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Abstract: Adoptive cell therapy (ACT) is a promising treatment that is considered safe and efficient. Natural killer (NK) cells play an
important role in the innate immune system and destroy target cells such as tumor cells without prior sensitization. Here, we report
a 59-year-old man with advanced diffuse hepatocellular carcinoma (HCC) who underwent 17 courses of NK cell treatment from
March 2017 to July 2018. Although he presented with progressive disease, his hydrothorax and ascites decreased, and his state of
mind, appetite and quality of life were markedly improved after treatment versus at admission. To date, his survival time is >48
months. Here, we provide evidence that NK cell adoptive therapy has no adverse effects, enhances immune function, and improves the
quality of life of patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a commonly diagnosed cancer worldwide.' In China, HCC ranks fourth and third in
incidence and mortality, respectively, among malignancies. Furthermore, HCC is the third and sixth most common cancer
and the third and fourth leading cause of cancer-related death in men and women, respectively.” Most patients with HCC
are diagnosed in the intermediate or terminal stage; advanced diffuse HCC is the terminal stage and has an extremely
poor prognosis and median survival of <3 months.?

The current main treatments for HCC are surgery (liver resection or liver transplantation), radiotherapy, transcatheter
arterial chemoembolization (TACE), and targeted therapy (eg, sorafenib).* Adoptive cell therapy (ACT) is a promising
approach for treating HCC in clinical applications.™® As innate cells are the first line of immune defense, natural killer
(NK) cells can lyse target cells or tumor cells without prior sensitization. In humans, NK cells are always defined as
CD3 CD16'CD56". NK cell function is mediated by the balance of killer activating receptors (KARs) and killer
inhibitory receptors (KIRs) on the cells. Under normal circumstances, KARs can bind ligands such as major histocom-
patibility class I (MHC I) expressed on normal cells, which prevents NK cell activation. When cells are infected or
transformed into tumor cells, KIR expression is reduced or lost, and KARs play a dominant role in KIR and KAR
interactions. Then, NK cells can directly recognize and eliminate the target cells.’

Although NK cells have strong cytotoxic effects against tumor cells, they account for only 10~15% of peripheral
blood mononuclear cells (PBMCs). To increase the number of NK cells and enhance their cytotoxicity, efficient
approaches have been adopted for large-scale ex vivo NK cell expansion from PBMCs under good manufacturing
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practice (GMP) conditions.®” Clinical trials have evaluated the effects of ACT with NK cells on solid tumors such as
melanoma, lymphoma, ovarian cancer, and breast cancer.'®!? Based on these successful cultivation efforts, we have
established a new method for NK cell expansion to meet clinical application needs. Here, we report a case of a 59-year-
old man with advanced diffuse HCC. He received 17 courses of NK cell infusion in succession without any other
treatment. We evaluated the curative effect at the end of the treatment according to the clinical data.

Patients and Methods

Patient

A 59-year-old man was diagnosed with advanced diffuse HCC, T3N1MI (ie, stage IV disease according to the tumor-
node-metastasis (TNM) staging system) in June 2016. He had a history of chronic hepatitis B virus (HBV) infection but
no history of diseases such as tuberculosis, hepatitis, schistosomiasis, chronic bronchitis, coronary heart disease, and
kidney disease; major trauma; food and drug allergies; or transfusion reactions. He was treated with TACE under general
anesthesia (practical medication: oxaliplatin, 50 mg; pirarubicin, 30 mg; iodized oil, 30 mL) in July 2016. He underwent
peritoneal puncture operation and drug injection under general anesthesia (practical medication: Endostar, 18 mL;
cisplatin, 75 mg; lobaplatin, 50 mg) in October, November, and December 2016. In March 2017, he underwent
intraperitoneal perfusion (practical medication: Endostar, 6 mL). He completed 17 courses of NK cell therapy from
March 2017 to July 2018. Each course of treatment was administered monthly and infused on two consecutive days. We
obtained the patient’s written informed consent according to the Declaration of Helsinki.

NK Cell Preparation

First, 500 uL NK activator (Clin-Biotechnology Co., Ltd., Beijing, China) was aspirated by a Pasteur pipette and added
to a T-175 culture flask (Corning Incorporated, NY, USA). Then, 20 mL phosphate-buffered saline (PBS) was added and
mixed thoroughly so that the coating solution was dispersed at the bottom of the flask. The flask was stored at 4°C for >4
hours before use.

Next, approximately 50~80 mL peripheral blood was collected from the patient, transferred to a 50-mL centrifuge
tube (Corning Incorporated), and centrifuged at 1800 rpm for 15 minutes. The plasma in the top layer was collected and
heat-inactivated in a 56°C water bath. After 30 minutes, the tube was removed and allowed to cool to <37°C and then
centrifuged at 3000 rpm for 6 minutes. The supernatant was collected and stored at 4°C until further use. The same
volume of saline was added to the centrifuge tube containing blood cells. An equal volume of the suspension was
transferred carefully to a 50 mL centrifuge tube containing 15 mL lymphocyte separation solution and centrifuged at
2000 rpm for 25 minutes (the speed slowed to its lowest). The middle monocyte layer was collected and washed twice
with saline, and then the monocytes were counted.

Then, the coating solution in the T-175 culture flask was discarded, and the bottom of the flask was washed with
20 mL saline. NK cell culture medium (CTS TM AIM-V TM Serum-free Medium [Thermo Fisher Scientific, Waltham,
MA, USA]J; 5% plasma; 25 ng/mL recombinant human IL-15 [Beijing T&L Biotechnology Co., Ltd., Beijing, China];
1000 U/mL recombinant human IL-2 [Shandong Jintai Biotechnology Co., Ltd., Jinan, China]) was prepared. The NK
cell culture and expansion procedures were as follows: on day 1, NK cell culture medium and monocytes were added to
the T-175 culture flask. The initial cell density was adjusted to 2 x 106/mL and then incubated at 37°C with 5% CO2. On
days 4 and 6, an equal volume of NK cell culture medium was added to the culture flask. On day 8, the cell density was
adjusted to 1.6x10° /mL, and the total culture medium was transferred to a 2-L cell culture bag (Gas-Permeable Cell
Culture Bag, Corning Incorporated); the medium was replenished every 2 or 3 days according to the cell growth. On day
14, midterm sampling inspection was performed (the test included bacteria, fungi, mycoplasma, endotoxin, cell purity
and cell viability). On days 17 and 18, the medium was collected into a 250-mL centrifuge tube (Corning Incorporated)
and centrifuged at 1600 rpm for 6 minutes, and the supernatant was discarded. The precipitate was washed twice with
saline. The NK cell infusion solution consisted of 100 mL saline dissolved with NK cells (cell density, 35 x 10 7 /mL)
and 5% human albumin (Shenzhen Weiguang Biological Products Co. Ltd., Shenzhen, China). The total cell number was
counted, and bacteria, fungi, mycoplasma, endotoxin, and cell purity were detected for a final time. We also detected the
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release of perforin (Alexa Fluor 647-Mouse Anti-Human, Perforin, Becton, Dickinson and Company) and granzyme
B (FITC-Mouse Anti-Human, Granzyme B, Becton, Dickinson and Company) to demonstrate NK cell viability.

Therapeutic Procedure
The patient received 17 courses of NK cell therapy from March 2017 to July 2018. Each course consisted of two
infusions and was administered monthly. The patient received no other therapies during the NK cell therapy period.

Inspection Approach

Bacteria and fungi were detected with nutrient agar plates and Sabouraud dextrose agar plates with antimicrobics
(Huankai Microbial Sci & Tech Co., Ltd., Guangdong, Guangzhou, China), respectively. Endotoxin within the culture
medium was examined with a Mycoplasma Isolation & Identification Tube (Zhuhai Encode Medical Engineering Co.,
Ltd., Guangdong, Zhuhai, China). A few induced NK cells were collected and washed once with PBS, and then
fluorescein isothiocyanate (FITC)-mouse-anti-human CD3 and phycoerythrin (PE)-mouse anti-human CD56 were
added. The cells were incubated in the dark for 15 minutes and washed once with PBS, and the cell purity was detected
by an Accuri C6 flow cytometer (BD Biosciences, Franklin Lakes, NY, USA). Cell viability was also detected with flow
cytometry using FITC-7-amino-actinomycin D (7-AAD) staining.

Detection of Immune Function

Lymphocyte subsets were detected by flow cytometry (Accuri C6, BD Biosciences) before and after the NK cell
infusions. Peripheral blood (7-8 mL) was collected to monitor immune function. The CD8" T cells (T suppressor
cells/T cytotoxic lymphocytes, reference range: 320-1250 cells/uL), CD4" T cells (T helper cells, reference range: 450—
1440 cells/uL), CD3 CD19" cells (B lymphocytes, reference range: 90-560 cells/pL), and CD3 CD56" cells (NK cells,
reference range: 80-350 cells/uL) were stained with fluorescent antibodies (BD Biosciences) and counted.

Evaluation of Liver Function

Alanine aminotransferase (ALT, reference range: 9-50 U/L), aspartate aminotransferase (AST, reference range: 15-40 U/
L), total bilirubin (TBil, reference range: 5-21 umol/L), and albumin (ALB, reference range: 40-55 g/L) were measured
with an automatic biochemical analyzer (AU5800, Beckman Coulter, Indianapolis, IN, USA) to assess liver function
during NK cell treatment.

Detection of Tumor Markers

Tumor markers are indicators that reflect tumor occurrence and development. Alpha fetoprotein (AFP), carcinoembryo-
nic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), and CA15-3 levels are sensitive markers for the progression of
liver cancer. Therefore, we detected these four markers during NK cell treatment via immunohistochemical staining.

Evaluation of Safety

The safety of the treatment was evaluated using the routine blood index. The leukocyte (reference range: 3.5-9.5 x 10°/L),
blood platelet (reference range: 125-350 x 10°/L), neutrophil (reference range: 27 x 10°/L), and lymphocyte (reference
range: 0.8-4x10°/L) counts were detected with an automatic hematology analyzer (DxH 600, Beckman Coulter).

Evaluation of Health-Related Quality of Life Issues

Health-related quality of life issues were assessed with The European Organization for Research and Treatment for
Cancer Quality of Life Questionnaire (EORTC QLQ)-C30, version 3.0."* It is a cross-cultural, cross-country core scale
widely used for evaluating the quality of life of patients with cancer. The scale contains 30 items comprising five
functional dimensions (physiological function, role function, emotional function, cognitive function, social function), five
symptom dimensions (fatigue, nausea and vomiting, pain), six single items assessing common symptoms (loss of
appetite, dyspnea, constipation, diarrhea, sleep disturbance), general health/quality of life dimensions and perceived
financial impact. Higher scores for the functional and general health dimensions indicate better functional status and
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quality of life, while higher scores for the symptom dimensions indicate more symptoms or problems (worse quality of
life). Related studies have shown that the EORTC QLQ-C30 has good reliability and validity for evaluating the quality of
life of patients with cancer."* The EORTC QLQ-C30 score is calculated on a scale of 1-4. Here, we followed the EORTC

1.1

scoring manual.”> After linear transformation, the score for all scales ranged from 0-100. The scores for each scale are

reported as the mean (SD) or as the median.

Evaluation of Therapeutic Efficiency
The treatment response was assessed after the NK cell infusions. Curative effect was evaluated as complete response,

partial response, stable disease or progressive disecase based on the Response Evaluation Criteria in Solid Tumors
(RECIST)."®

Results
Outcome of NK Cell Preparation

After 17-18 days of culture, we counted the total number of NK cells and evaluated their purity. Here, we used an
in vitro culture cell number count assay and flow cytometry. The fold expansions in the whole count assay were 1307—
1548 (we assumed that there were 5-10% NK cells in the peripheral blood; the initial number of peripheral blood
monocytes was calculated as 50 million). CD3°CD56" NK cells accounted for a low proportion before expansion and
then increased to >80% on day 17 or 18 (Figure 1).

To assess crucial activation and inhibitory markers, we analyzed the activating receptors CD226 and CD314 (PE-
Mouse Anti-Human, CD226; APC-Mouse Anti-Human, CD314; both, Becton, Dickinson and Company, NJ, Franklin
Lakes) and the inhibitory receptor CD158a (FITC-Mouse Anti-Human, CD158a, Becton, Dickinson and Company).
Figure 2 shows that CD226 expression was high after cell expansion, and CD158a expression was decreased, but not
significantly. We also detected the release of perforin (Alexa Fluor 647-Mouse Anti-Human, Perforin, Becton, Dickinson
and Company) and granzyme B (FITC-Mouse Anti-Human, Granzyme B, Becton, Dickinson and Company), which were
expressed at high levels after cell culture (Figure 2).
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Figure | Representative results regarding the NK cell population from the patient’s peripheral blood before and after expansion. (A) The proportion of NK cells before
expansion (13.7%). (B) The proportion of NK cells on day 18 of expansion (87.6%). NK cells (CD3 CD56") were analyzed by flow cytometry with fluorescent antibody
staining.
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Figure 2 The expression of NK cell receptors (activating receptors: CD226 and CD314; inhibitory receptors: CD158a) and cytokines (perforin and granzyme B after
expansion. CD226, CD314, perforin, and granzyme B were significantly upregulated in the expanded NK cells on day 18. CD158a was downregulated but not significantly.

NK Cell Therapy

The patient received NK cell infusions from March 2017 to July 2018. The patient received one treatment course per

month. One course involved intravenous transfusion once daily on two consecutive days (Table 1).

Table | The Number of Infused Cells and the Cell Purity and Cell Viability of the NK Cell Infusions

Infusion Time

Total Cell Numbers (Billions)

NK Cell Purity (%)

NK Cell Viability (%)

March 2017
April 2017

May 2017

June 2017

July 2017
August 2017
September 2017
October 2017
November 2017
December 2017
January 2018
February 2018
March 2018
April 2018

May 2018

June 2018

July 2018

8.36
8.42
8.97
8.32
8.16
8.68
9.22
8.73
8.82
8.30
8.78
8.17
8.56
8.66
8.74
8.96
8.60

92.6
90.8
86.1
87.6
88.1
83.0
80.0
80.6
8l.1
8l1.2
82.6
80.0
84.4
83.3
80.2
82.8
80.5

98.6
99.1
99.4
98.8
98.9
98.6
98.3
98.6
98.9
99.0
99.1
98.8
95.5
98.9
99.1
99.3
99.2
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Figure 3 The variation in lymphocyte subsets during therapy. CD8" T cell and NK cell counts were increased after treatment. CD4" T cell and B cell counts were changed,
but not significantly.

Physical Indicators After Treatment

The change in the lymphocyte subsets suggested that immune function was improved or decreased. Through the 17-
course treatment, the T suppressor cell/T cytotoxic lymphocyte (CD8" T cell) count was greatly improved, while the
T helper cell (CD4" T cell) count was maintained. The NK cell (CD3 CD56" cells) count increased, while the
B lymphocyte (CD3 CDI19" cells) count was unchanged (Figure 3, Table 2).

The patient’s liver function did not deteriorate significantly. After the treatment, the ALT and AST levels increased
slowly, and the TBil and ALB levels remained in the reference ranges (Figure 4, Table 3). At the same time, the levels of
all tumor markers except AFP improved during the NK cell infusions (Figure 5, Table 4).

There were no adverse reactions, such as fever, vomiting or convulsions, during the transfusion. Routine blood testing
showed that the leukocyte, blood platelet, neutrophil and lymphocyte counts remained at normal levels (Figure 6,
Table 5).

The patient’s quality of life was greatly improved. The EORTC QLQ-C30 showed that the functional dimension and
health dimension scores increased from <20 to approximately 80. The symptom dimension scores decreased from 60 to
<10 (Figure 7).

Curative Effect

We performed computed tomography (CT) before and after NK cell treatment for imaging-based diagnosis to assess the
clinical efficiency. Hydrothorax and ascites were greatly decreased after six treatment courses. The patient has main-
tained this status since the end of therapy. Moreover, multiple tumors in the right liver lobe decreased in size after 17
courses of NK cell therapy (Figure 8).

Discussion
The risk factors for liver cancer include nonalcoholic fatty liver disease, hepatocirrhosis, HBV, HCV, type II diabetes, and
excess food and water, smoking, and alcohol consumption.'” In China, HBV and HCV are considered major contributors

Table 2 Immune Cell Counts Tests Before and After 17 Course of Treatment with NK Cells

CD4+T Cell Count (/ul) CD8+T Cell Count (/ul) B Cell Count (/ul) NK Cell Count (/ul)
Before 504 349 169 109
After 490 484 136 281
260 https: OncoTargets and Therapy 2022:15
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Figure 4 Changes in liver function during therapy. We detected the ALT, AST, ALB, and TBil levels. ALT, AST, and ALB levels were increased but remained within the
reference range.

to liver cancer.'® Apart from traditional radiotherapy, we have applied chemotherapy (sorafenib, 5-fluorouracil) and
immunotherapy (monoclonal antibodies, immune checkpoint inhibitors) for hepatoma treatment.'® However, the 5-year
survival rate for patients with TNM stage III disease after resection is 16%.2°

ACT is a novel method involving the selective activation and expansion of immune cells obtained from the patient’s
own peripheral blood or tumor issues to enhance immune function. A meta-analysis of postoperative adoptive immu-
notherapy for HCC showed that ACT significantly reduced the risk of 1- and 3-year recurrence but had no obvious effects
on the 3-year survival rate.?' In recent years, numerous clinical trials have shown that ACT with NK cells achieves better
tolerance and reliable safety in acute myeloid leukemia, non-Hodgkin lymphoma, gastric or colorectal cancer, multiple
myeloma, and other solid tumors than other approaches.’> >’ Regarding HCC, Lin et al reported that cryoablation
combined with adoptive transfer of NK cells prolonged the median progression-free survival of patients with advanced

Table 3 Liver Function Tests Before and After 17 Course of Treatment with NK Cells

ALT (U/L) AST (U/L) ALB (g/L) TBil (umol/L)
Before 51 18 384 18.5
After 104 102 434 17.2
OncoTargets and Therapy 2022:15 https: 261
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Figure 5 Changes in tumor markers during therapy. CEA, CAI5-3, and CA19-9 levels increased after treatment, and AFP levels increased slightly.

HCC.?® Moreover, a case report showed that allogenic NK cell immunotherapy had better efficacy against HCC after
liver transplantation.”” Furthermore, NK cells have strong cytotoxicity against HCC cells via ex vivo expansion with an
autologous feeder layer and anti-CD3 antibody.* On the other hand, an in vitro NK cell expansion system based on K562
feeder cells expressing membrane-bound IL-15, IL-21, or the costimulatory molecule 4—-1BB ligand (4-1BBL) enhanced
proliferation and cytotoxicity without telomere shortening.>' Generally, genetically engineered feeder cells should be
irradiated before application.*** K562 cells expressing membrane-bound IL-21 exhibit high NK cell activation with
intensive growth patterns and high expression of activating receptors and cytokines.?'** ¢ Fujisaki et al reported that
irradiated K562 cell membrane-bound IL-15 and 4-1BBL cocultured with PBMCs produced an enhanced cytotoxic
effect on acute myeloid leukemia cells in a murine model.’” A clinical trial indicated that membrane-bound IL-21

Table 4 Tumor Markers Tests Before and After |7 Course of Treatment with NK Cells

CEA (ng/mL) AFP (ng/mL) CAI5-3 (U/mL) CAIl9-9 (U/mL)
Before 30.21 5.98 18 87.97
After 2.04 34.63 13.84 4423
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Figure 6 Routine blood tests during therapy. The leukocyte, blood platelet, neutrophil, and lymphocyte counts were stable and remained in the reference range.

expanded the number of NK cells for infusions and improved the leukemia relapse rate after haploidentical transplanta-
tion (median survival, 14.7 months).*®

In addition to immune checkpoint inhibitors, the chimeric antigen receptor T (CAR-T) technique is emerging as
a potential approach. As CD19 is a specific target in acute B-lymphoblastic leukemia, AFP, glypican-3 (GPC-3), NK
group 2 member D ligand (NKG2DL), and New York esophageal squamous cell carcinoma 1 (NY-ESO-1) are potential
nonspecific targets in unresectable advanced HCC.*® A clinical trial has shown that GPC-3 CAR-T cell therapy for GPC-
3-positive patients with advanced HCC achieved a better response than traditional approaches, but toxicity remains
a major obstacle in practical application.*

In the present research, we used a commercial NK cell expansion kit to culture a sufficient number of NK cells at high
purity for clinical application. After a large number of highly active NK cells are injected into a patient, the activation of
NK cells depends on the strength of the stimulatory signals of activating receptors and inhibitory receptors. When NK
cells recognize cancer cells and activate them, they release perforin and granzymes to initiate cancer cell apoptosis and

Table 5 Blood Routine Tests Before and After 17 Course of Treatment with NK Cells

Leukocyte (x10°/L)

Blood Platelet (x10°/L)

Neutrophils (x10°/L)

Lymphocytes (x10°/L)

Before 691
After 431

131
71

5.27
2.11

1.07
1.57
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Figure 7 The EORTC QLQ-C30 score during therapy. The function and health dimension scores increased gradually. The symptom dimension score was slightly decreased
after therapy.
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Figure 8 CT scan findings before and during the treatment with NK cells. CT scans showing complete disappearance of pleural effusion after 6 courses of treatment (Al-
AS5). CT scans showing almost complete disappearance of ascites after 6 courses of treatment (B1-B5). CT scans showing the sizes of multiple tumors in the right lobe of
the liver decreased markedly after 17 courses of treatment (C1-C5).

cytotoxic killing mechanisms.*' Activated NK cells also release cytokines such as IFNy and TNFa, which not only
synergistically kill cancer cells but also activate other immune cells and enhance immune defense capabilities.*

In the early stages of NK cell therapy in this patient, multiple liver cancer lesions were still slowly growing
(Figure 8C1-C4), as indicated by the increase in AFP (Figure 5), and the hepatocellular carcinoma lesion size reached
a maximum at 1 year after treatment. After multiple cycles of NK cell therapy, the general condition of the patient
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improved, his quality of life improved, and his liver function was normal. This suggests that the treatment with NK cells
leads to an antitumor immune response, but this process may be very slow, as it took a long time to generate enough of an
immune response to promote the regression of cancer tissue. As treatment continued, the antitumor response induced by
NK cells eventually led to the gradual shrinkage and partial disappearance of multiple liver cancer lesions (Figure 8C5),
and AFP decreased significantly. After 1 year and 4 months of NK cell infusion therapy, the patient’s disease gradually
stabilized; his physical indicators remained at normal levels, tumor burden was significantly reduced, and his quality of
life was significantly improved.
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