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Abstract: Previous studies showed that Livin, a member of inhibitors of apoptosis protein (IAP), played an important
role in drug and radiation resistance. When the expression of Livin was blocked, the sensitivity to both chemotherapy and radiotherapy was improved in lung cancer cells. A total of 79 patients diagnosed with non-small cell
lung cancer (NSCLC) were enrolled into the current study from Jan 2012 to Apr 2016. The Livin and MUC-1 groups
received one-cycle autologous DCs/CIKs infusion on days 11 to 14 additionally. The clinical efficacy, immune index,
KPS score and adverse events were compared among the three groups. Median progression-free survival (mPFS)
in Livin and MUC-1 groups was significantly longer than that in Chemo group (195 and 211 vs 138 days, P < 0.05),
and the objective response rate (ORR) in Livin and MUC-1 groups was significantly higher than that in Chemo group
(23.1% and 22.2% vs 5.1%, P < 0.05). The Tetramer value after treatment in Livin group was significantly higher
than that before treatment (4.07 ± 3.77 vs 3.16 ± 3.82, P < 0.05). The concentration of Livin antibody in patients’
peripheral blood before and after treatment in Livin group had no significant difference (P > 0.05). As for KPS score,
scarce decrease was found in Livin and MUC-1 groups after chemotherapy treatment (0.77 ± 6.41 and 0.37 ± 5.18,
respectively). However, obvious decrease of KPS score (P < 0.039) was recorded in Chemo group (3.85 ± 6.33).
There was no significant difference in disease control rate (DCR), overall survival (OS), T cell subsets, cytokine levels
(IFN-γ and IL-2) and adverse events between the three groups (P > 0.05). Livin peptide could be a novel substitute
to trigger cell immunity by loading DCs in combination with chemotherapy in NSCLC.
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Introduction
Lung cancer accounts for the largest proportion of diagnosed cancers all around the world
(1.8 million, 13.0% of the total), and remains a
leading cause of cancer death (1.6 million,
19.4% of the total) [1]. Among all lung cancers,
non-small cell lung cancer (NSCLC) constitutes
approximately 85% and most of the NSCLC
patients are diagnosed at advanced stages,
being unsuitable for surgery [2]. Although the
treatment of lung cancer has made great progress over the past decade, the overall 5-year
survival rate is still less than 20% [3]. Therefore,
developing new and more effective treatment
for NSCLC patients, especially for those in late
stages, has vital significance.

Developing rapidly at present, tumor immunotherapy is considered a very promising treatment. It takes advantage of the patient’s own
immune system to combat cancer cells through
mobilization or enhancement of immune function, thereby improving the Karnofsky performance score (KPS) and prolonging survival of
patients with the advantages of low toxicity and
high efficiency [4, 5]. Dendritic cells (DCs) are
known as one type of antigen-presenting cells
(APCs), which have the strongest ability to present antigens. DCs facilitate the activation and
proliferation of primary T cells by taking in, processing and presenting antigens [6, 7]. By activating and culturing DCs loaded with tumor
antigens in vitro, and then transfusing the cells
into the patient’s body, a very strong anti-tumor
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drugs and radiation [24]. The
application of HLA-A2 restricted Livin peptide (RLQEERTCKV) as a tumor antigen to
cell immunotherapy has been
gradually reported [25]. Based on the hypothesis that
Livin peptide-loaded DCs/
CIKs combined with chemoFigure 1. The study design of Livin, MUC-1, Chemo groups in the current
therapy could benefit the
clinical trial.
HLA-A2+ NSCLC patients, we
therefore sponsored a phase
immune response can be induced [8]. CytokineII clinical trial from Jan 2012 to Apr 2016 to
induced killer cells (CIKs) are a group of immune
investigate the availability of Livin acting as a
cells with both strong anti-tumor activity of T
new tumor antigen for DCs/CIKs cytotherapy to
cells and non-MHC restricted killing feature of
activate cell immunity, enhance the sensitivity
natural killer cells (NK), thus also known as NK
of NSCLC patients to chemotherapy, and then
cell-like T lymphocytes (NKT) [9]. DCs combined
improve local control rate, reduce recurrence
with CIKs can produce highly effective immune
and metastasis and prolong patients’ survival.
response, and enhance tumor killing activity
Methods
and anti-tumor effects [10, 11]. Moreover, our
study has confirmed that DCs/CIKs combined
Study design and patients selection
with thoracic radiotherapy can improve the
mPFS and ORR of patients with locally advanced
This prospective single-center, open-label,
or metastatic NSCLC compared with thoracic
phase II study was carried out at the Cancer
radiotherapy alone [12].
Institute of PLA, Xinqiao Hospital, Army Medical
University, Chongqing, China. The protocol was
Previous studies have reported that inhibitors
registered in Chinese Clinical Trial Registry
of apoptosis protein (IAP) are involved in an
(ChiCTR-TRC-12002369, http://www.chictr.org.
important mechanism of tumor resistance to
cn) and approved by the Ethics Committee of
chemotherapy and radiotherapy [13, 14]. Livin
General Logistics Department of PLA, China.
is a member of IAP family, which can inhibit
apoptosis through a variety of ways [15-17].
Qualified patients were histologically or cytoLivin is highly expressed in many malignant
logically (not including sputum cytology) diagtumor tissues and lowly or not expressed in
nosed with unresectable stage III or IV
normal tissues of adults, which indicated that it
advanced NSCLC (according to the 7th edition
may have important clinical significance [18of the General Rule for Clinical and Pathological
21]. Similarly, our previous studies have also
Record of Lung Cancer) [26]. Given their certain
demonstrated that livin is highly expressed in
conditions, such as huge primary tumors,
NSCLC tissues and closely related to the occurpotential risk of heart failure, respiratory dysrence and development of malignant tumors
function and previous chemotherapy in other
[22]. When the expression of Livin was blocked,
medical centers, etc., all enrolled stage III
the sensitivity to chemotherapy and radiotherapatients were reluctant to receive or unsuitable
py was improved in lung cancer cells. Our study
for concurrent chemoradiotherapy or radical
confirmed that the sensitivity of SPC-A1 cells to
radiotherapy. Other inclusion criteria were as
many chemotherapeutic drugs (including cisplfollows: an age of 18 years or older at the time
atin, carboplatin, cyclophosphamide and adriof signing the consent form; life expectancy of
blastine) was markedly increased after silenc≥3 months at registration; KPS score ≥70 at the
ing of the Livin gene [23]. Another work proved
time of first visit; adequate function of the liver,
that after transfection with vectors expressing
kidney, heart and hematopoietic system; and
Livin, the positive cells, especially A549 cells
two or more cycles of previous platinum-based
expressing Livin, showed an ~20% increase in
doublet chemotherapy without disease procolony-forming ability, a shorter doubling time
and lower sensitivity to chemotherapeutic
gression. No previous DCs/CIKs cytotherapy
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tient into cytotherapy groups (Livin
Characteristic
Livin
MUC-1
Chemo
P value
and MUC-1 groCases
13
27
39
ups), we chose a
Median age (yrs, Range)
61 (35-74)
56 (27-73)
59 (36-76) 0.246
counterpart who
Gender
0.631
possessed a nearMale
10 (76.9%)
21 (77.8%)
26 (66.7%)
ly identical chaFemale
3 (23.1%)
6 (22.2%)
13 (33.3%)
racteristic to receiHistological type
ve chemotherapy
ADC
9 (69.2%)
16 (59.3%)
27 (69.2%) 0.731
alone as a contrSCC
4 (30.8%)
11 (40.7%)
12 (30.8%)
ol. Eventually, from
Jan 2012 to Apr
Clinical stage
2016, 13 enrolled
IIIB
5 (38.5%)
13 (48.1%)
15 (38.5%) 0.748
patients with HLAIV
8 (61.5%)
14 (51.9%)
24 (61.5%)
A2+ NSCLC were
Cycles of previous chemotherapy 2.92 ± 0.76 3.04 ± 0.76 3.10 ± 0.72 0.746
assigned to Livin
KPS score
83.85 ± 5.06 85.93 ± 5.72 84.10 ± 5.95 0.383
group, 27 patients
receiving MUC-1loaded DCs/CIKs combined with chemotherapy
to MUC-1 group, and 39 patients receiving chemotherapy alone to Chemo group. The primary
endpoint for this clinical trial was ORR, and the
secondary endpoints were DCR, mPFS, median
overall survival (mOS), KPS score change and
adverse events. Immunologic effects were to
be explored. After cytotherapy, enrolled patients
would continue chemotherapy to reach a standard of 4 to 6 cycles in total.
Table 1. Baseline characteristics of the patients in three groups

Preparation of autologous DCs and CIKs

Figure 2. Short-term clinical effects. *ORR was significantly higher in Livin and MUC-1 groups than in
Chemo group (P < 0.05), but there was no significant
ORR difference between Livin and MUC-1 groups. No
obvious difference in DCR was observed between
the three groups.

was allowed. One or more measurable lesions
were necessary for therapeutic evaluation
based on Response Evaluation Criteria in Solid
Tumors (RECIST 1.1) [27]. All the patients were
given a full explanation of the protocol and provided with informed consent before enrollment.
Major exclusion criteria included an acute
infection; any autoimmune disease; a history of
severe allergic reaction; HIV infection; pregnancy or nursing; and other inappropriate conditions for enrollment as judged by clinicians.
The planned sample size was set as 20, 30
and 50 patients in Livin, MUC-1, and Chemo
groups, respectively. When engaging a pa408

Apheresis blood and autologous DCs/CIKs
were prepared according to the protocols
described in our previous study [28]. Briefly,
peripheral blood mononuclear cells (PBMCs)
were collected from the patients in Livin and
MUC-1 groups at the beginning, then isolated
by Ficoll-Hypaque gradient density centrifugation, and cultured in X-VIVO medium for 2 h.
The adherent cells were collected for preparing
DCs in X-VIVO medium containing granulocyte
macrophage colony-stimulating factor (GMCSF) and interleukin-4 (IL-4). Five days later,
tumor necrosis factor-α (TNF-α) and HLA-A2restricted Livin peptide (RLQEERTCKV) (GL
Biochem, Shanghai, China) or MUC-1 peptide
(SAPDTRPAPGSTAPPAHGVT) (GL Biochem, Shanghai, China) were added into DCs culture of
Livin or MUC-1 groups respectively for another
2 days. For preparing CIKs, non-adherent cells
were cultured in X-VIVO medium containing
interferon γ (IFN-γ), CD3 monoclonal antibody,
and interleukin-2 (IL-2) for 10 days. The immune
phenotype markers CD80, CD83, CD86, and
Am J Cancer Res 2019;9(2):406-414
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first year, and every 6 months
henceforth. Conventional follow-up assessments included
physical examinations, vital
signs, computed tomographic
scans (CT), and laboratory
tests.
Assessment of immunologic
effects

At the beginning of the study (day 0), we collected peripheral blood mononuclear cells
(PBMCs) from the patients in Livin and MUC-1
groups for culturing DCs and CIKs respectively
in vitro, and then all patients were treated
according to the study design. The activity and
safety of DCs and CIKs were tested 48 hours
before the infusion. After confirmed the high
activity and sterility of the vaccine, over 1×107
DCs were injected subcutaneously in the lymph
node-rich regions (bilateral axillary or inguinal
region) once a day for 4 successive days from
day 11 to 14. Over 1×109 CIKs in 100 mL of
normal saline (NS) (0.9%) were infused intravenously once a day for 4 successive days from
day 11 to 14 (Figure 1).

Blood was drawn from participants on day 0 and within
a week after chemotherapy
(Figure 1). Direct detection
of the number of specific
CD8+ T cells in Livin group
could be achieved by tetramer techniques
(Beijing QuantoBio Biotechnology Co. Ltd,
Beijing, China) according to the manufacturer’s
instructions. Livin antibodies in the serum of
Livin group’s patients were detected by enzymelinked immunosorbent assay (ELISA) (R&D
Systems, MN, USA) following the manufacturer’s instructions. For assay of T cell subsets
and NK cells, 100 μL of EDTA anticoagulant
blood samples were stained with relevant antibodies (BD Bioscience), namely, anti-CD3+,
CD4+ and CD8+ for T cells, anti-CD3+ and
CD56+ for NK cells, in darkness for 20 min.
Then, erythrocyte lysis buffer was added. After
being vortexed for 15 s and incubated at room
temperature for 5 min, the samples were centrifuged to remove the supernatant and washed
with PBS. After being resuspended with staining buffer, the samples were analyzed on the
BD Aria flow cytometer (BD Bioscience). And
cytokine levels, including IFN-γ and IL-2, in the
serum of three groups’ patients were detected
by ELISA (R&D Systems, MN, USA) following the
manufacturer’s instructions.

Assessment of clinical outcomes

KPS score and adverse events

The treatment efficacy was classified as complete response (CR), partial response (PR), stable disease (SD), and progression disease (PD)
on the basis of RECIST 1.1 [27]. The ORR was
defined as the percentage of patients with CR
or PR, and DCR as the percentage of patients
with CR, or PR, or SD. mPFS was defined as the
median time scale from enrollment to disease
progression, while mOS was the median time
scale from first treatment to death. The followup was conducted in the 1st and 3rd month after
chemotherapy, and then every 3 months for the

KPS score was assessed on day 0 of the study
and within a week after chemotherapy. Adverse
events, such as insomnia, anorexia, fever, skin
rash, and joint pain, were monitored and
observed once a week during the therapy and
once a month during the follow-up.

Figure 3. Kaplan-Meier curves of mPFS and mOS. A. Compared with Chemo group, mPFS in Livin and MUC-1 groups was significantly longer (P <
0.05), but there was no significant mPFS difference between Livin and MUC1 groups. B. No significant mOS difference between the three groups (P >
0.05).

HLA-DR for DCs and CD3, CD56 for CIKs were
analyzed by flow cytometry. Contamination of
bacteria, fungi and endotoxin in all the cultured
samples were detected during the course of
cell culture.
DCs/CIKs cytotherapy
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Statistical analysis
SPSS 18.0 was used for data analysis. The
measurement data were
_ presented as the
mean ± standard error ( x ± s). Statistical sigAm J Cancer Res 2019;9(2):406-414
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Table 2. T cell subsets in PBMCs ( x ± s)
Group
Livin
Pre-treatment
Post-treatment
P value
MUC-1
Pre-treatment
Post-treatment
P value
Chemo
Pre-treatment
Post-treatment
P value

CD3+ (%)

CD4+ (%)

CD8+ (%)

CD4+/CD8+

CD3-CD56+ (%)

67.44 ± 11.03
73.29 ± 11.28
0.071

34.90 ± 7.15
33.80 ± 5.28
0.596

24.37 ± 7.09
31.76 ± 14.39
0.063

1.54 ± 0.49
1.24 ± 0.48
0.019*

13.50 ± 6.9
11.73 ± 6.71
0.378

64.31 ± 12.51
66.86 ± 11.75
0.199

34.20 ± 10.30
33.16 ± 10.10
0.571

28.38 ± 8.82
29.58 ± 8.61
0.057

1.33 ± 0.66
1.12 ± 0.52
0.011*

22.12 ± 12.99
21.24 ± 12.56
0.407

64.86 ± 16.16
67.11 ± 15.20
0.655

32.77 ± 10.00
28.37 ± 10.87
0.145

30.88 ± 11.61
35.75 ± 13.31
0.186

1.25 ± 0.67
0.91 ± 0.54
0.015*

20.02 ± 8.26
20.36 ± 11.10
0.890

*CD4+/CD8+ ratio decreased significantly in three groups after treatment (P < 0.05).

_
Table 3. Cytokines detection in serum ( x ± s)
Group
Livin
Pre-treatment
Post-treatment
P value
MUC-1
Pre-treatment
Post-treatment
P value
Chemo
Pre-treatment
Post-treatment
P value

IL-2 (ng/L)

IFN-r (pg/mL)

358.37 ± 49.00 491.19 ± 60.00
376.09 ± 44.44 507.32 ± 59.87
0.19
0.48
330.42 ± 79.25 575.85 ± 179.85
330.94 ± 66.12 567.12 ± 151.64
0.98
0.83
346.65 ± 53.03 541.05 ± 70.73
335.74 ± 61.92 534.62 ± 66.35
0.56
0.77

nificance was determined using one way ANOVA
in three groups. The enumeration data were
analyzed using χ2 test. Differences in Livin antibodies and the Tetramer values of the patients
in the Livin group were analyzed using the independent Student t test. mPFS and mOS were
estimated by using Kaplan-Meier curves with
the log-rank test. P < 0.05 was considered to
indicate a statistically significant difference.

py, pathological type and KPS score in three
groups were analyzed. None of them showed
significant differences (P > 0.05, Table 1), suggesting a nearly identical baseline between the
three groups.
Clinical outcomes
The median follow-up time in Livin, MUC-1, and
Chemo groups was 290, 400 and 410 days,
respectively. For the therapeutic efficacy, 3 PR,
5 SD and 5 PD were found in Livin group, 6 PR,
10 SD and 11 PD in MUC-1 group, and 2 PR, 18
SD, 19 PD in Chemo group. The ORR of Livin
and MUC-1 groups was both significantly higher
than that of Chemo group (23.1% and 22.2% vs
5.1%, P < 0.05) (Figure 2). However, no obvious
difference in DCR was observed between the
three groups (61.5% and 59.3% vs 51.3%, P >
0.05).

Results

As for long-term evaluation, the mPFS of Livin
group (195 days) and MUC-1 group (211 days)
was significantly longer than that of Chemo
group (138 days) (P < 0.05). However, there
was no significant difference in mOS between
the three groups (290 and 400 days vs 410
days, respectively; P > 0.05) (Figure 3).

Patient characteristics

Immunologic response

From Jan 2012 to Apr 2016, a total of 79
patients with locally advanced or metastatic
NSCLC were enrolled and assigned to Livin,
MUC-1, and Chemo groups. Clinicopathological
characteristics such as age, gender, clinical
stage of tumor, previous systemic chemothera-

Among the 39 patients in Chemo group, complete immunologic results were obtained in
only 19 cases before and after chemotherapy.
There was a lack of some medical materials in
the rest patients because of their refusal to
draw blood and the delayed follow-up, and

410
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of KPS score was recorded in
Chemo group (3.85 ± 6.33).
The decrease of KPS score in
Livin and MUC-1 groups was
significantly smaller than that
in Chemo group (P = 0.039,
Table 4).
Adverse events were assessed in all patients. The funcFigure 4. Livin antibodies detection and Tetramer assay in Livin group. A. Livtions of the liver, kidneys and
in antibody in patients’ peripheral blood had no significant difference before
heart of all the participants
and after treatment (P > 0.05). B. The Tetramer values of the patients in the
remained normal at the end
Livin group were significantly higher than those before treatment (P < 0.05).
of the chemotherapy. The
most common adverse events
some other reasons. The results of T cell subwere fever, anorexia, nausea, vomiting, and
sets and NK cells were analyzed. There were no
myelosuppression (Table 4). Most of them were
obvious changes in the percentage of CD3+,
at grade I~II. All patients recovered after suitCD4+, CD8+ T cells and CD3-CD56+ NK cells
able treatment within 2 months. There were no
before and after chemotherapy in three groups
cases with treatment-related deaths.
(P > 0.05, Table 2). However, we found that the
Discussion
changing trends of T cell subsets in the Livin
and MUC-1 groups were similar, as there was
Our preliminary results have shown that Livin
an increasing trend of CD8+ T cells in Livin and
as a member of the IAP family plays an imporMUC-1 groups after the treatment (P = 0.063
tant role in the resistance of lung cancer cells
and P = 0.057, respectively; Table 2) and the
to chemotherapy and radiotherapy [27]. The
CD4+/CD8+ ratio decreased significantly in
expression of Livin was up-regulated in NSCLC
three groups after treatment (P < 0.05, Table
patients after chemotherapy and radiotherapy,
2). Besides, we detected the expression levels
and blocking Livin expression could enhance
of IL-2 and IFN-γ in the serum of three groups’
the chemosensitivity and radiosensitivity of
patients. The results showed no statistical diflung cancer cells [29]. Livin is highly expressed
ference before and after treatment (P > 0.05,
in a variety of malignant tumors, and Livin antiTable 3). Meanwhile, we also detected Livin
bodies can be also detected in the serum of
antibodies in the serum of patients. Although
patients, suggesting that Livin may be the main
the level of antibodies after treatment was not
tumor-associated antigen [30-32]. Therefore,
significantly changed compared with that
some studies have speculated that Livin can be
before treatment (0.80 ± 0.19 vs 0.88 ± 0.28),
a new immunotherapy target for patients with
the Tetramer results in Livin group indicated
NSCLC [33]. Adoption of anti-Livin immunotherthat the Tetramer values of the patients were
apy has been gradually reported, and achieved
significantly higher than those before treatdesirable results [30, 33, 34]. This study was
ment (4.07 ± 3.77 vs 3.16 ± 3.82, P < 0.05)
designed to explore the efficacy of Livin pep(Figure 4).
tide-loaded DCs/CIKs combined with chemoKPS score and adverse events
therapy for patients with HLA-A2+ NSCLC.
At the beginning of the study, the KPS score
was 83.85 ± 5.06, 85.93 ± 5.72 and 84.10 ±
5.95 in Livin, MUC-1 and Chemo groups,
respectively (Table 1). At the end of chemotherapy, the KPS score was 83.08 ± 4.80, 85.56 ±
6.40 and 80.26 ± 6.28 in the three groups,
respectively (Table 4). Scarce decrease of KPS
score was found in Livin and MUC-1 groups
after chemotherapy (0.77 ± 6.41 and 0.37 ±
5.18, respectively). However, obvious decrease
411

According to the present results, Livin group
had a similar clinical efficacy to MUC-1 group,
and they both had an advantage over the
Chemo group. A longer mPFS was observed in
Livin and MUC-1 groups than in Chemo group
(195 and 211 days vs 138 days, P < 0.05), and
ORR was higher in Livin and MUC-1 groups
(23.1% and 22.2% vs 5.1%; P < 0.05). Although
there was no significant difference in DCR and
mOS between the three groups (P > 0.05), the
Am J Cancer Res 2019;9(2):406-414
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Table 4. Adverse events
Event
Fever
Anorexia
Allergy
Nausea, vomiting
Heart function
Liver function
Renal function
Myelosuppression
KPS score

Livin
Grade 1-2
Grade 3-4
N (%)
N (%)
3 (23.1)
0
2 (15.4)
0
1 (7.7)
0
2 (15.4)
0
0
0
0
0
0
0
2 (15.4)
0
83.08 ± 4.80*

MUC-1
Grade 1-2
Grade 3-4
N (%)
N (%)
5 (18.5)
0
7 (25.9)
0
1 (3.7)
0
6 (22.2)
0
0
0
0
0
0
0
5 (18.5)
0
85.56 ± 6.40*

Chemo
Grade 1-2
Grade 3-4
N (%)
N (%)
11 (28.2)
0
13 (33.3)
0
11 (28.2)
0
17 (43.6)
0
0
0
0
0
0
0
9 (23.1)
3 (7.7)
80.26 ± 6.28

*KPS change was significantly smaller than in Chemo group (P < 0.05).

positive results in mPFS and ORR were still
encouraging.

nificantly higher than those before treatment (P
< 0.05).

For safety analysis, during the combination
therapy of DCs/CIKs and chemotherapy, a
majority of adverse events were mild, tolerant
and similar to those caused by chemotherapy
alone. No new safety signals were identified,
and no treatment-related deaths occurred. In
addition, we found a significant KPS score
decrease after chemotherapy in Chemo group
(P < 0.05). However, there was a minor KPS
score decrease in Livin and MUC-1 groups (P >
0.05). These results suggest that combined
cytotherapy improves the KPS score for
advanced patients receiving chemotherapy.
Thus, DCs/CIKs in combination with chemotherapy showed a good safety profile.

The MHC-peptide tetramer technique was
established by Altmen et al. [35] in 1996. Its
principle is that when the MHC-peptide tetramer binds to the TCR of specific T cells, it can
directly detect the number of specific CD8+ T
cells by flow cytometry, truly reflecting the status of specific CD8+ T cells. This technique has
the advantage of being rapid, direct, sensitive
and highly specific [36]. Now it is an important
immune technology, which is widely used in
immunological research, clinical diagnosis and
treatment of some diseases. In the current
study, the Tetramer values of Livin group were
significantly increased after treatment (4.07 ±
3.77 vs 3.16 ± 3.82, P < 0.05). This result
shows that Livin antigen has induced specific
cytotoxic T lymphocyte (CTL) response in vivo,
which results an increasing number of CTL.
However, we measured the concentration of
Livin antibody in serum and found no significant change before and after treatment.
Therefore, the current results demonstrate that
Livin peptide-loaded DCs treatment mainly
stimulates patient’s cellular immunity, rather
than humoral immunity, providing a basis for
Livin as a new tumor antigen for cellular
immunotherapy.

As for T cell subsets statistics, we found that
the changing trends of T cell subsets in the
Livin and MUC-1 groups were similar, as there
was an increasing trend of CD8+ T cells in Livin
and MUC-1 groups after the treatment (P =
0.063 and P = 0.057, respectively) and the
CD4+/CD8+ ratio decreased significantly in the
three groups after treatment (P < 0.05).
However, there was no significant difference
in each index of T cell subsets between the
three groups (P > 0.05). Similarly, there was
also no significant difference in the expression
levels of IL-2 and IFN-γ in the serum of three
groups’ patients (P > 0.05). Meanwhile, we
detected Livin antibodies in the serum of
patients in Livin group. Although the level of
antibodies after treatment was not significantly
changed compared with before, the Tetramer
values of the patients after treatment were sig412

Restricted to national policy which prohibits
DCs/CIKs cytotherapy as routine anti-cancer
treatment in China from Apr. 2016, we have to
close the enrollment in advance. Therefore, the
current study did not reach the predicted sample size. Nevertheless, we found that the efficacy of Livin group was not inferior to MUC-1
Am J Cancer Res 2019;9(2):406-414
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group regardless of clinical efficacy or outcomes of immune index. Also, our current findings supported that Livin-loaded DCs could
elicit patient-specific CTL responses. However,
there were some limitations in our study. The
recruitment of patients in the Chemo group
was non-random selection. Cytotherapy in the
Livin and MUC-1 groups was performed for only
one cycle because of the high cost of multicycle
cytotherapy. Whether DCs/CIKs cytotherapy
taking Livin peptide as a new tumor antigen can
improve chemosensitivity of lung cancer needs
further higher level clinical trial. Further conclusions would be acquired from study of chemosensitivity by expanding the sample size, and
conducting randomization design, thus to provide more and more favorable evidences that
Livin could be used as a tumor antigen to stimulate the body’s cellular immune function and
benefit the patients.
Conclusions
Livin peptide-loaded DCs/CIKs, combined with
chemotherapy, was similar to MUC-1 peptideloaded DCs/CIKs in clinical efficacy and immunological parameters, and they are both superior to chemotherapy alone. Livin peptide could
be used as a new antigen to load DCs/CIKs,
induce cellular immunity, and stimulate specific
CTL response.
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