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ABSTRACT

Cervical cancer is one of the most common malignancies among females. As a virus-related cancer,
cervical cancer has attracted a lot of attention to develop virus-targeted immune therapy, including
vaccine and adoptive immune cell therapy (ACT). Adoptive tumor infiltrating lymphocytes (TILs) cell
therapy has been found to be able to control advanced disease progression in some cervical cancer
patients who have received several lines of treatment in a pilot clinical trial. In addition, sustainable
therapeutic effect has been identified in some cases. The safety risks of TIL therapy for patients are
minimal or at least manageable. In this review, we focused on the versatility of TILs and tried to summarize
potential strategies to improve the therapeutic effect of TILs and discuss related perspectives.

Introduction

Cervical cancer ranks fourth with regard to both incidence and
mortality among the female population globally." With the
clinical application of vaccine to avoid human papillomavirus
(HPV) infection, the incidence of cervical cancer is declining
throughout the worldwide scope, gradually. However, the
occurrence of cervical cancer is still in a rising trend, and as
a consequence, it ranks seventh among all malignant tumors of
women in China. In 2015, proximately 98,900 new cervical
cancer cases were reported in China, which accounted for
18.7% of the global incidence. In the particular group of
young women (<45 years old), the incidence of cervical cancer
is even higher than those common cancers like lung cancer,
stomach cancer, and colorectal cancer.” Patients with early-
stage cervical cancer can be cured by surgery, radiotherapy and
adjuvant chemotherapy. However, patients with advanced cer-
vical cancers can only be treated with chemotherapy or radio-
therapy, but the outcomes are poor, with a median survival rate
of only 16.8 months. During the recent 10years, anti-
angiogenesis therapy based on bevacizumab has been approved
for clinical treatment of metastatic cervical cancers in combi-
nation with chemotherapy. Nevertheless, a small improvement
in overall survival was observed in bevacizumab-treated
patients.” Clearly, for patients with metastatic cervical cancers,
alternatives and more effective treatments are urgently needed.

Immunotherapy, which aims to enhance host immunity or
downregulate the negative regulators of the immune system to
restore host immunity against cancers, is currently revolutio-
nizing modern cancer therapy. The US Food and Drug
Administration (FDA) granted accelerated approval for pem-
brolizumab in the treatment of recurrent or metastatic cervical
cancer in 2018 considering the favorable outcomes from the
phase 2 KEYNOTE-158 trial. Results from the double-blind,
phase 3 KEYNOTE-826 trial of immune checkpoint inhibitors
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(ICI) which indicated the potential role of first-line treatment
of ICI in cervical cancer were published online in The New
England Journal of Medicine in September of 2021. The phase
3 EMPOWER CERVICAL 1/GOG 3016/ENGOT c¢x9 trial
provided the evidence for the application of another PD-1
antibody, Cemiplimab, in cervical cancer. Thus, cervical cancer
patients can benefit from immunotherapy.

Adoptive T-cell therapy obtained a large amount of highly
potent tumor-reactive T cells by isolation and expansion from
a small number of T cells, which can recognize tumor cells with
great efficiency. To date, three most accepted T-cell therapies
have shown great potential in clinical application, including
tumor infiltrating lymphocytes (TILs) cell therapy, T-cell
receptors engineered T (TCR-T) cells and chimeric antigen
receptors T (CAR-T) cells. Exciting achievements and out-
comes of adoptive immune cell therapy (ACT) have been
obtained in clinical practice, although it faces challenges of
specificity and efficacy.*”” In the treatment of solid tumors,
no adoptive T-cell therapy has been approved in clinic yet, even
for the treatment of melanoma that has been paid most atten-
tion among solid tumors. Among the three ACT therapies, TIL
therapy has the most promising evidence for further applica-
tion in advanced cervical cancer. Comprehensive treatment
strategy containing immunotherapy is considered as the most
potential treatment. In this review, we summarized the current
advances in the research and application of TILs for cervical
cancer to provide a guide toward future development of TIL
therapy for this cancer.

HPV in carcinogenesis of cervical cancer

HPYV is a critical pathogenic factor in many cancers, including
cervical cancer and vaginal cancer. High-risk HPV infection can
be detected in up to 99.7% of cervical cancer specimens.® HPV16
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and HPV18 are two most common carcinogenic genotypes
referring to squamous carcinoma and adenocarcinoma of cervi-
cal cancer.” HPV replication is highly dependent on oncopro-
teins, E6 and E7 proteins coded by the viruses. E6 and E7
oncoproteins are critical both in the productive life cycle and
in the carcinogenesis progress. E6 protein can recruit the cellular
ubiquitin ligase E6-associated protein into a protein complex
with p53, resulting in the disability of p53.'® Besides, E6 proteins
bind to and degrade PSD95/DLG/ZO-1(PDZ)-domain contain-
ing proteins.'" In the process of cell differentiation, E7 proteins
promote S phase reentry via the ability of binding to and inacti-
vating the pocket family proteins. These interactions lead to the
release of the transcription factor E2F, causing cell cycle progres-
sion in cells that would normally undergo differentiation.'* The
down regulation of major histocompatibility complex (MHC)
class I prompts the escape of tumor cells from immune surveil-
lance which was observed to be involved in the expression of E7.
E7 protein could also inhibit Interferon-y (IFN-y)-mediated
MHC class I antigen presentation.'’

Due to the distinct immunogenicity, HPV proteins are con-
sidered as the natural optimal targets for immunotherapy.'* The
L1 and L2 proteins composing of HPV viral capsid structure
have been widely researched, and great achievements have been
made in the development of preventive vaccines. Viral proteins,
like E6/E7, which account for malignancy development, could
serve as potential targets for immunotherapy. The emerging
HPV-associated genetic immunization strategies have been
developed to induce immune responses of T cells against E6
and E7 antigens and other neoantigen in cervical cancer.'” The
great advantage in taking viral protein as the target of immu-
notherapy is the impossibility to have cross reaction with normal
proteins, which may greatly reduce the possibility of off-tumor
effect. Various efforts have been made to develop HPV targeted
vaccines, adoptive T-cell therapy and monoclonal antibodies
therapy. However, few strategies have exposed clinical applica-
tional potential.

TIL therapy in cervical cancer

Researchers have been looking for more specific immune cells
for ACT. In 1986, Rosenberg'®'’proposed that tumor-
infiltrating lymphocytes (TILs) are special immune cells that
show outstanding abilities to inhibit tumor growth. TILs
express natural T-cell receptors (TCR) that can recognize anti-
gens expressed by a patient’s tumor in an MHC-restricted
manner. Comparing to TCR-T and CAR-T cells which may
completely rely on limited number of antigens to target tumor
cells, TILs developed naturally from the microenvironment of
cancer may act with diverse phenotypic profiles.'®

Back in 1986, Rosenberg et al.'” found that infiltrating lym-
phocytes were composed of a group of tumor antigen-specific
immune cells with potential persistent killing tumor cells. The
first clinical trial to investigate TIL therapy in the treatment of
metastatic melanoma in 1994, the current data suggested an
overall objective response rate as high as 50%, and about 10-
30% of patients achieved complete remission. A portion of
patients treated with TILs even achieved a disease-free survival
for more than 10 years."*** Comparatively, the most excellent
TCR-T cells adoptive therapy may have a comparable or less

clinical efficacy, and the CAR-T cell therapy has achieved
a response rate of even less than 5%.*" TIL therapy has great
potential in treating cancer with successful cases not only in
melanoma, but also in other cancer types such as lung cancer.*
Due to the rapid development of technology such as image-
navigation, the acquisition of tumor tissue through biopsy in
patients with advanced malignant tumor has been easy to access.

The first reported clinical trial of TIL therapy in cervical
cancer was published in 2015. Rosenberg et al.*> demonstrated
the outcome of cervical cancer patients receiving adoptive TIL
therapy. A total of 9 patients with refractory metastatic cervical
cancer patients were included. Two patients had complete
remission diseases and 1 patient had a partial remission disease.
It was the first reported positive result from TIL cells therapy in
cervical cancer, providing an alternative for advanced cervical
cancer patients who have received long courses of chemother-
apy with limited effectiveness. The objective response of the TIL
therapy model established by Rosenberg’s laboratory is almost
33.3%, indicating a potential need for further improvement in
TIL therapy of cervical cancer. The same team published the
results of a phase II one-armed clinical research for in 2017.
A total of 18 HPV-positive cervical cancer patients receiving
TIL adoptive therapy, and 3 patients had PR, 2 cases with CR
with an objective effect rate of 27.8% (NCT01585428). In
March 2018, the lead researcher of the American Cancer
Institute reported that two cervical cancer patients treated
with TIL therapy had obtained a complete remission who had
a survival period of over 5 years.24 Later in 2018, a further trial
of TILs in treating HPV-related tumor was published with an
ORR of 28% (NCT01585428).>°> Two of 29 patients had
a complete response after TILs infusion. Up to now, there are
five registered trials on the web of clinical trial (Table 1).

The toxicity observed with ACT can broadly be divided
into three groups: toxicity due to the lymphodepleting pre-
parative regimen, immune-related toxicity and cytokine-
related toxicity.”® During the treatment with TIL therapy,
toxicity or side effect is light or moderate, and predominantly
being caused by the lymphodepleting preparative regimens,
resulting in pancytopenia and febrile neutropenia, and IL-2
administration including chills, high fever, hypotension, oli-
guria, and edema due to the systemic inflammatory and
capillary leak syndrome effects. Similarly, the adverse effect
was mild in cervical cancer. The milestone study by
Stevanovi¢ et al.”® reported TIL therapy in patients diagnosed
with metastatic cervical cancer who had previously received
platinum-based chemotherapy or chemoradiotherapy. There
were no acute infusion-related toxicities and no autoimmune
adverse events. The toxicity profile was consistent with the
chemotherapy conditioning regimen and aldesleukin.

The heterogeneity of TILs promises the versatility of
treatment

Tumor heterogeneity greatly contributes to the difficulty and
complexity of clinical management in antitumor therapy,
including immune therapy. The tumor ecosystem is
a heterogeneous symbiotic ecosystem composed of tumor clones
with different spatial functions and genomic characteristics.
Besides, heterogenous stromal cells and immune cells also



Table 1. Clinical trials studying TIL therapy in cervical cancers.
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Combined

No. NCT Number Title Phases Enrollment treatment Status

1 NCT03108495 Study of LN-145, Autologous Tumor Infiltrating Lymphocytes in the Phase 2 138 pembrolizumab Recruiting
Treatment of Patients With Cervical Carcinoma

2 NCT01585428 Immunotherapy Using Tumor Infiltrating Lymphocytes for Patients With Phase 2 29 - Completed
Metastatic Human Papillomavirus-Associated Cancers

3 NCT04443296 Study of Tumor Infiltrating Lymphocytes Following CCRT in the Treatment of Phase 1 10 CCRT Active, not
Patients With Cervical Carcinoma recruiting

4 NCT04674488 TILs for Treatment of Metastatic or Recurrent Cervical Cancer Phase 1 15 - Recruiting

5 NCT05107739 A Study of DeTIL-0255 in Adults With Advanced Malignancies Phase 1 - Recruiting

contribute to the diversity of tumor microenvironment. A single
therapy with limited targets will promote tumor clonal as well as
microenvironment evolution, ultimately leading to uncontrolla-
ble diseases.”” According to this “tumor ecosystem” theory,
therapeutics, which target different malignant clones, stromal
cells and immune cells at multiple layers, may represent an
optional approach with great potential for individualized cancer
treatment, emphasizing the importance of dissecting the multi-
cell tumor ecosystem from the perspective of malignant-stromal
-immune system.”®

Tumor-reactive T cells appear to heavily infiltrate into the
tumor microenvironment of patients and direct contact can
promote antigen presentation. More and more evidences
have indicated that tumor-mutation-derived neoantigen-
specific T cells play a role in tumor control.*>*® Cultured
tumor-infiltrating lymphocytes is a heterogeneous cell pro-
duct roughly with three levels of diversity. It is commonly
accepted that tumor antigen-specific cytotoxic CD8+ TILs
expressing T-cell receptors account for the antitumor effect
of immune system. TILs composed of not only T cells, but
also B cells and NK cells may contribute to the immunity
reaction. Secondly, the diversity of lymphocytes for the part
of specific cell type of CD8+ effector T cell also accounts for
heterogeneity, including subpopulations of CD8+PD-1+,
CD8 +4-1BB+, and CD8+PD-1 + 4-1BB+ cells, etc. These
cells exist in varied frequencies, ranging from less than 1%
to greater than 80%, depending on the marker and marker
combination tested.*"*? Third, the diversity of TCRs makes
the most complicated heterogeneity of T cells (Figure 1).

Distinguished correlating changes were observed between
tumor burden after TIL infusion and the frequency and
number of CD8+ TILs in the cell product.”> However, trans-
fusion of purified central memory CD8+ T cells has shown
minimal clinical response even these cells could be detected
for a long time.”* Actually, Rosenberg®” and colleagues
established a “Young TILs” method in 2008. This approach
utilizes the entire resected tumor to rapidly expand TIL for
administration without in vitro testing for tumor recogni-
tion. Young TILs can confer a higher objective effectiveness
comparing to purified CD8+ T cells from TILs (35% vs 20%)
in patients with malignant melanoma, and a trend of super-
iority was observed in patient survival for “Young TILs”
treatment®® (NCT00513604). Thus, it was preferred that to
preserve the beneficial interactions between different
immune cells, that may contribute to a better clinical
response.

For a relative long time, the major role of CD4+ T cells is
supposed to support the development and function of CD8+
T cells by licensing antigen presenting cells for efficient antigen
presentation and producing cytokines. It has been a source of
controversy because in some cases (approximately 5% of
patients), TIL products are composed predominantly of CD4
+ effector-memory, and effector cells mediate strong and dur-
able responses, many of which were complete remissions last-
ing for years.”’ It was proposed that tumor-specific CD4+
T cells may also be able to exert anti-tumor activity through
direct cell killing and cytokine release. CD4+ T cells exhibit
tremendous plasticity as a lineage, much more than CD8+
T cells with effector cells being able to switch to regulatory
phenotypes and regulatory phenotypes mutually being able to
switch to cytolytic cells expressing granzyme and perforin.**>’
CD4+ T cells may migrate to tumors and produce chemokine
and other mediators facilitating the migration of CD8+ T cells
into the tumor® in addition to playing a direct tumor cyto-
static and T-cell helper function. Adoptive transfer of CD4+
T cells recognizing one neoantigen alone was found to be able
to induce clinical antitumor response in a single patient with
cholangiocarcinoma.”’ Veatch et al. reported a patient with
stage IV acral melanoma who obtained a complete response
after adoptive tumor infiltrating lymphocytes from metastatic
tumor and further analysis identified that TILs were mainly
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Figure 1. Versatility of TIL subclones.
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composed of CD4+ T cells specific for BRAF V600E and
diverse CD8 T cells reactive to non-mutated self-antigens.*”
Another important role was proposed of TILs that have the
ability to present tumor antigen acting as “tumor vaccine”,
which was mainly due to the activity of CD4+ T cells.”> To
sum up, though the specific role of CD4+ T cells played in TIL
products is still uncovered, current data supported the preser-
vation of CD4+ T cells in the process of TILs culture.

Even among the same types of T cells, different TCRs
targeting different antigen also contribute to the diversity and
polyfunctionality of TILs.*> Although some tumor have up to
100s or even 1000s of nonsynonymous mutations, there are
multiple immunological processes dictating the successful pre-
sentation and recognition of a neoepitope by the immune
system. It has become apparent that less than 1% of mutations
found in a tumor are so-called immunologically “actionable” in
that they successfully induce a mutanome-specific clonal T-cell
response. Subclones of malignancy has their specific driver
mutations which may be recognizable by immune system.
The liquidity due to the open access of TILs to the peripheral
blood makes the diversity of TCRs, helping to recognize dif-
ferent tumor antigens. Therefore, TILs that have been exposed
to the diverse neoantigens of malignant cells have great capa-
city to identify as many targets as possible. The diversity of TIL
cells makes it possible an ideal tool to recognize and kill the
tumor cell subclones with great heterogeneity.** The last but
not the least, T cell clones with the same TCR may be com-
posed of cells at various states of differentiation that may exert
different function. All elements of the heterogeneity make TILs
to possess great capacity to identify different clones of tumor
cells, which is the first critical step of antitumor immunother-
apy. The heterogeneity of microenvironment also contributed
to malignant cell invasion and expansion, which led to the
shaping of clonal evolution of tumor cells.*” We can assume
that the rational activation of highly effective TIL cell therapy
may be one of the most likely strategies to overcome the
heterogeneity of tumor cells.
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Figure 2. Schematic illustration of anticancer response mediated by T cells in vivo.

Potential strategies to promote therapeutic effect of
TIL therapy against cervical cancer

TIL therapy targeting HPV antigen is a personalized treatment
and the adoptively transferred T cells may exert antitumor
effect and serve as a mechanism-driven biomarker to predict
treatment response, then to guide patient selection. There have
been evidences showing that magnitude of HPV reactivity of
the infused TILs was associated with clinical response, indicat-
ing a causal relationship between the targeting of HPV antigens
and tumor regression.”

The in vivo anticancer response mediated by T cells involves
three basic steps. First, antigen presenting cells (APC) capture
cancer antigens and process them into antigenic peptides,
which are then presented in combination with human leuko-
cyte antigen (HLA) molecules for TCR recognition.
The second step is T cell activation after recognizing tumor
antigen, which requires co-stimulation of surface molecules B7
and CD28 to bind to antigen-presenting cells and T cells.
Finally, after activation, T cells are transported to tumor micro-
environment where they recognize and eliminate tumor cells
(Figure 2). A persistent memory response would play a role in
both preventing disease recurrence and in taking precautions
against the evolution of anti-therapeutic malignant cell clones.
The precise implications of immunological memory formation
are still undefined, but evidence for extremely durable remis-
sions of neoantigen has been achieved.

There is a great potential demand to develop next-
generation TIL products in which TILs are isolated or enriched
during expansion facilitating improvements both in persis-
tence and antitumor activity of T-cells. In addition, the grow-
ing consensus is that TIL therapy will have its real impact when
combined concurrently or in sequence with other immunomo-
dulatory therapies capitalizing on the idea that these responses
will occur over protracted periods of time invoking multiple
immunological compartments. There are a lot of report of
parameters greatly correlated with the treatment response,
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like the number of TILs infused, the number and percentage of
CD8+ TILs, CD8+ phenotype, and telomere length, et al.>"***¢
Accordingly, we tried to present possible strategies to improve
the antitumor effect of TIL therapy.

Culture model that can preserve the heterogeneity of TiLs

The first issue for TIL culture is how to obtain a group of
high-quality T cells, which is of great importance for the
successful treatment of TIL cells due to the heterogeneity of
cancer.”” Actually, TILs are a cluster of cells with great het-
erogeneity demonstrating the great genomic differences of
lymphocytes among different patients.*® Both of cell variety
and TCR variety make the heterogeneity of TILs among
different tumor lesions in the same patient. In most cases, it
is difficult to identify the neoantigen specificities of tumor
infiltrating T cells with diverse phenotypes. A culture model
that can preserve the heterogeneity and evolution ability of
TILs will be the fundamental step. Excessive cell sorting and
induction may do harm to the clinical response of cell pro-
duct. Different types of cells,”” like CD4+ T helper cells
contributed to the antitumor activity of adoptive TIL
therapy.*"** Even expansion of bystander T-cell clones unre-
lated to tumor antigen recognition may also contribute to the
final clinical response of TILs."®*° “Young TILs” was
a method to keep heterogeneity of TILs as mentioned
above. Young TILs can have an undetermined but high level
of antigen reactivity, and other advantageous attributes such
as long telomeres and high levels of CD27 and CD28.
Simplified culture maintaining the heterogeneity of TIL cells
could not only makes the process feasible but also can over-
come the difficulties in cancer treatment due to the hetero-
geneity of cancer. However, to reduce the activity of
inhibitory cells is another option to supplemental treatment.

Promotion of antigen presentation and selective
expansion during the TIL culture

The efficacy of adoptive T cell therapy depends on the ratio of
tumor antigen-specific killer T cells. CD8+T cell activity is
highly dependent on the active antigen presenting cell activa-
tion. TILs are fully exposed to tumor cells, and some of the
T cells have received the persistent stimulation of tumor anti-
gens, but only a small part of CD8+T cells are activated by
tumor antigen. The advantage of in vitro culture may come
from the artificial tumor antigen presentation. The proportion
of CD8+T cells targeting tumor antigens can be further
improved by continuous and effective antigen presenting
cells. As mentioned above, TILs contain T cells reactive to
cervical cancer cells or HPV+ cells. These cells or clones can
be selectively expanded for enriched TIL therapy. For example,
the special selection of HPV E6/E7-specific can increase the
efficacy of TIL therapy.> In addition, there is a very important
population of TILs that recognizes tumor neoantigens that
should be considered for selective expansion. Since TILs
derived from tumor environment, they are supposed to
respond quickly and are sensitive to neoantigens. For cervical
and other viral-induced cancers, viral antigens are considered
as neoantigens.’’ Regardless of whether the viral antigens are

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2060019-5

tumor-specific antigens or neoantigens, targeting them is
a better strategy, as they are foreign and selective expansion
of TILs reactive to viral antigens or variants will increase the
efficacy of TIL therapy with increased safety.”

Another important issue is to protect the stability of the
antigen specificity during TIL expansion. Tumor-infiltrating
lymphocyte expansion is a stochastic process with different
T-cell clones increasing or decreasing in frequency unpredic-
tably during the rapid expansion process. Given this inter-
clonal competition, the more tumor-specific clones going into
the rapid expansion process for infusion, the greater chance
that more tumor-specific clones (some of which can be more
differentiated T cells) can compete and be maintained at an
appreciable frequency in the final product.

Efficient trafficking of lymphocytes

It is well known that the limitation of TIL therapy efliciency is
related to the poor infiltration of activated lymphocytes into
tumors. A few of research demonstrated that “cold tumor”
represents a fundamental factor limiting the therapeutic effect
of immunotherapy. It can be expected that sufficient functional
T cell infiltration may indicate favorable prognosis, which has
been proved by pilot pre-clinical and clinical studies. The truth
is less than 2% of transferred T cells actually infiltrate malig-
nant solid tumors.> Thus, strategies to make adoptive T cells
entering into the tumor microenvironment is of great impor-
tance. Intrinsic oncogenic pathway inhibitors, epigenetic mod-
ification inhibitors, antiangiogenic therapies, TGF inhibitors,
and CXCR4 inhibitors promote T-cell trafficking and enable
T cells to infiltrate the tumor more effectively.”* Our effort has
been made to modify the T cells with iRGD, a tumor-
penetrating peptide, and significant promotion of tumor-
specific lymphocyte infiltration has been observed, which
leads to a better tumor control.”® A deeper understanding of
these mechanisms opens new possibilities for the development
and improvement of TIL effectiveness.

Issues concerning to tumor microenvironment

Inhibitory immune microenvironment is an important reason
why T cells cannot kill malignant tumor cells. Regardless of the
extent of tumor specificity (or neoantigen specificity), infused
TILs will still be subject to all the immunosuppressive mechan-
isms (e.g., PD-L1, IDO, low pH, high lactate, hypoxia, low
glucose, glutamine deprivation, etc.) that any other T cell will
face when migrating into the tumor microenvironment.”® Data
on tumor biopsies taken from patients shortly after TIL infu-
sion (before endogenous T-cell recovery after lymphodeple-
tion) showed infiltration of highly PD-1+ and B and
T lymphocyte attenuator (BTLA)+ CD8+ T cells.”” A variety
of suppressive monocytes, including myeloid-derived suppres-
sor cells (MDSC), tumor-associated neutrophils (TAN), type 2
tumor-associated macrophages (TAM2) and CD4+CD25
+FoxP3+ Tregs,”® have been reported in preclinical and clinical
studies.

Previous studies have indicated that depleting Tregs can
enhance the outcome of immunotherapies with immune-
modulating doses of cyclophosphamide.” In most patients,
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additional immunomodulation is needed, possibly including
targeted MDSC, TAM and TAN, in order to more effectively®
transfer the balance from predominantly cumulative T-cell
down-regulation signals toward a majority of T-cell-activating
signals.®’ Other modulators, such as IDO inhibitors and mod-
ulators of Tregs and MDSCs, are also being considered as
combination therapy with adoptive cell therapies, but the
focus in the near future will be on combining TILs with
checkpoint blockade.

Checkpoint blockade is a method to stimulate T-cell func-
tion by blocking monoclonal antibodies (mAbs) that inhibit
T-cell receptors, whereas T-cell co-stimulation is the method
aiming at activating T-cell function with mAbs that target their
stimulatory receptors. Published data revealed that cervical
cancer has a medium burden of neoantigen, indicating its
relative low response to check point inhibitors. However, as
a solid tumor, cervical cancer is a multi-gene disease with
complicated signal pathway disorders.”” A direct interaction
between PD-1 on lymphocytes with their ligands on tumor
cells resulting in apoptosis of lymphocytes, which plays an
important role in the background of cytotoxic effect inhibition.
Blockade of PD-1/PD-L1 pathway using a fully humanized
antagonistic monoclonal antibodies increased the number
and functionality of tumor-specific T cells and has been
demonstrated as novel anticancer reagents with broad spec-
trum. As previous described, Pembrolizumab, the inhibitory
antibody against PD-1, has been approved by FDA not only in
the first-line treatment but also in the second-line setting.®’

HPV infection can improve PD-1 expression, which is
involved in the development of cervical cancer. It was observed
that PD-L1 was highly expressed on the surface of cervical
cancer cells so as to avoid the cytotoxicity of the CD8+
T cells.** There were up to 59.1% of cervical cancer cells
expressing PD-L1, and 60.6% TILs expressing PD-1 at the
same time.®” Besides, the proportion of TILs with PD-1 expres-
sion was negatively correlated with patient prognosis.®® A great
promotion of PD-1 expression has been identified during the
adoptive cell therapy.®” Based on the above evidence, inhibition
PD-1 pathway may have a great potential to improve the
activity of TILs. An optional choice is PD-1 blockade before
the tissue sample collection which may also improve the T cells
infiltration into the tumor microenvironment. Thus, pretreat-
ment of PD-1 blockade may also improve the ratio of tumor
antigen reactive T cells. A recent report demonstrated that
functional anti-tumor immune responses were detected in
19/23 check-point resistant melanoma patients (83%) who
were treated with TIL therapy. Not only CD8+ (in 18/23
patients, 78%) but also CD4+ (in 16/23 patients, 70%) TILs
could recognize autologous tumors and exerted antitumor
activity.®® This result highlighted a possible synergistic effect
between TIL therapy with checkpoint-blockade. In China,
Yujie Tan et al.*” explored the efficacy of adoptive transfer of
TILs and anti-PD1 antibody in patients with metastatic cervical
cancer showing low microsatellite instability (MSI) expression
and negative for PDL1. Interestingly, they found that this
combination therapy registered promising antitumor effects
and a satisfactory objective response, with clinical tumor
regression observed in 20 out of the 80 patients (25.0%). The
medium time for PFS and OS was 6.1 and 11.3 months,

respectively. These findings suggest that a combination therapy
of TILs and anti-PD1 may potentially modulate the growth of
metastatic cervical cancers in patients with low MSI expression
and negative for PDLI. Currently, a series of clinical trials
combining checkpoint inhibitor with adoptive T-cell therapy
are going on (NCT03638375, NCT03645928, NCT03073525,
etc.). In addition, recent research also indicated other target to
inhibit to promote adoptive T-cell treatment efficiency, like
TIM-3,”° LAG-3"""* and CXCR4, etc. The effects of immune
checkpoint inhibitors are mediated by TILs in the tumor
microenvironment. Therefore, a combination of immune
checkpoint inhibitors and TILs may display superior antitumor
effects on treating metastatic cervical cancer than the other
current therapies.

Vaccine in combination with TIL therapy

Vaccines constitute an active form of immunotherapy since
they rely on the recipient to generate T cell response and are
not dependent on the injection of large numbers of in vitro
derived effector cells. The premise, an adaptive anti-tumor
immune response, can be elicited by presenting exogenous
tumor antigens to the immune system, is the basic element of
therapeutic anti-tumor vaccination. In prior decades, tumor
vaccine has been at the forefront of cancer immunotherapy
research. Cancer vaccines can be divided into three categories
generally, including the use of lymphocyte-defined tumor anti-
gens (LDTAs), whole autologous or allogeneic tumor cell vac-
cines, and LDTA-pulsed dendritic cells.”> Each has its
advantages and disadvantages. Although there were no rele-
vant clinical trials about vaccines combining with TIL therapy
in cervical cancer, a few successes had been achieved in the
practice of other cancers.

In a clinical trial of 59 resectable pancreatic cancer patients
who received preoperative allogeneic tumor cell vaccine treat-
ment, T-cell infiltration and development of tertiary lymphoid
structures were observed in the surgery tumor tissue, which
suggested that the combination of vaccine and TIL therapy can
convert a “non-immunogenic” neoplasm in to an “immuno-
genic” neoplasm.”*”* Microdissection and gene array analyses
demonstrated that the decrease of Treg and the increase of
Th17 immune effector signatures within the vaccine-induced
intra-tumoral lymphoid aggregates were related to the
enhanced response of mesoderm-specific T cells in the system
after vaccination with higher intra-tumoral Teffector/Treg
ratios and longer patient survival.”” Similar results were also
obtained in other types of cancers, including melanoma’® and
NSCLC”’ Tt reminded that antitumor vaccine applied before
tissue derivation may help harvesting vigorous T cells with
greater potential. Utilizing antigen-loaded dendritic cells
(DCs) as immunogens is popular in vaccine trials since DCs
are professional antigen-presenting cells that can be used as
potent inducers of tumor-specific immune responses in
a vaccine setting. The successful case of TIL therapy combining
with DC vaccination was reported in a phase I trial”®
(NCT01946373) in metastatic melanoma patients progressing
on immune checkpoint inhibitors. An initial cohort (5
patients) received TIL therapy alone and a second cohort
(five patients) received TIL combined with autologous tumor



lysate-loaded DC vaccination. All patients received cyclopho-
sphamide/fludarabine preconditioning prior to, and intrave-
nous IL-2 after, TIL transfer. The DC vaccine was given as five
intradermal injections after TIL and IL-2 administration. In the
first cohort, all patients had a mixed response or stable disease,
but none was durable. In the combination cohort, two patients
experienced complete responses (CR) that are still ongoing
(>36 and >18 months, respectively). In addition, two patients
had partial responses (PR), one still ongoing (>42 months)
with only a small bone-lesion remaining. The results may be
attributed to an increase in CD127- expressing and interferon-
g-producing CD8+ T cells.”” Although the trial had several
limitations, it provided the information that vaccination can
act as a key prerequisite for central effector memory CD8+
T cells to exhibit their superior antitumor properties.

Prior study revealed that vaccination against human papil-
loma viruses leads to a favorable cytokine profile of specific
T cells. Cervical cancers harbor a variable number of somatic
mutations. Neoantigens from tumor mutation and cancer testis
antigens could stimulate T cell recognition as well as HPV
protein.** It can be expected that tumor vaccine treatment
may help boost the tumor immune reaction that may bring
efficient TILs during the future treatment.

Epigenetic modulation of tumor cells

The epigenome controls genome structure and regulation.
DNA methylation abnormality is a characteristic change of
HPYV infection, and HPV E7 protein can enhance the activity
of DNA methylase.** Tumor cells with HPV infection were
found to have an obviously reduced level of tumor antigen
expression together with the expression level of molecules that
help present tumor antigen. On the other hand, abnormal
methylation can reduce T cell vitality, immune cells secrete
cytokines disorder, and Treg cell activation.®’ DNA methyl-
transferase inhibitors (DNMTi) can enhance the cytotoxicity of
CD8 + T cells, as well as assist CD4 + T cells by inducing the
expression of key immunostimulatory cytokines.**"*> Besides,
DNMTi could downregulate the suppressive factor,** includ-
ing the expression of Treg cells, MDSC and M1 macrophages.
It could also promote KIR expression on NK cell surface, bind
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to MHC class I molecules to recognize abnormal cells, and
increase NKG2D-dependent NK cell-mediated killing of these
cells in vitro.*> DNMTi is expected to play an important role in
cancer immunotherapy. However, DNMTi modulation of
immune cells is closely related to the state of cell activity, and
the drug dose and regulatory mechanism need to be further
elaborated in basic experiments.

Histone deacetylase inhibitors (HDAC]) as potential immu-
nomodulating agents were also well studied in the treatment of
cancers. The activity of HDACs can affect the expression of
MHC and co-stimulatory molecules. Based on the preclinical
data, HDACi could induce cell cycle arrest, differentiation and
cell death in cancer cells, reduce angiogenesis, and modulate
the immune response.®® It converted cancer cells into sensitive
cells susceptive to immunotherapy by raising expression levels
of tumor antigen.* HDACi are capable of inhibiting apoptosis
of CD4+ T cells within the tumor, thereby enhancing responses
of anti-tumor immune and suppressing the growth of mela-
noma cells.”® Besides, some HDACi can also enhance the
activity of CD8+ T cells and NK cells in anticancer immune
responses.”’ > Based on the above reasons, there is a prospect
to combine TIL therapy with methylation inhibitors or deace-
tylase inhibitors to improve the treatment outcome.”*

Summary and prospects

With the rapid progression of genome-editing technique,
adoptive immunologic cells transfusion therapy is being devel-
oped quickly. Adoptive TIL therapy is still the most established
form of adoptive T-cell therapy. Due to the natural heteroge-
neity of TILs, tumor-obtained adoptive T cells therapy shows
great prospect. A TIL-based treatment model that combining
TILs culture, and check-point blockade, tumor vaccination as
well as epigenetic modulation will be promising anti-tumor
therapy that may defeat malignancy completely (Figure 3).
Pilot research has revealed that such a combination therapy
with TILs may show great potential in treating advanced cer-
vical cancer. A great problem is that many of the immune
therapies are only effective in a minority of patients, and so is
TIL therapy in cervical cancer. Utilizing tumor and mesench-
yme targeted therapies to reverse tumor immune resistance

e .
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Figure 3. Future immunotherapy pattern of adoptive cell therapy based on TIL culture which involves in diverse methods.
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and sensitize tumors to TIL-based adoptive cell therapy may
prove to be a safe and effective way to treat advanced cervical
cancer.
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