therapy is not feasible
for RCC should be disregarded and renewed efforts at translating this potentially
promising therapy into the clinics for patients with advanced ccRCC is warranted.
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Chapter 4: Induction of a Memory T-cell Phenotype During ccRCC TIL
Expansion
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Now that it has been demonstrated that the rapid and consistent in vitro production
of TILs from ccRCC is feasible, we aimed to further enhance potency of the TIL products
created using the ACD method by attempting to induce a long lived central and/or stem
cell-like memory phenotype. Although effector and effector-memory T-cells are the
subsets which have the greatest ability to directly lyse cancer cells, they have limited
proliferative potential upon repeat antigen encounter. Therefore, these cells have a lower
level of absolute anti-tumor efficacy relative to their less differentiated central and stemcell like memory counterparts which are able to persist, proliferate and produce a pool of
effectors upon repeat antigen encounter after adoptive transfer (15). As shown in the
previous chapter, the TIL expansion protocol did not have a significant impact on memory
phenotypes other than the TRM subset. This observation is likely due to all methods relying
on IL-2 mediated expansion which inevitably leads to differentiation. There have been
several proposed methods for inducing the more desirable memory phenotypes including
lineage reprogramming via forced expression of transcription factors through genetic
modification, using different combinations co-receptor and cytokine stimulation and the
pharmacologic modification of T-cell signaling while using conventional methods of
stimulation (164). In these studies, we pursued the latter with the rationale that it would
be feasible to rapidly translate the findings into the clinic.

4.1 Inhibition of AKT induces a memory-like CD8+ T-cell phenotype while expanding
RCC TILs, but negatively affects proliferation
First, we pursued targeting the AKT signaling pathway which has been shown to
induce a desirable memory phenotype while expanding melanoma TILs with the
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PreREP/REP protocol without impacting TIL proliferation (165). We evaluated peripheral
blood T-cell expansion using healthy donor samples in the presence of increasing
concentrations of an AKT inhibitor via a CFSE
dye dilution assay in order to reveal a general
concentration range which ideally would not
impact TIL proliferation. We used the same
AKT inhibitor (AKTi VIII – Calbiochem) which
was used in the melanoma TIL study and
found that short term T-cell proliferation was
unaffected by up to 8 μM of this drug (Figure
13). This result was encouraging because the
melanoma study reported a consistent dose as
low as 1 μM, induced the desirable phenotype,

Figure 13. Impact of AKTi on
healthy donor T-cell proliferation.
Healthy donor T-cells labeled with
CFSE and stimulated identically to
TIL cultures, evaluated at 72 hours
for dye dilution in the indicated
concentration of AKTi.

therefore we believed we had a large window (between 1-8 μM) to hopefully obtain similar
results from RCC.

Using our adherent cell depletion protocol to expand TIL from RCC we began using the
same 1 μM dose of AKTi which was used in the melanoma study and compared
autologous TIL expansion to expansion without the inhibitor (evaluating autologous TIL
expansion with numerous parameters [multiple concentrations] is not consistently
feasible because of the limited tissue which is obtained for research purposes). We found
that after 14 days of expansion with AKTi, CD8+ RCC TILs consistently expressed higher
levels of the lymph-node home molecule CD62L which is associated with a central-
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Figure 14. AKT inhibition induces a memory-like phenotype while expanding
RCC TILs, but negatively affects proliferation. (A) Representative CD45RA vs
CD62L staining of autologous CD8+ RCC TILs expanded with and without AKT
inhibition. (B) Percentage of CD8+ TILs which express CD62L from seven separate
patients. (B) IL-7Rα vs CD3 staining of RCC TIL expanded with and without AKT
inhibition. (D) CD4/CD8 ratio of RCC TIL expanded with and without AKTi from seven
RCC samples. (E) 2-NBDG uptake assay evaluated by flow cytometry and fluorescent
microscopy (two representative field of view for each condition). (F) TIL yields after
14 days of expansion with and without AKTi.
memory (CD45RA-/CD62L+) and stem cell-like memory/naïve (CD45RA+/CD62L+)
phenotype (Figure 14A, B). We also found higher levels of IL-7 receptor alpha (IL-7Rα)
expression on T-cells expanded with AKTi (Figure 14C) and as described in Chapter 2,
IL-7 is associated with memory T-cell homeostasis. The CD4/CD8 ratio of the T-cells in
the final TIL product was not affected by AKTi (Figure 14D). Another indication that a
desirable memory phenotype is induced by AKTi is that glucose uptake is altered. Effector
T-cells are known to utilize more glucose to generate energy, while memory T-cells
preferentially perform oxidative phosphorylation and fatty acid metabolism to generate
ATP (166). In agreement with this report, TILs following treatment with a AKTi had lower
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levels of 2-NBDG uptake, which is a fluorescent glucose analog (Figure 14E). Critically
however, in contrast to the report by Crompton et al. (165), TIL expansion was decreased
when the AKTi was used (Figure 14F).

The decreased proliferation observed when using an AKTi was discouraging. It should be
noted that although the range in Figure 14F appears broad and overlapping, when
evaluating each of the seven paired, autologous TIL expansions, the absolute yield was
decreased in 7/7 using the AKT inhibitor. This observation led to the re-evaluation of
whether or not AKTi should be further explored using different drugs in the same class.

We identified four additional AKT inhibitors (afuresertib, MK-2206, perifosine and
triciribine) which had been explored in the clinical setting for various indications and

Figure 15. Limited effects on short-term T-cell proliferation using low dose
clinical grade AKT inhibitors. 96-hour CFSE dye dilution assay using healthy
donor peripheral blood T-cells unstimulated or stimulated identically to TIL
cultures in the presence of the indicated drug and concentration.
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decided to evaluate whether a similar induction of memory characteristics could be
achieved without impacting proliferation by using one of these different drugs in the same
class. Again, we screened the new drugs for their effect on proliferation using healthy
donor peripheral blood T-cells and a CFSE dye dilution assay (Figure 15). Using the
short-term proliferation data, we identified concentration ranges for each drug which we
hoped would induce a desirable memory phenotype without altering proliferation during
prolonged T-cell expansion. We moved forward with the screening, again using healthy
donor peripheral blood T-cells so that we would be able to compare many culture
conditions and hopefully identify a candidate to move forward with for subsequent TIL
expansions. During prolonged 14-day expansions we noted a disappointing trend, the

Figure 16. Effects of afuresertib on T-cell proliferation. Healthy donor T-cells
expanded in the presence of the indicated concentration of afuresertib and
evaluated by flow cytometry. Grossly reduced T-cell proliferation was noted via light
microscopy.
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concentrations of these various AKT inhibitors which induced a desirable phenotype
consistently decreased proliferation. We evaluated the expression of CD45RA vs CD62L
to split Tscm/Tn (CD45RA+/CD62L+), Tcm (CD45RA-/CD62L+), Tem (CD45RA-/CD62L+) and
Teff/emra (CD45RA+/CD62L-) T-cells. We also stained for CD27 and CD28 expression
which are co-stimulatory receptors and both tend to be expressed on less differentiated
T-cells and CCR7 expression which is a chemokine receptor playing a role in lymph node
homing and the generally expressed by naïve, central-memory and stem cell-like memory
T-cells. The final parameters in this screening panel were KLRG1, which is an inhibitory
receptor expressed by differentiated T-cells, and CD103, which is expressed by tissueresident memory T-cells. Therefore, the expression of both molecules would be viewed

Figure 17. Effects of MK-2206 on T-cell proliferation. Healthy donor T-cells
expanded in the presence of the indicated concentration of MK-2206 and
evaluated by flow cytometry. Grossly reduced T-cell proliferation was noted via
light microscopy.
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as non-desirable. Increased CD62L expression was
noted at concentrations at and above 1 μM when
screening the drug afuresertib; however, decreased
proliferation was also noted at these concentrations
(Figure 16). All concentrations of MK-2206 which
were

screened

negatively

affected

T-cell

proliferation; however, increased CD62L expression
and

co-stimulatory

receptor

expression

Figure 18. MK-2206 induces
double-negative
T-cells.
CD4 vs CD8 staining of
healthy
donor
T-cells
expanded in the presence of
MK-2206 for 14 days.

was

observed (Figure 17). Initially, we were intrigued to determine if an even lower
concentration could induce this phenotype without altering proliferation. However, the

Figure 19. Effects of perifosine on T-cell proliferation. Healthy donor T-cells
expanded in the presence of the indicated concentration of perifosine and evaluated
by flow cytometry. Grossly reduced T-cell proliferation was noted via light
microscopy.
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unexpected and rather bizarre finding of increased KLRG1 expression as well as
observing that over 50% of the CD3+ cells expanded in the presence of this drug were
CD4/CD8 double-negative, led us to stop pursuing this AKT inhibitor (Figures 17 & 18).
Concentrations of up to 0.5 μM of perifosine were used during the 14-day expansion
screening and this range did not appear to have any obvious effect on T-cell phenotypes
nor T-cell expansion (Figure 19). Of note, concentrations of this drug at and above 1μM
began to have adverse effects on T-cell proliferation during the short-term CFSE dye
dilution assay (Figure 15). All concentrations of the fourth AKT inhibitor, triciribine, also
had a negative impact on proliferation, but we observed an increased CD62L, co-

Figure 20. Effects of triciribine on T-cell proliferation. Healthy donor T-cells
expanded in the presence of the indicated concentration of triciribine and evaluated
by flow cytometry. Grossly reduced T-cell proliferation was noted via light
microscopy.
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stimulatory receptor expression, and CCR7 expression without an impact on KLRG1 or
the CD4/CD8 ratio or double negatives (Figure 20). Therefore, we moved forward and
explored the effects of this drug when expanding TILs at half of the lowest concentration
used to screen the healthy donor T-cells (i.e., 125 nM) from a single RCC sample. We
found that this concentration reduced TIL proliferation (3.11 x 108 TILs obtained with no
inhibitor and 1.46 x 108 TILs obtained with 125 nM triciribine) but did not lead to an
increase in CD62L expression. Therefore, we began to re-evaluate whether AKT
inhibition was the best approach to induce a memory T-cell phenotype during RCC TIL
expansion.

Early during the study of AKT inhibitors, we performed a reverse phase protein array
(RPPA) in order to obtain a better understanding of the larger changes in signaling and

Figure 21. Reverse phase protein array (RPPA) reveals GSK-3B down regulation
in the setting of AKTi. Selected results from an RPPA array performed on protein
isolated from autologous RCC TILs expanded with and without AKT inhibitor VIII.
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protein expression that result from treatment with AKTi VIII (Figure 21). These results
confirmed that phosphorylation of AKT was reduced when TILs were expanded in the
presence of this drug and that interestingly total AKT was increased. There were
numerous intriguing hits within this data set that could be associated with T-cell function,
metabolism and memory phenotypes and a notable result which stood out was the
decreased expression of glycogen synthase kinase 3 beta (GSK-3B) and corresponding
decrease in the phosphorylation of β-catenin (blue boxes). GSK-3B inhibition has been
reported to arrest effector differentiation and promote CD8+ T-cell memory (167);
however, it has also been suggested that this only prevents the differentiation of T-cells
and it does not revert CD45RA-negative Teff/Tem (which is the phenotype of a vast majority
of pre-expansion CD8+ T-cells [Figure 1D, E]) to a less differentiated phenotype (168).
Since, these studies were not performed on TILs, we decided to evaluate the effects of
the GSK-3B inhibitor (TWS119) on TIL expansion using our adherent cell depletion
method (Chapter 3) (83).
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4.2 Inhibition of GSK-3B induces a memory-like CD8+ T-cell phenotype, without
altering the proliferation of RCC TILs
Considering the failure of a short-term proliferation
assay using healthy donor T-cells to predict a desired
concentration of the AKT inhibitors which would not
alter TIL expansion; we decided to screen the GSK3B inhibitor (GSK-3Bi), TWS119, using a narrow
range of drug concentrations (0.5 to 2 µM) using small
scale autologous TIL cultures. We found a sharp drop
off of absolute yield of TILs during a 14-day expansion
at concentrations above 1 μM (Figure 22). Therefore,
we conducted TIL expansion studies using media
containing 750 nM TWS119 to reduce the chance of
technical error which could potentially lead to a sharp

Figure 22. Impact of GSK3B inhibition on TIL
proliferation. Absolute TIL
yields
obtained
from
autologous TIL cultures
expanded in the indicated
concentration of TWS119.

drop off in proliferation.

Using these conditions to expand TILs from three independent ccRCC samples we found
that the average TIL yield was not significantly affected (Figure 23A). Nearly all cells in
the post-expansion TIL products were T-cells (CD3+) both with and without GSK-3Bi
(Figure 23B) and percentage of CD4+, CD8+, double-negative, and double-positive Tcells was not significantly affected by TWS119 (Figure 23C). Remarkably, we saw a
significant increase in CD62L expression within the CD8+ T-cell subset, which was
strikingly similar to the results obtained with the AKT inhibitor (Figure 23D, E). The major
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Figure 23. GSK-3B inhibition induces a CD8+/CD62L+/CCR7- phenotype without
altering RCC TIL proliferation. (A) Absolute TIL yield from 3 samples expanded with
and without TWS119. (B) Percent CD3+ T-cells in the final TIL products. (C) Percent
CD4+, CD8+, double-negative (DN) and double-positive (DP) T-cells in the final TIL
products. (D) Representative plot showing CD62L expression on autologous TIL
expanded with and without TWS119. Grey = fluorescence minus one (FMO) CD62L
control, blue = no inhibitor, red = TWS119. (E) Percent of CD8+ T-cells expressing
CD62L in the final TIL products. (F) Percent of CD8+ TIL expressing CCR7 in the final
TIL products. (G) Percent of CD8+ TIL expressing PD-1 in the final TIL products. (H)
Percent of CD8+ TIL expressing TIM-3 in the final TIL products. (I) Percent of CD8+
TIL expressing LAG-3 in the final TIL products. (J) Percent of CD8+ TIL expressing
TIGIT in the final TIL products.
difference being continuous treatment with TWS119 did not negatively affect TIL
proliferation. Interestingly, CCR7 expression was virtually absent on the CD8+ T-cells
expanded both with and without the GSK-3B inhibitor (Figure 23F). Bona-fide central and
stem cell-like memory T-cells are commonly thought to co-express CD62L and CCR7 and
it is common for only one of these parameters to be evaluated when phenotyping T-cell
subsets. There is limited research which has evaluated the function or reported the
presence of the CD8+/CD62L+/CCR7- T-cells which are being created at large numbers
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as a result of expanding RCC TILs with constant exposure to low levels of the GSK-3Bi.
For this reason, we refer to these cells using the broad term “memory-like” CD8+ T-cells.
Finally, no significant difference was observed in the expression of the inhibitory immune
checkpoints PD-1, TIM-3, LAG-3 or TIGIT within this cohort (Figure 23G-J).

Observing a lack of effect on TIL proliferation when using the GSK-3Bi and a similar
induction of CD62L on CD8+ T-cells as compared to when the AKT inhibitor was used
was an intriguing preliminary result. However, we were concerned about the effect of
modulating this signaling pathway on the CD4+ T-cell subset and potentially inducing
suppressive cells (169). Therefore, we stained for regulatory T-cells within the autologous
TIL products created with and without GSK3Bi. Although statistical significance was not
reached in our study of 3 patient samples (p=0.115) using our predetermined statistical
measure, the average percent of
CD4+

T-cells

CD25/FOXP3
decreased

co-expressing
was

when

actually
TILs

were

expanded with TWS119. Further,
each pair autologous TIL cultures
had a relative decrease of this nondesirable T-cell population (Figure
24).

Figure
24.
Decreased
average
CD4+/CD25+/FOXP3+ yields when expanding
RCC TIL with TWS110. (A) Representative
CD25 vs FOXP3 staining of autologous TIL
expanded with and without TWS119. (B)
Percent of CD4+ T-cells expressing CD25 and
FOXP3 from the three samples.
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Next, we aimed to determine if the CD62L expressing CD8+ T-cells which were induced
by TWS119 treatment expressed the pioneer transcription factor T-cell factor 1 (TCF1,
also known as transcription factor 7 (TCF7)) which has been shown to be involved in
chromatin remodeling and stem-cell like features within T-cells (170-173). We found that
TCF1 was expressed at significantly higher levels within the post-expansion
CD8+/CD62L+ TILs relative to CD8+/CD62L- TILs (Figure 25A, B). This was the case

Figure 25. Increased TCF1 expression within post-expansion CD8+/CD62L+
TILs. (A) Representative histograms showing TCF1 expression within CD8+/CD62L+
T-cells (red histogram) relative to CD8+/CD62L- T-cells (blue histogram) when
autologous TILs were expanded with and without TWS119. (Grey histogram
represents the fluorescence minus one (FMO) control with prior gating on CD62L+
cells and the black histograms represents the FMO control with prior gating on
CD62L- cells. (B) Summary of TCF1 mean fluorescence intensity (MFI).
when the TILs were expanded with or without TWS119 and although the average mean
fluorescence intensity (MFI) was higher in the CD62L+ subset expanded with the
TWS119, there was not a statistically significant increase in TCF1 expression between
CD62L+ TILs expanded with the inhibitor relative to without. Nevertheless, the absolute
number of CD8+/CD62L+ cells was greater when TILs were expanded with TWS119; so,
there is an increase in overall TCF1 expression within the TIL products expanded in the
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presence of GSK-3Bi and this is potentially contributing to stem-cell like features within
these T-cells.

Finally, we aimed to determine which pre-expansion TIL subsets were giving rise to these
CD8+/CD62L+/CCR7- T-cells which were preferentially expanded using a GSK-3Bi since
it had been previously reported that TWS119 can arrest effector differentiation but cannot
cause a reversion to a less differentiated state (168). After performing adherent cell
depletion on a large ccRCC fresh tumor digest, we sorted populations of Temra/Teff cells
(CD3+/CD62L-/CCR7-/CD45RA+),

Tem

cells

(CD3+/CD62L-/CCR7-/CD45RA-)

and

Tcm/Tscm/Tn cells (CD3+/CD62L+ and/or CCR7+/CD45RA+/-) (Figure 26A). This sorting
schema was designed to have the highest degree of purity within the Temra/Teff and Tem
populations since these were the primary experimental subsets which were not expected
to contribute to the post-expansion CD62L+ population (168). After sorting, we expanded
bulk TILs along with each sorted subpopulation in parallel both with and without 750 nM
TWS119. As we had previously observed within the bulk TIL population (red), there was
an increase in CD62L expression when TILs were expanded with continuous exposure
to low dose TWS119. As expected, we also saw increased CD62L expression within the
Tcm/Tscm/Tn cells (orange) which were sorted and expanded with the TWS119 relative to
without and this parallels the report that GSK-3Bi can arrest differentiation. We did not
observe appreciable CD62L expression within the Temra/Teff cells (blue) which were sorted
and expanded with or without TWS119, but interestingly a vast majority of these cells
became CD45RA-negative. Intriguingly though, the Tem subset (green) which was sorted
and expanded did give rise to a CD62L+ subset and there was increased CD8+ T-cells
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expressing CD62L when expanded with TWS119 relative to without, 48.5% and 24.1%,
respectively (Figure 26B). This finding contradicts previous reports and indicates that
GSK-3B inhibition may be reverting effector-memory TILs to a less differentiated
phenotype.

Figure 26. GSK-3Bi induces expression of CD62L in CD8+ Tem cells. (A) Preexpansion ccRCC TIL sort report showing isolation of Temra/Teff, Tem, and Tcm/Tscm/Tn cells.
(B) Post-expansion phenotypes of each subset expanded with TWS119 and without
(control).

Discussion
This report demonstrates that chemical inhibition of GSK-3B during in vitro ccRCC
TIL expansion has the potential to create a potent T-cell product enriched with a memorylike phenotype and we hypothesize that this cell therapy will show efficacy in the clinic. In
contrast to reports expanding T-cells from melanoma using the “young TIL approach”
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(165), we show that AKT inhibition is not an ideal method to induce a memory-like
phenotype because of the overall decrease in TIL yields. This biological limitation is
important given that the absolute number of T-cells infused during ACT has been shown
to be directly correlated with response rates (72, 174). TWS119 has been shown to arrest
effector differentiation of T-cells already expressing a minimally differentiated phenotype,
however it has been suggested that reversion to a less differentiated state is not achieved
by targeting this pathway (167, 168). We show for the first time that CD8+ Tem TILs can
be induced to become CD62L+/CCR7- via GSK-3B inhibition and these CD62L+ cells
express higher levels of the pioneer transcription factor associated with T-cell stemness,
TCF1, relative to their CD62L- counterparts. These findings have the potential to impact
the clinical value of TIL therapy for ccRCC and pose an intriguing basic science inquiry
into how these memory-like CD8+/CD62L+/CCR7- cells function in vivo. The combination
of a novel protocol for the rapid and consistent generation of TIL products and the ability
to induce a desirable memory-like phenotype has renewed hopes that personalized Tcell based therapies for ccRCC can be successfully translated into the clinic and improve
outcomes for patients with aggressive disease.
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Chapter 5: Materials and Methods

81

5.1 Patients and samples
Deidentified clinical samples were provided from the Biospecimen Repository Core
Facility (BRCF) at the University of Kansas Medical Center (KUMC) along with relevant
clinical information. Tissue specimens were obtained from patients enrolled under the
repository’s institutional review board approved protocol (HSC no: 5929) and following
the US Common Rule. Tissue from patients who underwent radical or partial nephrectomy
within the University of Kansas Health System for suspected RCC was obtained between
August 2017 and January 2020. Table 2 provides clinical information on each of these
patient samples. Tissues were delivered from the operating room to surgical pathology
where the BRCF staff obtained a portion of the discarded tissues, deidentified the
samples, and immediately transported the specimens at room temperature in RPMI-1640
to the basic research laboratory for TIL and tumor cell line (TCL) generation.

5.2 Creation of fresh tumor digests (FTDs)
Using aseptic techniques in a laminar flow hood, fibrotic, necrotic, and normal adjacent
tissues were grossly dissected from viable tumor. Viable tumor was mechanically and
enzymatically digested in a cocktail containing RPMI-1640 (without serum), 1 mg/mL type
IV collagenase (Sigma), 100 units/mL deoxyribonuclease I (MP Bio), 1× penicillin,
streptomycin, and amphotericin B (Antibiotic-Antimycotic; Gibco). Viable tumor and
digestion cocktail were added to a Miltenyi C Tube and disrupted using a gentleMACS
Dissociator followed by a 30 min incubation at 37°C with gentle rocking; mechanical
disruption and 30 min incubations were continued until a slurry was obtained
(approximately 1–1.5 hours). The slurry was passed through a 100 µm cell strainer,
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pelleted, subjected to ammonium chloride–potassium (ACK)-mediated RBC lysis
(BioLegend) and washed in phosphate-buffered saline (PBS). This FTD was either used
immediately for culture or cryopreserved for future use. Digests of normal adjacent kidney
tissue were performed on selected samples using the same protocol.

5.3 Generation of TIL and TCL cultures by panning, PreREP, and FTD+ beads
Panning protocol:
Total viable cells of 4 to 6×106 from an FTD were plated in a BioLite 175 cm2 vented flask
(Thermo Fisher Scientific) and incubated overnight at 37°C and 5% CO2 in T-cell media
consisting of RPMI-1640 with 2.05 mM L-glutamine, 10% fetal bovine serum (FBS),
25 mM HEPES (Gibco), 1 mM sodium pyruvate (HyClone), 1× non-essential amino acids
(HyClone), and 1× penicillin/streptomycin (HyClone). Non-adherent cells were then
pooled by washing five to eight times with PBS until no non-adherent cells were observed
in the flask. The non-adherent cells were pelleted and resuspended in 2 mL of fresh Tcell media and transferred to a single well of a 24-well plate. 6,000 IU/mL of IL-2
(teceleukin) and 4×105 anti-CD3/anti-CD28 Dynabeads (Thermo Fisher Scientific) were
then added. TILs were split three times (1 well to 8 wells of a 24-well plate) by
resuspending the T cells and transferring 1 mL into a fresh well and then adding 1 mL of
fresh media (FM) to each well. Splitting of TILs occurred when clusters of expanding T
cells were grossly visible in the well. Eight wells of TILs were then pooled and transferred
to an upright 175 cm2 flask with 50 mL of media (16 mL of TILs + 34 mL FM). 50 mL of
additional media was added 24–48 hours later and subsequent 1:1 splitting to multiple
upright T175 flasks occurred when a carpet of expanding T cells was grossly visible in
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the flask. Media was never removed from the TIL culture using the panning protocol
because splitting was always indicated before media acidified and 6000 IU/mL of IL-2 was
maintained by bolus addition after each splitting. Beads were removed at the completion
of TIL expansion (day 14). Adherent cells were grown in parallel in DMEM (Dulbecco’s
Modified Eagle Medium) with high glucose (HyClone) supplemented with 10% FBS, 1×
penicillin/streptomycin (HyClone), and 1× Insulin-Transferrin-Selenium (Gibco) to
establish TCLs.

PreREP protocol:
Total viable cells of 4–6×106 of an FTD were plated in 2 wells of a 24-well plate (2–
3×106/well) with 2 mL of T-cell media per well and 6,000 IU/mL of IL-2. Splitting occurred
as described in the panning protocol; however, half of the media was regularly required
to be removed (slowly pipetting from the top of the well) and replaced with FM and IL-2
before splitting was indicated. 6,000 IU/mL of IL-2 was maintained by bolus addition after
each splitting or media replacement.

FTD+ beads protocol:
Total viable cells of 4–6×106 of an FTD were plated in 2 wells of a 24-well plate (2–
3×106/well) with 2 mL of T-cell media per well, 4×105 anti-CD3/anti-CD28 Dynabeads and
6,000 IU/mL of IL-2. Splitting occurred as described in the panning protocol; however,
half of the media was regularly required to be removed (slowly pipetting from the top of
the well) and replaced with FM and IL-2 before splitting was indicated. 6,000 IU/mL of IL2 was maintained by bolus addition after each splitting or media replacement. Beads were
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removed at the completion TIL expansion (day 14). All cell counts in this study were
performed using a Muse Cell Analyzer (MilliporeSigma) and the Muse Cell Count and
Viability kit.

5.4 Immunohistochemistry, immunocytochemistry, and histology
Prior to digestion, a portion of the RCC sample and normal adjacent tissue were fixed in
10% neutral buffered formalin at room temperature for 48 hours. Tissues were then
dehydrated in 70% ethanol for 24 hours. The samples were then embedded in paraffin
and processed by the KUMC BRCF staff using a Tissue-Tek Processor (Sakura).
Microtomy was performed on a Leica RM2255 Microtome (Leica Biosystems). Automated
staining for pan-cytokeratin and the paired box 8 protein (PAX-8) was performed using
an intelliPATH instrument (Biocare). Immunocytochemistry was performed using the
same protocol with cell pellets of the primary TCLs established from the tumor sample.
Images were acquired using MetaMorph Microscopy Image Analysis Software (Molecular
Devices) on a Nikon Eclipse 80i Microscope.

5.6 Flow cytometry
Flow cytometry was performed using a BD LSR II in the KUMC Flow Cytometry Core
Laboratory. Cell surface staining was performed in 2% FBS in PBS, and BD Horizon
Brilliant Stain Buffer (BD Biosciences) was added when multiple BV dyes were used in
the same panel. Cells were subsequently washed in protein-free PBS and stained for
viability using Ghost Dye 780 (Tonbo). Cells were resuspended in 2% FBS in PBS for
analysis. Transcription factor staining was performed using the True Nuclear
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Transcription Factor Buffer Set (BioLegend), and cytokine staining was performed using
the eBioscience IC Fixation Buffer and Permeabilization Buffer (Invitrogen). Analyses
were performed using FlowJo (V.10.6.1, V.10.6.2, and V10.7.1; FlowJo). Analyses
included debris exclusion (Forward Scatter-Area vs Side Scatter-Area (FSC-A vs SSCA)), single events (Forward Scatter-Area vs Forward Scatter-Height (FSC-A vs FSC-H)),
and live cell gates before examining other parameters (Figure 27).

Figure 27. Representative flow cytometry gating scheme. Representative plots
showing a gating scheme and controls using FlowJo.

5.7 Lymphocyte function assay
Expanded TILs rested overnight in the absence of CD3/CD28 stimulation and/or
cytokines were either left unstimulated, stimulated with 10 µg/mL of OKT3 or added to
autologous tumor cells in T-cell media at an effector:target ratio of 5:1 (5×105 TIL:1×105
tumor cells). The cells were cultured in the presence of 0.7 µL/mL monensin (BD
GolgiStop) and anti-CD107a-BV421 in a final volume of 100 µL/condition at 37°C and 5%
CO2 for 4 hours after being briefly centrifuged to promote immediate effector/target
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contact. Cells were then stained with the remainder of the panel using the indicated
antibodies, viability dye, and fix/perm buffer set.

5.8 Next-generation sequencing (NGS) of primary RCC cell lines and parent tissue
DNA was extracted from primary TCLs which were established from three consecutive
RCC samples using the QIAmp DNA Mini Kit. DNA was quantified using a Tecan
NanoQuant Plate on a Tecan Infinite M200 Pro and then underwent a multiplex PCR
reaction targeting exons of 275 solid tumor-related genes using a commercially available
kit (Qiagen). The prepared libraries were then subjected to NGS on a NextSeq 500
instrument (Illumina) to generate fastQ files (text-based format for storing nucleotide
sequences). The reads were mapped to the Homo_sapiens_sequence hg19 reference
using QIAGEN Biomedical Genomics Workbench pipeline. Metrics for reported variants
such as depth of coverage, variant allele frequency, and average quality cut-offs were
evaluated individually for pathogenic and likely pathogenic hits compared with uncertain
significance variants. The Variant Call Format files were generated and loaded into
QIAGEN Clinical Insight (QCI-I) to assess individual calls for pathogenicity and quality
control parameters.

5.9 TCRB CDR3 sequencing
DNA was extracted from TILs expanded in each condition from three specimens using
the QIAmp DNA Mini Kit. Samples were provided to Adaptive Biotechnologies for TCRB
CDR3 sequencing. Adaptive Biotechnologies performed quality checks and data
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normalization using their established pipeline and uploaded the data for analysis using
the ImmunoSEQ Analyzer 3.0 platform.

5.10 Statistical analysis
Statistical significance was considered a p-value less than 0.05 determined by using a
ratio paired t-test on Graph Pad Prism 8.2.1.
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Chapter 6: Future Directions
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My primary career aim is to translate novel T-cell based therapies into the clinic for
patients with cancer. A tremendous amount of pre-clinical and regulatory work remains
prior to this therapy coming to fruition. From a basic science standpoint, comprehensive
phenotyping, and functional analysis of GSK-3β inhibition induced memory-like T-cells
remains to be elucidated. There is ongoing work evaluating broader changes in protein
expression within control and GSK-3βi TIL via a reverse phase protein array and in vivo
murine models are being developed to help expand the myriad of preclinical studies
needed to begin to bridge discovery with improved outcomes for patients with cancer
(Figure 28). Specifically, we will be evaluating tumor regression, T-cell persistence and
T-cell localization using these in vivo models. As discussed in Chapter 2 there is rationale

Figure 28. Establishment of a ccRCC xenograft model. (A) Photograph of
subcutaneous tumor growth established from a grade 4/pT3aN1M1 ccRCC
patient sample. (B) Photograph of the excised tumor xenograft. (C) Hematoxylin
and eosin staining of the first passage xenograft.
for combining immune checkpoint inhibition with TIL therapy and as a result studies
evaluating the impact of clinically relevant checkpoint inhibitors on ex vivo expanded TILs
are also being conducted.

Large financial investments will be necessary to transition our novel pre-clinical TIL
manufacturing methods into current good manufacturing practices (cGMP) compliant
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platform which is essential for future use in humans. As a result, future funding
opportunities from the National Institutes of Health (NIH) and Department of Defense
(DoD) will be rigorously pursued. Collaborations with the biopharmaceutical industry will
be essential as well as establishing a timeline for an investigational new drug (IND)
application consisting of a novel type 351 human somatic cell product with the food and
drug administration (FDA).

This endeavor will be laborious; however, it is one for which I am ready to embark.
Margaret Mead once said, “Never doubt that a small group of thoughtful, committed
citizens can change the world; indeed, it’s the only thing that ever has.” In response I say,
“Why can’t we be the small group that changes outcomes for patients with advanced
cancer.”
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