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Background: Clinical studies have shown the efficacy of combination therapy for various malignancies. In this
study, the characteristics, safety and feasibility of use of cascade-primed (CAPRI) cells for the combination
treatment of non�small-cell lung cancer (NSCLC) were evaluated both in vitro and in vivo.
Methods: Sixty-five patients with stage II�IV NSCLC were recruited. Of these patients, 31 patients
received CAPRI cell therapy combined with chemotherapy (CAPRI group), and the other 34 patients
constituted the control group and received chemotherapy alone. This study primarily aimed to evalu-
ate the overall survival (OS), progression-free survival (PFS), short-term responses and treatment
efficacy.
Results: CD83, CD1a, CD80 and CD86 marker levels were significantly upregulated in CAPRI cells. Interferon-g
expression levels were highest in CD3+CD8+ cells (33.77% § 4.40%). Furthermore, interleukin-2 levels were
highest in CD3+CD56+ cells (26.73% § 6.63%), whereas perforin expression levels were similar in CD3+CD8+

and CD3+CD56+ cells. Furthermore, CAPRI cells had a better anti-tumor potential in CD3+CD56+ cells and dis-
played the highest expression levels of CD107a to H460 and A549 cell lines. The 5-year OS was significantly
greater in the CAPRI group than in the control group (P = 0.008), and the PFS of two groups exhibited a signif-
icant difference (P = 0.007). Median OS (48 versus 31.6 months; P = 0.004) and PFS (48 versus 36.4 months;
P = 0.016) differed between these two groups. Moreover, treatment-associated toxicities were mild and
well-tolerated by patients with NSCLC.
Conclusion: CAPRI cell therapy potentially prolongs the survival of patients with NSCLC when combined with
chemotherapy.

© 2019 International Society for Cell and Gene Therapy. Published by Elsevier Inc. All rights reserved.
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Introduction

Lung cancer, the most common of the malignant cancers, has the
highest morbidity and mortality rates among the various cancer
types and has been showing a growing trend. In 2017, 13% of all new
diagnoses and 26% of cancer-related deaths were due to lung cancer
[1]. Non�small-cell lung cancer (NSCLC) accounts for approximately
75% of all cases of lung cancer, and shows high morbidity, high mor-
tality and low survival rates [2]; furthermore, most patients are diag-
nosed at advanced stages. Although systemic chemotherapy is the
recommended first-line treatment for patients with advanced-stage
and metastatic NSCLC, it is often considered ineffective or excessively
toxic [3]. Therefore, multidisciplinary approaches toward the devel-
opment of novel treatments for NSCLC are required to improve the
prognosis of lung cancer.

Adoptive cell therapy has been proving to be an effective thera-
peutic strategy against certain cancers. It involves the reinfusion of
autologous cultured immune cells and is considered a viable alterna-
tive therapeutic for patients with cancer [4-7]. Various immune cells
have been applied in clinical trials, including tumor-infiltrating lym-
phocytes (TILs), cytokine-induced killer (CIK) cells, natural killer cells
and chimeric antigen receptor (CAR) T cells. However, certain tumors
lose the expression of the major histocompatibility complex (MHC)
and/or antigens, rendering TIL therapy beneficial only for some
patients [8]. CAR-T cells have been successfully applied to treat B-cell

mailto:yizhang@zzu.edu.cn
https://doi.org/10.1016/j.jcyt.2019.12.002
https://doi.org/10.1016/j.jcyt.2019.12.002
https://doi.org/10.1016/j.jcyt.2019.12.002
http://www.ScienceDirect.com
http://www.isct-cytotherapy.org


Table 1
The clinical parameters of patients.

CAPRI
(n = 31)

Control
(n = 34)

x2 (P)

Gender
Male 19 26 1.175 (0.185)
Female 12 8

Age (y)
�60 17 21 0.320 (0.571)
<60 14 13

Previous therapy
Surgery 6 7 0.639 (0.850)
Chemotherapy 23 23
Others 2 4

Pathological stage
Adenocarcinoma 22 18 2.511 (0.285)
Squamous carcinoma 8 13

Others 1 3
Metastasis sites

Brain 3 3 2.168 (0.729)
Bone 7 5
Liver 4 2
Lymph node 11 15
Others 6 9

TNM
IIA/IIB 5 5 0.025 (0.874)
III/IV 26 29

TNM, Tumor lymph node metastasis.
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malignancies, but have failed to treat solid tumors owing to the
tumor immune-suppressive microenvironment and the lack of opti-
mal targets on the tumor surface [9]. CIK cell therapy is recognized as
a cell-based therapy, with the CD3+CD56+ cells being the main effec-
tor cells [10]. CIK cells exhibit enhanced tumor cell lysis, higher pro-
liferation and relatively lower toxicity than TILs. Despite their
nonspecific cytotoxicity, CIK cells reportedly regulate and enhance
the immune functions of patients with cancer [11]. However, the
most pressing issues in CIK therapy have been the generation of a suf-
ficient quantity of less-differentiated cells for transfer and the main-
tenance of long survival time in vivo.

Cascade-primed (CAPRI) cells are generated ex vivo by incubating
peripheral blood (PB) with two reagents (herein named reagent 1
and 2) for 5 days of stimulation. CAPRI cells consist of four cell types
(i.e., monocytes, dendritic cells [DCs], CD4+ T cells and CD8+ T cells)
that are primed and do not require tumor cells or identifying pepti-
des for their activation. In our study, the antigen-presenting cells
(APCs) were stimulated by activating T cells in culture with anti-CD3
antibody (OKT3) to upregulate the expression of MHCs and co-stimu-
latory molecules. The leukocyte differentiation antigen CD14+ on
monocytes plays a critical role in both the inflammatory and immune
response. Thus, the tumor-immunogenic information has been
derived from CD14+ monocytes [12]. Furthermore, shortening the
culture periods with CAPRI cells is reportedly beneficial for combina-
tion therapy for various cancers. This study aimed to investigate and
report the safety and clinical efficacy of CAPRI cells in combination
with traditional therapy for patients with NSCLC. We found that
CAPRI cells presented stronger anti-tumor ability by secreting high
levels of multiple cytokines, including interferon (IFN)-g , interleukin
(IL)-2 and perforin, and producing a higher expression level of
CD107a. Furthermore, treatment-related toxicity was mild and toler-
able, and the overall survival (OS) and progression-free survival (PFS)
of patients in the CAPRI group were greater than those in the control
group.

Materials and Methods

Patients

We conducted this retrospective study with patients with NSCLC
who were admitted in the First Affiliated Hospital of Zhengzhou
University from January 2011 to December 2016. All eligible
patients were 18 years of age and older and their diagnoses were
cytologically confirmed. Their Karnofsky performance status was
>70, and their expected life expectancy was >3 months. Patients
were excluded from the study if they had an active infection, coagu-
lation disorder, immune deficiency or major organ dysfunction.
Thirty-one patients with NSCLC received CAPRI cell treatment com-
bined with chemotherapy (CAPRI group). An additional 34 patients
with NSCLC receiving chemotherapy alone during the same period
were enrolled as the control group. The characteristics of the CAPRI
group (median age, 58 years; range, 47�85 years) and the control
group (median age, 58 years; range, 48�80 years) are shown in
Table 1. Data from all patients with NSCLC with different American
Joint Committee on Cancer stages were analyzed to establish base-
line parameters. Ten patients at stage IIA or IIB underwent surgery
before cell infusion and chemotherapy. Moreover, the age, gender,
tumor type, stage and chemotherapy regimens of patients were
similar in these two groups (Table 1). This study was approved by
the Ethics Committee of the First Affiliated Hospital of Zhengzhou
University (Zhengzhou, China; Research-2015-LW-108). All patients
provided written informed consent in accordance with the tenets of
the Declaration of Helsinki and the study was approved by the
Ethics Committee of the First Affiliated Hospital of Zhengzhou Uni-
versity. None of the participants received targeted therapy or check-
point inhibitors before treatment.
Generation of CAPRI cells

CAPRI cells were generated ex vivo by incubating peripheral blood
mononuclear cell (PBMCs) from patients with reagent 1 (300 IU/mL
interleukin-2, 500 IU/mL interferon-g , 200 IU/mL interleukin-18, 700
IU/mL granulocyte-macrophage colony-stimulating factor and
200 IU/mL interleukin-4) and 2 (300 IU/mL interleukin-2, 500 IU/mL
interferon-g and 200 IU/mL interleukin-18) and stimulation for
5 days. First, anti-CD3 antibodies were immobilized at l mg/mL in 0.05
mol/L borate buffer (pH 8.6) as coating solution, following which
60 mL of the coating solution was dispensed into four 175 cm2 culture
flasks (Greiner Bio-One, Frickenhausen, Germany). The coated culture
bottles were maintained at 4°C for 24 h. PBMCs from patients were
then obtained through Ficoll density gradient centrifugation (Tianjin
HY, China). Then the PBMCs were washed twice with phosphate-buff-
ered saline and incubated in 20 mL of GT551 for 3 h. Reagent 1 was
then added to stimulate PBMCs for 3 h. To generate CAPRI cells, equal
numbers of unstimulated autologous PBMCs were co-cultured with
CD3-activated PBMCs for 16 h. The CD3-activated T cells were then
transferred to four 175 cm2

flasks and reagent 2 was added on day 1,
and the CAPRI cells were harvested on day 5, whereupon they were
washed twice before infusion or cryopreservation. After culturing and
expansion, the final number of CAPRI cells was approximately 6 £ 108

to 1.2 £ 109. Quality control of the CAPRI cells was performed and the
absence of bacterial and fungal contamination was confirmed 3 days
prior to cell infusion. The dye-exclusion assay was performed to verify
cell viability, which was >90%. The CAPRI cell subset was analyzed
using a flow cytometer (BD Biosciences, San Jose, CA, USA).

Treatment plan

The chemotherapy regimens for these patients with NSCLC
included the following: pemetrexed and cisplatin or carboplatin (PP),
paclitaxel and carboplatin (TP), docetaxel and cisplatin (DP), gemcita-
bine and cisplatin (GP), docetaxel and oxaliplatin (DO) or docetaxel,
Nedaplatin and Pemetrexed (DNP). Dosages were based on National
Comprehensive Cancer Network (NCCN) guidelines. Apheresis was
performed to harvest mononuclear cells before precondition chemo-
therapy to ensure the reinfusion of an adequate number of the T cells
produced herein into each patient. For safety and efficacy, CAPRI cells



Fig. 1. Clinical protocol design. Autologous cells were obtained via leukapheresis, and T cells were expanded for 5 d. Patients were administered lymphodepleting chemotherapy,
with or without CAPRI cell infusions. Subjects were transferred to a destination protocol for long-term follow-up evaluation per the schedule.

Fig. 2. Expression of cell differentiation and activation markers using fluorescein isothiocyanate (FITC)-labeled CD14+ monocytes during CAPRI cell activation among PBMCs. The
CAPRI cells were harvested on day 5 for phenotypic characterization using flow cytometry. (A) Frequencies of CD14 (monocytes), (B) CD83 (dendritic cells) and (C) CD1a CAPRI cells
(n = 7 independent CAPRI cultures). Results are represented as mean § SD. *P < 0.05. (D and E) Frequencies of CD80 and CD86 (activation markers) in CAPRI cells. (F) Proportion of
HLA-DR of CAPRI cells (n = 7 independent CAPRI cell cultures). *P < 0.05.
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were infused every alternate day for 12 does to the present patients
(Figure 1). Each dose comprised 5 £ 107 to 1 £ 108 cells. Patients
received chemotherapy regimens in both study groups until death or
the follow-up deadline.

Assay of the phenotypes of CAPRI cells

Phenotypes of CAPRI cells were assessed using the FACSCanto II
flow cytometer (Figure 2). In total, 5£ 105 CAPRI cells were harvested
and labeled with fluorescence-conjugated antibodies against CD14,
CD83, CD1a, CD80, CD86, HLA-DR, CD3, CD4, CD8 and CD56 at 4°C in
the dark for 15 min. The cells were suspended in phosphate-buffered
saline and analyzed using Diva software (BD Biosciences).

Assay of cytokine production by the CAPRI cells

CAPRI cells were extracted from seven patients on day 5 and
screened for functional markers. The secretion of cytokines including
interferon-g , interleukin-2 and perforin from CAPRI cells of these
patients was analyzed via flow cytometry. Intracellular staining was
performed after stimulating cells with phorbol myristate acetate (PMA;
1 mg/mL, Sigma-Aldrich, St. Louis, MO, USA), ionomycin (1 mg/mL;
Sigma-Aldrich, St. Louis, MO, USA) and in the presence of Brefeldin A
(BFA; 1 £ BFA, BioLegend, San Diego, CA, USA) at 37°C in 5% CO2 for 5
h. CAPRI cells were fixed with 4% formalin for 15 min and then stained
with antibodies against IL-2, IFN-g and perforin at 4°C in the dark
for 30 min. Finally, cells were analyzed using the FACSCanto II flow
cytometer.

CD107a degranulation assay

For the degranulation assay, CD107a expression was assessed in
seven patients and considered a marker of cytotoxicity. CD107a
expression is mediated by CD3+CD4+, CD3+CD8+ and CD3+CD56+ cells
in response to incubation with tumor cells [13]. In brief, human colon
cancer cell line H460 and human lung cancer cell line A549 were
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seeded into separate plates and incubated with 2 £ 106 CAPRI cells at
an effector cell-to-target cell ratio of 20:1 for 5 h. Thereafter, the BFA
and anti-CD107a antibody were added. In this study, PMA was con-
sidered as a positive control and unstimulated CAPRI cells were used
as the negative control to assess the spontaneous expression of
CD107a. Finally, cells were washed and stained with surface antibod-
ies specific for CD3+CD4+, CD3+CD8+ and CD3+CD56+ cells in the dark
at 4°C. CD107a levels were determined with the FACSCanto II flow
cytometer.

Assessment of clinical responses and toxicity

The clinical response of these patients, including complete remis-
sion (CR), partial remission (PR), stable disease (SD) and progressive
disease, was assessed according to the Response Evaluation Criteria
in Solid Tumors guidelines [14]. The CAPRI group was evaluated at 4
weeks after the final cell infusion and subsequently at the scheduled
time until recurrence or disease progression. The control group was
assessed after each chemotherapy cycle and in accordance with the
recommended schedule until recurrence or disease progression. After
each cell infusion, adverse events and safety parameters were evalu-
ated according to the National Cancer Institute Common Terminology
Criteria for Adverse Events, Version 4.0.

Follow-up evaluation

The clinical response of each patient was evaluated during a fol-
low-up period of 3�67 months. The recommended schedule for fol-
low-up time was every 3 months within the first year of treatment
and every 6 months in the subsequent years. Laboratory tests, com-
puted tomography, X-ray, Karnofsky performance status evaluations,
as well as disease-specific death were recorded. Furthermore,
patients in the CAPRI group completed questionnaires on changes in
their quality of life after the cell infusions (e.g., appetite, sleeping,
weight and pain).

Statistical analysis

All statistical analyses were performed using the SPSS 21.0 soft-
ware package. One-way analysis of variance was used to analyze the
difference among multiple groups, whereas the least significant dif-
ference test was used to compare the results between the two
groups. Differences in clinical parameters between CAPRI group and
control group were evaluated using the chi-square test. Survival
curves were assessed using Kaplan-Meier method with survival data
from 65 patients with lung cancer, and the OS durations were com-
pared using the log-rank test.

Results

Phenotypes of the CAPRI cells

CAPRI cells were assessed via flow cytometry and further ana-
lyzed using the Student t test (Figure 2). Compared with day 0, CD14
cells (monocytes) were sharply decreased on day 5 (14.03% § 1.81%
versus 3.47% § 1.95%; P = 0.0092), suggesting that more monocytes
tend to mature into DCs (Figure 2A). Compared with baseline levels,
the expression level of CD83, a unique surface marker of mature DCs,
drastically increased on day 5 (6.70% § 1.22% versus 31.80% § 5.65%;
P = 0.0162; Figure 2B). Furthermore, the proportion of cells express-
ing CD1a, another marker of matured DCs, also displayed an obvious
increase on day 5 (9.23% § 0.87% versus 38.90% § 7.90%; P = 0.0298;
Figure 2C). These data indicated a significant increase in the number
of mature DCs in the CAPRI cells that might have differentiated from
the mononuclear cells. Furthermore, the expression levels of co-stim-
ulatory molecules on mononuclear cells on day 5, including CD80
and CD86 (expressed on DCs), were markedly higher than those on
day 0. The percentages of CD80 on day 0 and day 5 are shown in
Figure 2D (3.30% § 1.57% versus 24.37% § 9.50%; P = 0.0112) and
these cells expressing CD86 are shown in Figure 2E (9.07% § 0.87%
versus 19.93% § 5.58%; P = 0.0107) respectively. Meanwhile, the fre-
quency of HLA-DR had increased sharply from 2.87% § 0.76% to
14.67% § 3.31% (P = 0.0425; Figure 2F). Together, these data showed
that monocytes had differentiated into mature DCs on day 5 in the
culture system.

Cytokine production by CAPRI cells

To characterize the functions of CAPRI cells, the expression levels
of interleukin-2, interferon-g and perforin were assessed in
CD3+CD8+, CD3+CD56+ and CD3+CD4+ CAPRI cells. The CD3+CD8+ and
CD3+CD56+ CAPRI cells showed higher IFN-g levels (33.77% § 4.40%
and 26.90% § 3.56% versus 16.83% § 7.85%) than those in CD3+CD4+

CAPRI cells (Figure 3A). Furthermore, IL-2 expression levels were the
highest in the CD3+CD56+ CAPRI cells (26.73% § 6.63%), whereas the
percentages in the CD3+CD8+ and CD3+CD4+ cells were 21.05% §
3.03% and 14.53% § 3.50%, respectively (Figure 3B). Moreover,
CD3+CD56+ CAPRI cells expressed the highest level of perforin
(20.15% § 2.10%), followed by CD3+CD8+ CAPRI cells (18.38% § 7.15%)
and CD3+CD4+ CAPRI cells (16.88% § 7.45%; Figure 3C).

Anti-tumor effects through degranulation of CAPRI cells

To further evaluate the anti-tumor effects of CAPRI cells, CD107a
expression was assessed to detect the degranulation of CD3+CD56+,
CD3+CD8+ and CD3+CD4+ T cells. CAPRI cells were incubated with or
without A549 and H460 cells at an effector-target ratio of 20:1 for 5 h.
Compared with the negative control cells, CD3+CD56+ T cells,
CD3+CD8+ T cells and CD3+CD4+ T cells showed higher CD107a expres-
sion levels against H460 cells (38.7% § 9.17%, 28.1% § 3.87% and 26.8%
§ 5.50%), respectively (Figure 4). Furthermore, the degranulation of
CD3+CD56+ T cells, CD3+CD8+ T cells and CD3+CD4+ T cells displayed a
similar trend against A549 cells (34.2% §3.21%, 20.7% § 5.38% and
24.5% § 7.67%, respectively; Figure 4). The results demonstrated that
CAPRI cells had strong anti-tumor ability for lung cancer cell lines.

Immune status of patients during CAPRI cell treatment

To evaluate the changes in the immune status of patients, periph-
eral T-cell subsets were detected via flow cytometry immediately
before and after CAPRI cell infusion (Table 2). The data showed that
CAPRI cell therapy had a slight impact on total CD3+ T cells. The fre-
quency of CD4+ T cells tended to slightly but not significantly increase
at 4 weeks and 8 weeks after CAPRI cell infusions. However, the pro-
portion of CD3+CD8+ T cells gradually decreased at 4 weeks and 8
weeks of CAPRI cell administration. Moreover, the ratio of CD4/CD8
increased after CAPRI cell therapy. These results suggest that CAPRI
cell treatment potentially improves the immune status of patients
with NSCLC in a short period. This could be explained through infu-
sion of CAPRI cells with a higher frequency of CD8+ T cells, which
skewed the CD4/CD8 ratio, indicating a crucial role of CAPRI cell ther-
apy through positive modulation of the immune system.

Short-term clinical response

The short-term clinical response was evaluated in both groups at
4 weeks after treatment. The clinical response rate (CR + PR) was
higher among patients in the CAPRI group than in the control group
(9.6% versus 2.9%). However, no statistically significant difference
was observed in clinical response rates (P = 0.180; Table 3). The 1-, 3-
and 5-year OS rates were 100% (31/31), 67.7% (21/31) and 22.6% (7/
31), respectively, in the CAPRI group and 64.7% (22/34), 32.4% (11/34)



Fig. 4. Anti-tumor effects of CAPRI-CIK cells. CAPRI cells were incubated with A549 or H460 at a ratio of 20:1 for 5 h. CD107a expression was quantified via flow cytometry for
degranulation of CAPRI cells in CD3+CD4+, CD3+CD8+ and CD3+CD56+ cell subsets. The results are represented as mean § SD values. *P < 0.05; **P < 0.01, ***P < 0.001.

Fig. 3. Cytokine production by CAPRI cells. The cells (1 £ 106) were cultured for 5 h with PMA, ionomycin and BFA, and then stained with their surface markers. After cell fixation,
the cells were incubated with anti-IFN-g, anti-IL-2 and anti-perforin monoclonal antibodies. (A) Frequencies of IFN-g in CD3+CD4+, CD3+CD8+ and CD3+CD56+ subsets of CAPRI cells.
(B and C) Frequencies of IL-2 and perforin in CD3+CD4+, CD3+CD8+ and CD3+CD56+ subsets of CAPRI cells. The results are represented as mean § SD values (n = 7 independent CAPRI
cells cultures).
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and 14.7% (5/34), respectively, in the control group (Table 4). Further-
more, the 1-, 3- and 5-year PFS rates are shown in Table 4. The 1- and
3-year OS and PFS data show a clear significant difference between
Table 2
Dynamics of peripheral T-cell subsets after the start of CAPRI
cell treatment.

0 Weeks (%) 4 Weeks (%) 8 Weeks (%)

CD3+ 70.5 § 14.1 70.7 § 14.7 81.6 § 12.3
CD3+CD4+ 36.7 § 13.4 40.5 § 10.6 48.9 § 9.1
CD3+CD8+ 31.3 § 10.9 29.1 § 10.1 28.8 § 9.9
CD4+/CD8+ 1.4 § 0.9 1.6 § 0.6 1.9 § 0.8
the two groups. Representative computed tomography scans (before
and after treatment) for one of the patients with CR are shown in
Figure 5.
Table 3
Clinical response of patients in CAPRI group and control
group.

Response CAPRI
n = 31(%)

Control
n = 34 (%)

x2 (P)

CR 1 (3.2) 0 (0) 4.885 (0.180)
PR 2 (6.4) 1 (2.9)
SD 26 (83.8) 24 (70.5)
PD 3 (9.7) 9 (26.4)

PD, progressive disease.



Table 4
OS and PFS rates of patients over different years.

Response CAPRI
n = 31 (%)

Control
n = 34 (%)

x2 (P)

1 y OS rate 31 (100) 22 (64.7) 13.418 (<0.001)
PFS rate 31 (100) 22 (64.7) 13.418 (<0.001)

3 y OS rate 21 (67.7) 11 (32.4) 8.125 (0.004)
PFS rate 25 (80.6) 18 (52.9) 5.558 (0.018)

5 y OS rate 7 (22.6) 5 (14.7) 0.668 (0.414)
PFS rate 8 (25.8) 4 (11.8) 2.124 (0.145)

Fig. 6. PFS and OS. Kaplan-Meier survival curves were generated using a log-rank test
among patients with lung cancer in the CAPRI and control groups. (A) A significant dif-
ference was observed in the PFS between the CAPRI group and control group
(P = 0.007). (B) The OS of patients in the CAPRI group was significantly higher than that
of the control group (P = 0.008).
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Long-term response and follow-up evaluation

Follow-up evaluation of patients was initiated 4 weeks after the
first cycle of chemotherapy had been completed. The PFS and OS data
of all patients were analyzed. The PFS data indicated a significant dif-
ference between the two groups (P = 0.007; Figure 6A). To further
explore the long-term clinical efficiency of the combination treat-
ment, the OS of the patients in the two groups was compared. Conse-
quently, the CAPRI group had a significantly prolonged OS in
comparison with the control group (P = 0.008; Figure 6B). As shown
in Table 5, the median OS and PFS were 48 months in the CAPRI
group, and 31.6 and 36.4 months in the control group, respectively
(P = 0.004 and P = 0.016). These results indicate that patients with
lung cancer may benefit from adjuvant CAPRI cell therapy, both in
terms of OS and PFS.
Side effects

Before and during the CAPRI cell infusion, evaluation and assess-
ment of vital signs, especially body temperature and function of
major organs including the heart and liver, were performed. All
patients completed the treatment course and only mild side effects
were observed in patients. No severe adverse effects were experi-
enced. Compared with the control group, fever occurred in three
patients with a maximum temperature of 38.9°C, and these patients
Fig. 5. Representative computed tomography scans of p
responded well to antipyretic medication. Four patients experienced
nausea or vomiting and two patients experienced rashes (Table 6).
However, no significant difference was observed between the two
groups in terms of side effects.
Discussion

Recent studies have reported advancements in adoptive cell ther-
apy in the field of cancer immunotherapy [15], and the safety and
efficacy of immunotherapy have been improved in a number of clini-
cal trials [16], particularly novel immunotherapies presented as CAR-
T cell therapy. CD19 CAR-T cells are potent T cells because of their
specific functional receptor, which is able to recognize B-cell leuke-
mia and lymphoma cells that specifically express CD19. However,
CD19 CAR-T cells have not shown much success against solid tumors
for the following reasons. On the one hand, they lack the specific anti-
gens of the solid tumors that are recognized by the CAR-T cells. On
the other hand, the immunosuppressive microenvironment can
cause T-cell dysfunction, thus limiting the clinical application and
anti-tumor efficiency of CAR-T cells. Regarding TIL therapy,
atients experiencing CR before and after treatment.



Table 5
Median survival rates of patients.

Response CAPRI
n = 31

Control
n = 34

x2 (P)

Median time (mo) OS 48.0 31.6 8.118 (0.004)
PFS 48.0 36.4 5.835 (0.016)

(95% CI) OS 43.3�52.7 9.1�54.1
PFS 39.1�50.9 6.1�66.7

CI, confidence interval.

Table 6
Side effects of CAPRI cell infusion (N [%]).

Group N Fever Gastrointestinal
reactions

Rash Tumor lysis
syndrome

CAPRI 31 3 (9.6) 4 (12.9) 2 (6.4) 0 (0)
Control 34 8 (25.8) 10 (29.4) 3 (8.8) 1 (2.94)
x2 2.378 2.821 0.156 0.956
P 0.123 0.093 0.693 0.328
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difficulties in the acquisition of tumor tissue and proliferation of TILs
can affect the clinical implementation of TIL therapy among patients
with cancer. Thus, compared with CAR-T and TIL therapy, CAPRI ther-
apy has several advantages, as was presented in this study.

The combination of chemotherapy with immune cell infusions has
become popular in cancer treatments, showing improved clinical effi-
cacy in several types of malignant tumors [17�24]. There are several
possible explanations for this phenomenon. First, low-dose chemo-
therapy or radiotherapy has sensitizing effects on tumor cells,
thereby improving the efficiency of cytotoxic T lymphocytes. Second,
chemotherapeutic agents decrease the number of immunosuppres-
sive cells, such as myeloid-derived suppressor cells and regulatory T
cells, which may alter the microenvironment into an immunosup-
pressive status. Finally, chemotherapy further promotes the release
of tumor-related antigens from tumors to stimulate T-cell activity,
thus improving their anti-tumor potential.

CAPRI immune cell therapy is an effective adjuvant therapy in var-
ious cancers and can be implemented through different effector cells
including cytotoxic T lymphocytes, helper T cells, DCs, natural kill-
er�like T cells and monocytes [14]. The biological characteristics of
CAPRI cell therapy differ from those of other adoptive cell therapies
in that the infusion of CAPRI cells does not require gene manipulation
or cancer-related peptides identification. Herein, CAPRI cells were
cultured with the anti-CD3 antibody OKT3 to enhance the expression
of MHCs and co-stimulatory molecules within a short period. There-
fore, the infusion of CAPRI cells could be initiated within a few days
after the isolation of immune cells from PBMCs.

In CAPRI cell therapy, monocytes served as the primary cells, stim-
ulating naïve cells into effector cells, which then rapidly differenti-
ated into DCs within a short period. In other words, autologous
monocytes presented the best cancer-immunogenic peptides among
different individuals. In this study, the proportion of monocytes with
the CD14 marker decreased sharply on day 5, which illustrated that a
large number of these cells had potentially differentiated into mature
DCs during CAPRI cell therapy. Meanwhile, the expression level of
CD1a and CD83, classic markers of mature DCs, was drastically
increased. DCs are APCs that link the innate immune system with the
adaptive immune system to facilitate an efficient immune response.
DCs play an essential role in stimulating T-cell activation, thus facili-
tating anti-tumor activity [25]. Another valuable approach is co-cul-
turing with antigen-presenting DCs because this interaction helps
CAPRI cells more aggressively enhance the expansion of the primary
effectors. Obleukhova et al. observed impaired migration among DCs
in NSCLC and detected low levels of circulating immature and mature
DCs in PBMCs [24]. Herein, the increased proportion of DCs in vitro
indicates the effective induction and co-stimulation of T lymphocytes
by the generated DCs, potentially improving the cytotoxic ability of
these monocytes. Because DCs are considered the most suitable
vehicles in presenting microbial and tumor antigens to T lympho-
cytes, antigen-activated DCs generated from mononuclear cells could
stimulate a specific immune response when exposed to autologous
tumor lysates or tumor-genetic peptides. Furthermore, upregulation
of activation markers CD80 and CD86 suggests that stimulated APCs
and co-stimulatory molecules potentially have a synergistic effect on
the activation and differentiation of naïve T cells into effector cells
that may recognize and eliminate cancer cells [12,26].

Coulie et al. first reported that cytotoxic T lymphocytes recognized
a mutated intron sequence [27]. Subsequently, studies have reported
that MHC class I and II play an important role in specific interactions
with immune cells [28]. CAPRI cells required synergistic human leuko-
cyte antigen (HLA) expression for successful tumor cell lysis. We found
a significant HLA-DR increase in HLA-DR expression on day 5 after
priming compared with that on day 0. Upregulation of this specific
HLA class of molecules likely improved the anti-tumor capacity of the
immune system, because cancer cell lysis was more efficient when
CAPRI cells shared the same HLA class antigens with cancer cells.
Moreover, studies have reported a change in the antigenic profile of
malignant cells in the blood plasma after cancer treatment [29,30].
Therefore, naïve T cells from the PBMCs can recognize mutations in
antigenic peptides, infiltrate a recurring tumor and target peptides of
malignant tumors or newly mutated proteins [31]. The stimulated
APCs recognized the tumor-associated antigens and then presented
them to effector cells. Most significantly, the CAPRI procedure does not
require genetic modifications or identification of cancer-immunogenic
peptides. Therefore, CAPRI cells may safely and effectively digest
tumor cells in patients with cancer receiving other therapies.

IFN-g and IL-2 are used to enhance the cytotoxicity of cell therapy
in the clinical setting [32,33]. Therefore, we quantified the expression
of the two cytokines and indirectly the tumoricidal ability of CAPRI
cells via flow cytometery. The present findings showed the levels of
IFN-g and perforin were the highest in CD3+CD8+ T cells, and a signif-
icant level of IL-2 was produced in CD3+CD56+ T cells. These results
confirmed that CAPRI cells produce cytokines with oncolytic effects
[34,35]. Furthermore, the data show that CAPRI cells induced potent
cytotoxicity toward A549 cells but reduced cytotoxic activity toward
H460 cells. Therefore, it is important to select appropriate clinical
applications for various patients with cancer.

Most patients have been reportedly administered CAPRI cells in
accordance with a recommended a schedule of 60�80 £ 106 CAPRI
cells thrice a week combined with chemotherapy for 6 months [26].
For most patients, therapy was continued for the next several years.
Notably, the recommended modality of treatment was continuous
treatment thrice per week at least for 6 months. Patients were treated
using an adjuvant strategy, which introduces variables of chemother-
apy [26]. In our study, patients with NSCLC recruited in the CAPRI
group were treated with at least 6 £ 108 CAPRI cells. Moreover, che-
motherapy combined with CAPRI cell treatment improved the clinical
outcome and safety of patients.

Follow-up evaluation revealed a significant difference in the
median OS between the CAPRI group and the control group (48
months versus 31.6 months, respectively). The median PFS in the
CAPRI group was greater than that of the control group [48 months
versus 36.4 months (P = 0.004)]. Furthermore, we reported that CAPRI
cell infusion plus chemotherapy was associated with a greater PFS
and OS than chemotherapy alone and was well-tolerated. Pan et al.
reported the long-term efficacy of patients with breast cancer receiv-
ing CIK treatment with chemotherapy. Compared with those in the
control group, the OS and PFS of patients were greater in the CIK
group, suggesting that CIK treatment may help prolong patient sur-
vival [36]. As indicated herein, patients in the CAPRI group received
cell infusion and chemotherapy rather than chemotherapy alone,
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thus resulting in immune activation and boosting and reconstructing
the immune system. Furthermore, the present results were entirely
consistent with our previous findings [23,37]. No severe adverse
effects were observed during the CAPRI therapy. Only mild side
effects were experienced, and they were well tolerated and easy to
control. Three patients developed mild fevers, which eventually sub-
sided after 24 h or responded well to antipyretic treatment. Four
patients experienced nausea and/or vomiting, and they responded
well to clinical intervention. Additional side effects were similarly
mild and easily treatable. These results show that CAPRI cell therapy
is safe and effective among patients with cancer. Moreover, CAPRI
cell therapy may lead to the destruction of large tumors after conven-
tional therapy, thus potentially explaining the encouraging clinical
outcomes in the CAPRI group rather than the control group.

Together, our results suggest that CAPRI cells are a feasible and
effective alternative for adoptive immunotherapy in different can-
cers. The favorable biological features of CAPRI cell therapy include
potent expansion and wide MHC-unrestricted tumor elimination,
which can fulfil various clinical requirements. Furthermore, obtaining
“clinically adequate” amounts of CAPRI cells does not require compli-
cated procedures such as genetic engineering. The simplicity of CAPRI
cell therapy may facilitate the transition of CAPRI cell therapy into an
affordable clinical alternative for many cancer centers.

Conclusion

The vital goals of adoptive cell immunotherapy are to safely increase
the quantities and to improve the functions of cytotoxic immune cells
for cancer treatment. The features of CAPRI cell therapy include a short
production period, PBMC stimulation of cytotoxic T lymphocytes and
continuous therapy, thus rendering CAPRI cell therapy superior to other
adoptive cell therapy (ACT). This study highlights the therapeutic advan-
tage of using combination chemotherapy and CAPRI adoptive T-cell
therapy to treat lung cancer. We observed synergistic interactions
between these two therapies, and we propose that such combination
therapymay help treat other cancers. However, further studies and clin-
ical trials are required to confirm the efficacy of combination therapy.
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