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ABSTRACT

Global Cancer Statistics in 2018 estimated 300,000 new cases of ovarian cancer with 152,000
mortality rate each year. The Indonesian Society of Gynecologic Oncology reported 30% of
gynecologic cancer is ovarian cancer, which has a 125,000 mortality rate each year. Ovarian
cancer data in Indonesia showed that 70% of patients were diagnosed with ascites or metastasis
beyond the ovaries (stage III or IV). Ovarian cancer is an immunogenic disease with an
immunotherapy intervention on the horizon. To assess the potency of stimulated NK cells as
ovarian cancer cellular immunotherapy, literature search was collected from NCBI, ScienceDirect
and Pubchem database. A total of 15 articles relevant to our search terms were included in this
minireview. NK cells from ovarian cancer ascites exhibit low cytotoxic efficacy but can be re-
stimulated using IL-2 or IL-15. An in vitro study that incubated NK cells with an IL-15 fusion
protein enhanced the function of the ovarian cancer ascites’ NK cells or the healthy NK cells
against the ovarian cancer ascites cells. Human IL-12-, IL-15- and IL-18-induced memory like
(CIML) NK cells, has been proven to increase the elimination of xenograft human ovarian cancer
cells over a long period of time in a mouse model. CIML NK cells also showed higher NK cell
expansion and an enhanced function in the ovarian cancer ascites’ microenvironment, which was
immunosuppressive. Phase I-II clinical trials on NK cell-based adoptive cellular therapies
demonstrated limited clinical benefit. The major challenges are obtaining persistent NK cells with
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1. Introduction

Cancer poses a death threat with an unprecedented rise in
developing countries. Globally, around 16% or 1 in 6 deaths are due
to cancer, with 70% of cases occurring in developing countries
(Reid et al., 2017). In Indonesia, cancer is the fifth-leading cause of
death, with the number of cancer patients increasing from year to
year. The Indonesian Ministry of Health states that cancer attacks
100 out of every 100,000 people, and the average number of women
with cancer are about 2.2 per 1000 women (Aziz, 2009). A study
conducted by the Global Cancer Observatory in 2012 estimated that
there were 239,000 cases of and 152,000 deaths from ovarian
cancer. This number is predicted to increase by 55% to 317,000 for
ovarian cancer cases and deaths will increase by 67% to 254.000 by
2035 (Reid et al., 2017).

Several studies reported that the risk was increased in older
women at menopause. The average age of women with an ovarian
cancer diagnosis ranges from 45-54, and the five-year relative
survival rate is around 54.8% (Aziz, 2009). An increase in the death
rate of ovarian cancer each year is caused by the slow
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administration of the diagnosis. About 70% of ovarian cancer
patients are diagnosed at a late stage (Aziz, 2009).

Ovarian cancer is an immunogenic disease with
immunotherapy intervention on the horizon. Although they play a
key role in innate immune reactions and have the ability to kill
tumour cells without requiring the introduction of a specific
antigen, recent study results discovered that NK cells have the
intrinsic capacity to develop adaptive immune system capabilities.
This review addresses the use of NK cell stimulation as a potential
cellular immunotherapy for fighting advanced stage ovarian cancer.

2. Methods

This systematic literature search was performed between April
and June 2019 in three databases: NCBI, ScienceDirect and
Pubchem. The combinations of terms used for the search included
‘NK cell’, ‘ovary cancer’, ‘cellular immunotherapy’ and ‘Indonesian
ovary cancer epidemiology’. The inclusion criteria were (i) studies
published in the last 5 years, (ii) review article or original article
and (iii) full text article with open access. Exclusion criteria was
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any criteria that did not meet the above standards. A total of 15
articles that met the criteria were acquired.

3. NK cells and their involvement in cancer

NK cells are regulated by activating and inhibitory signals that
work on NK cell receptors. Inhibitory receptors play a role in
preventing NK cells from attacking autologous normal cells while
activating receptors help identify ligands expressed on the surface
of a virus-infected cell or undergoing a transformation and enable
the NK cells to kill the abnormal cells. The activation of NK cells is
dependent on binding of ligands with NK cell activating receptor
(NKR) including NKG2D; Natural cytotoxicity receptors (NCRs),
such as NKp46 and NKp30; and NKp44 receptors. The inhibitory
receptors on the NK cell include the HLA-I-specific inhibitory
receptor, killer Ig-like receptors (KIRs) and CD94/NKG2A receptors.
Research carried out by Han et al. in 2018 reported a correlation
between the low percentage of NK-cell-activating-receptors NKp30,
NKp46, NKG2D and DNAM -1, with an increase in TGF-B1 in gastric
carcinoma patients. Inhibition of the TGF-f1 receptor showed the
opposite result and revealed a potential target for gastric carcinoma
therapy (Han et al., 2018).

The dynamic expression of NK cell receptors has been
observed. Activation of NK cells begin with priming and ends with
cytotoxic response. NKG2D and CD96 expressions have a positive
correlation with each other, with the down-regulation of one
activating receptor's expression being related to the down-
regulation of the other. The CD96 expression retention on the
surface of the NK cell is important for the activation of the NK cell,
which is measured by the CD96 expression. The NKG2D expression
retention and the CD96 up-regulation on the cell surface of primed
NK cells seems crucial to the TNF-a receptor’s up-regulation. This
finding indicates that NKG2D and CD96 are essential for NK cell
priming, whereas activating receptor NKp46 is important for
triggering the NK cell’s cytotoxic response because it was found to
have a correlation with the lysis of K562 and PC3 prostate cancer
cells but no connection with the activation of NK cells (Hood et al.,
2019).

Based on several studies, there are at least three determining
factors of NK cell function: (1) the phenotypes and composition of
the NK cell population at rest, (2) the stimulus type used to activate
the NK cells (i.e. cytokines or membrane-bound target ligands) and
(3) the stimulus effect on the current NK cell phenotype, which then
determines the NK cell’s ability to lyse targets. Both IL-2 stimulation
and CTV-1 priming of NK cells creates an increasing proportion of
NK cells expressing NKG2D, CD69, CD96, CD107a (degranulation
receptor), CD137, 0OX40 and GITR (TNF receptors); however, CD16
expression, which was down-regulated with CTV-1 priming, was not
affected by IL-2 stimulation. The activating receptor down-
regulation that occurs with priming was suspected to be the result
of the exposure to the immunosuppressive cytokines secreted by the
CTV-1 cell rather than the result of ligation with expressed ligands
on the surface of the CTV-1 cells. The NK cell response to priming
with K562 cells and CTV-1 cells showed a down-regulation of CD16
and up-regulation of CD69 (early activation marker), which is
positively correlated with TNF-a receptor up-regulation (Hood et
al., 2019).

Phenotype analysis based on NK receptor expressions
consistently showed different subsets of NK cells or the
heterogeneity of NK cell effector in the peripheral blood. NK cell
development also governed self-tolerance and generated long-term
memory NK cells. Around 40% of NK cells are derived from the
lymphoid progenitor that expresses recombination activating gene
(RAG). The role of RAG in the functional diversity of NK cells is
during NK cell development and selective NK cell subset fitness. NK
cell development begins in the bone marrow and has a higher
percentage of RAG+ NK cells. Further development of circulating
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NK cells showed decreased RAG+ NK cells in the peripheral blood.
RAG- NK cells were related to more mature and activated NK cell
phenotypes. Selective NK cell subset fitness, regulated by RAG
expression, refers to the survival and expansion of NK cell subsets
after subsequent antigen challenge, e.g. viral infection. RAG-
generated DNA breaks are important for the persistence of long-
lived NK cells in combating pathogens (Karo et al., 2014).

4. NK cells and their role in ovarian cancer

In 2018, Hoogstad-van Evert and co-workers observed the
notable shift in the CD56dim/bright NK cell ratio when the NK cell
ratio from a healthy donor were compared to NK cell ratio in the
peritoneal fluid samples of patients with benign gynecological
disorders (BGDs) and ovarian cancer. The benign ascites fluid
samples showed a 32.4% CD56dim population and a 67.5%
CD56bright population, whereas the malignant samples showed a
54.7% CD56dim population and a 45.4% CD56bright population
(Hoogstad-van Evert et al., 2018).

Ascites-derived NK cells of advance stage ovary cancer patients
with stage III C or IV and histopathology of high-grade serous
papillary ovarian carcinoma were found to manifest lower
expressions of activating receptors in comparison to the activating
receptor expression levels of the benign gynecological disorder
control group. The expression of NKG2D was low to undetectable
on ascites-derived NK cells in ovarian carcinoma samples. Notably,
NKp30 expression in benign peritoneal fluid samples were detected
with an average of 79%, whereas it was barely detected in ovarian
carcinoma samples. Additionally, NKp46 and DNAM-1 expressions
were found to be lower in malignant samples, particularly in
patients with a low chance of survival (Hoogstad-van Evert et al.,
2018).

5. NK cells as alternative for immunotherapy

IL-15 primed CD56bright NK cells have shown increasing levels
of cytotoxic effector protein expression and increased cytotoxicity
to tumour target cells. NK cell priming with IL-15 also significantly
improves the degranulation and cytokine production of NK
CD56bright cells in response to the K562 acute myeloid leukaemia
(AML) cell line and the HLA class I-expressing HL-60 AML cell line,
evident because of a noticeable increase in CD107a (LAMP1), IFN-
y and TNF-a production (Wagner et al., 2017).

Prior stimulation with IL-15 has proven to enhance the ability
of in vitro cultured healthy donor NK cells for mediating
immunologic effector functions in reaction to target cells, such as
A1847, MA-148 and SKOV3 ovarian cancer cell lines, as shown by
the increasing expression of CD107, IFNy and TNFa. In contrast, NK
cells from healthy donors, when co-incubated with the same cancer
cell line without prior IL-15 stimulation, only showed minor
degranulation, assessed by measuring the expression of surface
CD107a, and inflammatory cytokine production, assessed by
measuring the expression of intracellular IFNy and TNFa. These NK
cells from healthy donors that have undergone IL-15 prior
stimulation show increased proliferation, whereas the NK cells
which are not stimulated show decreased proliferation and
increased cell death. The proportion of CD16 activating receptor
necessary for antibody-dependent cell-mediated cytotoxicity from
ovarian cancer patient ascites is lower in comparison to the
proportion from healthy donor peripheral blood (Felices et al.,
2017).

Immunotherapy is one of the alternatives for eradicating cancer
cells, as opposed to surgery, chemotherapy and radiotherapy (these
last two have side effects). It is hoped that immunotherapy will be
able to stimulate heightened activity of patient’s immune system
towards cancer microenvironments, such as ascites. The NK cell is
a suitable candidate for adoptive immunotherapy because of its
ability to kill target or tumour cells without prior sensitization.
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Treatment that uses NK cells is still new and in developmental
stages. Nham et al increased the cytotoxic capacity of NK cells using
artificial-antigen presenting cells and tested the NK cells against
ovarian cancer ascites cells with a positive result (Nham et al.,
2018).

Peripheral blood is one of the widely used sources for NK cells.
Peripheral blood NK cells are able to kill tumour cells immediately;
however, impaired NK cells are found in ovarian cancer ascites. Re-
stimulation of these impaired NK cells could lead to recovered NK
cell function. Ascites of late stage ovarian cancer patients were
found to impair the function of the human immune system. These
impairments directly affect NK cell function. Furthermore, there are
plenty of NK cells inside the ascites fluid. The impairment causes a
low cytotoxic capacity of the ascites’ NK cells and is correlated with
the phenotype of the ovarian cancer ascites” NK cells. The
activating, inhibitory and maturity surface markers of the ascites’
NK cells are different from the ovarian cancer peripheral blood and
normal NK cells. In the Nham et al. study, an artificial antigen
presenting cell (APC) were used to alter the phenotype and function
of the NK cells of the ovarian cancer ascites. This study also
developed NK cells ex vivo using an expansion technique that
originates from ovarian cancer ascites. The artificial APC induced
proliferation and activated the ovarian cancer ascites’ NK cells.
CD56dimCD16+ NK cells escalated to a CD56brightCD16+
phenotype after the ex vivo expansion. Subsequently, the expanded
ovarian cancer ascites’ NK cells, with CD56brightCD16+,
effectively induced a tumour cell lysis and cytotoxic function in the
ex vivo environment (Nham et al., 2018). Thus, the interaction
between the engineered APC and the ovarian cancer ascites’ NK
cells upregulate the lytic capacity of NK cells.

In vivo NK cell re-stimulation was done using the incubation of
NK cells with PM21 particle for PD-L1 induction. The study was
performed to enhance the success rate of PD-1/PD-L1 blockade
therapy. This targeted therapy is only relevant for patients with a
PD-L1 positive tumour. PM21-NK cells can be transferred to induced
PD-L1 expression in the tumour. Combination PM21-NK cells with
anti-PD-1 blockade therapy could then be used to target the non PD-
L1 expressing tumour in addition to enhanced NK cell cytotoxicity
(Oyer et al., 2018).
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Fig.1. Recapitulation of NK cells induction to achieve NK cell adoptive
immunotherapy

Ovarian cancer cells were isolated from the patients, cultured,
and then injected subcutaneously to a BALB/c mouse, which was
conditioned as an immune deficient animal model. The human NK
cells were isolated from peripheral blood mononuclear cells and
cultured to be expanded in vitro. It was found that the NK cells have
the capacity to inhibit ovarian cancer metastasis in vitro as well as
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in the mouse model. The transferred human NK cells showed the
capacity to kill the ovarian cancer cell line and the induction of
mouse CD4+ and CD8+ differentiation and reduce systemic
metastasis. These data suggested NK cell potency as adoptive
ovarian cancer immunotherapy (Sun et al., 2018). Another
alteration of NK cell incubated with IL-12, IL-15 and IL-18 studied
in a mouse model showed an increase in the elimination of
xenograft human ovarian cancer cells. These interleukins will
improve the IFN-y secretion of NK cells after being stimulated for
weeks. The NK cells grow in culture and pass on these traits to the
next NK cells sub-culture which will then produce cytokine-
induced-memory (CIML) NK cells in 16 hours. These cells will be
co-cultured with target cancer cells to observe the NK cells’ function
and phenotype. After the in vitro evaluation in an
immunosuppressive microenvironment, the CIML NK cells were
injected intraperitoneally into a xenogeneic ovarian cancer cell’s
mouse model. The results show that CIML NK cells elevate the IFN-
y production. CIML NK cells have more effector function compared
to the normal NK cells in the immunosuppressive
microenvironment. CIML NK cells also show potent antitumor
effects to ovarian cancer cells in a mouse model. It can be noted that
CIML NK cells have increased functionality and endurance against
ovarian cancer cells (Uppendahl et al., 2018, 2019).

6. The challenge of adoptive NK cell therapy

Clinical trial phase I reported a well-tolerated response of
allogeneic NK cells administered intravenously for patients with
advanced or recurrent ovarian cancer. Another case report recorded
a steep decline in ovarian cancer marker after six rounds of
allogeneic NK cell intravenous infusion as a first-line therapy for an
ovarian cancer patient (Aziz, 2009). Despite this early positive hint
on adoptive NK cell immunotherapy, the ex vivo expansion of NK
cells required before treatment and the priming and maintenance
for the survival of transferred NK cells in vivo are current, active
areas of research.

To regulate its expansion and function, NK cells require
cytokines, including IL-2, IL-12 and IL-15. The level of these
cytokines is considered as an indicator of NK cell adoptive therapy
efficacy. Some evidence on NK cell adoptive therapy suggests that
it seems to be a promising adjuvant therapy for ovarian cancer
patients; however, several clinical trials showed a limited
effectiveness of NK cell adoptive therapy. One of the phase II
clinical trials showed that although IL-15 and IL-2 levels in patients
serum increased after a lymphodepletion regimen compared to the
baseline, it began to fall after two weeks of NK cell administration.
Other clinical trials present evidence of toxicity, especially related
to use of IL-2 to promote the expansion of NK cells, and a more
severe degree of toxicities in patients with multi-resistant epithelial
ovarian cancer, as evidenced by mortality due to tumour lysis
syndrome, lymphocyte syndrome and autoimmune haemolytic
anemia (Mittica et al., 2016). The attempt to harness NK cell
antitumor activity for adoptive immunotherapy is an innovative
alternative approach. Cytokine and other specific stimulations of
NK cells may mediate higher NK cell cytotoxic functionality and
persistence against ovarian cancer (Greppi et al., 2019).

Altogether, the studies reviewed above showed that enhancing
NK cell cytotoxic responsiveness against tumour target cells can
improve the efficiency of adaptive immunotherapy mediated NK
cells and clinical outcomes of patients with malignancy. This is
provided that the effector function of NK cells can be released once
the requirements for NK cell activation are fulfilled.

A major challenge in adoptive cellular immunotherapy for
ovarian cancer is obtaining persistent NK cells with anticancer
activity. Thus, further studies are necessary to better understand the
mechanism of NK cells’ in vitro stimulation mechanism against
ovarian cancer cells, in addition to discovering an effective protocol
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for increasing NK cell expansion, persistence and cytotoxic function
for the purpose of clinically effective NK cell adoptive
immunotherapy

7. Conclusion

Clinical trial phase showed limited benefit due to major
challenges of obtaining NK cells with persistent anticancer activity.
Further research is needed to induce NK cells for adoptive cell
transfer.
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