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The safety and anti-tumor effect
of multiple peptides-pulsed
dendritic cells combined with
induced specific cytotoxic
T lymphocytes for patients
with solid tumors
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Objective: The aim of this study was to explore the safety and efficacy of multiple

peptide-pulsed autologous dendritic cells (DCs) combined with cytotoxic T

lymphocytes (CTLs) in patients with cancer.

Methods: Five patients diagnosed with cancer between November 2020 and

June 2021 were enrolled and received DC-CTLs therapy. Peripheral blood was

collected and antigenic peptides were analyzed. The phenotype and function of

DC-CTLs and the immune status of patients were detected using flow cytometry

or IFN-g ELISPOT analysis.

Results: DCs acquired a mature phenotype and expressed high levels of CD80,

CD86, CD83, and HLA-DR after co-culture with peptides, and the DC-CTLs also

exhibited high levels of IFN-g. Peripheral blood mononuclear cells from post-

treatment patients showed a stronger immune response to peptides than those

prior to treatment. Importantly, four of five patients maintained a favorable

immune status, of which one patient’s disease-free survival lasted up to 28.2

months. No severe treatment-related adverse events were observed.

Conclusion: Our results show that multiple peptide-pulsed DCs combined with

CTLs therapy has manageable safety and promising efficacy for cancer patients,

which might provide a precise immunotherapeutic strategy for cancer.

KEYWORDS

cytotoxic T lymphocytes, peptide, dendritic cell, efficacy, safety
Abbreviations: CTLs, cytotoxic T lymphocytes; DC, dendritic cells; PBMCs, peripheral blood mononuclear

cells; CIK, cytokine-induced killer cell; NK, natural killer cell; TCR, T cell receptor; CAR, chimeric antigen

receptor; KPS, Karnofsky performance status; HLB, hydrophile-lipophile balance; PBS, phosphate buffered

saline; FBS, fetal bovine serum; PHA, phytohemagglutinin; NSG, next-generation sequencing; DFS, Disease

Free Survival; PFS, Progression Free Survival; OS, Overall survival; CDR3, complementarity determining

region 3.
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Introduction

Cancer is a major disease that threatens human health and

quality of life (1). Despite encouraging results from traditional

treatment methods, their efficacy is moderate and the recurrence

rate remains high. Moreover, serious side effects induced by

treatments such as chemotherapy and radiotherapy make it less

likely for patients to receive a long-term treatment. Therefore, there

is an urgent need for effective, low-toxicity, and more tolerable

treatment methods (2–4). Adoptive cell therapy, a promising

therapeutic modality that stimulates or enhances patients’

immune function, has unique advantages in reducing the tumor

treatment-related side effects, preventing recurrence and metastasis,

improving the quality of life, and extending the curative effect (5, 6).

Adoptive cell therapy can be mainly divided into two types in

clinical applications: non-specific cell therapy, such as cytokine-

induced killer (CIK) cell therapy and natural killer (NK) cell

therapy, and specific cell therapy, such as T cell receptor (TCR)

gene-transduced T cell therapy and chimeric antigen receptor

(CAR)-T cell therapy (7–10). Specific anti-tumor immune

therapies show promising clinical efficacy in some clinical studies.

CAR-T cell therapies have been approved treating B cell

malignancies (11, 12). Among these antigen-specific adoptive T

cell therapies, dendritic cells (DCs) plus cytotoxic T lymphocytes

(CTLs) therapy has unique advantages, and can effectively

strengthen the immune function by activating the active and

passive immune mechanism and improving the immune status of

patients to achieve an equilibrium condition (13, 14).

DC-CTLs therapy includes the infusion of DCs loaded with tumor

antigens and CTLs generated by coculturing T cells with tumor

antigen-pulsed DCs. DCs are central to the initiation, regulation,

and maintenance of immune responses. DCs containing antigens can

trigger antigen specific T cells to produce immune responses both in

vitro and in vivo (15, 16). After co-incubation with DCs, T cells kill

antigen-expressing cells. These CTL-producing cytokines can kill

tumor cells directly when infused into patients and exhibit high

proliferative ability and cytolytic activity in vitro and in vivo (17). At

present, most of tumor-specific T cell therapies, including TCR-T

cells, CAR-T cells, and DC-CTLs, focusing on a single target, and their
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clinical application has certain limitations. In this study, we designed

multiple individualized specific antigen peptides for each patient

through the multi-target prediction of antigens, which may offer

precision potential in treating different cancer patients.

Multiple peptide-pulsed DCs combined with CTLs therapy

provides a precise targeted therapy for solid tumors by infusing

immune cells (18). Herein, the peripheral blood from patients was

used to analyze the specific peptides of the tumor by comparing the

pool of peptides. Multiple peptides were then pulsed into DCs to

induce antigen-specific CTLs. To explore the potential anti-tumor

function of DC-CTLs, the secretion of IFN-g was detected by

enzyme-linked immune absorbent spot (ELISPOT) assay.

Furthermore, five patients were enrolled in this study to evaluate

the efficacy and safety of multiple peptide-pulsed DCs combined

with CTLs therapy. The production of IFN-g and other intracellular
cytokines including IL-4, IL-2, perforin, and Granzyme B were also

analyzed in PBMCs derived from patients before and after one

month cell infusion. Our study may provide a novel optional choice

for patients with advanced solid tumors.
Materials and methods

Patients

Five cancer patients were recruited at the Biotherapy Center of

the First Affiliated Hospital of Zhengzhou University from

November 2020 to June 2021. All patients had signed an

informed consent form before participating in the study. This

study was performed in accordance with the ethical guidelines of

the Declaration of Helsinki and approved by the Ethics Committee

of the First Affiliated Hospital of Zhengzhou University (2020-KY-

364). The recruitment criteria were as follows: 1. patients were

pathologically diagnosed with cancer without abnormalities in liver

and kidney function; 2. the Karnofsky performance status was > 70

years, and the age ranged from 18 to 75 years; 3. None of patients

had autoimmune diseases, virus infections (HIV, HCV, or HBV), or

blood diseases. Sex, age, tumor type, and other clinical parameters

of the enrolled patients are summarized in Table 1.
TABLE 1 Patient demographics and outcomes.

Patient
no.

Age Sex Tumor
lymphatic
metastasis

Tumor
stage

previous
treatment

Doses
DCs

Doses
CTLs

DFS/PFS
(months)

OS
(months)

Patient
status

1 70 F
colorectal
cancer

N IIA
Surgery

+Chemotherapy
8.6×106 1×1010 28.2 32.5 Alive

2 66 M melanoma Y IV
Surgery+Anti PD-1

antibody
1.5×107 3.4×109 * 31.1 Alive

3 60 F
breast
cancer

Y IV
Surgery

+Chemotherapy
3.8×106 1×1010 * 1.7 Dead

4 47 F lung cancer N IA Surgery 3.3×106 2.9×109 20.2 28.7 Alive

5 24 F
colorectal
cancer

Y IV
Surgery

+Chemotherapy
6×106 2.8×109 17.6 26.3 Alive
front
M, male; F, female; N, no; Y, yes; DFS, Disease Free Survival; PFS, Progression Free Survival; OS, Overall Survival; *, no efficacy evaluation.
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Screening and preparation of antigenic
peptides in patients

Five milliliters of peripheral blood were collected from patients

without the use of anticoagulants. The blood samples were processed

to separate the serum. Acetonitrile solution and hydrophile-lipophile

balance (HLB) cartridges were utilized to filter and remove lipids,

high-abundant proteins, and low-molecular-weight metabolites,

resulting in the isolation of the target polypeptide. The extracted

serum peptidome samples were then subjected to Q-TOF MS

(Waters Acquity Ultra-Performance Liquid Chromatography/Xevo

G2 QTOF) analysis. The acquired subsequent peptide targets were

analyzed using a bio-high-technology DC-CTLs tumor-specific

targets tumor database. Subsequently, individual antigens for each

patient were obtained, and all the identified multiple peptides against

antigens (Table 2) were synthesized for the culture of DC-CTLs.
Generation of mature DCs

For each patient with cancer, about 8×107-1×108 peripheral

blood mononuclear cells (PBMCs) were obtained from 50-60 mL

blood by using Ficoll density gradient (Tianjin, HY, China). Cells

were washed twice with saline, resuspended at a density of 2 × 106

cells/mL in GT-551 serum-free medium (Takara, Japan), and

cultured for 2 h at 37 °C with 5% CO2. The adherent cells were

induced to DCs by adding 500 U/mL recombinant human

interleukin-4 (rhIL-4, CellGenix, Germany), 1000 U/mL

recombinant human granulocyte-macrophage colony (rhGM-CSF,

LiaoningWX, China) and 100 ng/mL tumor necrosis factor-a (TNF-

a, R&D Systems, USA) to the GT551medium containing with 50 mg/
mL tumor antigen peptides. OnDay 5, all mature DCs were harvested

and half of them were taken out and infused into patients.
Generation of DC-CTLs

To stimulate the expansion of specific CTLs, the remaining

non-adherent cells from PBMCs of each patient were added the
Frontiers in Immunology 03
1000 U/mL IFN-g (Beijing SL, China), 100 ng/mL anti-CD3

antibody (Boehringer Mannheim, Germany) and 1000 U/mL

recombinant human IL-2 (rhIL-2, Beijing SL, China) within

GT551 medium. On Day 5, these suspended cells were co-

cultured with half of mature DCs. Fresh autologous serum culture

medium containing IL-2 was added every 2-3 days.
Phenotypic analysis of cultured cells

To evaluate the maturation of DCs during culture, the single-

cell suspensions containing DCs before and after culture were

washed with phosphate buffered saline (PBS) containing 2% fetal

bovine serum (FBS) and were then stained with CD14 (PerCP,

clone no. HCD14), CD11c (Brilliant Violet 421™, clone no. Bu15),

CD80 (FITC, clone no. 2D10), CD86 (PE/Cyanine7, clone no.

IT2.2), CD83 (PE, clone no. HB15e), and HLA-DR (APC/

Cyanine7, clone no. L243) antibodies under dark conditions.

After incubation at 4 °C for 15 min, the phenotype of DCs were

detected by flow cytometry. The specific CTLs were collected on day

14 and stained with antibodies against CD3 (PE/Cyanine7, clone

no. OKT3), CD4 (PerCP, clone no. RPA-T4), CD8 (APC/Cyanine7,

clone no. SK1), CD56 (PE, clone no. 5.1H11), PD-1 (FITC, clone

no. EH12.2H7), CTLA-4 (APC, clone no. BNI3), TIM-3 (Brilliant

Violet 421™, clone no. B8.2C12), CD69 (PE, clone no. FN50), and

CD28 (Brilliant Violet 650™, clone no. CD28.2 USA). All

antibodies were purchased from BioLegend (San Diego, USA).

Levels of these markers were measured using a FACSCanto II

flow cytometer (BD Biosciences).
ELISPOT assay

An IFN-g ELISPOT kit (Dakewe, China) was used to evaluate

the immunogenicity of DC-CTLs or PBMCs according to the

manufacturer’s instructions. Briefly, PBMCs or DC-CTLs (2×105/

well) were stimulated with per antigen peptide (50 mg/mL) by using

96-well culture plate pre-coated with IFN-g antibody. Meanwhile,

the phytohemagglutinin (PHA) group served as a positive control,

and cells without antigenic peptides served as a negative control.

The 96-well plate was incubated at 37 °C with 5% CO2 for 16 h.

Cells were removed and the biotinylated antibody was added to

each well (37 °C for 1 h), followed by adding the enzyme-linked

avidin (37 °C for 1 h), and then the AEC solution mix was added to

the plate at room temperature (30 min). Finally, deionized water

was added to stop the color rendering. The spots were quantified

using a Mabtech IRIS FluoroSpot/ELISPOT reader.
Phenotype of lymphocytes in the
peripheral blood

Peripheral blood was obtained from the patients before and

after cells infusion. Antibodies against CD3 (PE/Cyanine7, clone

no. OKT3), CD4 (PerCP, clone no. RPA-T4), CD8 (APC/Cyanine7,

clone no. SK1) and CD56 (PE, clone no. 5.1H11) were used to stain
TABLE 2 The type of peptides for each patient.

Patient
No.

Name of Peptides Number of
peptides

1 BHCr1010, BHCr1809, BHCr2208,
BHCr0410, BHCr2910, BHCr2410, BHCr0310

7

2 BHme1710, BHme0410, BHme1110,
BHme1410

4

3 BHBr1710, BHBr1008, BHBr1610, BHBr0710,
BHBr1110, BHBr1510

6

4 BHNS2710, BHNS0810, BHNS1210,
BHNS1710, BHNS1810, BHNS2309,
BHNS1510

7

5 BHCr1510, BHCr3008, BHCr0410,
BHCr1809, BHCr1909

5
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the PBMCs, which were then incubated with FACS lysis buffer

for 15 min. The supernatant was removed and the cells were

resuspended in FACS lysis buffer. Finally, lymphocyte phenotypes

were detected using flow cytometry.
Cytokine production analysis

To analyze the production of cytokines, the PBMCs from

patients were stimulated with phorbol 12-myristate 13-acetate

(PMA, 1 mg/mL; Sigma-Aldrich), ionomycin (1 mg/mL; Sigma-

Aldrich) and brefeldin A (5 mg/mL; BioLegend, USA) for 6 h. The

cells were washed with PBS and then stained with antibodies

(BioLegend, USA) including PE/Cyanine7 anti-human CD3

(OKT3), PerCP anti-human CD4 (RPA-T4), APC/Cyanine7 anti-

human CD8 (SK1), and PE anti-human CD56 (5.1H11) at 4 °C for

15 min followed by 4% formalin, subsequently. Then the cells were

incubated with permeation buffer at 4 °C for 30 min, and the IL-4

(FITC, clone no. MP4-25D2), IL-2 (PE, clone no. MQ1-17H12),

IFN-g ( APC, clone no. 4S.B3), perforin (APC, clone no. dG9), and

Granzyme B (FITC, clone no. QA16A02) antibodies were used for

intracellular cytokine staining.
T cell receptors sequence analysis

TCR libraries were constructed and next-generation sequencing

(NSG) was performed by Chengdu ExAb Biotechnology Co, Ltd as

previous report (19). Briefly, the genomic DNA was extracted using

the QIAGEN OneStep reverse transcription polymerase chain

reaction (RT-PCR) Kit (QIAGEN), following the manufacturer’s

instructions. The PCR products were purified by using Agencourt

AMPure XP beads (Beckman). Extracted genomic DNA was

accurately quantified using a Qubit 1X dsDNA HS Assay Kit

(Invitrogen). The TCRb complementarity-determining region 3

(CDR3) regions were amplified by Multiplex PCR and sequenced

on an Ion GeneStudio S5 System (Thermo Fisher Scientific). The

TCRb CDR3 regions were discerned based on the definition

established by the International ImMunoGeneTics (IMGT)

Collaboration, and the V, D, J segments contributing to each CDR3

region were identified by a standard algorithm. For each sample, we

used the Shannon-Weaver index (20) and the diversity 50 (D50) value

to estimate the TCR diversity. The Shannon-Weaver index reflected

the diversity of the TCRs. The D50 index was used as a measure of the

diversity and clonality of the TCRb repertoire and defined as the

proportion of TCRb CDR3 clonetypes that account for the

cumulative 50% of the total TCRb sequences in the sample (21).
Treatment plan

Each patient for cell therapy, 50-60 mL of fresh peripheral blood

was collected from patient. Mature DCs were harvested, and half of

them were infused into patients on day 5, with a total number of

3.3×106 to 1.5×107 cells. The remaining mature DCs were co-cultured

with lymphocytes and collected on the 14th day and 15th days. The
Frontiers in Immunology 04
DC-CTLs were injected intravenously within 30 min at a total number

of 2.8×109 to 1×1010 cells. All the infused cells were washed and

suspended in 100 mL saline containing 20% human serum albumin

and were confirmed to be free of bacterial, mycoplasmal or fungal

contamination, and endotoxins were less than 0.25 EU/mL.
Assessment of adverse effects, and
clinical efficacy

Safety evaluations were performed by assessing the incidence of

clinical adverse events, which were graded using the National

Cancer Institute Standard for Common Terminology Criteria for

Adverse Events, Version 5.0. Patients completed a simplified

questionnaire on quality of life after cells infusion that recorded

changes in appetite, sleep, weight, memory, depression, energy,

anxiety, and mobility. A change for the better was considered an

improvement in quality of life. As of August 1, 2023, we have

followed up the patients for more than 32 months and evaluated

their clinical responses. Disease free survival (DFS) was defined as

the time without disease recurrence or progression after the cell

infusion. Progression free survival (PFS) was defined as the time

between the onset of cell transfusion and disease progression or

death from any cause.
Statistical analysis

Data were plotted using GraphPad Prism version 8.0 and

Photoshop version CS5. The results are expressed as the Mean ±

standard error of the mean (SEM). Student’s t-test was used to test

the statistical significance of the mean difference between groups,

and P < 0.05 was considered statistically significant.
Results

Patient characteristics

From November 2020 to June 2021, five cancer patients (1 male

and 4 females) with a median age of 57 years (range: 24-70 years) who

had undergone traditional treatments were recruited for this study

(Table 1). The treatment details and entire management process of

multiple peptides-pulsed DCs combined with CTLs therapy,

including patients screening, multi-peptide synthesis, blood

collection, and cells infusion, are shown in Figure 1. Patients 1, 3

and 4 did not receive any other anti-tumor treatments after receiving

peptide-pulsed DCs combined with CTLs therapy. Patient 2 was

treated with anti PD-1 antibody for two years. Patient 5 was

underwent ablation of the lung and liver metastases.
Phenotypic analysis of DCs and DC-CTLs

Mature DCs can effectively present antigens to DC-CTLs. We

obtained DCs from the peripheral blood of patients, and cultured
frontiersin.org
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these to maturation in vitro. On the day 5 of cultivation, we

analyzed the phenotypes of the DCs using flow cytometry. The

expression of CD80, CD86, CD83 and HLA-DR in the cultured DCs

were significantly upregulated compared with that in the pre-

culture, suggesting that DCs acquired a mature phenotype

(Figures 2A, B). The half of mature DCs were then co-cultured

with CTLs on day 5 to confer DC-CTLs antigen specificity. After 14

days culture, the proportion of immune cell subsets and the level of

activated/inhibited markers were detected in DC-CTLs. Compared

with PBMCs, the proportion of CD3+CD4+ cell subset in DC-CTLs

decreased. The CD3+CD8+ cell subset was upregulated, and CD3-

CD56+ (NK) cell subset was increased slightly (Figures 2C, D). We

also found that the DC-CTLs expressed a high levels of activation

markers such as CD69 and CD28, but had low levels of inhibition

markers, including PD-1, TIM-3 and CTLA-4 (Figure 2E).
DC-CTLs function detection by ELISPOT

Several studies have reported that the IFN-g ELISPOT assay was

performed to assess the T cell specific antigen response (14, 22). To

further verify the identified peptides have the ability to induce

tumor specific CTL activity, the PBMCs of patients were used to

detect the IFN-g secretion, as well as the DC-CTLs. Among the 5

patients, the number of IFN-g spots in cultured CTLs was much

higher than that in uncultured cells (Figures 3A–E), which exhibited

that the identified peptides have the ability to induce activated

tumor specific CTLs.
Evaluation of patient’s immune status

The immune status of patients is closely related to the disease

progression and the immune function of patients may be reinforced

in different ways after cell transfusion (23). To evaluate changes in

immune status, flow cytometry was used to detect cell subsets and
Frontiers in Immunology 05
endogenous factors in PBMCs from patients before cell therapy and

one month after cell transfusion. After treatment, the proportion of

CD4+/CD8+ was slightly elevated, and the ratio of CD3-CD56+

(NK) cells was also upregulated. These results display that multiple

peptides-pulsed DCs combined with CTLs treatment could

strengthen the immune status of cancer patients, at least for a

short period of time (Table 3).

To verify the immune cell function of patients, the expression

levels of cytokines were detected in PBMCs by intracellular staining

using a flow cytometer. The serection of intracellular factors

including IL-4, IFN-g, perforin and Granzyme B in PBMCs of

patients before and after treatment were detected. After treatment,

the CD3+CD4+ T cell function was improved with lower IL-4

expression and higher IFN-g secretion (Figures 4A, B).

Meanwhile, we observed a high production of IL-2 and perforin

in CD3+CD8+ cells after cells infusion, but there was no significance

of Granzyme B expression in CD3+CD8+ T cells before and after

DC-CTLs treatment (Figures 4C–E). These results indicated that

CD3+CD8+ cells had a more potent cytotoxic function after

treatment. Furthermore, CD3-CD56+ cells were activated with

higher expression of perforin (Figure 4F). This showed that

multiple peptides-pulsed DCs combined with CTLs therapy play

a crucial role in actively regulating the immune system of patients

with cancer.
Specific immune responses

To evaluate the immune responses against the antigen peptides,

PBMCs were collected and analyzed using an ELISPOT assay after

one month of cells infusion. The number of IFN-g spots produced
in the peripheral blood of each patient for the antigen peptides was

shown in Figures 5A, B. The presence of antigen-specific T cells in

each patient varied with respect to the presence and magnitude of

the response. The PBMCs of patients 1, 4, and 5 became more

responsive to antigen peptides after treatment, whereas patient 3
FIGURE 1

Basic flow chart of multiple peptides-pulsed DCs combined with CTLs therapy. Autologous cells were obtained from each patient. DCs plus multiple
peptides were cultured for 5 days and then co-cultured with CTLs for 10 days. DCs were infused on the 5th day, DC-CTLs were then respectively
transfused to their respective patients on the 14th and 15th days, and the efficacy of specific DC-CTLs was observed both in vitro and in vivo. Side
effects and follow up were also observed for each patient.
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continued to have progressive disease and showed no antigen-

specific reactions. Patient 2 declined to provide blood samples after

cells infusion. Our results suggest that DC-CTLs therapy may not be

beneficial for patients with end‐stage disease. However, the earlier

the DC-CTLs therapy is received, the better response to the

treatment is to be expected.
Clinical response

The follow-up results showed that four patients were alive, and

one patient failed to halt the progression of disease. The overall

survival (OS) time of patients ranged from 1.7 month to 32.5

months (Table 1). Patient 1 with colorectal cancer had a DFS of

28.2 months, and she experienced a dramatic drop in serum

carbohydrate antigen 724 (CA724) levels after DC-CTLs therapy

from 24.6 U/mL to 15.46 U/mL. The number of circulating tumor

cells (CTCs) in 5mL peripheral blood decreased from 4 to 1 a month
Frontiers in Immunology 06
after infusion. Patient 2 with melanoma who had lymph node

metastasis before cell therapy remained alive after 31.1 months of

follow-up. But he declined to undergo CT or MRI to evaluate the

tumor. Patient 3 subsequently undergone DC-CTLs therapy after

failure of previous surgery and chemotherapy. She was a breast

cancer patient with multiple metastases and high levels of

carcinoembryonic antigen, who was originally in the stage of

rapid disease progression prior to enrollment. The patient

ultimately succumbed to disease progression and dead 1.7 month

after cells infusion. Patient 4 with lung cancer had a DFS for 20.2

months after DC-CTLs therapy. The number of CTCs in 5 mL

peripheral blood in patient 4 fell off sharply from 16 to 1 three

months after cells infusion. Patient 5, with colon cancer who had

lung metastases before enrolment, underwent DC-CTLs therapy

because of intolerable alimentary tract adverse reactions caused by

chemotherapy. She had a progression free survival of 17.6 months

after cells infusion (Table 1). Our results suggest that patients had a

long survival time after DC-CTLs therapy, indicating multiple
A B

C

E

D

FIGURE 2

Phenotypes of DCs and DC-CTLs. (A, B) The expression of CD80, CD86, CD83 and HLA-DR were detected in immature DCs on day 0 and mature
DCs on day 5 by flow cytometry. (C, D) The population of DC-CTLs and PBMCs, rates of CD3+CD4+, CD3+CD8+, and CD3-CD56+ cells in DC-CTLs
and PBMCs. (E) The expression of CD28, CD69, PD-1, CTLA-4 and TIM-3 in DC-CTLs were tested by flow cytometry. (*P < 0.05, **P < 0.01,
***P< 0.001, Student’s t test).
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peptides-pulsed DCs combined with CTLs therapy may provide an

individual treatment strategy for patients with cancer.
T cell receptor repertoire analysis

TCR diversity and the combination of the V, D and J genes

reflect T cell function and immune status. Analysis of CDR3, which

is based on V-D-J gene rearrangement and is responsible for
Frontiers in Immunology 07
identifying antigens, has been used to evaluate T cell clonality

and diversity (19, 24). Structural diversity of the TCR repertoire was

directly observed by deep sequencing of the TCRb CDR3 region.

Therefore, we used quantitative TCRb sequencing to examine the

changes in T cell diversity and clonality before and after treatment

in patients. Our results found that the Shannon-Weaver and D50

index of the patients 1 and 5 were slightly increased (Table 4) after

DC-CTLs therapy, as well as the number of TCR clones (Figure 5C).

The other patients were not tested in this study. Thus, we infer that

the increased TCRb diversity is potentially associated with the

clinical response of DC-CTLs therapy for patients with cancer.
Quality of life and adverse effects

To measure subjective responses to treatment, we analyzed

several parameters related to quality of life and existing suffering

after cells infusion (Table 5). Improvements of life quality were

reported some patients, including advanced cases, such as better

appetite (three patients; 60%), improved sleep (three patients; 60%),

weight gain (three patients; 60%), and improved memory (three

patients; 60%). These results showed that patients’ subjective
TABLE 3 Peripheral lymphocyte subset assay before and after treatment.

Group

Cell treatment

Before
treatment

After
treatment

P value

CD3+ 69.32 ±6.20 76.53 ± 2.54 0.241

CD3+ CD4+ 48.19 ± 6.31 52.88 ± 5.13 0.035

CD3+ CD8+ 40.70 ± 5.77 36.94 ± 4.33 0.186

CD4+ / CD8+ 1.31 ± 0.34 1.55 ± 0.35 0.020

CD3- CD56+ 4.47± 1.30 5.89 ± 2.11 0.418
A B

C

E

D

FIGURE 3

IFN-g ELISPOT assay was used to detect the anti-tumor function of PBMCs and DC-CTLs against specific antigens. (A–E) Autologous PBMCs and DC-CTLs
were stimulated with multiple peptides for 16 h, PHA and peptide-free stimulation represented the positive control and negative control, respectively.
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sensations and quality of life were improved after DC-

CTLs treatment.

Adverse effects, including fever, fatigue, muscle aches, chills,

rash, allergies, laryngeal edema, phlebitis, and lysis syndrome, were

analyzed. Treatment-related grade 1 or grade 2 adverse events were

observed in 1/5 (20%) of patients. The most common side effects

were mild, and spontaneous remission occurred several hours after

cells infusion. No grade 3 or 4 adverse effects were observed

(Table 6). None of the patients discontinued therapy because of

intolerable side effects.
Discussion

Numerous clinical trials have indicated that DC-CTLs therapy

can be used for the treatment of hepatocellular carcinoma, kidney

cancer, gastric cancer and other solid tumors (13, 14, 25–27).

However, the DC-based T cell therapy has some limitations: 1.

how to screen and identify individual peptides; 2. whether DCs

loaded with antigen peptides can effectively present tumor antigens

to T cells (28, 29). In our study, a novel technology was used to

identify tumor specific target peptide pools, whose molecular

structures were distinctive from those known tumor antigens (see

patent disclosure of CN 104655849 B) (30). The individual tumor

antigen peptides of each patient with cancer were developed by

differential protein screening for identifying dominant MHC
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binding peptide epitopes from the database of Hebei Bio-

technology Co., Ltd (30). Furthermore, the efficacy and safety of

peptides-pulsed DCs combined with specific T cells were evaluated

both in vitro and in vivo.

Mature DCs can effectively stimulate the proliferation of naive

T cells and induce T cells to become the antigen specific CTLs (31,

32). In our study, DCs were stimulated with multiple peptides, and

the mature markers such as CD83, CD80, CD86 and HLA-DR were

significantly upregulated on Day 5, suggesting that the DCs

acquired a mature phenotype and may induce the production of

specific CTLs. CTLs can directly kill tumor cells quickly, efficiently

and specifically through the cytokine secretion (33, 34). As reported,

the secretion of IFN-g was associated with the response of tumor-

specific T cells, and exerts anti-tumor effects by inhibiting tumor-

cell proliferation and promoting tumor cell apoptosis (35–38). As a

consequence, the production of IFN-g exhibits an intensely

synergistic boost to antigen-specific immune responses during

immunotherapy (39). Our results showed that specific-CTLs, after

co-culture with multiple peptides-pulsed DCs, can secret high levels

of IFN-g than that of PBMCs from patients before treatment,

demonstrating that DC-CTLs have been activated and may

produce a clinical benefit for patients by targeting antigenic

peptides after culture. Meanwhile, the DC-CTLs expressed high

levels of activation markers, such as CD69 and CD28, while having

low levels of molecules including PD-1, TIM-3 and CTLA-4. The

expression of these inhibitory markers on T cells, which contributes
A B

C

E F

D

FIGURE 4

Cytokine production in the peripheral blood lymphocytes of patients before and after cell therapy. PBMCs were stimulated with PMA, ionomycin and
BFA for 6 h, and were then stained with IL-2, IFN-g, Perforin, and Granzyme B fluorescence-labeled antibodies. (A, B) Frequencies of IL-4 and IFN-g
in CD3+CD4+ subsets of PBMCs. (C–E) Frequencies of IL-2, Perforin, Granzyme B in CD3+CD8+ subsets of PBMCs. (F) Frequencies of Perforin in
CD3-CD56+ subsets of PBMCs. The results are represented as Mean ± SEM values. (*P < 0.05, ns, no significance, Student’s t-test).
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A

B

C

FIGURE 5

Immune responses of patients to personalized peptides. (A) The IFN-g ELISPOT images of the patient’s PBMCs before and after treatment. (B) Statistics
showed the number of spots for each individual antigenic peptide. (C) Three-dimensional images of TCRb chain repertoires: results from TCRs
repertoire identifying the CDR3 amino acid sequences and expression levels of T-cell receptor beta variable gene segment (TRBV) and T-cell receptor
beta joining gene segment (TRBJ) region genes. The x and y axes showed the combination of V and J genes (TRBV and TRBJ families), and the z axis
showed their clone numbers of usage.
TABLE 4 Variation of the D50 and Shannon-Weaver index before and after treatment.

Patient no. Before treatment After treatment Before treatment After treatment

1 0.000938 0.001859 5.48 6.17

5 0.196146 0.206543 9.11 9.14
F
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to a dysfunctional T-cell response with an “exhausted” phenotype

(40–42). Our results indicated that antigen-specific T cells were

massively expanded and activated.

The CD4+/CD8+ ratio is an indicator of chronic infection and

immune activation. A decreased or inverted CD4+/CD8+ ratio

represents poor immune status, which could be used as a

predictor of severe infection or malignancy (43–45). We found

that the ratio of CD4+/CD8+ slightly increased in the PBMCs of

patients after treatment. Several studies have also demonstrated that

the secretion of pro-inflammatory cytokines represents the effector

function of T cells (46, 47). Herein, we found that the secretion of

IL-2, IFN-g and perforin was increased, while the proportion of IL-4
was decreased in PBMCs of patients who received cell therapy.

These results showed that the immune status of patients with cancer

was improved, which may be associated with the anti-tumor

function of DC-CTLs. Meanwhile, our results exhibited that the

level of IFN-g was significantly upregulated in the patient’s

lymphocytes upon stimulation with DC loaded peptides after

treatment, indicating that specific DC-CTLs were activated and

acquired an anti-tumor function. Notably, a diverse repertoire of T

cells directed against tumor-specific targets is a key factor impacting

the success of immunotherapy (48, 49). Furthermore, TCR

repertoire during immunotherapy will be highly valuable for

understanding anti-tumor response and ultimately for the

development of new strategies to improve outcomes of patients

with cancer (50). Herein, we found that the diversity of patient’s

TCRb chain increased after DC-CTLs therapy, which may serve as

evidence of a better response to cell therapy.

In addition, among all the patients treated with multiple

peptides-pulsed DCs combined with CTLs, one of the patients

had a DFS period of up to 28.2 months. No severe toxicities were

observed, and only one patient experienced disease progression in a

short time, suggesting that the treatment was safe and effective.

However, immunotherapy differs from chemotherapy, which may

require a relatively long term to evaluate its clinical benefits. The

limited number of patients prevents us from drawing definitive

conclusions. To further evaluate the impact of multiple peptides-

pulsed DCs combined with CTLs therapy on patients with cancer,

we need to recruit more patients to continue the clinical trials.
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In conclusion, our cultured mature DCs carried personalized

tumor antigen-derived peptides, and CTLs primed with these DCs

exhibited high cytotoxicity against tumor targets. We evaluated the

effects of multiple peptide-pulsed DCs in combination with CTLs

therapy. Most patients were able to prevent progression of cancer,

and there is no grade 3 or 4 adverse events occurred during the

follow up period after cell transfusion. The quality of life in patients

was either preserved or improved. Our results showed that the

combination of multiple peptides-pulsed DCs and CTLs therapy

could prolong survival and improve the quality of life, which has the

potential to act as an individualized treatment strategy for cancer.
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44. Ron R, Moreno E, Martıńez-Sanz J, Brañas F, Sainz T, Moreno S, et al. CD4/CD8
ratio during human immunodeficiency virus treatment: time for routine monitoring?
Clin Infect Dis (2023) 76:1688–96. doi: 10.1093/cid/ciad136

45. Waki K, Kawano K, Tsuda N, Komatsu N, Yamada A. CD4/CD8 ratio is a
prognostic factor in IgG nonresponders among peptide vaccine-treated ovarian cancer
patients. Cancer Sci (2020) 111:1124–31. doi: 10.1111/cas.14349

46. Tian Y, Wen C, Zhang Z, Liu Y, Li F, Zhao Q, et al. CXCL9-modified CAR T cells
improve immune cell infiltration and antitumor efficacy. Cancer Immunol Immunother
(2022) 71:2663–75. doi: 10.1007/s00262-022-03193-6

47. Carnevale J, Shifrut E, Kale N, Nyberg WA, Blaeschke F, Chen YY, et al. RASA2
ablation in T cells boosts antigen sensitivity and long-term function. Nature (2022)
609:174–82. doi: 10.1038/s41586-022-05126-w

48. Aran A, Garrigós L, Curigliano G, Cortés J, Martı ́ M. Evaluation of the TCR
repertoire as a predictive and prognostic biomarker in cancer: diversity or clonality?
Cancers (Basel) (2022) 14:1771. doi: 10.3390/cancers14071771

49. Nakahara Y, Matsutani T, Igarashi Y, Matsuo N, Himuro H, Saito H, et al.
Clinical significance of peripheral TCR and BCR repertoire diversity in EGFR/ALK
wild-type NSCLC treated with anti-PD-1 antibody. Cancer Immunol Immunother
(2021) 70:2881–92. doi: 10.1007/s00262-021-02900-z

50. Kidman J, Principe N, Watson M, Lassmann T, Holt RA, Nowak AK, et al.
Characteristics of TCR repertoire associated with successful immune checkpoint
therapy responses. Front Immunol (2020) 11:587014. doi: 10.3389/fimmu.2020.587014
frontiersin.org

https://doi.org/10.3390/ijms22094430
https://doi.org/10.1186/s13045-021-01081-7
https://doi.org/10.1186/s13045-021-01081-7
https://doi.org/10.1002/biof.1778
https://doi.org/10.1002/biof.1778
https://doi.org/10.3389/fcell.2021.686544
https://doi.org/10.3389/fimmu.2021.641307
https://doi.org/10.3389/fonc.2021.701777
https://doi.org/10.3389/fimmu.2021.704776
https://doi.org/10.1186/s12885-021-08732-5
https://doi.org/10.1186/s12885-021-08732-5
https://doi.org/10.1038/s41577-019-0210-z
https://doi.org/10.3389/fonc.2020.581270
https://doi.org/10.1016/j.apsb.2020.08.004
https://doi.org/10.1016/j.apsb.2020.08.004
https://doi.org/10.1186/s12916-021-02161-8
https://doi.org/10.1038/s41419-022-04882-x
https://doi.org/10.1080/14728222.2021.1937123
https://doi.org/10.1038/s41571-022-00689-z
https://doi.org/10.1016/j.canlet.2020.04.010
https://doi.org/10.1093/cid/ciad136
https://doi.org/10.1111/cas.14349
https://doi.org/10.1007/s00262-022-03193-6
https://doi.org/10.1038/s41586-022-05126-w
https://doi.org/10.3390/cancers14071771
https://doi.org/10.1007/s00262-021-02900-z
https://doi.org/10.3389/fimmu.2020.587014
https://doi.org/10.3389/fimmu.2023.1284334
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The safety and anti-tumor effect of multiple peptides-pulsed dendritic cells combined with induced specific cytotoxic T lymphocytes for patients with solid tumors
	Introduction
	Materials and methods
	Patients
	Screening and preparation of antigenic peptides in patients
	Generation of mature DCs
	Generation of DC-CTLs
	Phenotypic analysis of cultured cells
	ELISPOT assay
	Phenotype of lymphocytes in the peripheral blood
	Cytokine production analysis
	T cell receptors sequence analysis
	Treatment plan
	Assessment of adverse effects, and clinical efficacy
	Statistical analysis

	Results
	Patient characteristics
	Phenotypic analysis of DCs and DC-CTLs
	DC-CTLs function detection by ELISPOT
	Evaluation of patient’s immune status
	Specific immune responses
	Clinical response
	T cell receptor repertoire analysis
	Quality of life and adverse effects

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


