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Abstract

Background

Cytokine-induced killer (CIK) cells are heterogeneous lymphocytes from human peripheral

blood mononucleated cells (PBMCs) co-cultured with several cytokines. The main purpose

of this study is to evaluate the functional characteristics and anticancer ability of CIK cells

from hepatocarcinoma (HCC) patients.

Methods

CIK cells were activated ex-vivo and expanded from PBMCs from HCC patients. The immu-

nophenotype and the ex-vivo killing ability of CIK cells were evaluated. Human CIK cells

were intravenously injected into NOD/SCID mice to evaluate the in vivo anticancer ability.

Results

More than 70% of CIK cells were CD3+CD8+, and 15%–30% were CD3+CD56+. These

cells expressed an increased number of activated natural killer (NK) receptors, such as

DNAM1 and NKG2D, and expressed low-immune checkpoint molecules, including PD-1,

CTLA-4, and LAG-3. Among the chemokine receptors expressed by CIKs, CXCR3 and

CD62L were elevated in CD8+ T cells, representing the trafficking ability to inflamed tumor

sites. CIK cells possess the ex-vivo anticancer activity to different cell lines. To demonstrate

in vivo antitumor ability, human CIK cells could significantly suppress the tumor of J7 bearing

NOD/SCID mice. Furthermore, human immune cells could be detected in the peripheral

blood and on the tumors after CIK injection.

Conclusions

This study revealed that CIK cells from HCC patients possess cytotoxic properties, and

express increased levels of effector NK receptors and chemokine molecules and lower
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levels of suppressive checkpoint receptors. CIK cells can suppress human HCC ex-vivo

and in vivo. Future clinical trials of human CIK cell therapy for HCC are warranted.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause

of cancer-related death with a particularly high prevalence in Asia. Surgical resection and

other local therapeutic strategies are considered curative therapies for localized disease, how-

ever, more than half of these would recur even with this type of curative treatment [1]. The

results of other treatments for palliative purpose remain a huge unmet need despite the recent

success of targeted and immunotherapy in a small fraction of patients [2]. HCC patients are

often found to have functional deficiencies in host adaptive and innate immunity responses

[3]. Most of the patients affected by HCC in Taiwan are associated with viral infections, such

as the HBV or HCV. Evidence from PD-1 blockade therapy has suggested that viral-associated

HCC is also associated with better responses [4, 5]. This implies that the immune systems of

these patients may harbor certain antitumor responses [5, 6]. Adoptive immunotherapy that

expands and rejuvenate autologous immune cells may be potentially used as an efficient adju-

vant anticancer therapy for patients with HCC [7].

Cytokine-induced killer (CIK) cells are a heterogeneous subset of ex-vivo expanded T lym-

phocytes which express both the T-cell marker CD3 and NK cell receptors [8]. Patient periph-

eral blood mononuclear cells (PBMCs) are stimulated and cultured with a cytokine cocktail

comprising interferon-γ (IFN-γ), interleukin-2 (IL-2), anti-CD3, and/or IL-1 for 2–4 weeks.

These cells are able to expand up to 1000-fold. This expansion allows an easy adoptive transfer

of large amounts of cells compared with conventional adoptive cellular therapy [8, 9]. The

final products of these cells are usually CD3+CD8+ T cells, among which 15%–30% are also

CD56+[10]. Interestingly, most of these cells will express NK cell surface receptors, such as

NKG2D and DNAM-1 [11–13]. Prior studies have confirmed that CIK cells may kill tumor

cells according to a nonmajor histocompatibility-complex (MHC)-restricted mechanism, thus

suggesting the importance of NK surface receptors in mediating the killing process [11, 13–

15].

Preclinical data and initial clinical studies support CIK cells as a promising cell population

for adoptive immunotherapy [16–18]. The clinical efficacy has a broad coverage, especially on

hematogenous malignancy [19, 20], melanoma [21], lung [16], and HCC, which are among

the most reported types of cancers [12, 22]. A few clinical trials have shown that CIK cell ther-

apy could prolong survivals in HCC in metastatic or adjuvant settings [23, 24]. It is interesting

that treatments with CIK cells have also been associated with decreases in HBV viral loads

[25]. Recently, a Korean, randomized, phase-3 clinical trial showed adjuvant adoptive CIK cell

therapy for patients who underwent curative treatment for HCC could increase recurrence-

free and overall survival [24]. A renowned worldwide cancer treatment guideline has adopted

this result, and this CIK therapy has become a recommended treatment for HCC adjuvant

therapy [26].

The clinical benefit of CIK therapy has been documented, however, there is uncertainty

about common applications of this strategy to routine practice. Key issues for clinical applica-

tion of adoptive immunotherapy include the identification of methodologies to scale-up the

expansion process to meet quantity and quality requirements for immunotherapy; the

expressed markers that could represent non-MHC restricted cytotoxicity include the CD56
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molecule, other candidate markers and the ability for trafficking into tumor sites. In this study,

we evaluated the immunophenotype and ex-vivo and in vivo killing ability of CIK cells based

on a modified protocol established in our laboratory. This work sets up a reference laboratory

standard and can be applied as a quality index for future clinical level manufacturing.

Materials and methods

Study subjects

We collected PBMCs samples form adult HCC patients for the expansion of CIK cells. All of

the HCCs were diagnosed by cytological or pathological evaluations, or according to the crite-

ria of the American Association for the Study of Liver Disease [27]. We excluded patients with

severe alcoholic hepatitis or acute or chronic liver failure, non-HBV, HCV, or alcohol-related

HCC, and patients with concurrent evidence of sepsis.

Ethics statement

This study was approved by the Institutional Review Board of Chang Gung Medical Founda-

tion. Approval from the institutional review board was obtained for the analysis of this series

(IRB: 201600271B0). All participants provided their written informed consent to participate in

this study. All animal procedures followed the Guide for the Care and Use of Laboratory Ani-
mals as promulgated by the Institute of Laboratory Animal Resources, National Research

Council, National Academy of Science (United States), and were approved by the Animal Care

and Use Committee of the Chang Gung Memorial Hospital at Linkou Medical Center. In all

mice, tissue collection procedures were initiated after mice had either been euthanized or were

under deep anesthesia and unresponsive to all stimuli, and all precautions were taken to mini-

mize suffering. Mice were placed into a chamber filled with vapor of the anesthetic isoflurane

until respiration ceased followed by 100% carbon dioxide into a bedding-free cage initially

containing room air with the lid closed at a rate sufficient to induce rapid anesthesia, with

death occurring within 2.5 minutes.

Isolation and culture of CIK cells

PBMCs were isolated from HCC patients based on the Ficoll–Paque plus density gradient. The

cells were washed twice with RPMI-1640. PBMCs were cultured with RPMI-1640+10%FBS

medium with anti-CD3 antibody (50 ng/ml), IL-1α (100 U/ml), and IFN-γ (1,000 U/ml) at

37˚C with 5% CO2 for 24 h. From days 2 and 3, IL-2 (300 U/ml) was added to the medium.

We then changed the IFN-γ and IL-2 containing medium every 5 days. On day 14, CIKs were

harvested (viability: 90%), and the phenotypes and killing abilities of CIK cells were evaluated.

The preparation of CIK cells is illustrated in Fig 1.

Fig 1. Flow chart showing the preparation of cytokine-induced killer (CIK) cells. After harvesting peripheral blood mononucleated cells (PBMCs), cells

were stimulated with Anti-CD3 Ab, interleukin (IL)-1α, and interferon (IFN)-γ on day1. On days 2 and 3, cells were stimulated with IL2, and IFN-γ and IL-2

every 2–3 days until day 14. The final products were used for phenotypic analysis and cytotoxicity assays.

https://doi.org/10.1371/journal.pone.0280023.g001
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Phenotypic analysis

We resuspended 5 × 105 CIK cells in 20 μl of phosphate-buffered saline (PBS) mixed with 2%

newborn calf serum and 1% sodium azide. The following antibodies were used for flow cyto-

metric staining: conjugated anti-CD4-Pe-cy7, anti-CD3 Per CP conjugated anti-CD8-FITC,

anti-CD25-PE, anti-CD56-APC, anti-CD69-PE, anti-CD103-PE or-FITC, anti-CTLA4-PE,

biotin-conjugated all purchased from BD Pharmingen. Anti-perforin-FITC from BD; anti-

granzyme B-FITC, anti-lag3-PE, PE- or allo-phycocyanin-conjugated anti-Foxp3, isotype con-

trol human IgG2a, and human IgG2b from eBioscience. Single-cell suspensions were incu-

bated with Abs per the manufacturer’s instructions. All samples were acquired using a

FACSCalibur flow cytometer (BD Bioscience) and analyzed with the software FlowJo (Tree

Star Inc., Ashland, OR, USA). For intracellular staining, PBMCs were restimulated with a 50

ng/ml cocktail of phorbol 12-myristate 13-acetate (PMA) and 500 ng/ml ionomycin mix in

RPMI1640 with 10% fetal bovine serum for 5 h. In total, 10 μg/ml brefeldin A (Sigma–Aldrich)

was then added during the last 2 h. Cells were initially stained for surface markers by discard-

ing supernatant and resuspending cells in 200 μl of Cytofix/Cytoperm™ (BD Biosciences) solu-

tion for 20 min at 4˚C. Cells were washed twice in Perm/Wash buffer (BD Biosciences).

Resuspended cells in 100 μl of Perm/Wash buffer could then be stored at 4˚C in the dark.

Appropriately conjugated fluorescent antibodies were added at predetermined optimum

concentrations.

Cytotoxicity assessment

The cytotoxicity of CIK cells was tested from the HCC patients. Cell lines K562, HepG2, and

J7 from the American Type Culture Collection were selected as target cell lines. For K562 and

HepG2 cytotoxicity assessments, we used flow cytometry to determine the expression Annexin

V and 7-AAD with different effector-to-target ratios (from 1:10 to 20:1) based on different kill-

ing capacity. For the J7, target cells (1 × 105 cells/mL) and effector cells were incubated for 4 h

at a ratio from 5:1 based on the cytotoxic ability and cells harvesting. Subsequently, 50 μl sam-

ples of culture supernatant were loaded into a 96-well plate with 50 μl of LDH substrate mix-

ture, and incubated in the dark for 30 min at room temperature (detection for cell lysis).

Subsequently, 50 μl of stop solution was added to each sample to stop the reaction, and the

absorbance was recorded at 490 nm.

Blocking assay

Antibody-mediated blocking of K562 cell death was performed. Solitary and synergistic use of

anti- DNAM-1(BD Bioscience) and anti-NKG2D (R&D Systems) antibodies were explored to

evaluate whether they could decrease the cytolytic capacity of CIK cells towards K562 cells.

The target cells were incubated with blocking antibodies at a concentration of 20μg/ml for 20

minutes before co-culture with effector cells. K562-only control samples were incubated with

isotype control antibodies (BD Bioscience, R&D Systems). These samples were then co-cul-

tured with the effector cells for 4 hours and evaluated by the Annexin V apoptosis kit (BD Bio-

science) assisted by flow-cytometry analysis.

In vivo cytotoxicity in animal experiments

NOD/SCID mice were purchased from the National Laboratory Animal Center and were bred

in SPF conditions. Mice at the 6th week of age were used for experiment. In total, 1.33 × 106

human J7 cells were diluted in 100 μl HBSS and injected into the flank’s subcutaneous tissues

of these mice. When the tumor grew up to at least 0.2 cm, mice were injected either with
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human CIK cells (1 × 107 in 400 μl PBS through the tail vein) or with 400 μl PBS every 4 days

(N = 5 each). Seven cycles of injection were performed at most. The sizes of the tumors were

measured at each injection. After 4 weeks, mice were sacrificed. The tumors infiltrating lym-

phocytes were analyzed for the presence of human CIK cells, and paraffin embedded speci-

mens were used to detect the presence of human CD4 and CD8 T cells. All experiments were

approved by the Animal Care and Use Committee of the Chang Gung Memorial Hospital,

Linkou.

Statistical analysis

Continuous variables are expressed as median [interquartile range (IQR)]. The nonparametric

Mann–Whitney U-test was used to compare continuous variables between unmatched groups.

When more than 20% of data presented an expected frequency< 5, the Fisher’s exact test was

substituted for the Chi-square test. The Wilcoxon signed-rank t-test was used when two

related samples, matched samples, or repeated measurements on a single sample were com-

pared to assess whether their population means ranked differently. Calculations were made

using GraphPad Prism (version 5.0, GraphPad Software, Inc). p-values < 0.05 were considered

statistically significant.

Results

Phenotypical characteristics of human CIK

CIK cells generated from freshly isolated PBMCs of 10 HCC patients were successfully

expanded ex-vivo for 14 days per standard protocol with additions of IFN-γ, anti-CD3, and

IL-2. The CIK cells from 5 patients were studied for the immunophenotype and the ex-vivo

killing ability. The CIK cells from other 5 patients were tested for in vivo mice model.

The median expansion of CIK cells was 58-fold (range: 20- to 83-fold). The percentage of

CD3+ cells increased significantly after expansion (CIK cells vs. PBMCs: 98% vs. 70%,

p< 0.05) (Fig 2A). The percentage of CD3+CD8+ cells increased as well after expansion (CIK

cells vs. PBMCs: 72% vs. 21%, p< 0.05) (Fig 2B). However, the percentage of CD3+CD4+ cells

decreased after expansion (CIK cells vs. PBMCs: 22% vs. 73%, p< 0.05). CD25highFoxP3+ T

cells was only 1.3% in CIK cells (S1 Fig). The subset of lymphocytes with co-expressions of

CD3 and CD56 molecules (CD3+CD56+) was detected at a rate of 15% (range: 9%–25%) in

CIK cells, which was significantly higher than that in PBMCs (2.1%, p< 0.05) (Fig 2C), thus

indicating approximate 7-fold increment of CD3+CD56+ cells after ex-vivo expansion. In CIK

cells, CD56 was major expressed on CD3+CD8+ T cells. Among CD3+CD56+ T cells, CD8

+CD4- T cells were 74.3%, but CD8-CD4+ T cells was only 4% (S2 Fig). Conversely,

CD3-CD56+ cells (NK cells) were decreased and were negligible in CIK cells (1.1%) compared

with PBMCs (7.4%), thus indicating that the NK cell only minimally contributed to the func-

tions of these CIKs.

NK, inhibitory, and chemokine receptors on human CIK cells

The expression of NK receptors, including NKG2D, DNAM-1, and Nkp30 receptors on CD3

+CD8+ cells, was significantly higher in CIK cells, compared with PBMCs (CIK cells vs.

PBMCs; NKG2D: 73% vs. 65%, p< 0.05; DNAM-1: 91% vs. 71%, p< 0.05) but similar in

NKp30 expressions (CIK vs. PBMCs; 26% vs. 15%, p> 0.05) (Fig 3A). Expression of other NK

receptors including NKG2C, NKG2A, KIR, NKp46 and NKp44 were all low in both CIK cells

and PBMCs (S3 Fig). The levels of expression of immune checkpoint molecules, including

PD-1, CTLA-4, and LAG-3 on CD3+CD8+ and CD3+CD4+ were low (less than 10%) in CIK
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cells (Fig 3B); specifically, LAG-3 decreased in CIK cells (7%) compared with PBMCs (36%).

Among the chemokine receptors, CD62L and CXCR3 were enhanced in CD3+CD8+ T cells

(69% and 84%, respectively) and CD3+CD4+ T cells (74% and 75%, respectively) of CIK cells,

representing the trafficking potential to inflamed sites (Fig 3C). The expressions of CCR3,

CCR4, CCR5, and CCR7 on CD3+CD8+ cells of CIK cells were all extremely low (0.7%–

3.3%).

Fig 2. Phenotypical study of human CIK cells. A. The dot figures show the gating strategy used for the evaluation of

the percentage of CD3+ T cells from a representative subject on preculture PBMCs and the end product of CIK cells.

The bar table demonstrates the percentages of CD3+ T cells in PBMCs and CIK cells. B. The dot figures show the

gating strategy for the evaluation of the percentages of CD4+ and CD8+ T cells in the total number of T cells from a

representative subject on preculture PBMCs and the end product of CIK cells. The bar table demonstrates the

percentages of CD4+ and CD8+T cells of PBMCs and CIK cells. C. The dot figures show the gating strategy used for

the evaluation of the percentages of CD56 in the total population of CD3+ T cells from a representative subject on

preculture PBMCs and the end product of CIK cells. The bar table demonstrates the percentage of CD56+T cells on

CD3+ T cells of PBMCs and CIK, respectively (N = 5, �p< 0.05).

https://doi.org/10.1371/journal.pone.0280023.g002
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Fig 3. Expression profile of natural killer (NK) receptors, immune checkpoint molecules, and trafficking/activating

molecules on CIK cells. A. Percentage of NK receptors expression: NKG2D, DNAM-1, and NKp30 on CD8+ T cells (coarse

granule bar) and CD4+ T cells (fine granule bar) compared with the total number of CD3+ T cells. B. Percentage of immune

checkpoint molecules expressions of PD-1, CTLA-4, and LAG-3 on CD8+ T cells (coarse granule bar) and CD4+ T cells (fine

granule bar) with respect to the total number of CD3+ T cells. C. Percentage of chemokine receptors expressions: of CCR3,
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Cytotoxicity of human CIK cells

The ex-vivo cytotoxicity of CIK cells was evaluated using different human cancer cell lines,

including the human myelogenous leukemia cell line K562, hepatoma cell line HepG2, and J7

as the target cell lines. As shown in Fig 4A, these CIK possessed cytotoxicity properties to the

MHC-deficiency, NK-sensitive K562, and MHC expression HepG2 in terms of induced cell

death assessed based on the expressions of Annexin 5 and AAD7 in a dose-dependent E:T

ratio manner. By contrast, the cytotoxicity of J7 ATP methods used for assessments yielded a

modest cytotoxicity ability at 5:1 E:T ratio compared with positive controls. Furthermore, we

found that synergic use of anti-DNAM-1 and anti-NKG2D antibodies decreased the cytolytic

ability of CIK cells obtained from HCC patients, suggesting that CIK cells may display cytotox-

icity in a DNAM-1 and NKG2D-dependent manner (S4 Fig).

We also evaluated the in vivo antitumor ability, wherein human CIK cells were intrave-

nously infused into NOD/SCID mice (N = 5), which were subcutaneously implanted with the

J7 HCC cell line (Fig 4B). In the control group, the tumor grew rapidly from a volume of 113

mm3 to 969 mm3 after it was treated with seven wash cycles with PBS. However, the tumor in

the CIK group grew slowly from 59 mm3 to 149 mm3 after 7 cycles of CIK cells (Fig 4B). By

contrast, the adoptive transfer of human CIK cells every 4 days suppressed the J7 tumor

growth on NOD/SCID mice compared with the control (PBS) group (p< 0.05, Fig 4B). In

addition, human immune cells could be detected in the peripheral blood (1.6% of murine

cells) and in the tumor microenvironment (15.8% of mouse CD45+CD3+ cells) of NOD/SCID

mice after CIK treatment, as evaluated by flow cytometry (Fig 4C). Furthermore, human CD8

and CD4 cells could be detected in the tumor microenvironment by immunohistochemical

staining (Fig 4C). All these results demonstrated that these CIK cells execute cytotoxicity

against human tumor cells in vitro, and also migrate to the tumor microenvironment to inhibit

the growth of the tumors in vivo.

Discussion

This study focused on the assessment of the immunophenotype and cytotoxicity ability of CIK

cells from patients with HCC. The CIK preparation protocol we adopted produced a significant

number of cells up to the 14th day of culture. We characterized a deeper effector functional pro-

file of CIK cells from patients with HCC by exploring additional receptor molecules potentially

involved in the interaction with tumor targets and the microenvironment. These cells could

express high levels of activated NK receptors, including NKG2D and DNAM1. Concerning the

immune checkpoint receptors that would dampen the cytotoxic immune response, CIK cells

expressed low levels of CTLA-4, PD-1, and LAG-3. Among the chemokine receptors, CD62L

and CXCR3 were enhanced in the CD8+ T cells of CIK, thus justifying the trafficking potential

to inflamed sites. We also demonstrated the ex-vivo and in vivo cytotoxic abilities of CIK to sup-

press tumor cells. In addition, human immune cells could be detected in the peripheral blood

and on the tumors of NOD/SCID mice after CIK treatment. This is rare in the literature and

provides animal model data prior to the initiation of the human CIK study or clinical use [28].

The preclinical data support the potential of adoptive CIK therapy for HCC patients.

Anti-CD3 antibody is a mitogen on T lymphocytes that stimulates T-cell proliferation that

is sustained by IL-2 [29]. With this strategy, CIK can be easily expanded multifold (even hun-

dred fold), but with great variety among patients [9]. IFN-γ activates monocytes, then excretes

CCR4, CCR5, CCR7, CD62L, and CXCR3 on CD8+ T cells (coarse granule bar) and CD4+ T cells (fine granule bar) compared

with the total number of CD3+ T cells. (N = 5, �p< 0.05).

https://doi.org/10.1371/journal.pone.0280023.g003
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Fig 4. Ex-vivo and in vivo cytotoxic assay for human CIK cells. A. Ex-vivo cytotoxicity assay of CIK cells against

human cancer cell lines in terms of the percentage of cells expressing Annexin 5 and AAD7. In the case of the K562 cell

line, the effector:target ratio (E:T) ranged from 1:10 to 5:1 (N = 3). In the case of the HepG2 cell lines, the E:T ratio

ranged from 1:1 to 20:1; (N = 1). In the case of the J7 cell line, we used ATP methods at a fixed E:T ratio at 5:1, the

positive control used Triton-X 100 (N = 5). B. The figure on the right illustrates the scheme of human CIK cells

adoptive transfer model. Six-week-old NOD/SCID mice were injected with the human J7 cell line. When tumors grew

to 0.2 cm, mice were adoptively transferred with human CIK cells every 4 days. The table lists the growth rates of J7

tumors cells on human CIK cells or in PB injected mice (N = 5, �p< 0.05, ��p< 0.005). C. The dot figure shows the

percentages of human CD45+ cells on tumor infiltrating immune cells on control and CIK cells injected in NOD/

SCID mice. The photographs show hematoxylin & eosin staining results from control and human CIK cell-injected

mice, as well as the human CD4 and CD8 immunohistochemistry stains on tumor specimens.

https://doi.org/10.1371/journal.pone.0280023.g004
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soluble proliferating factors or conducts contact-dependent signals to boost T-cell prolifera-

tion [30–32]. The variation might have a negative impact on clinical use especially for patients

with low-expansion rates [33]. Our data indicated that there were still multifold variations

from patients with HCC. However, most PBMCs from patients could be easily expanded at

small scales within a laboratory facility. We anticipate that for future clinical level expansion

with Good Manufacture Product (GMP) facilities, most HCC patients could still provide a rea-

sonable amount of CIK cells for treatment.

CIK cells were expanded from PBMCs by a nonspecific protocol to enrich CD3 positive T-

cell proliferation and activation. This indicates that the CIK cells are a pool of T cells with

naive and memory subpopulations without antigen specificity. Previous studies have suggested

that the killing mechanism of CIK is nonrestricted MHC [11]. This is particular important as

there is increasing evidence that the presence of bystander T cells in the tumor microenviron-

ment may play an important role in mediating cellular immune responses against tumor [34–

36]. The concept of cooperation with the adoptive immune cells (whether specific or bystander

cells) with endogenous antigen-specific cytotoxic cells that turn the tumor microenvironment

to a controlled tumor growth microenvironment is probably more realistic, particular in the

era of immune checkpoint blockade therapy [37]. Many have suggested that the bystander kill-

ing of CD8+ T cells is driven by the cytokine stimulation in conjunction with NK surface

receptor-mediated killing. The K562 cell line does not express the MHC complex, thus further

supporting the possible killing mechanism via NK receptors [38]. In the past, the CIK popula-

tion was categorized by a certain CD56 percentage of expression, a hall marker for NK cells

[39], however, our data suggest and are in agreement with others that the presence of NKG2D

or DNAM-1 is probably more relevant to the killing ability [13, 40]. The characterization of

the expression profile of NK receptors should be essential for future clinical applications other

than those related to CD56.

As T-cell exhaustion is a hall marker for tumor immune suppression after protracted T-cell

activation. In addition, upregulation of immune checkpoint molecules indicates T-cell exhaus-

tion, and particularly PD-1 expression [41]. Even though with anti-CD3 activation and IL-2

expansion, the CIK cells from our laboratory express very low levels of PD-1, CTLA4, and

Tim-3, outcomes are compatible with literature publications. The significantly increased

expression of LAG3 is uncertain in CIK, while the role of LAG-3 on CD8+ T cells may com-

prise suppressive functions [42]. However, whether anti-LAG3 Ab could potentiate the effect

of CIK deserves additional studies. Our data suggest that CIK cells do not possess an exhausted

phenotype that could potentially maintain their activation in vivo. This was further confirmed

in our in vivo animal study which confirmed the presence of human CIK cells in both PBMCs

and the tumor microenvironment.

CIK cells are from PBMCs and the circulating cells are usually cells with central memory

phenotype that are not ready to enter the inflamed site. Our analysis found that CIK cells

express higher levels of CD62L and CXCR3, and lower CCR7 levels. The presence of CD62L

suggested that many of these cells remain in naïve status, but the presence of CXCR3 indicates

that these cells are able to migrate to inflamed sites [43]. Lower CCR7 expressions suggest

there is not central memory [44]. In combination with the animal experiment, our data sup-

port the fact that CIK cells are inflamed tissue-homing T cells with effector functions.

The role of CIK for HCC was promising. Hui et al. reported that CIK therapy significantly

improved disease-free survival, but not the overall survival in a randomized trial [23]. Weng

et al. used intrahepatic artery CIK infusions in a randomized study as adjuvant therapy, and

demonstrated a benefit on recurrence free survival [45]. While a prospective randomized trial

by Yu et al. reported significant improvement in OS and DFS by CIK cells in HCC patients

who were not candidates for surgical intervention [46]. A meta-analysis summarized these
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data and validated the benefits on DFS for HCC CIK cells after local treatment [47]. However,

some clinicians would criticize the methodology, study design, or heterogenous patients that

may diminish the value of these results. The Korean study enrolled only stage I and II HCC

patients who had already completed local treatments. The results showed that in the 5-year fol-

low up, that there was a 37% death rate reduction in favor of adoptive immunotherapy with

CIK on 230 patients. These encouraging results suggested that HCC should be one of the most

valuable cancer types for CIK clinical utilities.

The mice model is an important issue for human anti-cancer study. NOD/SCID mice con-

tain impaired T cell, B cell lymphocyte and NK cell function, and lack macrophage and den-

dritic cell activity as well as reduced complement activity. Therefore, NOD/SCID mice exhibit

a sufficient ability to support engraftment with human cancer tissues including liver cancer

[48–52], and with hematopoietic cells [53–55]. It provides a reliable model of anti-cancer ther-

apy screening. Although, many cancers still fail to engraft efficiently in NOD/SCID mice,

largely due to remaining NK cell activity and other residual innate immune function. This

leakiness may be eliminated in the RAG-1 and RAG-2 mice, or especially the NSG (NOD-SCI-

D-IL2γ−/−) mice, produced by the targeted mutation of the IL-2 receptor γ-chain locus in a

previously bred NOD-SCID strain, lacking T cells, B cells, macrophages, NK and NKT cells,

may also be platforms to overcome the human engraft failure. Beyond the endogenous

immune cells, xenograft mouse models affect the tumor growth includes the influences on

immune cell infiltration and angiogenesis. The immune cell activation patterns or antigen

expression between the mouse and the human immune system were other hurdles. Advances

in humanized mouse models are remarkable but are not yet fully established in HCC research

[48]. Nevertheless, immunosuppressive cells such as myeloid-derived suppressor cells

(MDSC), T-regulatory cells and M2 macrophages could also play an important role in the

interplay between a patient’s tumor and the immune system. One previous study showed

human CIK cells could be affected by MDSC [56]. Taken together, there are our limitations to

establish an artificial environment to define the exact anticancer effect of human CIK cells.

The limitation of our study was that we did not conduct this protocol at a large-scale level

and used the GMP facility. This pivotal study is a proof-of-concept, and the proof of feasibility

aims to define the immunophenotype of CIK cells and validate their cytotoxic properties. The

large-scale, GMP facility production protocol uses a stricter procedure, high-quality medium,

and cytokines for human use purposes. The culture density will be much lower than the cur-

rent laboratory that allows an increased expansion capacity for these cells. Therefore, we expect

that our next preclinical preparation would produce folds of CIK cells with identical immune

phenotypes. Additionally, there is still a concern on whether the patient characteristics will

affect the quality and quantity of CIK cells given the observed variation in the CIK cell popula-

tion. We found a variation in the expansion of fold changes among different patients. How-

ever, the number of patients was still limited to allow us to conclude any potential factors

associated with the variation. For the immunophenotype, it seems that the variation was much

lower, thus suggesting that the quality of CIK cells could be maintained among different indi-

viduals. We only enrolled HCC patients. Whether the CIK population is limited to HCC

patients remains elusive, despite prior report findings that supported the fact that the CIK

treatment series is not limited to HCC. However, we still need to enroll patients affected by

other cancer types to validate the applicability of this protocol to other cancer types. By using a

mathematical approach, one study suggested that calculation of CD8+ or CD4+ T-cell percent-

ages on early days could predict the CIK expansion quality [57]. Other strategies were used to

improve the expansion and function of CIK cells, such as the addition or replacement of cyto-

kines, like IL-7, IL-15 or thymoglobulin, instead of IL-2 [58–61], addition of allogeneic APCs,

depletion of regulatory T cells, or pharmacological interventions [15, 62].
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Conclusions

In summary, we characterized the immunophenotype of CIK cells and proved its cytotoxic

ability against human cell lines. We set up the quality control parameters for the CIK cells for

future clinical applications other than the classical CD56 surface marker. This study further

supports the possible mechanism of the killing effects of CIK cells as a group of highly acti-

vated, inflamed site-trafficking bystander T cells. The cooperated potential with antigen-spe-

cific T cells highlights an important role of adoptive CIK therapy for the future clinical

application for HCC.

Supporting information

S1 Fig. CD25highFoxP3+ T cells on CIK cells. Expression of CD25highFoxP3+ T cells were

low on CIK cells and PBMCs (N = 3).

(TIF)

S2 Fig. CD3+CD56+ T cells on CIK cells. CD56 was major expressed on CD3+CD8+ T cells

in CIK cells (N = 5).

(TIF)

S3 Fig. Expression profile of partial NK receptors on CIK cells. Expression of NKG2C,

NKG2A, KIR, NKp46 and NKp44 were low on CIK cells and PBMCs (N = 5).

(TIF)

S4 Fig. Bocking assay of CIK cells by anti-DNAM-1 and anti-NKG2D. The blocking assay

was performed to explore the potential mechanism for the cytolytic activity of CIK cells from

HCC patients via a DNAM-1 and NKG2D-dependent manner (N = 2). The synergic use of

anti-DNAM-1 and anti-NKG2D antibodies decreased the cytolytic ability of CIK cells

obtained from HCC patients.

(TIF)
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5. Pfister D, Núñez NG, Pinyol R, Govaere O, Pinter M, Szydlowska M, et al. NASH limits anti-tumour sur-

veillance in immunotherapy-treated HCC. Nature. 2021. https://doi.org/10.1038/s41586-021-03362-0

PMID: 33762733

6. Cheng Y, Gunasegaran B, Singh HD, Dutertre C-A, Loh CY, Lim JQ, et al. Non-terminally exhausted

tumor-resident memory HBV-specific T cell responses correlate with relapse-free survival in hepatocel-

lular carcinoma. Immunity. 2021. https://doi.org/10.1016/j.immuni.2021.06.013.

7. Zhang R, Zhang Z, Liu Z, Wei D, Wu X, Bian H, et al. Adoptive cell transfer therapy for hepatocellular

carcinoma. Front Med. 2019; 13(1):3–11. https://doi.org/10.1007/s11684-019-0684-x Epub 2019 Jan

18. PMID: 30659408

8. Schmidt-Wolf IG, Negrin RS, Kiem HP, Blume KG, Weissman IL. Use of a SCID mouse/human lym-

phoma model to evaluate cytokine-induced killer cells with potent antitumor cell activity. The Journal of

experimental medicine. 1991; 174(1):139–49. Epub 1991/07/01. https://doi.org/10.1084/jem.174.1.139

PMID: 1711560; PubMed Central PMCID: PMC2118875.

9. Schmidt-Wolf IG, Lefterova P, Johnston V, Huhn D, Blume KG, Negrin RS. Propagation of large num-

bers of T cells with natural killer cell markers. British journal of haematology. 1994; 87(3):453–8. Epub

1994/07/01. https://doi.org/10.1111/j.1365-2141.1994.tb08297.x PMID: 7527643.

10. Franceschetti M, Pievani A, Borleri G, Vago L, Fleischhauer K, Golay J, et al. Cytokine-induced killer

cells are terminally differentiated activated CD8 cytotoxic T-EMRA lymphocytes. Experimental hematol-

ogy. 2009; 37(5):616–28.e2. Epub 2009/04/21. https://doi.org/10.1016/j.exphem.2009.01.010 PMID:

19375652.

11. Schmidt-Wolf IG, Lefterova P, Mehta BA, Fernandez LP, Huhn D, Blume KG, et al. Phenotypic charac-

terization and identification of effector cells involved in tumor cell recognition of cytokine-induced killer

cells. Experimental hematology. 1993; 21(13):1673–9. Epub 1993/12/01. PMID: 7694868.

12. Zhang Y, Schmidt-Wolf IGH. Ten-year update of the international registry on cytokine-induced killer

cells in cancer immunotherapy. Journal of cellular physiology. 2020; 235(12):9291–303. https://doi.org/

10.1002/jcp.29827 PMID: 32484595

13. Karimi M, Cao TM, Baker JA, Verneris MR, Soares L, Negrin RS. Silencing human NKG2D, DAP10,

and DAP12 reduces cytotoxicity of activated CD8+ T cells and NK cells. J Immunol. 2005; 175

(12):7819–28. Epub 2005/12/13. https://doi.org/10.4049/jimmunol.175.12.7819 PMID: 16339517.

14. Jamieson AM, Diefenbach A, McMahon CW, Xiong N, Carlyle JR, Raulet DH. The role of the NKG2D

immunoreceptor in immune cell activation and natural killing. Immunity. 2002; 17(1):19–29. Epub 2002/

08/02. https://doi.org/10.1016/s1074-7613(02)00333-3 PMID: 12150888.

15. Todorovic M, Mesiano G, Gammaitoni L, Leuci V, Giraudo Diego L, Cammarata C, et al. Ex vivo alloge-

neic stimulation significantly improves expansion of cytokine-induced killer cells without increasing their

PLOS ONE Cytokine-induced killer cells from hepatocellular carcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0280023 January 4, 2023 13 / 16

https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.1001/jamaoncol.2016.5688
http://www.ncbi.nlm.nih.gov/pubmed/27918777
https://doi.org/10.1016/j.jhep.2021.07.004
http://www.ncbi.nlm.nih.gov/pubmed/34256065
https://doi.org/10.1016/j.jhep.2019.12.014
http://www.ncbi.nlm.nih.gov/pubmed/31887370
https://doi.org/10.1053/j.gastro.2021.06.008
https://doi.org/10.1053/j.gastro.2021.06.008
http://www.ncbi.nlm.nih.gov/pubmed/34126063
https://doi.org/10.1038/s41586-021-03362-0
http://www.ncbi.nlm.nih.gov/pubmed/33762733
https://doi.org/10.1016/j.immuni.2021.06.013
https://doi.org/10.1007/s11684-019-0684-x
http://www.ncbi.nlm.nih.gov/pubmed/30659408
https://doi.org/10.1084/jem.174.1.139
http://www.ncbi.nlm.nih.gov/pubmed/1711560
https://doi.org/10.1111/j.1365-2141.1994.tb08297.x
http://www.ncbi.nlm.nih.gov/pubmed/7527643
https://doi.org/10.1016/j.exphem.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19375652
http://www.ncbi.nlm.nih.gov/pubmed/7694868
https://doi.org/10.1002/jcp.29827
https://doi.org/10.1002/jcp.29827
http://www.ncbi.nlm.nih.gov/pubmed/32484595
https://doi.org/10.4049/jimmunol.175.12.7819
http://www.ncbi.nlm.nih.gov/pubmed/16339517
https://doi.org/10.1016/s1074-7613%2802%2900333-3
http://www.ncbi.nlm.nih.gov/pubmed/12150888
https://doi.org/10.1371/journal.pone.0280023


alloreactivity across HLA barriers. J Immunother. 2012; 35(7):579–86. Epub 2012/08/16. https://doi.

org/10.1097/CJI.0b013e31826b1fd9 PMID: 22892454.

16. Kim HM, Lim J, Park SK, Kang JS, Lee K, Lee CW, et al. Antitumor activity of cytokine-induced killer

cells against human lung cancer. International immunopharmacology. 2007; 7(13):1802–7. Epub 2007/

11/13. https://doi.org/10.1016/j.intimp.2007.08.016 PMID: 17996691.

17. Kim HM, Lim J, Yoon YD, Ahn JM, Kang JS, Lee K, et al. Anti-tumor activity of ex vivo expanded cyto-

kine-induced killer cells against human hepatocellular carcinoma. International immunopharmacology.

2007; 7(13):1793–801. Epub 2007/11/13. https://doi.org/10.1016/j.intimp.2007.08.007 PMID:

17996690.

18. Nishimura R, Baker J, Beilhack A, Zeiser R, Olson JA, Sega EI, et al. In vivo trafficking and survival of

cytokine-induced killer cells resulting in minimal GVHD with retention of antitumor activity. Blood. 2008;

112(6):2563–74. Epub 2008/06/21. https://doi.org/10.1182/blood-2007-06-092817 PMID: 18565854;

PubMed Central PMCID: PMC2532819.

19. Linn YC, Lau SK, Liu BH, Ng LH, Yong HX, Hui KM. Characterization of the recognition and functional

heterogeneity exhibited by cytokine-induced killer cell subsets against acute myeloid leukaemia target

cell. Immunology. 2009; 126(3):423–35. Epub 2008/09/10. https://doi.org/10.1111/j.1365-2567.2008.

02910.x PMID: 18778291; PubMed Central PMCID: PMC2669823.

20. Laport GG, Sheehan K, Baker J, Armstrong R, Wong RM, Lowsky R, et al. Adoptive immunotherapy

with cytokine-induced killer cells for patients with relapsed hematologic malignancies after allogeneic

hematopoietic cell transplantation. Biology of blood and marrow transplantation: journal of the American

Society for Blood and Marrow Transplantation. 2011; 17(11):1679–87. Epub 2011/06/15. https://doi.

org/10.1016/j.bbmt.2011.05.012 PMID: 21664472; PubMed Central PMCID: PMC3175285.

21. Gammaitoni L, Giraudo L, Leuci V, Todorovic M, Mesiano G, Picciotto F, et al. Effective activity of cyto-

kine-induced killer cells against autologous metastatic melanoma including cells with stemness fea-

tures. Clinical cancer research: an official journal of the American Association for Cancer Research.

2013; 19(16):4347–58. Epub 2013/06/25. https://doi.org/10.1158/1078-0432.CCR-13-0061 PMID:

23794732.

22. Olioso P, Giancola R, Di Riti M, Contento A, Accorsi P, Iacone A. Immunotherapy with cytokine induced

killer cells in solid and hematopoietic tumours: a pilot clinical trial. Hematological oncology. 2009; 27

(3):130–9. Epub 2009/03/19. https://doi.org/10.1002/hon.886 PMID: 19294626.

23. Hui D, Qiang L, Jian W, Ti Z, Da-Lu K. A randomized, controlled trial of postoperative adjuvant cytokine-

induced killer cells immunotherapy after radical resection of hepatocellular carcinoma. Digestive and

liver disease: official journal of the Italian Society of Gastroenterology and the Italian Association for the

Study of the Liver. 2009; 41(1):36–41. Epub 2008/09/27. https://doi.org/10.1016/j.dld.2008.04.007

PMID: 18818130.

24. Lee JH, Lee JH, Lim YS, Yeon JE, Song TJ, Yu SJ, et al. Adjuvant immunotherapy with autologous

cytokine-induced killer cells for hepatocellular carcinoma. Gastroenterology. 2015; 148(7):1383–91.e6.

Epub 2015/03/10. https://doi.org/10.1053/j.gastro.2015.02.055 PMID: 25747273.

25. Cui J, Wang N, Zhao H, Jin H, Wang G, Niu C, et al. Combination of radiofrequency ablation and

sequential cellular immunotherapy improves progression-free survival for patients with hepatocellular

carcinoma. International Journal of Cancer. 2014; 134(2):342–51. https://doi.org/10.1002/ijc.28372

PMID: 23825037

26. National Comprehensive Cancer Network. Hepatobiliary cancer (Version 2.2022) 2022. Available from:

https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf.

27. Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology. 2011; 53

(3):1020–2. Epub 2011/03/05. https://doi.org/10.1002/hep.24199 PMID: 21374666; PubMed Central

PMCID: PMC3084991.

28. Kim HM, Kang JS, Lim J, Kim JY, Kim YJ, Lee SJ, et al. Antitumor activity of cytokine-induced killer cells

in nude mouse xenograft model. Archives of pharmacal research. 2009; 32(5):781–7. Epub 2009/05/

28. https://doi.org/10.1007/s12272-009-1518-1 PMID: 19471894.

29. Ochoa AC, Gromo G, Alter BJ, Sondel PM, Bach FH. Long-term growth of lymphokine-activated killer

(LAK) cells: role of anti-CD3, beta-IL 1, interferon-gamma and -beta. J Immunol. 1987; 138(8):2728–33.

Epub 1987/04/15. PMID: 2435804.

30. Hayes MP, Wang J, Norcross MA. Regulation of interleukin-12 expression in human monocytes: selec-

tive priming by interferon-gamma of lipopolysaccharide-inducible p35 and p40 genes. Blood. 1995; 86

(2):646–50. Epub 1995/07/15. PMID: 7605994.

31. Ma X, Chow JM, Gri G, Carra G, Gerosa F, Wolf SF, et al. The interleukin 12 p40 gene promoter is

primed by interferon gamma in monocytic cells. Journal of Experimental Medicine. 1996; 183(1):147–

57. https://doi.org/10.1084/jem.183.1.147 PMID: 8551218

PLOS ONE Cytokine-induced killer cells from hepatocellular carcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0280023 January 4, 2023 14 / 16

https://doi.org/10.1097/CJI.0b013e31826b1fd9
https://doi.org/10.1097/CJI.0b013e31826b1fd9
http://www.ncbi.nlm.nih.gov/pubmed/22892454
https://doi.org/10.1016/j.intimp.2007.08.016
http://www.ncbi.nlm.nih.gov/pubmed/17996691
https://doi.org/10.1016/j.intimp.2007.08.007
http://www.ncbi.nlm.nih.gov/pubmed/17996690
https://doi.org/10.1182/blood-2007-06-092817
http://www.ncbi.nlm.nih.gov/pubmed/18565854
https://doi.org/10.1111/j.1365-2567.2008.02910.x
https://doi.org/10.1111/j.1365-2567.2008.02910.x
http://www.ncbi.nlm.nih.gov/pubmed/18778291
https://doi.org/10.1016/j.bbmt.2011.05.012
https://doi.org/10.1016/j.bbmt.2011.05.012
http://www.ncbi.nlm.nih.gov/pubmed/21664472
https://doi.org/10.1158/1078-0432.CCR-13-0061
http://www.ncbi.nlm.nih.gov/pubmed/23794732
https://doi.org/10.1002/hon.886
http://www.ncbi.nlm.nih.gov/pubmed/19294626
https://doi.org/10.1016/j.dld.2008.04.007
http://www.ncbi.nlm.nih.gov/pubmed/18818130
https://doi.org/10.1053/j.gastro.2015.02.055
http://www.ncbi.nlm.nih.gov/pubmed/25747273
https://doi.org/10.1002/ijc.28372
http://www.ncbi.nlm.nih.gov/pubmed/23825037
https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
https://doi.org/10.1002/hep.24199
http://www.ncbi.nlm.nih.gov/pubmed/21374666
https://doi.org/10.1007/s12272-009-1518-1
http://www.ncbi.nlm.nih.gov/pubmed/19471894
http://www.ncbi.nlm.nih.gov/pubmed/2435804
http://www.ncbi.nlm.nih.gov/pubmed/7605994
https://doi.org/10.1084/jem.183.1.147
http://www.ncbi.nlm.nih.gov/pubmed/8551218
https://doi.org/10.1371/journal.pone.0280023


32. Lopez RD, Waller EK, Lu PH, Negrin RS. CD58/LFA-3 and IL-12 provided by activated monocytes are

critical in the in vitro expansion of CD56+ T cells. Cancer immunology, immunotherapy: CII. 2001; 49

(12):629–40. Epub 2001/03/22. https://doi.org/10.1007/s002620000148 PMID: 11258789.

33. Mesiano G, Todorovic M, Gammaitoni L, Leuci V, Giraudo Diego L, Carnevale-Schianca F, et al. Cyto-

kine-induced killer (CIK) cells as feasible and effective adoptive immunotherapy for the treatment of

solid tumors. Expert opinion on biological therapy. 2012; 12(6):673–84. Epub 2012/04/17. https://doi.

org/10.1517/14712598.2012.675323 PMID: 22500889.

34. Rosato PC, Wijeyesinghe S, Stolley JM, Nelson CE, Davis RL, Manlove LS, et al. Virus-specific mem-

ory T cells populate tumors and can be repurposed for tumor immunotherapy. Nature communications.

2019; 10(1):567. https://doi.org/10.1038/s41467-019-08534-1 PMID: 30718505

35. Chen P-H, Lipschitz M, Weirather JL, Jacobson C, Armand P, Wright K, et al. Activation of CAR and

non-CAR T cells within the tumor microenvironment following CAR T cell therapy. JCI Insight. 2020; 5

(12). https://doi.org/10.1172/jci.insight.134612 PMID: 32484797

36. Simoni Y, Becht E, Fehlings M, Loh CY, Koo S-L, Teng KWW, et al. Bystander CD8+ T cells are abun-

dant and phenotypically distinct in human tumour infiltrates. Nature. 2018; 557(7706):575–9. https://doi.

org/10.1038/s41586-018-0130-2 PMID: 29769722

37. Mondino A, Manzo T. To Remember or to Forget: The Role of Good and Bad Memories in Adoptive T

Cell Therapy for Tumors. Frontiers in immunology. 2020; 11(1915). https://doi.org/10.3389/fimmu.

2020.01915 PMID: 32973794

38. Sutherland J, Mannoni P, Rosa F, Huyat D, Turner AR, Fellous M. Induction of the expression of HLA

class I antigens on K562 by interferons and sodium butyrate. Human immunology. 1985; 12(2):65–73.

https://doi.org/10.1016/0198-8859(85)90344-1 PMID: 2578442

39. Lu PH, Negrin RS. A novel population of expanded human CD3+CD56+ cells derived from T cells with

potent in vivo antitumor activity in mice with severe combined immunodeficiency. J Immunol. 1994; 153

(4):1687–96. Epub 1994/08/15. PMID: 7519209.

40. Groh V, Rhinehart R, Secrist H, Bauer S, Grabstein KH, Spies T. Broad tumor-associated expression

and recognition by tumor-derived gamma delta T cells of MICA and MICB. Proceedings of the National

Academy of Sciences of the United States of America. 1999; 96(12):6879–84. Epub 1999/06/09.

https://doi.org/10.1073/pnas.96.12.6879 PMID: 10359807; PubMed Central PMCID: PMC22010.

41. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement of PD-L1 on tumor cells in the

escape from host immune system and tumor immunotherapy by PD-L1 blockade. Proceedings of the

National Academy of Sciences of the United States of America. 2002; 99(19):12293–7. Epub 2002/09/

10. https://doi.org/10.1073/pnas.192461099 PMID: 12218188; PubMed Central PMCID: PMC129438.

42. Grosso JF, Kelleher CC, Harris TJ, Maris CH, Hipkiss EL, De Marzo A, et al. LAG-3 regulates CD8+ T

cell accumulation and effector function in murine self- and tumor-tolerance systems. The Journal of clin-

ical investigation. 2007; 117(11):3383–92. Epub 2007/10/13. https://doi.org/10.1172/JCI31184 PMID:

17932562; PubMed Central PMCID: PMC2000807.

43. Qin S, Rottman JB, Myers P, Kassam N, Weinblatt M, Loetscher M, et al. The chemokine receptors

CXCR3 and CCR5 mark subsets of T cells associated with certain inflammatory reactions. The Journal

of clinical investigation. 1998; 101(4):746–54. https://doi.org/10.1172/JCI1422 PMID: 9466968

44. Bromley SK, Thomas SY, Luster AD. Chemokine receptor CCR7 guides T cell exit from peripheral tis-

sues and entry into afferent lymphatics. Nature Immunology. 2005; 6(9):895–901. https://doi.org/10.

1038/ni1240 PMID: 16116469

45. Weng DS, Zhou J, Zhou QM, Zhao M, Wang QJ, Huang LX, et al. Minimally invasive treatment com-

bined with cytokine-induced killer cells therapy lower the short-term recurrence rates of hepatocellular

carcinomas. J Immunother. 2008; 31(1):63–71. Epub 2007/12/25. https://doi.org/10.1097/CJI.

0b013e31815a121b PMID: 18157013.

46. Yu X, Zhao H, Liu L, Cao S, Ren B, Zhang N, et al. A randomized phase II study of autologous cytokine-

induced killer cells in treatment of hepatocellular carcinoma. Journal of clinical immunology. 2014; 34

(2):194–203. Epub 2013/12/18. https://doi.org/10.1007/s10875-013-9976-0 PMID: 24337625.

47. Li X, Dai D, Song X, Liu J, Zhu L, Xu W. A meta-analysis of cytokine-induced killer cells therapy in com-

bination with minimally invasive treatment for hepatocellular carcinoma. Clinics and Research in Hepa-

tology and Gastroenterology. 2014; 38(5):583–91. https://doi.org/10.1016/j.clinre.2014.04.010 PMID:

24924902

48. Brown ZJ, Heinrich B, Greten TF. Mouse models of hepatocellular carcinoma: an overview and high-

lights for immunotherapy research. Nature reviews Gastroenterology & hepatology. 2018; 15(9):536–

54. https://doi.org/10.1038/s41575-018-0033-6 PMID: 29904153

49. Chow AK-M, Ng L, Lam CS-C, Wong SK-M, Wan TM-H, Cheng NS-M, et al. The Enhanced metastatic

potential of hepatocellular carcinoma (HCC) cells with sorafenib resistance. PloS one. 2013; 8(11):

e78675. https://doi.org/10.1371/journal.pone.0078675 PMID: 24244338

PLOS ONE Cytokine-induced killer cells from hepatocellular carcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0280023 January 4, 2023 15 / 16

https://doi.org/10.1007/s002620000148
http://www.ncbi.nlm.nih.gov/pubmed/11258789
https://doi.org/10.1517/14712598.2012.675323
https://doi.org/10.1517/14712598.2012.675323
http://www.ncbi.nlm.nih.gov/pubmed/22500889
https://doi.org/10.1038/s41467-019-08534-1
http://www.ncbi.nlm.nih.gov/pubmed/30718505
https://doi.org/10.1172/jci.insight.134612
http://www.ncbi.nlm.nih.gov/pubmed/32484797
https://doi.org/10.1038/s41586-018-0130-2
https://doi.org/10.1038/s41586-018-0130-2
http://www.ncbi.nlm.nih.gov/pubmed/29769722
https://doi.org/10.3389/fimmu.2020.01915
https://doi.org/10.3389/fimmu.2020.01915
http://www.ncbi.nlm.nih.gov/pubmed/32973794
https://doi.org/10.1016/0198-8859%2885%2990344-1
http://www.ncbi.nlm.nih.gov/pubmed/2578442
http://www.ncbi.nlm.nih.gov/pubmed/7519209
https://doi.org/10.1073/pnas.96.12.6879
http://www.ncbi.nlm.nih.gov/pubmed/10359807
https://doi.org/10.1073/pnas.192461099
http://www.ncbi.nlm.nih.gov/pubmed/12218188
https://doi.org/10.1172/JCI31184
http://www.ncbi.nlm.nih.gov/pubmed/17932562
https://doi.org/10.1172/JCI1422
http://www.ncbi.nlm.nih.gov/pubmed/9466968
https://doi.org/10.1038/ni1240
https://doi.org/10.1038/ni1240
http://www.ncbi.nlm.nih.gov/pubmed/16116469
https://doi.org/10.1097/CJI.0b013e31815a121b
https://doi.org/10.1097/CJI.0b013e31815a121b
http://www.ncbi.nlm.nih.gov/pubmed/18157013
https://doi.org/10.1007/s10875-013-9976-0
http://www.ncbi.nlm.nih.gov/pubmed/24337625
https://doi.org/10.1016/j.clinre.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/24924902
https://doi.org/10.1038/s41575-018-0033-6
http://www.ncbi.nlm.nih.gov/pubmed/29904153
https://doi.org/10.1371/journal.pone.0078675
http://www.ncbi.nlm.nih.gov/pubmed/24244338
https://doi.org/10.1371/journal.pone.0280023


50. Xia H, Cao J, Li Q, Lv Y, Jia W, Ren W, et al. Hepatocellular carcinoma-propagating cells are detectable

by side population analysis and possess an expression profile reflective of a primitive origin. Scientific

reports. 2016; 6(1):1–11.

51. Haraguchi N, Ishii H, Mimori K, Tanaka F, Ohkuma M, Kim HM, et al. CD13 is a therapeutic target in

human liver cancer stem cells. The Journal of clinical investigation. 2010; 120(9):3326–39. https://doi.

org/10.1172/JCI42550 PMID: 20697159

52. Wu J, Zhang J, Jiang M, Zhang T, Wang Y, Wang Z, et al. Comparison between NOD/SCID mice and

BALB/c mice for patient-derived tumor xenografts model of non-small-cell lung cancer. Cancer Manage-

ment and Research. 2018; 10:6695. https://doi.org/10.2147/CMAR.S181272 PMID: 30584364

53. Taussig DC, Miraki-Moud F, Anjos-Afonso F, Pearce DJ, Allen K, Ridler C, et al. Anti-CD38 antibody–

mediated clearance of human repopulating cells masks the heterogeneity of leukemia-initiating cells.

Blood, The Journal of the American Society of Hematology. 2008; 112(3):568–75. https://doi.org/10.

1182/blood-2007-10-118331 PMID: 18523148

54. Williams S, Alosco T, Croy B, Bankert RB. The study of human neoplastic disease in severe combined

immunodeficient mice. Laboratory animal science. 1993; 43(2):139–46. PMID: 8320961

55. Hudson W, Li Q, Le C, Kersey J. Xenotransplantation of human lymphoid malignancies is optimized in

mice with multiple immunologic defects. Leukemia. 1998; 12(12):2029–33. https://doi.org/10.1038/sj.

leu.2401236 PMID: 9844934

56. Yu SJ, Ma C, Heinrich B, Brown ZJ, Sandhu M, Zhang Q, et al. Targeting the crosstalk between cyto-

kine-induced killer cells and myeloid-derived suppressor cells in hepatocellular carcinoma. Journal of

hepatology. 2019; 70(3):449–57. https://doi.org/10.1016/j.jhep.2018.10.040 PMID: 30414862

57. Zanon C, Stocchero M, Albiero E, Castegnaro S, Chieregato K, Madeo D, et al. Multivariate statistical

data analysis as a tool to analyze ex vivo expansion dynamics of cytokine-induced killer cells. Cytometry

Part B: Clinical Cytometry. 2014; 86(4):257–62. https://doi.org/10.1002/cyto.b.21124 PMID: 24002818

58. Zoll B, Lefterova P, Csipai M, Finke S, Trojaneck B, Ebert O, et al. Generation of cytokine-induced killer

cells using exogenous interleukin-2, -7 or -12. Cancer immunology, immunotherapy: CII. 1998; 47

(4):221–6. Epub 1999/01/06. https://doi.org/10.1007/s002620050524 PMID: 9875675.

59. Bonanno G, Iudicone P, Mariotti A, Procoli A, Pandolfi A, Fioravanti D, et al. Thymoglobulin, interferon-

gamma and interleukin-2 efficiently expand cytokine-induced killer (CIK) cells in clinical-grade cultures.

Journal of translational medicine. 2010; 8:129. Epub 2010/12/09. https://doi.org/10.1186/1479-5876-8-

129 PMID: 21138560; PubMed Central PMCID: PMC3004824.

60. Rettinger E, Kuci S, Naumann I, Becker P, Kreyenberg H, Anzaghe M, et al. The cytotoxic potential of

interleukin-15-stimulated cytokine-induced killer cells against leukemia cells. Cytotherapy. 2012; 14

(1):91–103. Epub 2011/10/07. https://doi.org/10.3109/14653249.2011.613931 PMID: 21973023.

61. Rettinger E, Bonig H, Wehner S, Lucchini G, Willasch A, Jarisch A, et al. Feasibility of IL-15-activated

cytokine-induced killer cell infusions after haploidentical stem cell transplantation. Bone marrow trans-

plantation. 2013; 48(8):1141–3. https://doi.org/10.1038/bmt.2013.19 PMID: 23474803

62. Burton JH, Mitchell L, Thamm DH, Dow SW, Biller BJ. Low-dose cyclophosphamide selectively

decreases regulatory T cells and inhibits angiogenesis in dogs with soft tissue sarcoma. Journal of vet-

erinary internal medicine / American College of Veterinary Internal Medicine. 2011; 25(4):920–6. Epub

2011/07/09. https://doi.org/10.1111/j.1939-1676.2011.0753.x PMID: 21736624.

PLOS ONE Cytokine-induced killer cells from hepatocellular carcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0280023 January 4, 2023 16 / 16

https://doi.org/10.1172/JCI42550
https://doi.org/10.1172/JCI42550
http://www.ncbi.nlm.nih.gov/pubmed/20697159
https://doi.org/10.2147/CMAR.S181272
http://www.ncbi.nlm.nih.gov/pubmed/30584364
https://doi.org/10.1182/blood-2007-10-118331
https://doi.org/10.1182/blood-2007-10-118331
http://www.ncbi.nlm.nih.gov/pubmed/18523148
http://www.ncbi.nlm.nih.gov/pubmed/8320961
https://doi.org/10.1038/sj.leu.2401236
https://doi.org/10.1038/sj.leu.2401236
http://www.ncbi.nlm.nih.gov/pubmed/9844934
https://doi.org/10.1016/j.jhep.2018.10.040
http://www.ncbi.nlm.nih.gov/pubmed/30414862
https://doi.org/10.1002/cyto.b.21124
http://www.ncbi.nlm.nih.gov/pubmed/24002818
https://doi.org/10.1007/s002620050524
http://www.ncbi.nlm.nih.gov/pubmed/9875675
https://doi.org/10.1186/1479-5876-8-129
https://doi.org/10.1186/1479-5876-8-129
http://www.ncbi.nlm.nih.gov/pubmed/21138560
https://doi.org/10.3109/14653249.2011.613931
http://www.ncbi.nlm.nih.gov/pubmed/21973023
https://doi.org/10.1038/bmt.2013.19
http://www.ncbi.nlm.nih.gov/pubmed/23474803
https://doi.org/10.1111/j.1939-1676.2011.0753.x
http://www.ncbi.nlm.nih.gov/pubmed/21736624
https://doi.org/10.1371/journal.pone.0280023

