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Abstract. Cord blood has gradually become an important
source for hematopoietic stem cell transplantation (HSCT)
in the human, particularly in pediatric patients. Adoptive
cellular immunotherapy of patients with hematologic malig-
nancies after umbilical cord blood transplant is crucial.
Cytokine-induced killer (CIK) cells derived from cord blood
are a new type of antitumor immune effector cells in tumor
prevention and treatment and have increasingly attracted
the attention of researchers. On the other hand, it has been
suggested that preterm infant cord blood retains an early differ-
entiation phenotype suitable for immunotherapy. Therefore,
we determined the phenotypic and functional characterization
of CIK cells derived from preterm infant cord blood (PCB-
CIK) compared with CIK cells from term infant cord blood
(TCB-CIK). Twenty cord blood samples were collected and
classified into two groups based on gestational age. Cord
blood mononuclear cells (CBMCs) were isolated, cultured
and induced to CIK cells in vitro. We used flow cytometry to
detect cell surface markers, FlowJo software to analyze the
proliferation profile and intracellular staining to test the secre-
tion of cytokines. Finally, we evaluated the antitumor activity
of CIK cells against K562 in vitro. Compared with TCB-CIK,
PCB-CIK cells demonstrated faster proliferation and higher
expression of activated cell surface markers. The secretion
of IL-10 was lower in PCB-CIK cells while the expression of
perforin and CD107a had no significant difference between the
two cell groups. PCB-CIK cells exhibited a high proliferation
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rate while the cytotoxic activity had no difference between
the PCB-CIK and TCB-CIK cells. Hence preterm infant cord
blood may be a potential source for immunotherapy.

Introduction

Umbilical cord blood has gradually become an important
source for hematopoietic stem cell transplantation (HSCT)
in the human (particularly in pediatric patients) and has been
applied in the radical treatment of hematologic malignancies,
due to its richness in CD34* cells, higher transplant survival
rate, lower risk of graft-versus-host disease (GVHD) and
convenient collection (1). Adoptive cell immunotherapy (AIT)
of patients with hematologic malignancies after umbilical
cord blood transplant has become a research hotspot in recent
years, and is important to improve the long-term survival of
children with hematologic malignancies after umbilical cord
blood transplant. In recent years, cytokine-induced killer
(CIK) cells as a new type of antitumor immune cells in tumor
prevention and treatment have increasingly attracted the atten-
tion of researchers.

AIT involves the transfer into patients of immune cells
that have been expanded and activated ex vivo to eliminate
cancer cells. This approach has become an important and
effective method of cancer therapy (2). The main limitation
preventing the successful clinical translation of AIT strategies
is the obtainment of sufficient numbers of antitumor immune
effector cells and their persistence in vivo (3). In recent years,
the application of CIK cells has evolved into an extensive clin-
ical research topic. CIK cells exhibit a higher proliferation rate
and cytotoxicity in contrast with lymphokine-activated killer
(LAK) cells and tumor infiltrating lymphocytes (TILs) (4).

CIK cells are obtained ex vivo by stimulating mononuclear
cells (MNCs) with interferon-y (IFN-v), interleukin-2 (IL-2)
and an anti-CD3 monoclonal antibody for a few weeks as
initially described by Schmidt-Wolf et al (5). Bulk CIK cells
can be described as a heterogeneous population consisting of
a majority of cells with a CD3*CD56* phenotype (NKT cells)
and aminor fraction of cells with a CD3 CD56" phenotype (NK
cells) and a CD3*CD56" phenotype (CD3* T lymphocytes).
The major effector cells are the CD3*CD56* subset, termed
a mixed T-NK phenotype and with major histocompatibility



ZHANG et al: COMPARISON OF PCB-CIK AND TCB-CIK CELLS

complex (MHC)-unrestricted cytolytic activities against
tumor cells (6). CIK cells derived from peripheral blood
(PB) have demonstrated an effective antitumor potential both
in vitro and in vivo against solid tumors, hematological malig-
nancies and virus-associated tumors (7-10). In recent years, a
large amount of clinical studies have proven the effectiveness,
safety and feasibility of CIK cells derived from PB (11,12).
However, PB is not always a viable cell source, particu-
larly for allogeneic transplantation, due to the risk of acute
GVHD (13). Moreover, the application of autologous CIK
cells is limited due to the short survival period in vivo and the
lower anti-apoptotic ability. Furthermore, older patients who
have poor health cannot tolerate repeated bleeding and cell
infusion. Umbilical cord blood has become a viable alterna-
tive source for transplantation due to its several advantages
over PB, such as widespread availability, absence of donor
and attrition, low risk of transmissible infectious diseases in
the cells, decreased GVHD and more importantly, a higher
frequency of immune accessory and effector cell precursors
such as dendritic cell precursors, natural killer cell precursors
and T-cell precursors (14). Hence, they have attracted exten-
sive concern.

CIK cells derived from cord blood (CB-CIK) have been
used in the clinic, and the safety, feasibility and availability
have been proven in clinical studies (15). However, CIK cells
used in preclinical and clinical studies are mainly derived
from term infant cord blood, from which an adequate and high
quantity of cells can be harvested for transfer. In recent years,
the birth rate of preterm infants has increased significantly. A
retrospective study was conducted on neonates born in 2005
in the maternity departments of 72 urban hospitals from 22
provinces in China (16). A total of 45,722 infants born between
January 1, 2005 and December 31, 2005 were enrolled.
Preterm births accounted for 8.1%, and the incidence of very
low birth weight infants was 0.7%. Whether the phenotypic
and functional characterization of CIK cells derived from
preterm and term infant cord blood is consistent remains
unclear. Moreover, the biological characterization of CIK
cells obtained from preterm infant cord blood has rarely been
reported. In the present study, we cultured CIK cells from
preterm and term infant cord blood and analyzed the prolifera-
tion, phenotype, the secretion of cytokines and the cytotoxicity
in the two cell groups.

Materials and methods

Human materials. Between June 2013 and December 2013,
umbilical cord blood was obtained from 20 Cesarean deliv-
eries at the Obstetrical Department of the First Affiliated
Hospital of Zhengzhou University (Zhengzhou, China). The
samples were classified into two groups according to gesta-
tional age (GA): preterm infant (n=10, GA <37 weeks and
mean 34+1 weeks+day) and term infant (n=10, GA =37 weeks
and mean 38+4 weeks+day). The maternal age range was
18 to 35 years. During pregnancy, there was no presence of
hematological system diseases, communicable diseases and
premature rupture of membranes. This study was conducted
with written informed consent obtained from the parturients
and was approved by the Ethics Committee of the First
Affiliated Hospital of Zhengzhou University.
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Isolation and culture of CIK cells. CIK cells were generated as
previously described (15). In brief, cord blood MNCs (CBMCs)
were separated by Ficoll density gradient (Tianjin, China)
centrifugation, washed and resuspended at 2x10° cells/ml in
RPMI-1640 (Gibco, USA), consisting of 10% fetal calf serum
(FCS; Sigma, USA), 100 U/ml penicillin and 100 U/ml strepto-
mycin (both from Shijiazhuang, China). Recombinant human
IFN-y (1,000 U/ml) (Beijing, China) was added on day O.
After 24 h of incubation, 1,000 U/ml recombinant human IL-2
(Beijing, China) and 25 ng/ml anti-CD3 monoclonal antibody
(Boehringer, Mannheim, Germany) were added. Cells were
incubated at 37°C in a humidified atmosphere of 5% CO, and
subcultured every 2-3 days in fresh complete medium and IL-2
at 2x10° cells/ml.

K562 cell line. The K562 cell line (a chronic myeloid leukemia
cell line; Shanghai, China) was stored at -80°C. The recovered
cells were maintained in RPMI-1640 medium supplemented
with 10% FCS, 100 U/ml penicillin and 100 U/ml strepto-
mycin. Fresh complete medium was replenished every 2 days.

Proliferation assay. CIK cells derived from preterm and term
infant cord blood were collected on day 5, washed and resus-
pended in RPMI-1640 at a final concentration of 1x10° cells/ml.
In dark conditions, 5 mmol/l 5,6-carboxyfluorescein succin-
imidyl ester (CFSE; Invitrogen) was added, and cells were
labeled for 10 min at 37°C. Staining was then stopped with
200 ul FCS for 8 min at 4°C. CIK cells were washed twice
with phosphate-buffered saline (PBS). A total number of
1x10° labeled CIK cells were detected by FACSCanto IT flow
cytometry (BD, USA), while the other CIK cells were cultured
on 24-well plates. IL-2 and fresh complete medium were
replenished every 2-3 days. A volume of 1x10° CIK cells was
collected daily from day 5 to 10, and the proliferation index
(PD) of the CIK cells was determined using FlowJo software
(BD).

Flow cytometry. The immunophenotype of CIK cells derived
from preterm and term infant cord blood was monitored by
flow cytometry at day O, 7 and 14 using the following anti-
human antibodies: CD3-PE-Cy7, CD4-APC-Cy7, CD8-PerCP
and CD56-PE. The activated or inhibitory cell surface markers
of CIK cells derived from preterm and term infant cord blood
were monitored at day 0 and 14 using the following anti-human
antibodies: CD27-FITC, CD28-APC and PD-1-PE. The
antibodies and isotype-matched monoclonal antibodies were
purchased from BD Biosciences (BD). A total of 5x10° cells
was collected and washed twice, and then the supernatant was
discarded. A volume of 10 yl appropriate monoclonal antibody
was added and then the cells were incubated for 30 min at
37°C. After incubation, the cells were washed twice and resus-
pended in 500 x1 PBS. Data acquisition was performed by flow
cytometry and analyzed using Diva software (both from BD).
When detecting the immunophenotype, we gated the popula-
tion of CD3* T cells, and when detecting the expression of
CD27,CD28 and PD-1, we gated the population of CD3*CD8*
or CD3*CD4* T cells.

Determination of cytokine secretion. On day 12, CIK cells were
adjusted to a final concentration of 2x10° cells/ml and cultured
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Table I. Phenotypic characteristics of the cells from preterm and term infant cord blood.

Preterm infant

Term infant

Days CD3*CD56* CD3*CD4* CD3*CD8* CD3*CD56* CD3*CD4* CD3*CD8*
0 0.2£0.2 71.1£9.3 26.9+9.0 04+04 72.1£7.0 26.2+7.4
7 11.9+4.2* 32.9+9.9* 67.7£9.9 8.1£3.5 43.1£94 59.9+£10.0

14 27.2+11.0° 16.9+£7.7* 84.1+7.1* 16.7+£7.1 23.8+5.5 78.0£5.1

Comparison among two groups (*P<0.05).
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Cytotoxicity assay. We selected the logarithmic phase of K562 = 100+

cells as the target cells in this cytotoxicity assay. CIK and o

K562 cells were co-cultured at an effector-target ratio of 20:1 ol

with 5 ug/ml 1X Brefeldin A (BFA; BioLegend) for 5 h. For
the positive control, CIK cells (2x10°) were stimulated 5 h with
1 mg/ml phorbol myristate acetate (PMA), 1 mg/ml ionomycin
(both from Sigma) and 2.5 pg/ml 1X BFA. Cells were collect
and resuspended in PBS, mixed with 10 ul of CD107a-FITC
(BD), CD3-PE-Cy7 and CD56-PE. Incubation was carried out
for 30 min at 37°C and then cells were suspended in PBS. We
also detected the expression of granzyme B and perforin in
the two groups. CIK cells (2x10°) were stimulated for 5 h with
1 mg/ml PMA, 1 mg/ml ionomycin and 2.5 pg/ml 1X BFA.
After 5 h of incubation, CD3-PE-Cy7, CD4-APC-Cy7 and
CD8-PerCP were added, and then the cells were incubated
for 15 min at 37°C. We then sequentially added 4% parafor-
maldehyde (Tianjin, China) and permeabilization wash buffer
(IX; Caltag, USA) to the system. The cells were washed twice
with permeabilization wash buffer (1X) and mixed with
granzyme B-PE and perforin-FITC. The expression levels
of CD107a, granzyme B and perforin were detected by flow
cytometry. The antibodies and isotype-matched monoclonal
antibodies were purchased from BD Biosciences.

Statistical analysis. All data are presented as means + SD.
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for statis-
tical analysis, and GraphPad Prism version 5.0 (GraphPad
Software Inc., USA) was used for data plotting. Statistical
differences between the groups were analyzed using t-test.
A P-value of <0.05 was considered to indicate a statistically
significant result.

Results

Cell proliferation of CIK cells. To detect the proliferation of
PCB-CIK and TCB-CIK cells, we used the CFSE assay to
examine the change in the proliferation of the two groups.
The PI of PCB-CIK and TCB-CIK cells had no difference on
days 5 and 6, yet PCB-CIK showed a significantly elevated

5 6 7 8 9 10

Days after CFSE staining (d)

Figure 1. Expansion of CIK cells derived from preterm and term infant
cord blood (PCB-CIK and TCB-CIK) in vitro. Proliferation index (PI) data
are presented as means + SD ("P<0.05, “"P<0.01). CIK, cytokine-induced
killer; PCB, preterm infant cord blood; TCB, term infant cord blood; CFSE,
5,6-carboxyfluorescein succinimidyl ester.

PI compared with TCB-CIK on days 8, 9 and 10 (95.0+11.8
vs. 72.3+7.2%, 165.5£25.8 vs. 132.6+17.2%, 298.4+35.2 vs.
243.0+23.7%, respectively, all P<0.01, Fig. 1).

Phenotype of CIK cells. MNCs derived from preterm and term
infant cord blood (P-CBMCs and T-CBMCs) were isolated
and induced to CIK cells. We detected the phenotype by flow
cytometry at days 0, 7 and 14 (Fig. 2a, c and e). Along with
an increase in the culture days, the proportion of CD3-CD56*
(NK) cells gradually increased, and the proportion of NK cells
was higher in the group of preterm infants (P<0.05, Table I).
The percentage of CD3*CD56* T (NKT) cells was higher
in the PCB-CIK than that in the TCB-CIK cells on days 7
and 14 (P<0.05, Fig. 2b). The percentage of CD3*CD4* T cells
was lower in the PCB-CIK than that in the TCB-CIK cells
on days 7 and 14 (P<0.05, Fig. 2d). Yet, the percentages of
NKT and CD3*CD4* T cells had no difference in the MNCs
derived from preterm and term infants on day O (P>0.05). The
percentage of CD3*CD8* T cells was higher in the PCB-CIK
than that in the TCB-CIK cells on day 14 (P<0.05, Fig. 2f).
However, the percentage of CD3*CDS8* T cells did not differ in
the CIK cells derived from preterm and term infant cord blood
on days 0 and 7 (P>0.05).

Activated and inhibitory cell surface markers of CIK cells. We
detected the cell surface markers by flow cytometry on days 0
and 14. We gated the population of CD3*CD8* or CD3*CD4* T



ZHANG et al: COMPARISON OF PCB-CIK AND TCB-CIK CELLS

2247

a. : b
A 0% | A1 63.0% A 34.2%
g g _ ~*1 = pcecik *
- § ! & |PCBMC & | 3 Ttes-cK
A Lo S . S . = 30-
1 " _' S J .* - = *
'S 20-
0.1% 69.0% 28.7% g | |
z . Q10+
A . +J et
.. %l #‘ T-CBMC @
S o I S v T o
: 3 fa) = Q- e o .
[&] Ea ". - ‘ [&] .i: O .. o _‘v do d7 d14
cD3 >
c d
A a15% A 36% A
. 80+ R PCB-CIK
s oy ScRoie B 1 TCB-CIK
. . ".-,__.I .v *
- - 5™ B
v O
Lo [T, o *
S 40-
14.4% 17.1% s
4 £ 20-
TCB-CIK ¢
8 3 @© a 0
S & el T W d7 did4
cD3
€ 100 f 100 *
-=-PCB-NKT ~ | WPCB-CIK ]
@ 8- TCB-NKT 2 o O TCB-CIK
2  PCB-CD3*CD4*
= o -4 TCB-CD3*CD4* © &0
8 - PCB-CTL 5
5 © -6-TCB-CTL £
o
; § m‘—.j
L
o
] T T 0-
0 7 14 do d7 di4

Days in culture (d)

Figure 2. Immunophenotype analysis of cells from preterm and term infant cord blood. The percentages of NKT (CD3*CD56%), CD3*CD4*, and CTL
(CD3*CD8") cells were detected by flow cytometry, and the results are expressed as means + SD (n=10). (a) Typical phenotype analysis of mononuclear cells
derived from preterm and term infant cord blood (P-CBMC and T-CBMC). (b) Columns represent the percentage of NKT cells at different time points in the
two cell groups (n=10, "P<0.05). (c) Typical phenotype analysis of CIK cells from preterm and term infants (PCB-CIK and TCB-CIK). (d) Columns represent
the percentage of CD3*CD4" T cells at different time points in the two cell groups (n=10, "P<0.05). (¢) Trend of NKT and CD3*CD4"* T cells and CTL percent-
ages during culture in the two cell groups (n=10). (f) Columns represent the percentage of CTLs at different time points in the two cell groups (n=10, "P<0.05).
CIK, cytokine-induced killer; PCB, preterm infant cord blood; TCB, term infant cord blood.

cells, and analyzed the expression of CD27, CD28 and PD-1
in CBMCs and CIK cells (Fig. 3a, b and e). On day 0, the
proportions of activated CD8*CD27* (94.4+5.2 vs. 86.5+6.8%,
P=0.004) and CD8*CD28* (92.2+5.4 vs. 82.5+8.9%, P<0.05)
T cells were higher in the P-CBMCs than the proportions in the
T-CBMCs, while the proportions of CD8*PD-1*, CD4*CD27*,
CD4*CD28* and CD4*PD-1* T cells showed no significant
differences between the P-CBMCs and the T-CBMCs (P>0.05,
Fig. 3c). On day 14, the proportion of activated CD8*CD27*
T cells was higher in the PCB-CIK than that in the TCB-CIK
cells (82.5+9.6 vs. 71.5+£9.2%, P<0.05), while the proportions
of CD§*PD-1*, CD§*CD28*, CD4*CD27*, CD4*CD28* and
CD4*PD-1* T cells showed no significant differences between
the PCB-CIK and TCB-CIK cells (P>0.05, Fig. 3d).

Cytokine production of CIK cells. We examined the produc-
tion of IFN-y, IL-10 and TNF-a in the two groups. On day 14,
the supernatants were collected and assayed by ELISA to
quantify the three cytokines. PCB-CIK cells produced more
TNF-a (6£5.5 pg/ml), yet the two groups had no statistical
significance (P=0.19). However, the secretion of IL-10 was
lower in the PCB-CIK cells (10.2+6.8 vs. 29.6+13.0 pg/ml,
P<0.01, Fig. 4), while there was no difference in the secretion
level of IFN-y (P>0.05).

Expression of granzyme B and perforin in the CIK cells. To
investigate the expression of granzyme B and perforin, CIK
cells were harvested on day 14. We analyzed the expression
of granzyme B and perforin by flow cytometry (Fig. 5a).
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Figure 3. Expression of activated and inhibitory cell surface markers at different time points in the two cell groups. (a) Typical activated and inhibitory cell
surface markers of mononuclear cells derived from preterm and term infant cord blood (P-CBMC and T-CBMC). (b) Typical activated and inhibitory cell
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The percentage of CD3*CD8*granzyme B* was higher in
the PCB-CIK than that in the TCB-CIK cells (59.5+14.3
vs. 25.2+20.5%, P<0.05, Fig. 5b). However, the percent-
ages of CD3*CD8*perforin*, CD3*CD4*perforin* and
CD3*CD4*granzyme* had no difference between the
PCB-CIK and TCB-CIK cells (P>0.05).

Cytotoxicity activity of CIK cells. CIK cells were co-cultured
with logarithmic phase K562 cells at an effector-target ratio of
20:1. The proportion of activated CIK cells was identified by
expression of CD107a, which is located in the cytoplasm and
transported to the cell surface after activation-induced granule
exocytosis (17). The percentage of CD107a* cells exhibited
no difference between the PCB-CIK and TCB-CIK cells
(Fig. 6a and b, P>0.05).
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Discussion

Adoptive cellular immunotherapy has been available for
treating tumors for nearly 30 years. One of the first proto-
types used was lymphokine-activated killer (LAK) cells.
Subsequently, tumor-infiltrating lymphocytes (TILs), dendritic
and CIK cells appeared in succession (18). CIK cells are a
heterogeneous population with different cell phenotypes that
are induced by incubation of mononuclear cells with various
cytokines, such as IFN-v, the anti-CD3 monoclonal antibody
and IL-2 (4). As a new type of immune cell, CIK cells have
higher proliferation and cytotoxicity than other immune cells.
However, CIK cells that are used in preclinical or clinical
study are mainly derived from peripheral blood and term
infant cord blood. In recent years, the birth rate of preterm
infants has significantly increased. To our knowledge, no other
studies have been published on the comparison of PCB-CIK
and TCB-CIK cells. Whether the biological characteristics
and function are different between PCB-CIK and TCB-CIK
cells is still unknown.

In the present study, we cultured PCB-CIK and TCB-CIK
cells for 14 days, and analyzed the proliferation, phenotype and
the expression of activated or inhibitory cell surface markers.
We also detected the production of cytokines, the expression
of granzyme B and perforin, and the cytotoxicity between the
two cell groups. Unlike previously described (19), we cultured
the CIK cells for 14 days, since Helms et al (12) revealed that
short-term cultured CIK cells exhibit full cytotoxicity in vitro.
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Furthermore, many preclinical and clinical studies have shown
that CIK cells require 14 days of culture (20,21).

The main limitation preventing the successful clinical
translation of adoptive cellular immunotherapy strategies is
the obtainment of sufficient numbers of antitumor immune
effector cells. The results showed that PCB-CIK cells had a
higher proliferation rate than the TCB-CIK cells on days 7, 8,9
and 10. The possible cause is that preterm infant cord blood has
more immature and undifferentiated cells (22). However, the
PCB-CIK cells were difficult to cultivate. On day 6, PCB-CIK
cells had a trend of a low proliferation index, yet it was similar
in the two groups. The probable cause is that PCB-CIK cells
have poor adaptability. Kornacker et al (23) reported that CIK
cells derived from peripheral blood have a long survival period
and high ability for anti-apoptosis. Whether there exist differ-
ences in PCB-CIK and TCB-CIK cells is unknown. Thus, we
must further explore the apoptosis of CIK cells from preterm
and term infant cord blood.

CIK cells consist of CD3*CD56* double positive and NK
cells,and CD3*CD56" T lymphocytes. The antitumor activity of
CIK cells seems to be associated with the CD3*CD56" subset,
which has an in vitro fold expansion that varies from a few
to >1,000-fold (24). The reason for this variability is unclear,
and additional strategies are currently under investigation to
improve the expansion rates. In the present study, the content
of CD3*CD56" subsets of P-CBMCs and T-CBMCs was
low, and there was no statistical difference between the two
groups. However, the proportion of CD3*CD56* was higher in
the PCB-CIK cells than that in the TCB-CIK cells on days 7
and 14. The percentage of NKT cells in the present study was
different from the percentage found in previous research (25).
It may be associated with the activity of cytokines and indi-
vidual differences. The results demonstrate that PCB-CIK
cells may be superior to TCB-CIK cells in cytotoxicity.

In recent years, a number of studies have reported the
proliferation rate and immune phenotype of CB-CIK cells,
yet few studies have investigated activation or inhibitory cell
surface markers. In the present study, we detected the expres-
sion of CD27, CD28 and PD-1. CD27 is a transmembrane
homodimer with subunits of 55 kDa, which was first detected
and named in 1987 (26). Importantly, CD27 is a member of the
TNF-receptor superfamily expressed on T cells that provide
a costimulatory signal, which is required for generation,
activation and differentiation of T cell immunity (27). CD28,
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which is expressed on the surface of T cells, is required for
T cell activation. CD28 improves the in vivo expansion and
persistence of CAR-modified T cells by providing costimu-
latory signals (28). The expression of CD28 and CD27 was
higher in the PCB-CIK than that in the TCB-CIK cells. PD-1
is a member of the CD28/CTLA-4 superfamily. Studies have
reported that PD-1 and its ligands negatively regulate immune
responses (29). In the present study, the expression of PD-1
showed no significant difference between the PCB-CIK and
TCB-CIK cells. The results preliminary demonstrated that
PCB-CIK cells had more potential to promote the prolifera-
tion and differentiation of T cells.

IFN-v is an important factor for antitumor activities,
including the activation of CTLs and NK cells, the induction
of chemokines that mediate T-cell infiltration into tumors, and
the upregulation of MHC class I expression in tumor cells (30).
TNF-a, which consists of 157 amino acids, is secreted by
activated lymophocytes and monocytes. TNF-o can enhance
the antitumor ability of CIK cells (31). In the present study,
the levels of IFN-y and TNF-a in PCB-CIK and TCB-CIK
cells had no statistical significance. Yet there was a trend that
PCB-CIK cells could produce more TNF-a than CB-CIK. The
reason may be that the study had a small sample size. IL-10 is
an inhibitory cytokine (32), which can suppress the secretion of
IL-2 and IFN-y. In this study, the secretion of IL-10 was lower
in the PCB-CIK cells. The results indicate that the activity of
PCB-CIK cells may not be lower than TCB-CIK cells.

We evaluated the expression of granzyme B and perforin
in CIK cells. Granzyme B and perforin are required for the
cytotoxicity of CIK cells (33). Perforin perforates the target
cell membrane and forms a channel, and then water and elec-
trolytes move inside the cells and subsequently wreak havoc.
Granzyme B can induce the cellular apoptosis of target cells
by activating the apoptosis-related enzyme system (34). The
results suggest that the expression of granzyme B was higher
in the PCB-CIK cells than that in the TCB-CIK cells. This
directly demonstrate that PCB-CIK cells have more potential
to kill tumors. We also detected the expression of CD107a, also
known as lysosome-associated membrane protein 1 (LAMP1),
which is a high glycosylation protein and a functional marker
for the identification of natural killer cell activity (18). The
expression of CD107a had no statistical significance between
the two cell groups. The expression of CD107a was in line
with the secretion of granzyme B and perforin, which is in
accordance with previous research (35). The results demon-
strate that PCB-CIK cells have the same antitumor function
as TCB-CIK cells.

In conclusion, the present study suggests that PCB-CIK
cells have a high proliferation rate and expression of activated
cell surface markers in vitro. Furthermore, the cytotoxicity did
not differ between the PCB-CIK and TCB-CIK cells. All of
the results suggest that PCB-CIK cells have the potential for
clinical application. However, it is difficult to culture PCB-CIK
cells, therefore further study is needed to explore the culture
optimization conditions.
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