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Enhanced antitumor effect of cytotoxic T lymphocytes
induced by dendritic cells pulsed with colorectal
cancer cell lysate expressing a-Gal epitopes
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Abstract. Colorectal cancer (CRC) is one of the most common
types of gastrointestinal malignancy. Traditional therapeutic
options for CRC exhibit a limited effect. Adoptive cellular
therapy has emerged as a new treatment strategy for CRC.
Dendritic cells (DCs) are potent antigen-presenting cells.
Specific cytotoxic T lymphocytes (CTLs) activated by DCs
pulsed with tumor lysate have been reported to be a safe
and promising treatment approach for CRC. However, the
antitumor effect of specific CTLs remains limited. The low
immunogenicity of tumor-associated antigens (TAAs) is the
main reason for this limited therapeutic effect. In the present
study, a-gal epitopes were synthesized on the CRC cell line
SW620 to increase the immunogenicity of TAAs. DCs were
pulsed with a-gal-expressing tumor lysate and CTLs were acti-
vated by these DCs. The cytotoxicity of CTLs was measured
in vitro. The results demonstrated that DCs pulsed with
o-gal-expressing tumor lysate can increase the frequency of
CD3*CD8* CTLs and natural killer T cells, increase the level
of tumor necrosis factor-a produced by CTLs and enhance the
cytotoxicity of CTLs against tumor cells. Therefore, this novel

Correspondence to: Professor Xiaohui Du, Department of General
Surgery, Chinese People's Liberation Army General Hospital,
28 Fuxing Road, Haidian, Beijing 100853, P.R. China

E-mail: duxiaohui301@sina.com

“Contributed equally

Abbreviations: CRC, colorectal cancer; ACT, adoptive cellular
therapy; DC, dendritic cell; CTL, cytotoxic T lymphocyte; TAA,
tumor-associated antigen; NKT, natural killer T cell; Treg, regulatory
T cell; HLA, human leukocyte antigen; TNF, tumor necrosis factor;
IL, interleukin

Key words: CRC, DC,
immunogenicity, TAA

cytotoxic T cell, a-gal epitopes,

approach may be an effective treatment strategy for patients
with CRC.

Introduction

Colorectal cancer (CRC) is one of the most common types of
gastrointestinal malignancy and is the fourth leading cause
of cancer-associated mortality worldwide (1). The therapeutic
effects of traditional treatment options, including surgery
and adjuvant chemotherapy, are limited and the majority of
patients develop drug resistance and disease recurrence (2,3).
Therefore, there is an urgent requirement to develop novel
treatment strategies for CRC. Adoptive cellular immuno-
therapy (ACT) has the potential to fulfill this requirement. The
success of ACTs for hematological malignancies has increased
the interest for investigating ACT for the treatment of solid
tumors, including CRC 4,5).

Useful approaches of ACT for the treatment of CRC
include the use of dendritic cell (DC) pulsed with tumor-asso-
ciated antigens (TAAs) and cytotoxic T lymphocytes (CTLs)
activated using those DCs (6-9). However, these treatment
strategies are unable to generate sufficient antitumor immune
responses. One possible reason for this is the low immunoge-
nicity of TAAs, which results in inadequate activity of the host
immune system and treatment failure (10). DCs are the most
potent types of antigen-presenting cells and are critical for the
activation of the immune response (11). DCs are capable of
presenting tumor antigen to naive T cells in a human leukocyte
antigen (HLA)-restricted manner. However, the low immuno-
genicity of TAAs may result in inadequate stimulation of DCs
and defective DCs cannot effectively induce CTLs against
tumors. One possible approach to increase the presentation
of TAAs by DCs is to synthesize a-gal epitopes on tumor
cells (12,13).

The a-gal epitope is abundantly presented in non-primate
mammals and New World monkeys, but it is absent in humans,
apes and Old World monkeys (14). However, natural anti-gal
antibody has been identified to be present in human serum in
large amounts and is responsible for the hyperacute rejection
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of xenotransplantation (15). Once anti-gal binds to the a-gal
epitope, the Fc portion of anti-gal binds to Fcy receptor III on
DCs (16). This interaction can induce effective phagocytosis
of DCs and increase the presentation of TAAs (17). The a-gal
epitope is synthesized by the enzyme al,3Galantosyltransferase
(a1,3GT), which is present within the Golgi of cells.
Galactose is transferred by al,3GT from the sugar-donor
uridine diphosphate-gal to the acceptor N-acetyllactosamine
residue (Gala1-4GlcNAc-R) to synthesize the a-gal epitope (18).
The expression of a-gal epitopes on tumor cells can be success-
fully achieved by the transduction of a recombinant lentivirus
vector expressing the al,3GT gene (19).

The present study presents a new therapeutic strategy for
CRC, in which a-gal epitopes were successfully synthesized
on the CRC SW620 cell line and tumor lysate expressing a-gal
epitopes was used to maximize DC phagocytosis and activate
CTLs to kill CRC cells in vitro.

Materials and methods

Cell culture. The human CRC cell line SW620 and 293T cells
were purchased from American Tissue Culture Collection
(Manassas, VA, USA). These cell lines were cultured in
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
heat-inactivated fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), 50 U/ml penicillin,
50 mg/ml streptomycin and 4 mM glutamine in a humidified
incubator with 5% CO, at 37°C.

Construction of a recombinant lentivirus vector expressing
murine ol,3GT gene. Untransfected cells were termed
SW620-normal, SW620 cells transfected with an empty vector
were termed SW620-control and cells transfected with the
recombinant lentivirus vector expressing the al,3GT gene
were termed SW620-a-gal. The coding sequence (CDS) of the
al,3GT gene was identified from GenBank (www.ncbi.nlm.
nih.gov/nuccore/NM_001145821.2) and primers for amplifi-
cation of the CDS of the al,3GT gene were designed using
Vector NTI (version 10.3; Invitrogen; Thermo Fisher Scientific,
Inc.). pLenti-CM V-mCherry-3FLAG-PGK-Puro was digested
by BamHI-HF and the a1,3GT gene was subcloned into pLen
ti-CMV-mCherry-3FLAG-PGK-Puro (Shanghai Heyuan,
Shanghai, China) to construct pLenti-CMV-mCherry-2A-al
,3GT-3FLAG-PGK-Puro. This recombinant lentivirus vector
was transfected at a concentration of 800 ng/ul into packaging
293T cells using HitransG P transfection reagent (Shanghai
GeneChem). High titers of recombinant lentivirus vector were
amplified, purified and stored. Finally, SW620 cells were
transfected with the recombinant lentivirus vector expressing
the al,3GT gene at a multiplicity of infection of 200 using
HitransG P tranfection reagent (Genechem, shanghai, China),
which generated SW620-a-gal epitopes. An empty vector
(pLenti-CMV-mCherry-3FLAG-PGK-Puro) was used for
transfection of the control group. The subsequent experiments
were performed 72 h after transfection.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Total RNA was extracted from the
SW620-normal, SW620-control and SW620-a-gal cells using
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TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA
was synthesized using RevertAid First Strand cDNA Synthesis
kit (Thermo Fisher Scientific, Inc.) at 42 °C for 60 min and
70°C for 5 min, according to the manufacturer's protocol.
RT-qPCR was carried out using Applied Biosystems® ViiA™
7 system, and subsequently amplified using SYBRGreen PCR
Master mix (Beyotime Institute of Biotechnology) and 0.5 yM
each of the sense and antisense primers. PCR amplification
was performed with an initial denaturation at 95°C for 5 min,
followed by 40 cycles of 30 sec at 95°C, 30 sec at 60°C and
30 sec at 72°C. B-actin was chosen as the reference gene
with the following primer pairs: Forward, 5'-CATGTACGT
TGCTATCCAGGC-3' and reverse, 5S'-CTCCTTAATGTC
ACGCACGAT-3" The primers for al,3GT were as follows:
Forward, 5"-TCTGAGAAGAGGTGGCAGGA-3' and reverse,
5-GGTGAACTTCTCGGGACTGG-3'. Relative gene expres-
sion data was analyzed by the 2244 method (20).

DC and CTL preparation. The present study was approved by
the Ethics Committee of Chinese People's Liberation Army
General Hospital (Beijing, China). Written informed consent
was obtained from all volunteers (two males; 28 and 31 years
old, respectively) and blood collection took place in October
2017.DCs and CTL were prepared as previously described (21).
Briefly, peripheral blood mononuclear cells (PBMCs) were
obtained from the peripheral blood of the healthy volunteers
(20 ml) using density gradient centrifugation (1,500 x g for
20 min at 37°C). PBMCs were cultured in serum-free Cellix 901
medium (Xinminglitai, Beijing, China) for 3 h. The adherent
cells were cultured in Cellix 901 medium containing granulo-
cyte-macrophage colony-stimulating factor (1,000 U/ml) and
recombinant human interleukin-4 (1,000 U/ml). On day 8, the
DCs were co-cultured with SW620-normal, SW620-control
and SW620-a-gal cell lysates in Cellix 901 and 10% human
AB group serum (Gibco; Thermo Fisher Scientific, Inc.) over-
night in an incubator with 5% CO, at 37°C. On day 9, the DCs
were harvested, washed and resuspended. The harvested DCs
were co-cultivated with non-adherent PBMCs separated from
the second collection of the same volunteer's blood for 14 days
to harvest CTLs. The CTLs activated by DCs cultured with
SW620-normal, SW620-control and SW620-a-gal cell lysates
were referred to as CTL-normal, CTL-control and CTL-a-gal,
respectively.

Flow cytometric analysis. The expression of a-gal epitopes on
SW620-a-gal cells was evaluated by flow cytometry. Firstly,
~1x10°% a-1,3GT-transfected cells were suspended in PBS and
incubated with fluorescein isothiocyanate (FITC)-BS-1B4
lectins (Sigma-Aldrich; Merck KGaA), which specifically bind
to a-gal epitopes. Phenotypic analysis was performed by flow
cytometry. The following antibodies were used: Anti-CD80
(cat. no. 557227, 1:40), anti-CD8 (cat. no. 557086; 1:20) and
anti-CD127 conjugated with phycoerythrin (cat. no. 561028;
1:20); anti-CD83 (cat no. 551073, 1:40), anti-CD56 (cat.
no. 565139; 1:20) and anti-CD25 conjugated with allophy-
cocyanin (cat. no. 560987; 1:20); anti-CD86 (cat no. 557343,
1:40) and anti-CD4 conjugated with FITC (cat no. 555346,
1:20); and anti-HLA-DR (cat no. 552764, 1:40) and anti-CD3
conjugated with peridinin chlorophyll protein complex (cat
no. 552851, 1:20). All the antibodies were purchased from
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BD Biosciences. CTL cells were evaluated using anti-CD3,
anti-CD4, anti-CD8, anti-CD56, anti-CD25 and anti-CD127.
DC maturation was evaluated using anti-CD80, anti-CD83,
anti-CD86 and anti-HLA-DR. Briefly, ~1x10° cells were
stained with the appropriate antibodies in FACS buffer for
30 min at 4°C in the dark. All analyses were performed with a
FACS Calibur flow cytometer (BD Biosciences, San Jose, CA,
USA) and CellQuest software (version 1.0; BD Biosciences).

ELISA. The detection of IL-10 and IL-12 secreted by DCs,
and IL-4 and tumor necrosis factor-o (TNF-a) secreted by
CTL cells was performed using appropriate ELISA kits
(R&D Systems, Inc., Minneapolis, MN, USA), according to
the manufacturer's protocol. The following kits were used:
Human IL-10 quantikine ELISA kit (cat. no. SI000B), human
IL-12 p70 quantikine ELISA kit (cat. no. S1200), human IL-4
quantikine ELISA kit (cat. no. S4050) and human TNF-a
quantikine ELISA kit (cat. no. STAOOD).

Cytolytic assay. The cytotoxicity of CTL-normal, CTL-control
and CTL-a-gal cells induced by different antigen-pulsed DCs
against normal SW620, SW620-control and SW620-a.-gal
cells was evaluated using a lactate dehydrogenase release
assay (CytoTox 96® Non-Radioactive Cytotoxicity assay;
Promega Corporation, Madison, WI, USA), according to the
manufacturer's protocol.

Statistical analysis. All experiments were repeated three
times. Data are presented as the mean + standard deviation.
Statistical analyses were performed with SPSS 17.0 (SPSS,
Inc., Chicago, IL, USA). Differences among groups were
compared with one-way analysis of variance followed by a
Fisher's Least Significance Difference post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

Generation of a stable SW620 CRC cell line expressing a-gal
epitopes. A recombinant lentivirus vector expressing the
murine al,3GT gene was constructed and transferred into
SW620 cells to produce SW620-a-gal cells. A total of 72 h
after lentivirus infection, overexpression of al,3GT mRNA
in SW620 cells was determined by RT-qPCR. As presented
in Fig. 1, the expression of al,3GT mRNA in SW620-a-gal
cells was significantly higher compared with that observed in
SW620-normal and SW620-control cells (P<0.01). The flow
cytometry assay demonstrated that >88% of SW620-transfected
cells expressed a-gal epitopes on the surface (Fig. 2).

Effect of pulsing with a-gal expressing tumor lysate on
DC maturation and cytokine production. Changes in DC
immunophenotype and cytokine production were detected
by flow cytometry and ELISA to evaluate the effects of a-gal
expressing tumor lysate on DC maturation. DCs treated with
SW620-normal cell lysate, SW620-control cell lysate and
SW620-a-gal cell lysate were referred to as DC-normal,
DC-control and DC-a-gal, respectively. The co-stimulatory
molecules CD80 and CD86, and the maturation markers
CD83 and HLA-DR were evaluated. As presented in Fig. 3, the
SW620 cell lysate- and SW620-control cell lysate-treated DCs
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Table I. CTLs activated by dendritic cells pulsed with a-gal
expressing tumor lysate elicited significant cytotoxic responses
against SW620 and SW620-a-gal cells as determined by the
cytolytic assay.

SW620 cell CTL-normal CTL-control CTL-a-gal
SW620-normal  46.1+£3.52 484400 5724527
SW620-control ~ 44.6+2.81 49.6£1.56* 42.6+1.75°

SW620-a-gal 46.7+£2.33 46.8+2.17  64.8+2.74*

1P<0.05 vs. CTL-normal, "P<0.05 vs. CTL-control. CTL, cytotoxic
T lymphocyte.
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Figure 1. Overexpression of a1,3GT mRNA in SW620 cells was determined by
reverse transcription-quantitative polymerase chain reaction. The expression
of al,3GT mRNA significantly increased in SW620-a-gal cells compared
with SW620-normal cells. “P<0.01. a1,3GT, o1,3Galantosyltransferase.

exhibited significantly lower expression levels of CD80 and
HLA-DR, and significantly higher expression levels of CD§3
compared with SW620-a-gal cell lysate-treated DCs. No
significant difference in the expression of CD86 was identified
between the DCs treated with the different cell lysates.

The secretion of inflammatory cytokines is another impor-
tant function of DCs. Therefore, the secretion of IL-10 and
IL-12 from DCs was detected using ELISA. The level of IL-12
secreted by DC-a-gal was significantly higher compared with
that secreted by DC-control and higher than that secreted by
DC-normal, although no statistical difference was revealed.
The level of IL-10 secreted by DC-a-gal was significantly
lower compared with that secreted by DC-control and
DC-normal (Fig. 4). These results demonstrate that pulsing
with a-gal expressing SW620 cell lysate may enhance the
Thl-type cytokine secretion and impair the Th2-type cytokine
secretion of DCs.

Subgroup and cytokine production analysis of T cells. T cell
subgroups and cytokine production were also detected by
flow cytometry and ELISA. The frequencies of T helper cells
(CD3*CD4%), CTLs (CD3*CD8*), NKT cells (CD3*CD56%)
and regulatory T cells (Tregs; CD3*CD4*CD25"CD127"°) were
evaluated. As presented in Fig. 5, the frequency of CD3*CD8*
T cells and NKT cells was significantly higher among the
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Figure 2. Expression of a-gal epitopes on SW620 cells. Colorectal cancer SW620 cells were transfected with recombinant lentivirus vector expressing
al,3Galantosyltransferase gene. The expression of a-gal epitopes on SW620-normal, SW620-control and SW620-a-gal cells was measured using flow cytom-
etry. In total, >88% of SW620-a-gal cells expressed a-Gal epitopes on the surface of the tumor cells.
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Figure 3. Tumor lysate expressing a-gal epitopes promotes CD80 and HLA-DR expression of DCs. On day 5, DCs were cultured with tumor cell lysate. On
day 7, mature DCs were harvested. (A) Molecular markers of DCs, including CD80, CD86, CD83 and HLA-DR, were measured using flow cytometry. The
results revealed a higher expression of (B) CD80 and (C) HLA-DR in DC-a-gal compared with DC-control and DC-normal. “P<0.05, “P<0.01. HLA, human

leukocyte antigen; DC, dendritic cell.

CTLs activated by DC-a-gal (CTL-a-gal) compared with the
CTLs activated by DC-normal (CTL-normal) and DC-control
(CTL-control). The frequency of CD3*CD4* T cells and
Tregs was significantly lower among CTL-a-gal cells. The
cytokine production analyses demonstrated that the level of
TNF-a secreted by CTL-a-gal cells was significantly higher
compared with that secreted by CTL-normal and CTL-control
cells, whereas the level of IL-4 secreted by different CTLs was
comparable (Fig. 6).

Cytotoxic effect of CTLs on the target cells SW620-normal,
SW-620-control and SW620-a-gal. The cytotoxic activity
against SW620-normal, SW-620-control and SW620-a-gal
cells was assessed using CTLs induced by different DCs.
The effector target ratio was 10:1. As presented in Table I,
the strongest killing effect was observed when CTL-a-gal

cells were applied to kill SW620-a-gal cells. At the same
effector target ratio, the killing effect of CTL-a-gal cells on
SW620-normal cells was significantly greater compared with
that of CTL-normal and CTL-control cells. Furthermore,
when SW620-control was applied as the target cells, the killing
effect of CTL-control was significantly greater compared with
that of CTL-normal and CTL-a-gal cells. These results indi-
cate that more effective tumor-specific CTLs can be induced
by DCs pulsed with a-gal expressing tumor lysate.

Discussion

Previous immunotherapy strategies for the treatment of CRC
have demonstrated promising results; however, the clinical
benefits were limited (22-25). There may be several possible
reasons for the insufficient antitumor effect of immune cells.
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Figure 5. Frequency of T cell subsets. (A) Percentage of T cell subsets, including T helper cells (CD3*CD4*), CTLs (CD3*CD8*), NKT cells (CD3*CD56%)
and Tregs (CD3*CD4*CD25"CDI127"), was measured using flow cytometry. The results revealed (B) a lower proportion of CD3*CD4* T cells, a higher
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CTL-normal cells. "P<0.05, “P<0.01. CTL, cytotoxic T lymphocyte; NKT, natural killer T cell; Treg, regulatory T cell.
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The first and possibly most important reason is the low
immunogenicity of TAAs, which is insufficient to induce
tumor-specific immune responses (26). The second reason
may be due to the impaired T cell function of patients with
CRC. The tumor-induced suppression of T cell function is
recognized as a main factor that contributes to tumor growth
and metastasis (27,28). The idea to overcome these problems
is to increase the immunogenicity of TAAs and use these
highly immunogenic TAAs to pulse DCs, which would
subsequently activate tumor-specific CTLs with strong cyto-
toxicity. The approach described in the present study fulfills
the aforementioned requirements. First, a-gal epitopes were
synthesized on the surface of tumor cells to increase the
immunogenicity of TAAs. Subsequently, the adhesive cells
from PBMCs were induced to differentiate into DCs, which
were pulsed with a-gal expressing tumor lysate. Finally,
those DCs were co-cultured with naive T cells to produce
specific CTLs.

In the present study, a-gal epitopes were synthesized on
the surface of tumor cells to increase tumor antigenicity.
Using this approach, a-gal expressing tumor lysate could
contain foreign antigen a-gal and TAAs. The a-Gal antibodies
bind to a-Gal epitopes to form immune complexes and the
recognition of immune complexes by activating Fcy receptors
expressed on DCs results in the engulfment of the complexes
by endocytosis and the maturation of DCs. This maturation
includes upregulation of the expression of the co-stimulatory
molecule CD80 and the MHC class II molecule HLA-DR (29);
therefore, the presentation of TAAs was increased. Induction
of a CD8" effector T cell response by DCs requires the
following three signals: MHC class II molecules, including
HLA-DR, co-stimulatory molecules, including CD80, and
signal pro-inflammatory cytokines, including IL-12 (30). The
a-Gal epitopes increased CD80 and HLA-DR expression of
DCs; therefore, two signals may be more effectively activated
and more CD8" effector T cells may be induced. TNF-a was
predominantly secreted by CD8* T cells and a higher frequency
of CD8* T cells led to a higher level of TNF-a. The results of
the present study demonstrated that CTLs activated by DCs
pulsed with a-gal expressing tumor lysate elicit significant
cytotoxic responses against SW620 and SW620-a.-gal cells, as
determined by a cytolytic assay.

There are several possible reasons for this stronger cyto-
toxicity. The level of TNF-a secreted by CTL-a-gal cells
was higher compared with that secreted by CTL-normal
cells. TNF-a can bind to tumor necrosis factor receptor 1 to
directly induce tumor cells apoptosis (31); therefore, a higher
level of TNF-a can decrease tumor proliferation signifi-
cantly. Additionally, the frequency of CD8* CTLs among
the T cells activated by DCs pulsed with a-gal expressing
tumor lysates was higher compared with that among the T
cells activated by DCs pulsed with normal tumor lysates.
CD8* CTLs can recognize tumor cells by an interaction
between their T-cell receptor and the MHC class I peptide
complex on the surface of tumor cells, and can eventually
kill target cells by the delivery of toxic granule contents that
induce apoptosis of tumor cells to which they attach (32,33).
Furthermore, the frequency of Tregs among the T cells
activated by DCs pulsed with a-gal expressing tumor lysates
was lower compared with that among T cells activated by
DCs pulsed with normal tumor lysate. Tregs are potent
immunosuppressive cells that can impair the function of
CD8* CTLs (34,35). A lower frequency of Tregs indicates a
lower immunosuppressive effect, which can contribute to the
cytotoxicity of CD8* CTLs. It has been reported that IL-12
can paralyze Treg activity and inhibit their proliferation (36).
The present study indicated that the level of IL-12 secreted
by DCs pulsed with a-gal expressing tumor lysate was
higher; when T cells are co-cultured with those DCs, IL-12
could inhibit the proliferation of Tregs. This may explain the
lower frequency of Tregs among T cells. NKT cells comprise
a heterogeneous lymphoid population that exhibit the char-
acteristics of both the innate and adaptive immune system.
NKT cells can directly kill tumor cells or indirectly combat
cancer via the activation of additional immune cells, thus
enhancing tumor immunity (37-39). A higher frequency of
NKT cells could be another reason for the significant cyto-
toxic response observed in the present study.

Although recent studies have reported that a-gal epitopes
can improve immunogenicity in several types of cancer, the
efficacy of a-gal epitopes remains controversial (40,41). The
application of a-gal epitopes to induce a stronger immune
response in CRC required further investigation. The present
study provides detailed information for the clinical application
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of a-gal epitopes in CRC immunotherapy. However, all the
experiments conducted in the present study were in vitro.
Although the results are promising, verification of these in
future in vivo studies is required. In addition, the signaling
mechanisms underlying the enhanced antitumor effect caused
by a-gal epitopes have not been fully elucidated and require
further research.

In summary, the new therapeutic immunotherapy
approach evaluated in the present study was demonstrated to
significantly increase the cytotoxic responses of CTLs against
CRC cells in vitro. The mechanism was further clarified by
assessing different T cell subgroups. An increased level of
TNF-a, higher frequencies of CD8* CTLs and NKT cells, and
adecreased frequency of Tregs may contribute to the enhanced
cytotoxicity of the CTLs. Further clinical studies are required
to test this approach in patients with CRC.
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