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Background: Cytokine-induced killer (CIK) cells are a promising adoptive immunotherapy due to their non-major histocompatibility
complex (MHC)-restricted cytotoxicity. However, their cytokine-mediated response against CRC remains poorly defined.

Methods: In this exploratory study, CIK cells were generated from three healthy donors and one metastatic CRC patient. Phenotypes
were assessed by flow cytometry. Cytotoxicity against the HCT-15 CRC cell line was evaluated at multiple effector-to-target (E:T)
ratios (1:5 to 40:1). Combination treatment with 5-fluorouracil (5-FU) and cytokine profiling using a 105-plex array were performed
using CIK cells from donor 2 and donor 3, respectively.

Results: CIK cells derived from one CRC patient exhibited phenotypic characteristics (CD3"CD8" 85.91%, CD3"CD56" 27.81%)
comparable to the range observed in three healthy donors. Co-culture with CIK cells from donor 1 resulted in reduced HCT-15
viability at higher E:T ratios, with viability decreasing to 8.98 + 0.61% and 8.08 + 2.00% at 20:1 and 40:1, respectively. In
combination experiments, HCT-15 viability was reduced to 1.02 = 1.01% at an E:T ratio of 20:1 when co-cultured with CIK from
donor 2 and treated with 5-FU. Similar reductions were observed with CIK cells from donor 3 and the CRC patient, reaching 2.60 +
5.86% and 0.0% at 20:1, and 0.0% at 40:1 ratio for both donors. CIK cells from all donors showed dose-dependent reduction in cell
viability against HCT-15 cells. Cytokine profiling of CIK from donor 3 identified changes in immune-related factors, including
upregulation of interferon gamma-inducible chemokines (CXCL9 and CXCL10), alongside downregulation of immunosuppressive
mediators such as TIM-3 and VEGF.

Conclusion: This exploratory study demonstrates that functional CIK cells can be generated from healthy individuals and CRC
patients, with observed cytotoxic activity against HCT-15 cells. The findings suggest potential immunomodulatory effects and support
further investigation of CIK cells in combination strategies; however, larger patient cohorts and functional validation studies are
required.
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Introduction

Colorectal cancer (CRC) is one of the leading causes of gastrointestinal (GI) cancer-related mortality worldwide.
According to the Global Cancer Observatory (GLOBOCAN) 2022 report by the International Agency for Research on
Cancer (IARC), colorectal cancer (CRC) ranks among the top three cancers and is the leading cause of GI cancer
mortality. In 2022, there were an estimated 1.9 million new CRC cases and over 900,000 deaths globally.! Despite
advances in chemotherapy, therapeutic resistance and disease progression, which limit treatment options for advanced-
stage disease remain major clinical challenges."” In addition, the majority of CRCs particularly microsatellite-stable
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subtypes, are considered immunologically “cold” tumors, characterized by low tumor-infiltrating lymphocytes and
limited responsiveness to immune checkpoint blockade.®* These limitations have driven increasing interest in immu-
notherapeutic strategies, particularly in adoptive cell therapy, as an alternative approach to enhance antitumor immunity
in CRC.

Cytokine-induced killer (CIK) cells are a heterogeneous population of immune effector cells characterized by their
non-major histocompatibility complex (MHC)-unrestricted cytotoxicity and ability to target a broad range of tumor
cells.”® They are primarily composed of T cells (CD3"CD8"), natural killer T (NKT) cells (CD3"CD56"), and a subset of
natural killer (NK) cells (CD3"CD56").° CIK cells can be expanded in vitro from peripheral blood mononuclear cells
(PBMCs) through priming with interferon-y (IFN-y) and anti-CD3 antibodies, followed by stimulation with interleukin-2
(IL-2).° Under optimized culture conditions, CIK cells can undergo substantial expansion while retaining potent
cytotoxic activity.”* Their MHC-unrestricted killing mechanism makes them particularly attractive for targeting tumors
with low immunogenicity, such as CRC.’

In addition to cytokine stimulation, the microenvironment plays an important role in regulating immune cell behavior
during ex vivo expansion. Extracellular matrix (ECM) components such as laminin support cell adhesion and influence
cell activation, proliferation and survival through integrin-mediated signaling pathways.”'® These ECM-immune cell
interactions have been shown to modulate immune cell function and responsiveness.'' Incorporation of ECM-mimicking
substrates during culture may therefore provide a supportive platform to enhance CIK cell expansion and functionality.
CIK cells exert antitumor effects through multiple mechanisms, including NKG2D-mediated cytotoxicity, leukocyte
function-associated antigen-1 (LFA-1)—dependent adhesion to tumor cells, and Fas ligand (FasL)-induced apoptosis.’

Beyond direct cytotoxicity, CIK cells actively modulate the immune microenvironment through the secretion of
cytokines and chemokines. Upon tumor stimulation, pro-inflammatory cytokines such as tumor necrosis factor (TNF)-a,
IFN-y, and IL-2 are upregulated, contributing to immune activation and recruitment of effector cells.® Cytotoxic ligands
such as FasL and TNF-related apoptosis-inducing ligand (TRAIL), which induce tumor cell death, are also increased.
Emerging evidence suggests that the cytokine milieu plays a critical role in shaping tumor-immune interactions by
regulating immune cell recruitment, activation, and immunosuppressive mechanisms within the tumor
microenvironment.'? However, despite increasing interest in CIK cell therapy, the comprehensive profiling of cytokine
responses in the context of CRC, particularly in relation to tumor-immune interactions, remains insufficiently
characterized.

Previous preclinical and clinical studies have demonstrated the therapeutic potential of CIK cells in gastrointestinal
malignancies, including CRC.">'> In particular, combination strategies integrating CIK cells with chemotherapy have
shown promising results in enhancing antitumor efficacy and potentially overcoming drug resistance.'*'® However, the
underlying immunomodulatory mechanisms, especially those related to cytokine networks within the tumor microenvir-
onment, are not fully understood. A more detailed characterization of these cytokine-mediated interactions may provide
important insights into optimizing CIK-based therapies and identifying potential biomarkers of response.

Therefore, this exploratory study aimed to (1) generate Cytopeutics®™ CIK cells from metastatic CRC patients and
healthy donors, (2) compare their cytotoxicity against the HCT-15 cell line, (3) assess the enhanced cytotoxic effects of
Cytopeutics® CIK cells in combination with fluorouracil (5-FU) which is a widely used chemotherapeutic agent and
backbone of standard treatment regimens for colorectal cancer, and (4) identify the growth factors and cytokines
associated with the antitumor activity. These findings provide preliminary insights into the feasibility and mechanistic
potential of CIK cell-based immunotherapy for CRC.

Materials and Methods
Cell Lines

The human colorectal cancer (CRC) cell line HCT-15 was obtained from the American Type Culture Collection (ATCC;
USA). HCT-15 has been reported to harbor KRAS mutation, and is widely used as an in vitro CRC model for
investigating tumor biology and responses to therapeutic agents.'”'® Cells were cultured in RPMI-1640 medium
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(Gibco, USA) supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic-antimycotic solution (all from Gibco,
USA), and incubated at 37°C in a humidified 5% CO, incubator (Memmert GmbH, Germany).

Study Group

Peripheral blood mononuclear cell (PBMC) samples were collected from three healthy donors and one Stage IV CRC
patient. Written informed consent was obtained from all participants. The study protocol was approved by the Medical
Research and Ethics Committee (MREC), Ministry of Health Malaysia (MOH) (Approval No. 24-03956-VSD) and
conducted according to the Declaration of Helsinki (1975, revised 2013). Donor identities were anonymized (Table 1).

Generation of CIK Cells

CIK cells were generated as described previously.'” PBMCs were isolated using Lymphoprep™ density gradient medium
(STEMCELL Technologies, Canada) and cultured in a laminin-coated 175 ¢m? flask containing LymphoOne T-cell
expansion medium (Takara Bio, Japan), supplemented with heat-inactivated autologous plasma. Laminin-coated culture
flasks were used to provide ECM-mimicking substrate that facilitates immune cell adhesion and supports cell expansion
under ex vivo conditions through integrin-mediated signaling.'® Cultures were primed with recombinant human IFN-y
(PeproTech, USA) at a total dose of 1000 IU per culture for 24 hours, followed by stimulation with 400 ng/mL anti-CD3
monoclonal antibody (T&L Biological Technology Co., Ltd, China) and 1000 U/mL recombinant human IL-2 (Four
Rings Bio-Pharmaceutical Co., Ltd, China). Cells were incubated at 37°C in a 5% CO, incubator for 21 days, with
LymphoOne medium and IL-2 replenished every 2-3 days.

Phenotypic Characterization of CIK Cells

After 21 days of culture, CIK cells were harvested and analyzed by flow cytometry to determine the proportions of
CD3"CD8" T cells, CD3"CD56" NKT cells, and CD3 CD56" NK cells. A total of 5x10° cells were stained with anti-
human antibodies: CD3-APC, CD8-FITC, and CD56-PE for 15 minutes in the dark at room temperature, washed twice,
and stained with 7-aminoactinomycin D (7-AAD) for viability assessment. Data from 100,000 events per sample were
acquired using a FACSLyrics™ flow cytometer, and analyzed with FACSuite™ Clinical Software (all from BD
Biosciences, USA).

In vitro Cytotoxicity Assay of CIK Cells from Healthy Donor | Against HCT-15 Cells
The cytotoxicity of CIK cells against HCT-15 cells was evaluated using MTT assay across effector to target (E:T) ratios
ranging from 40:1, 20:1, 10:1, 5:1, 1:1, 1:2, and 1:5. HCT-15 cells were seeded overnight in a 96-well plate at a density
of 5000 cells/well. CIK cells derived from healthy donor 1 were harvested and resuspended in LymphoOne T-cell
expansion medium supplemented with heat-inactivated autologous plasma and 1000 U/mL recombinant human IL-2, and
added to the wells at the designated E:T ratios in an equal volume of the target cell medium. After 72 hours of co-culture
at 37°C in a 5% CO, incubator, CIK cells were carefully removed by gentle washing with PBS to eliminate non-adherent
effector cells. Subsequently, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added into each
well to reach a final concentration of 0.5 mg/mL, and the plate was incubated for 4 hours. Formazan crystals were
solubilized with 150 pL of dimethyl sulfoxide (DMSO), and absorbance was measured at 570 nm (Infinite® M200 PRO;
Tecan, Switzerland). Cell viability was normalized to untreated HCT-15 control.

The MTT assay was used to assess cell viability; however, it primarily reflects metabolic activity rather than direct
cell death. Therefore, results should be interpreted as an indirect measure of cytotoxicity in co-culture systems.

Table | Characteristics of Healthy Donors and CRC Patient

Characteristics | CRC Patient | Healthy Donor | | Healthy Donor 2 | Healthy Donor 3

Gender Male Female Female Female
Age 78 32 36 49
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In vitro Cytotoxicity Assay of CIK Cells from Healthy Donor 2 in Combination with

5-FU Against HCT-15 Cells

To assess the combinatorial effect of 5-fluorouracil (5-FU) with CIK cells, HCT-15 cells (10,000 cells/well) were seeded
overnight in a 96-well plate and pre-treated with 5-FU (0.050, 0.075, or 0.100 mg/mL) for 24 hours. CIK cells derived
from healthy donor 2 were harvested, resuspended in LymphoOne medium supplemented with heat-inactivated auto-
logous plasma and 1000 U/mL IL-2, and co-cultured with HCT-15 cells at E:T ratios of 1:5, 1:1, 10:1, and 20:1 for
72 hours at 37°C in a 5% CO, incubator. MTT assay was performed as described above. Cell viability was expressed
relative to untreated HCT-15 control.

Comparison of Cytotoxicity of CIK Cells from Healthy Donor 3 versus Cancer
Patient Against the HCT-15 Cells

CIK cells derived from healthy donor 3 and a metastatic CRC patient were co-cultured with HCT-15 cells (5000 cells/
well) at E:T ratios of 40:1, 20:1, 10:1, 5:1, 1:1, 1:2 and 1:5 for 72 hours at 37°C in a 5% CO, incubator. Following
incubation, MTT assay was conducted as described above to determine relative cytotoxicity between donor and patient-
derived CIK cells.

Proteome Profiler Assay

The Proteome Profiler Human XL Cytokine Array Kit (R&D System, USA) was used to identify the relative levels of
105 different human cytokines and chemokines in the conditioned media from CIK:HCT-15 co-culture, following the
manufacturer’s protocol. Briefly, HCT-15 cells (150,000 cells/well) were seeded overnight in a 6-well plate. CIK cells
from healthy donor 3 were added at E:T ratios of 1:1 and 10:1 and cultured for 72 hours. Conditioned media (super-
natant) from CIK-only, HCT-15-only, and the co-culture of CIK:HCT-15 were collected and centrifuged at 5000 g for
10 minutes. Assays were performed according to the manufacturer’s instructions. Chemiluminescent signals were
visualized using iBright™ FL1500 Imaging System (Thermo Fisher Scientific, USA), and the pixel density was
quantified using iBright™ Analysis Software with background intensity subtracted.

Protein Functional Annotation and Enrichment Analysis

Functional annotation and enrichment analysis of significantly regulated proteins were performed using Database for
Annotation, Visualization and Integrated Discovery version 6.7 (DAVID v6.7; USA) for gene ontology (GO)
classification.’>*' Corresponding gene lists were mapped to the Homo sapiens reference database to identify enriched
biological processes, molecular functions, and cellular components. Subsequently, the interrelationships among signifi-
cantly regulated proteins identified in the cytokine array were analyzed using the Search Tool for the Retrieval of Interacting

Genes/Proteins (STRING; version 12.0; https://string-db.org/) database.*” Protein-protein interaction (PPI) networks were

constructed with a maximum false discovery rate (FDR) of 0.05, and a minimum strength threshold of 0.01.

Statistical Analysis

Data were analyzed using the GraphPad Prism (version 9.0; GraphPad Software, Inc., USA) and presented as mean =+
standard deviation (SD) from technical triplicates of each donor. Statistical analyses were performed as appropriate for
each experiment. Cytotoxicity assays involving single-variable comparisons were analyzed using one-way ANOVA,
while combination treatment assays (CIK cells + 5-FU) were analyzed using two-way ANOVA, followed by Tukey’s
post-hoc test. Comparisons of cytotoxic activity between CIK cells derived from CRC patient and healthy donors were
performed using an independent #-test. Immunophenotyping of CIK cells and cytokine array data were analyzed using
two-way ANOVA, followed by Tukey’s post-hoc test. Statistical significance was set at p < 0.05.
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Figure | Immunophenotypic analysis of CIK cells derived from healthy donor | PBMCs. The percentages of T (CD3"CD8"), NK (CD3 CD56") and NKT (CD3"CD56")
cells were determined by flow cytometry, with results expressed as mean * SD from three healthy donors and one CRC patient (N = 4). Statistical analysis was assessed
using two-way ANOVA. *#p < 0.0001.

Results

Generation of CIK Cells from Healthy Donors and a CRC Patient

PBMCs isolated from three healthy donors and one CRC patient were successfully expanded into CIK cells, and their
phenotype was analyzed by flow cytometry after 21 days of culture. Flow cytometry (Figure 1 and Supplementary
Figure 1) showed an increase in CD3"CD8" T cells and CD3"CD56" NKT cells after 21 days, while CD3 CD56" NK
cells decreased. The observed reduction in CD3 CD56" NK cells may reflect preferential expansion of CD3"CDS8"
T and CD3"CD56" NKT subsets under IL-2-driven culture conditions, as well as the influence of cytokine stimulation
and activation-induced changes during in vitro expansion. CIK derived from CRC patient showed comparable subset
proportions (CD3"CD8" 85.91%; CD3"CD56" 27.81%) to those observed in healthy donors (mean CD3"CDS8" 85.10 +
2.55%; CD3"CD56" 31.54 + 13.15%) (Table 2), suggesting that metastatic CRC patients may be capable of generating
similar percentages of CIK cell populations as healthy donors, although this observation is limited by small sample
size.

The Viability of HCT-15 Cells Co-Cultured with CIK Cells from Donor |

To assess cytotoxic potential, CIK cells derived from healthy donor 1 were co-cultured with HCT-15 cells at various E:T
ratios, and tumor cell viability was assessed using the MTT assay (Figure 2). At the lowest E:T ratio of 1:5, 47.73 +
8.38% of HCT-15 cells remained viable. As the E:T ratios increased to 1:2, 1:1, 5:1, 10:1, 20:1, and 40:1, cell viability

Table 2 Phenotypic Characteristics of CIK Cells from Patient with CRC
and Healthy Donors After 21 Days of Culture

Subject CD3"CD8" (%) | CD3°CD56" (%) | CD3*CD56" (%)
CRC patient 85.91 0.46 2781
Healthy donor | 83.15 0.68 45.63
Healthy donor 2 84.17 0.80 29.39
Healthy donor 3 87.99 0.45 19.61
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Figure 2 In vitro cytotoxicity of CIK cells against HCT-15 CRC cells at various E:T ratios. The percentage of viable tumor cells was normalized to their respective control.
Data are presented as mean = SD from technical triplicates. Statistical analysis was assessed using one-way ANOVA. **¥p < 0.0001.

decreased in a dose-dependent manner. At the highest E:T ratios of 20:1 and 40:1, the viability of HCT-15 cells was 8.98
+ 0.61% and 8.08 + 2.00% respectively. These results indicate a dose-dependent reduction in tumor cell viability in the
presence of CIK cells. As the MTT assay reflects metabolic activity rather than direct cell death, these findings should be
interpreted as an indirect measure of cytotoxicity.

The Viability of HCT-15 Cells Co-Cultured with CIK Cells from Donor 2 with or
Without 5-FU Co-Treatment

To evaluate the combined effect of chemotherapy, HCT-15 cells were pre-treated with the antineoplastic agent, 5-FU,
commonly used in the treatment of CRC patients, for 24 hours, followed by co-incubation with CIK cells from healthy
donor 2 at various E:T ratios. To determine the optimal dose of 5-FU for combination with CIK cells, HCT-15 cells were
treated with varying concentrations of 5-FU (ranging from 0 to 0.150 mg/mL) for 24 hours. Based on these preliminary
results (results not shown here), three concentrations, 0.050, 0.075, and 0.100 mg/mL, were selected for co-treatment
with CIK cells. The MTT assay revealed that 5-FU alone reduced cell viability at all three concentrations after 72 hours
compared to control (Figure 3A). Co-culture with CIK cells also reduced cell viability in a dose-dependent manner
(Figure 3B). At the lowest E:T ratio of 1:5, HCT-15 cell viability was 60.05 + 3.57%, which decreased to 38.46 + 9.24%
at 20:1. The combination of 5-FU and CIK cells resulted in a further reduction in cell viability compared to either
treatment alone (Figure 3C). For example, pre-treatment with 0.050 mg/mL 5-FU followed by CIK cells co-culture
reduced viability to 22.63 = 3.06%, 11.47 £+ 6.54%, 9.30 + 4.76%, and 1.02 + 1.01% at E:T ratios of 1:5, 1:1, 10:1, and
20:1, respectively. Similar trends were observed with other 5-FU dosages co-cultured in CIK cells. These findings
suggest an enhanced cytotoxic effect of the combination treatment compared to either treatment alone.

The Viability of HCT-15 Cells Co-Cultured with CIK Cells from Donor 3 and CRC

Patient
To compare the cytotoxic activities, CIK cells derived from CRC patient and healthy donor 3 were co-cultured with HCT-
15 cells at various E:T ratios (1:5, 1:2, 1:1, 5:1, 10:1, 20:1, and 40:1). As shown in Figure 4, CIK cells derived from
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Figure 3 Cytotoxic effects of 5-FU and CIK cells on HCT-15 cells. HCT-15 were pre-treated with 5-FU (0.050, 0.075, and 0.100 mg/mL) for 24 hours, followed by co-
culture with CIK cells for 72 hours at E:T ratios of 1:5, I:1, 10:1, and 20:1. (A) Cytotoxic effect of 5-FU on HCT-15 cells. (B) Cytotoxic effect of CIK cells at various E:T
ratios on HCT-15 cells. (C) Combined effects of 5-FU and CIK cells on HCT-15 cells. Statistical analyses for (A and B) were performed using one-way ANOVA, while (C)
was analyzed using two-way ANOVA. Data are presented as mean + SD from technical triplicates. *p < 0.05, ***p < 0.001, ****p < 0.0001, compared with the control group.

healthy donor showed higher cytotoxicity at an E:T ratio of 5:1, corresponding to approximately 70% estimated cell
killing, compared to approximately 25% estimated cell killing by CRC patient-derived CIK cells. As the E:T ratio
increased, the cytotoxic activity of both cell populations improved, with near-complete elimination observed at 20:1 and
40:1. The HCT-15 cell viability at an E:T ratio of 20:1 when co-cultured with CIK from donor 3 and CRC patient was
2.60 + 5.86% and 0.0% respectively. At an E:T ratio of 40:1, HCT-15 viability when co-cultured with CIK from donor 3
and CRC patient was 0.0%. These findings suggest that CIK cells derived from metastatic CRC patient also displayed
cytotoxic functionality at high E:T ratios comparable to CIK from donor 3, although cytotoxic effects may be lower at

low E:T ratios.

Cytokines and Growth Factors Profiles of CIK Cells from Donor 3, HCT-15 Cells, and
Co-Culture Conditions

As shown in Figure 2, CIK cells induced effective cytotoxicity at E:T ratios of 1:1 and 10:1, corresponding to estimated
killing of > 50% and > 80% of HCT-15 cells, respectively, after 72 hours of incubation. Based on these observations,
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Figure 4 In vitro cytotoxic activity of CIK cells against HCT-15 cells. The cytotoxic effect of CIK cells expanded from healthy donor 3 versus CRC patient was assessed at E:
T ratios of I:5, 1:2, I:1, 5:1, 10:1, 20:1 and 40:1. Cancer cells without CIK cells served as normalizing controls for both healthy donor and cancer patient. Statistical analysis
was assessed using independent t-test. Data are presented as mean * SD from technical triplicates. **p < 0.01, ****p < 0.0001, compared to the respective control.

cytokine profiling was performed to further explore the potential mechanisms underlying CIK-mediated effects in the co-
culture system. Cytokines released from both CIK cells derived from healthy donor 3 and HCT-15 cells were therefore
compared at E:T ratios of 1:1 and 10:1.

To characterize the secreted factors in the conditioned media of CIK cells in response to HCT-15 cells, the cytokines,
chemokines, and growth factors were profiled (Figure 5 and Supplementary Figure 2). The expression levels of 105

cytokines were visualized in a heat map (Figure 6A), and the corresponding pixel density values are provided in
Supplementary Table 1. Cytokines with pixel density greater than 300,000 were considered highly expressed. In this

study, 15 cytokines related to inflammation, immune cell regulation, proliferation, and chemotaxis were highly expressed
in the CIK cells. In contrast, HCT-15 cells exhibited 16 elevated cytokines associated with cellular, inflammatory, and
immune responses, and signal transduction and signaling pathways (Figure 6B and Supplementary Table 2). Among

these 105 cytokines, nine markers were commonly expressed in both CIK cells and HCT-15 cells, primarily associated
with immune regulation, inflammatory responses, and cellular responses (Figure 6B).

Cellular Response Associated with Changes in Cytokines and Growth Factors
Exhibited by CIK Cells from Donor 3 and HCT-15 Cells

To characterize the secreted factors in the conditioned media, samples from CIK cells derived from healthy donor 3, HCT-15
cells and their co-culture were analyzed. A total of 36 cytokines and growth factors were observed to be differentially
regulated in co-culture conditions of CIK cells and HCT-15 cells (Supplementary Table 1). GO enrichment analysis (DAVID

v6.7) identified that inflammatory response, immune response, chemotaxis, and cell-cell signaling were the most enriched GO
terms associated with the factors secreted by CIK cells in response to HCT-15 cells (Table 3). This suggests that the co-culture
with HCT-15 cells may influence the cytokine secretion profile of CIK cells, particularly in terms of immunomodulation.

Specifically, thymus and activation-regulated chemokine (TARC/CCL17), macrophage inflammatory protein (MIP)-
1o/MIP-1B (CCL3/CCLA4), regulated upon activation, normal T cell expressed and secreted (RANTES/CCLS), IL-2, IL-5,
IL-8 (CXCLS), chitinase-3-like protein 1 (CHI3L1), macrophage colony-stimulating factor (M-CSF), complement
component C5/C5a, T-cell immunoglobulin and mucin domain 3 (TIM-3), macrophage migration inhibitory factor
(MIF), platelet factor 4 (PF4/CXCL4), vascular cell adhesion molecule 1 (VCAM-1), FasL, and CD31 were reduced,
while MIP-30 (CCL20), monokine induced by IFN-y (MIG/CXCL9), IFN-y-induced protein 10 kDa (IP-10/CXCL10),
urokinase plasminogen activator surface receptor (uUPAR), and growth differentiation factor 15 (GDF-15) were increased.

Conversely, when HCT-15 were exposed to CIK cells, IP-10 and extracellular matrix metalloproteinase inducer
(EMMPRIN/CD147) were increased, while MIP-1a/MIP-1B, RANTES, TIM-3, thrombospondin-1 (TSP-1), VCAM-1,
and adiponectin were decreased.
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Figure 5 The relative levels of cytokines in the conditioned media of (A) CIK cells from donor 3 and (B) HCT-15 cells were visualized using a human cytokine antibody array
(Proteome Profiler Human XL Cytokine Array Kit, R&D Systems). The following highly expressed markers in CIK cells and HCT-15 cells culture are indicated by the boxes
on the membranes: A: Adiponectin; B: Apolipoprotein A-I; C: Angiogenin; D: Complement component C5/C5a; E: Fas ligand (FasL); F: Granulocyte macrophage colony-
stimulating factor (GM-CSF); G: Interleukin-2 (IL-2); H: Interleukin-5 (IL-5); I: Interleukin-8 (IL-8); J: Macrophage inflammatory protein-| alpha/Macrophage inflammatory
protein-1 beta (MIP-1a/MIP-1B); K: Platelet factor 4 (PF4); L: Regulated upon Activation, Normal T Cell Expressed and Presumably Secreted (RANTES); M: Retinol binding
protein 4 (RBP-4); N: Cluster of differentiation 31 (CD31); O: T-cell immunoglobulin and mucin domain 3 (TIM-3); P: Dickkopf-related protein | (DKK-1); Q: Growth
differentiation factor 15 (GDF-15); R: Human interferon-inducible protein 10 (IP-10); S: Lipocalin-2; T: Monokine induced by gamma interferon (MIG); U: Serpin El; V:
Vascular endothelial growth factor (VEGF). Differences in spot intensity reflect relative cytokine expression levels, where darker spots indicate higher expression and lighter
spots indicate lower expression. Background signal was subtracted during image analysis.

Compared with HCT-15 cells alone, at an E:T ratio of 1:1, MIG and IL-2 levels increased, while IL-8 levels declined.
At an E:T ratio of 10:1, IL-5 and CD31 levels increased, whereas GDF-15 and uPAR levels decreased (Supplementary
Table 1). These factors were associated with processes such as neutrophil chemotaxis and signal transduction, which are
involved in inflammatory and immune responses (Table 3).

The relationships between the identified factors were assessed using STRING and a PPI network was constructed (Figure 7).
Upon stimulation by HCT-15 cells, CIK cells released factors associated with positive regulation of mononuclear cell prolifera-
tion, immune processes, leukocyte migration, and negative and positive regulation of cellular process. In contrast, co-culturing
with CIK cells led HCT-15 cells to be associated with positive regulation of the immune system, mitogen-activated protein kinase
(MAPK) cascade, cell proliferation, and cell communication. These findings align with the DAVID analysis and suggest a role
for these regulated cytokines and growth factors in modulating cell-to-cell interactions, inflammation, and immune responses
during the interaction between CIK cells and HCT-15 cells.

Regulation of Tumor Markers in CIK Cells from Donor 3 and HCT-15 Cells
The biological roles of the regulated factors in HCT-15 cells were further investigated by comparing HCT-15 cells cultured

alone with HCT-15 cells co-cultured with CIK cells derived from healthy donor 3 at E:T ratios of 1:1 and 10:1. Among the
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Figure 6 Differentially expressed cytokines and growth factors in the conditioned medium of CIK cells from donor 3 alone, HCT-15 cells, and co-culture of CIK cells and
HCT-I5 cells at E:T ratios of I:l and 10:1. (A) Heatmap of 105 cytokines and chemokines. (B) Venn diagram depicting markers that were highly expressed (pixel density
>300,000) in CIK cells and HCT-15 cells.

regulated cytokines and growth factors (Supplementary Table 1), 15 were identified as playing key roles in modulating tumor

growth or suppression. These factors were categorized into three groups based on their functions: antitumor effects, immuno-
suppression, and cell proliferation and metastasis (Figure 8). Compared to HCT-15 cells alone, antitumor-related markers such
as IP-10, MIG, and EMMPRIN showed increased expression in HCT-15 cells following co-culture with CIK cells, whereas
markers associated with immunosuppression, cell proliferation, and metastasis were reduced. Notably, as the number of CIK
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Table 3 Functional Annotation of the Significantly Regulated Cytokines and Growth Factors in CIK Cells or HCT-15 Cells Following
Co-Culture

Term Enrichment Associated Cytokines/Growth Factors
Score, p-value
CIK cells vs CIK cells:HCT-15 cells
Inflammatory response 44.1,p<10" TARC, MIP-3a, MIP-1a/MIP-1B3, RANTES, IP-10, IL-8, MIG, CHI3LI, M-CSF,
Complement component C5/C5a, TIM-3, IL-5, MIF, PF4, VCAM-I
Immune response 294,p< 107 MIP-30, MIP-1a/MIP-1B, RANTES, IL-8, MIG, FasL, M-CSF, IL-2, IL-5, CD31
Chemotaxis 265 p<10" TARC, MIP-3a, MIP-1a/MIP-1B, RANTES, IP-10, IL-8, MIG, Complement
Component C5/C5a, uPAR
Cell-cell signaling 265, p<107° TARC, MIP-3a, MIP-1a/MIP-1B3, RANTES, IP-10, MIG, FasL, GDF-15, IL-2
HCT-15 cells vs CIK cells:HCT-15
cells
Inflammatory response 400,p<10'° MIP-10/MIP-1B, RANTES, IP-10, IL-8, MIG, TIM-3, IL-5, PF4, TSP-1, VCAM-|
Immune response 320,p<10°® MIP-10/MIP-1pB, RANTES, IL-8, MIG, IL-2, IL-5, CD31, TSP-I
Neutrophil chemotaxis 280, p < 107'° MIP-10/MIP-1pB, RANTES, IP-10, IL-8, MIG, EMMPRIN, PF4
Signal transduction 280,p< 1073 IP-10, IL-8, MIG, Adiponectin, GDF-15, uPAR, CD31

Abbreviations: TARC, Thymus and activation-regulated chemokine; MIP-3a, Macrophage inflammatory protein 30; MIP-10/MIP-1p, Macrophage inflammatory protein- |
alpha/Macrophage inflammatory protein-1 beta; RANTES, Regulated upon activation, normal T cell expressed and secreted; IP-10, Interferon-inducible protein 10; IL-8,
Interleukin-8; MIG, Monokine induced by gamma interferon; CHI3LI, Chitinase 3-like I; M-CSF, Macrophage colony-stimulating factor; TIM-3, T-cell immunoglobulin and
mucin domain 3; IL-5, Interleukin-5; MIF, Macrophage migration inhibitory factor; PF4, Platelet factor 4; VCAM-I, Vascular cell adhesion protein |; FasL, Fas ligand; IL-2,
Interleukin-2; CD3I, Cluster of differentiation 3I; uPAR, Urokinase type plasminogen activator receptor; GDF-15, Growth differentiation factor 15; TSP-I,
Thrombospondin-1; EMMPRIN, Extracellular matrix metalloproteinase inducer.

cells increased, there was a further reduction in the levels of TSP-1, Dickkopf-related protein 1 (DKK-1), retinol binding protein
4 (RBP-4), uPAR, vascular endothelial growth factor (VEGF), insulin-like growth factor binding protein-2 (IGFBP-2), Serpin
El, and GDF-15 (Figure 8). These observations suggest that CIK cells may influence tumor-associated signaling pathways.

Discussion

This exploratory study demonstrated that CIK cells can be successfully generated from both healthy donors and
a metastatic CRC patient, exhibiting cytotoxic activity against HCT-15 cells and modulating tumor-associated cytokine
profiles.

CIK cells generated in this study exhibited established phenotypic characteristics reported in previous studies,
including enrichment of CD3"CD8" T cells and CD3"CD56" NKT cells.>® The reduction in CD3 CD56" NK cells
observed during CIK expansion is consistent with previous findings and may reflect selective proliferation of CD3'CD8"
T and CD3"CD56" NKT subsets under cytokine-driven culture conditions. The generation of CIK cells from several CRC
patients with liver metastases also showed increased yields of CD3"CD8" T cells and CD3"CD56" NKT cells, while the
CD3 CD56" NK cell subset was reduced.” Our results showed that despite donor variability, CIK cells derived from
a metastatic CRC patient exhibited comparable expansion and cytotoxic activity to those from healthy donors, supporting
their potential applicability in autologous settings. Although reduced cytotoxicity was observed at lower effector-to-target
(E:T) ratios, increased effector cell density enhanced tumor cell killing, which aligns with previous findings showing that
cytotoxic T cell density influences tumor elimination efficiency.”® Additionally, higher NKT cell levels have been
associated with improved antitumor immunity and clinical outcomes, including a subset known as invariant NKT
(INKT) cells, which have been linked to improved survival and tumor control in head and neck squamous cell carcinoma,
as well as longer disease-free survival in colorectal cancer.>**>

Clinical studies have demonstrated that CIK cell-based immunotherapy is associated with antitumor activity across
multiple malignancies, including gastrointestinal cancers.'**®?” In metastatic CRC, the combination of CIK cells with
chemotherapy has been associated with improved overall and progression-free survival compared to chemotherapy
alone.”® Similar observations have been reported in gastric cancer, with potential survival benefit supporting the

feasibility of integrating CIK cells with conventional treatment approaches.”’ In this study, pre-treatment with 5-FU
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Figure 7 Distinct protein-protein interaction among the significantly regulated cytokines and growth factors within (A and B) CIK cells from donor 3 or (C and D) HCT-15
cells during co-culture, as elucidated by STRING. (A) Functional and physical associations of cytokines significantly regulated within CIK cells. (B) Association strengths of
these regulated factors in different biological processes. Red: positive regulation of mononuclear cell proliferation; Green: positive regulation of immune system process;
Blue: leukocyte migration, Yellow: negative regulation of cellular process; Pink: positive regulation of cellular process. (C) Functional and physical associations of cytokines
significantly regulated within HCT-15 cells. (D) Association strengths of these regulated factors in different biological processes. Yellow: positive regulation of immune system
process; Green: positive regulation of the MAPK cascade; Red: regulation of cell population proliferation; Pink: regulation of cell communication. The networks were
generated using the STRING database. Nodes represent proteins, and edges indicate predicted or known associations. These interactions reflect database-derived
relationships and suggest potential functional connectivity but do not imply direct causal interactions.

was associated with enhanced reduction in HCT-15 cell viability when combined with CIK cells. Similar findings have
been reported where CIK cells enhance the effects of chemotherapeutic agents, potentially through cytokine-mediated
immune activation or increased tumor susceptibility.?*°

Cytokine profiling in this study revealed dynamic modulation of factors involved in immune regulation, chemotaxis,
and inflammation following co-culture with HCT-15 cells. Several cytokines associated with immune cell recruitment
and activation, including MIP-1B, GM-CSF, and IL-2, were modulated under co-culture conditions. The observed
changes in these cytokines may reflect an immunologically responsive environment induced by CIK-tumor interaction,
consistent with proposed mechanisms of CIK-mediated cytotoxicity and immune activation (Supplementary Figure 3).
Previous studies have shown that MIP-1B chemoattracts CDS8™ T cells, CD4" T cells, and NK cells and promotes

antitumor immune responses, while GM-CSF regulates recruitment and activation of immune cells such as dendritic cells
30-32
In

and lymphocytes, and IL-2 plays a central role in T cell proliferation and activation in cancer immunotherapy.
addition, interferon-inducible chemokines such as MIG (CXCL9) and IP-10 (CXCL10) were increased following co-
culture in this study. The upregulation of these chemokines may be associated with enhanced immune-related activity,
although functional validation was not performed.****

Notably, EMMPRIN (CD147) expression was increased following co-culture. This finding suggests a potential
involvement of CD147 in tumor-immune interactions within the experimental system. CD147 is a multifunctional

glycoprotein involved in T cell activation and immune regulation.>> However, it has also been pathologically associated

12 https: ImmunoTargets and Therapy 2026:15


https://www.dovepress.com/article/supplementary_file/594441/594441%20Revised%20Supplementary%20Materials.docx

Chin et al

(A) (B)
2000000 - HHH
1500000 ey
s ol
1500000  #us 1000000 G
=1 i
> 1000000 > i
Z’ | mm Z’ 500000 1 . ["|
N\ N\ ” ]”
£ 450000 £ 200000 » s
c
= < 150000-
300000 — o5
gsicss] I ﬂ Iﬂﬂ o] 12
0- T 0- T l-_-l T T
IP-10 EMMPRIN TSP-1 TIM-3 Dkk-1
(C)
1200000
1000000 ]
#it#
800000_ i
> Hit#
2 600000
2 # *kkk
400000— ### i
1 “ad WE
£ 200000 —_
150000_ **** ek
100000 #### u### ####
50000 ]
0- T

T
Anglogenln RBP-4 uPAR VEGF IGFBP-2 RANTES VCAM-1 Serpin E1  GDF-15

mm HCT-150nly (2 CIKHCT-15(1:1) 3 CIK:HCT-15(10:1)

Figure 8 Levels of cytokines and growth factors in HCT-15 cells alone and co-cultured with CIK cells from donor 3 at E:T ratios of I:| and 10:1. The factors are grouped
based on their functions into (A) antitumor, (B) immunosuppression, and (C) cell proliferation and metastasis. The pixel intensity is shown as mean + SD from technical
triplicates. Two-way ANOVA followed by post-hoc Tukey analysis was performed. #p < 0.05, *p < 0.01, #p < 0.001, *p < 00001 compared to HCT-15 cells; **p < 0.01,
#¥p < 0.0001 compared to CIK:HCT-15 at an E:T ratio of I:1.

with tumor-promoting functions in other contexts, including enhancement of angiogenesis through VEGF regulation,
promotion of tumor invasion and metastasis, and suppression of CD8" T cell-mediated antitumor activity.**>* Given
these context-dependent roles, the increase in CD147 observed in this study should be interpreted cautiously, as its
functional implication in CRC cannot be determined from expression data alone.

In addition, several factors associated with tumor progression, immune evasion, and metastasis, including TSP-1,
DKK-1, TIM-3, uPAR, IGFBP-2, and GDF-15, were reduced under co-culture conditions in this study. The down-
regulation of these molecules may suggest a shift toward a less tumor-promoting profile within the experimental system,
as these factors are implicated in tumor progression, angiogenesis, and immune evasion pathways (Supplementary
Figure 4). In relation to our findings, the observed decrease in TSP-1 and DKK-1 may be associated with a less
immunosuppressive environment, as these factors have been reported to regulate immune responses and impair CD8"
cell-mediated antitumor activity.***° Similarly, the reduction in TIM-3 expression may reflect a decrease in signals linked
to tumor progression and metastatic potential in CRC.*' The decreased levels of uPAR and GDF-15 observed in this
study may also be associated with reduced tumor cell migration, invasion, and epithelial-mesenchymal transition.**** In
addition, the reduction in IGFBP-2 may suggest a potential decrease in immunosuppressive signaling, as IGFBP-2 has
been shown to promote regulatory T cell differentiation.**

Collectively, these findings suggest that CIK cells may influence multiple components of the tumor-associated
cytokine network observed in this in vitro system. A schematic summary of CIK-mediated antitumor activity and tumor-
associated mechanisms is provided in Supplementary Figures 3 and 4. However, given the exploratory design, limited
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sample size, and absence of functional validation, these observations should be interpreted as preliminary. In addition, the
cytotoxicity assessment in this study was based on the MTT assay, which reflects metabolic activity rather than direct
tumor cell death, and may be influenced by effector cell metabolism in co-culture systems. Future studies incorporating
larger patient cohorts, more physiologically relevant models, and direct cytotoxicity assays such as flow cytometry-based
killing assays (eg, Annexin V/PI or CFSE-based approaches) are required to further elucidate the mechanisms underlying
CIK-tumor interactions.

Conclusion

In conclusion, this exploratory study demonstrates that functional CIK cells can be generated from both healthy donors
and a metastatic CRC patient, with comparable phenotypic characteristics and cytotoxic activity against HCT-15 cells.
The combination of CIK cells with 5-FU was associated with enhanced reduction in tumor cell viability compared to
either treatment alone. Cytokine profiling suggests that CIK cells may modulate tumor-associated immune responses
through changes in pro-inflammatory and immunoregulatory factors. Notably, factors associated with immune activation
were increased, whereas several tumor-associated cytokines were reduced, suggesting that CIK cells may influence the
tumor-associated immune environment. These findings provide preliminary insight into cytokine-mediated interactions
between CIK cells and HCT-15 cells.
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