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Abstract. Masses are often detected in the abdomen of 
patients with sizeable ovarian cancer. There are currently no 
effective treatments available for late-stage ovarian cancer. 
Immunotherapy is gaining increasing attention worldwide 
in the clinical setting due to its ability to eliminate tumor 
cells and its favorable toxicity profile. We herein report the 
case of a 60-year-old woman who received allogenic natural 
killer (NK) cell immunotherapy for a sizeable ovarian carci-
noma and achieved a noteworthy response. NK cells were 
isolated from the patient's own peripheral blood mononuclear 
cells, and the cell numbers were increased to 8-10 billion. 
The activated cells were expanded ex vivo for 14 days prior 
to intravenous infusion. After six infusions of NK cell therapy 
>3 months, the level of carbohydrate antigen 125 decreased 
significantly (from 11,270 to 580 U/ml). Furthermore, the size 
of the masses in the abdomen was markedly reduced. Overall, 
the treatment had few adverse effects and it prolonged patient 
survival. The present data and the patient response suggest that 
allogenic NK cell immunotherapy is a promising approach for 
ovarian cancer, with few treatment‑related adverse effects. The 
patient received six intravenous infusions of allogenic HANK 
cells between March, 2015 and June, 2015, but discontinued in 
October, 2015 and succumbed to the disease in March, 2016 
following relapse.

Introduction

Due to the position of the pelvis, the early symptoms of ovarian 
cancer may not be noticed, with 60-70% of the patients being 
diagnosed at later stages of the disease. Chemotherapy is effec-
tive in ~80% of patients with ovarian cancer; however, >60% 
of the patients relapse, and the 5-year survival rate is <40% (1). 

Patients with ovarian cancer often display large abdominal 
masses in the later stages of the disease, which are mostly 
cystic or solid, and there are currently no effective treatments 
available. Adoptive immunotherapy is aimed at destroying 
tumor cells and it is based on a theory that the host immune 
system may generate an immune response against cancer cells. 
Natural killer (NK) cells in the human immune system play 
an important role in anticancer treatment. NK cells perform 
immunosurveillance mediated by the ‘missing‑self’ mecha-
nism, i.e., NK cell inhibitory receptor signaling is decreased 
when the expression of the major histocompatibility complex-I 
molecules on the target cell is downregulated or missing (2). 
In addition, the intracellular signaling pathways in NK cells 
are activated. Mediated by perforin and granzyme B, the 
target cell is lysed. Consequently, donor NK cells are alloreac-
tive towards recipient cells that lack their inhibitory receptor 
ligands. It is advisable that testing for killer cell inhibitory 
receptor (KIR) and its ligand, human leukocyte antigen class I, 
be performed prior to NK cell cultivation.

The aim of the present study was to report the results of six 
infusions of immune cell therapy in a 60-year-old patient with 
a sizeable ovarian carcinoma.

Case report

Patient history. A 60-year-old woman was diagnosed with 
ovarian carcinoma at the Guangdong General Hospital 
(Guangzhou, Guangdong) in March, 2015. The patient had 
massive ascites and was unable to eat or walk. The expected 
survival was ≤1 month. To improve the quality of life, the 
patient received allogenic NK cell immunotherapy.

Immunotherapy. Clinical-grade NK cells were cultured using 
clinical-grade reagents and under good manufacturing practice 
conditions. The human high activity NK cell in vitro prepara-
tion kit was used (Hank Bioengineering Co. Ltd, Shenzhen, 
China) that contained chimeric active cellular factors on K562 
cell membranes (3), plasma treatment fluid, lymphocyte culture 
fluid additives, serum-free medium additives and cell infusion 
additives. This kit is intended for expanding and activating NK 
cells in peripheral blood mononuclear cells in vitro to prepare 
NK cells of higher quantity, purity and activity, namely highly 
activated NK  (HANK) cells  (4). Blood samples from the 
patient and donors were analyzed using the TIANamp Blood 
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DNA kit (Tiangen Biotech Co., Ltd., Beijing, China) and KIR/
HLA‑C allotypes Genotyping Low Resolution kit (Tianjin 
Super Biotechnology Developing Co., Ltd., Tianjin, China). 
Approximately 8-10 billion HANK cells may be harvested after 
culture from 80 ml of peripheral blood using NK cell serum-
free medium and culture bags (Tianjin Haoyang Biological 
Manufacture Co., Ltd, Tianjin, China). Cell counting and 
quality control inspection are commonly performed on day 12 
of culture, and the quality indicators include ≥8 billion total 
cells with ≥90% living cells, ≥85% CD3-/CD56+ cells (3), 
≤1 EU/ml endotoxin, ≥80% cell killing activity against K562 
target cells (3), and bacteria-, fungi- and mycoplasma-negative 
culture. After a 14-day culture, the HANK cells were divided 
into three parts and infused intravenously on days 15-17.

Detection of tumor markers. The level of carbohydrate 
antigen 125 (CA125, reference range <30 U/ml) expression was 
determined by radioimmunoassay. The tests were performed 
according to the protocols in the instruction manuals.

Discussion

In this study, we evaluated the efficacy and safety of allogenic 
NK cell immunotherapy in a patient with ovarian cancer. 
Polymerase chain reaction testing using sequence-specific 
primer by the abovementioned KIR-HLA genotyping kit 
revealed that the patient's KIRs were mismatched with her own 
HLA. The patient was treated with one infusion every 2 weeks 
over 3 months (between March, 31 and June, 11) and achieved 
a definitive improvement (Fig. 1). Computed tomography scans 
indicated that the abdominal mases were markedly reduced 
following NK cell infusion (Fig. 2). The expression levels of 
the ovarian cancer marker CA125 were measured after each 
HANK cell infusion (Fig. 3) and were found to have decreased 
from 11,270 to 580 U/ml after four infusions. The symptom 
of ascites was also alleviated during the immunotherapy. The 
number of overall leukocytes and neutrophils also improved 
with HANK cell infusion (Fig. 4).

In 1985, Rosenberg et al from the US National Cancer 
Institute were the first to apply lymphokine-activated killer 
cells to the treatment of melanoma (5). An increasing number 
of studies support the hypothesis that immunotherapy is one 
of the best cancer therapies in the clinical setting. NK lympho-
cytes are an important part of the innate immune system, as 
they are able to destroy tumor cells and target cells without 
antigens or sensitization. At the same time, NK cells secrete 
numerous cytokines, such as interferon (IFN)-γ and tumor 
necrosis factor (TNF)-α.

The pathogenesis of ovarian cancer has not been fully 
elucidated. The majority of the patients are already at an 
advanced stage of the disease when they receive treatment, and 
advanced disease is the leading cause of death in patients with 
gynecological tumors. Therefore, a more effective treatment is 
urgently required. With the development of tumor immunology 
and molecular biology, the use of tumor immunotherapy has 
increased significantly in clinical practice. Allogenic NK cell 
immunotherapy involves the intravenous infusion of immune 
cells that have been expanded and activated ex vivo, treating 
tumors by directly killing the tumor cells or stimulating the 
patient's immune response.

Immunosuppression is observed in patients with ovarian 
cancer. The prognosis is closely associated with the patient's 
immune status, and ovarian cancer may significantly reduce 
the number of B cells, CD4+ T cells and follicular dendritic 
cells (6). A study including 176 patients with advanced ovarian 
cancer found T-lymphocyte invasion of the tumor in 50% 
of the patients, and the number of T cells in the tumor was 
strongly associated with prolonged disease remission and 
improved overall survival rate (7). In a study of 117 epithelial 
ovarian cancer cases, T-lymphocyte immunohistochemical 
analysis revealed high numbers of intraepithelial CD8+ T 
cells in patients with long‑term survival (8). Liu et al reported 
the curative effect of cytokine-induced killer cell treatment 
after surgery and chemotherapy for epithelial ovarian cancer. 
Compared with the control group, patients treated with immu-
notherapy exhibited a longer progression-free survival  (9). 
These results encourage more attempts focused on immune 
anticancer therapy.

NK cells are large granular lymphocytes of the innate 
immune system responsible for elimination of infected cells. 
Based on the balanced recognition of membrane molecules 
by activating and inhibitory receptors expressed on the NK 
cell, NK  cell-mediated cytotoxicity is directed towards 
target cells (10). The mechanism underlying destruction is 
multimodal and includes: Release of granzymes and perforin; 
apoptosis of target cells by the expression of the Fas ligand 
and TNF-related apoptosis‑inducing ligand mediated by 
NK  cells  (11); promoting immune response by secreting 
cytokines such as IFN-γ, TNF-α and granulocyte‑macrophage 
colony‑stimulating factor (12). The level of NK cell response 
depends on the balance between signals from activating and 
inhibitory receptors (13).

Antibody-dependent cell-mediated cytotoxicity is an 
important antitumor mechanism of the immune system. 
Mediated by tumor-specific monoclonal antibodies (mAbs), 
the Fc regions of the mAbs bind to the antigens on the tumor 
cell surface, creating multiple interactions of Fc-Fc receptors. 
Through the immunoreceptor tyrosine-based activation motif, 
cytotoxicity and the destruction of the tumor cell are triggered 
by downstream signaling (14,15). It was demonstrated that 
overall and disease‑free survival may be prolonged by the 
combination of the tumor-targeted mAb rituximab and NK 
cells for the treatment of non-Hodgkin lymphoma (16).

Over the past decade, adoptive transfer of allogenic NK 
cells has shown promise as an immunotherapy method. 
Taking advantage of alloreactivity by the ‘missing-self’ 
concept, a number of studies have demonstrated that infusion 
of haploidentical NK cells to exploit KIR/HLA alloactivity is 
safe and may achieve a better clinical effect in acute myelocytic 

Figure 1. Treatment procedure with natural killer (NK) cell infusion.
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leukemia (AML) patients (17-19). Among 19 AML patients, 
5 achieved complete remission via subcutaneous interleukin-2 
following haploidentical NK cell infusion. Without eliciting 
graft-versus-host disease, infusion of KIR-HLA mismatched 
donor NK cells may have enhanced the antitumor effect in the 
5 AML patients (17). NK cell-based immunotherapies are also a 
promising treatment for solid tumors. In a phase II trial, patients 
with non-small‑cell lung cancer received infusions of allogenic, 
in vitro activated NK cells, combined with chemotherapy, and 
the treatment was found to be safe and clinically effective (20). 
In addition, a phase Ⅱ study of allogenic HANK cell therapy 
administered to 20  patients (14 with ovarian cancer and 
6 with breast cancer) demonstrated that adoptive transfer 
of haploidentical NK cells following chemotherapy with 
lymphocyte depletion was clinically effective (21).

To the best of our knowledge, the treatment of ovarian 
cancer in the present report marks the first application of 
HANK cells to allogenic immunotherapy at the Fuda Cancer 
Hospital. Compared with traditional T‑cell therapy, HANK 
cells exhibit the following characteristics (4): i) High activity. 
It is worth mentioning that the expression level of the acti-
vating receptor, which increased from the almost undetectable 
0.31% to 65% after expansion, was enhanced by ≥200-fold. 
ii)  High quantity. The total number of CD56+ cells was 
increased ~100-fold. Ten billion NK cells rapidly proliferated 
in 2 weeks. iii) High purity. The purity of NK cells may reach 
80%, or even ≥96%.

Our patient received six intravenous infusions of allogenic 
HANK cells between March, 2015 and June, 2015, but discon-
tinued treatment due to financial difficulties in October, 2015; 
she succumbed to the disease in March, 2016 following relapse.

In conclusion, in the context of immune therapy, HANK 
cells may be beneficial for cancer patients by enhancing their 
cytotoxic lymphocytes. Allogenic HANK cell therapy was 
found to achieve long-term partial response and to remark-
ably improve the quality of life, and may be recommended 
for patients who have no other treatment options. Although 
allogenic HANK cell therapy shows promise as a cancer treat-
ment, more studies are warranted to obtain more clinical data.
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Figure 2. Computed tomography scans showing regression of the lesion following natural killer cell infusions. Lesion (A) prior to treatment and (B) after the 
sixth infusion.

Figure 4. Leukocyte count and neutrophil count at 10, 20, 30, 40, 50, 60 and 
70 days after natural killer cell therapy.

Figure 3. Carbohydrate antigen (CA)125 expression levels were evaluated at 
0, 18, 32, 46, 136 and 180 days after natural killer cell therapy.
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