
Page 1/20

CD40 Monoclonal Antibody and OK432
Synergistically Promote the Activation of Dendritic
Cells in Immunotherapy
Juan Zhang 

Shenzhen University
Lei Wang 

Mengchao Hepatobiliary Hospital of Fujian Medical University
Shuyi Li 

Shenzhen University General Hospital
Xuefeng Gao 

Shenzhen University General Hospital
Zhong Liu  (  liuzhong5979@szu.edu.cn )

Shenzhen University General Hospital https://orcid.org/0000-0003-0961-276X

Research Article

Keywords: Colorectal cancer, pulmonary metastasis, cytotoxic T lymphocytes, CD40 mAb, OK-432

Posted Date: February 17th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1113492/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1113492/v1
mailto:liuzhong5979@szu.edu.cn
https://orcid.org/0000-0003-0961-276X
https://doi.org/10.21203/rs.3.rs-1113492/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/20

Abstract
Background: Colorectal cancer (CRC) with pulmonary-metastasis usually indicates a poor prognosis,
whereas patients may bene�t from adoptive cell therapy. Tumor speci�c cytotoxic T lymphocytes (CTLs)
have been reported to be a promising treatment for CRC. However, the antitumor effect of CTLs remains
limited, partially due to insu�cient production of effector cells via the activation with antigen-presenting
dendritic cells (DCs).

Method: Here we presented that a combination of CD40 mAb and Picibanil (OK-432) could signi�cantly
enhance the activation of CTLs by DCs, both in vitro and in vivo. Flow cytometric, colon cancer mouse
model, and pathological staining were employed to demonstrate the speci�c functions.

Results: This approach promoted the maturation of DCs, augmented the production of stimulatory
cytokines, and suppressed the secretion of inhibitory cytokines. Additionally, it facilitated the killing
e�ciency of CTLs via stimulating their proliferation while restrained the number of Tregs, concomitantly
with the positive regulation of corresponding cytokines. Furthermore, the combined unit could hurdle the
expansion of tumor cells on metastatic lung in colon cancer mouse model.

Conclusion: Collectively, the combination of CD40-mAb and OK-432 can facilitate the maturation of DCs
and enhance the cytotoxicity of T cells, which may be a promising approach for clinical treatment against
CRC.

Introduction
Colorectal cancer (CRC), as a leading lethal malignancy, has been a major cause of cancer-associated
death worldwide [1]. Despite of improved �ve-year survival via early detection, the metastasis to distant
organ such as lung has been the prominent cause for mortality. Approximately 25% of CRC patients
suffer from stage IV disease, and near 25~50% patients with early stages will eventually progress to
metastatic disease, which indicates poor prognosis and 12.5% of �ve-year survival [2, 3]. Therefore, more
effective approaches against metastatic CRC (mCRC) are on urgent demand.

Immunotherapy, designed to boost the natural defense of immune system, has powerfully altered the
landscape of malignancy treatment, including mCRC. It has exhibited improved antitumor immunity and
tremendous potential for reversing the immunosuppression induced by tumor. For instance, the immune
checkpoint inhibitors (ICIs) have lead the immunotherapy �eld to regain a major in�uence in tumor
research [4]. However, the immune-related adverse events (irAEs) are inevitable, as ICIs usually elicits
long-lasting clinical responses via reactivating an exhausted immune response. Whereas, adoptive cell
therapy (ACT) may provide the cancer-targeting immune in�ltrate and speci�c immune response [5]. It
can keep long-term durable in solid tumor, showing a peculiar property, which was ever hardly achievable
for chemotherapy [1, 6]. Thereinto, DCs play a vital role in the immune response especially the stimulation
of CTLs. Landmark studies have demonstrated that CD8+ CTL density are strongly associated with
disease-free and overall survival in CRC patients, which has been employed as a prognostic biomarker for
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the survival of CRC patients [7, 8]. Adoptive cell therapy (ACT) has displayed powerful potential in the
development of CRC treatment in the past decades. And CTL-mediated in�ammatory response to tumor
cells acts a critical role in suppressing the progression of carcinogenesis [9]. Therefore, approaches
improving the generation of CTLs are vital for the immunotherapy of CRC patients.

The cytotoxicity of CTLs critically depend on dendritic cells (DCs) [10]. As professional antigen-presenting
cells (APCs), DCs play essential roles in both innate and adaptive immunity system upon pathogen
invasion [11]. Immature DCs take up antigens through endocytose phagocytosis, micro- or macro-
pinocytosis, and endocytosis using Fc receptors, integrins, C-type lectin receptors, apoptotic cell receptors,
and scavenger receptors. The mature DCs can transport cancer-associated antigens to the draining
lymph node where T cell priming and activation can occur to generate the CTLs [12]. Various studies have
shown that CTLs induced by DCs can enhance the antitumor effect against CRC [13–16]. Therefore,
targeting DCs may confer a feasible strategy for CRC immunotherapy. The inhibitory cytokine (such as IL-
10 and TGF-β) and stimulatory cytokine (such as IL-12 and IFN-γ) function opposite roles in the process
of CTL generation [17, 18]. The former is involved in the suppression of T cells whereas the later
stimulates them. Produced by Tregs, IL-10 and TGF-β majorly function as a suppressive role in the
immune system. As a pro-in�ammatory cytokine, IL-12 contributes to the activation of T cell and NK cell,
and the production of IFN-γ that favors the differentiation of Th1 cell. It can be produced by mature DCs
upon pathogen infection [19]. Besides, IL-12 can suppress the proliferation of Tregs and the Foxp3 level,
favoring the outgrowth of non-Tregs. Collectively, IL-12 and IFN-γ majorly function as a stimulator
favoring the activation of cytotoxic cells [19]. Furthermore, DCs themselves also act as direct killer
targeting on tumor cells and induce the dying cells to release tumor-related antigens [20].

CD40, a cell-surface member of tumor necrosis factor (TNF) receptor superfamily, is expressed on variety
of APCs. As a costimulatory molecule, it is vital for the activation of APCs and CD8+ T cells [21]. The
CD40-CD40L signaling plays a central role in the regulation of the immune response through an
interaction between T cells and APCs. They can help the antigen presentation and promote the
expression of costimulatory molecules, which allows the maturation of DCs and stimulation of T cells.
Upon activation of lymphocytes, the binding of CD40L on the surface of T cells with CD40 provides
costimulatory molecules required to activate naive T cells thereby amplifying the immune response.
Preclinical investigations showed that CD40-activated DCs are poised to prime or activate tumor-speci�c
T cells [22]. Moreover, CD40 activated macrophages were shown to in�ltrate tumors and destroy tumor
stroma via tumoricidal activity [23]. Besides, as a membrane antigen, CD40 can regulate the production
of costimulatory cytokine IL-12. These data inspired the utilization of CD40 agonists, particularly the
CD40 monoclonal antibodies (mAb), as a novel approach for cancer immunotherapy. It has shown a
feasibility in both pre-clinical and clinical settings [21]. Evidences suggests that the activation of CD40
display critical role in the conversion of “cold tumor” to “hot tumor”, which makes tumor more susceptible
to immune checkpoint inhibitors [24]. In the past few years, CD40 mAb combined with other therapies
have shown attractive e�cacy, which is potentially important to extend the effective range of CD40 mAb.
It has been reported that CD40 antibodies with varying formulations show tolerable and feasible function
in patients with mesothelioma, pancreatic cancer, and others, when combined with chemotherapy [22],
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whereby the companion may codetermine the terminal outcomes, which needs more attention to be paid.
Although CD40 mAb is potential for the immunotherapy, it is de�cient as CD40 mAb not only stimulate
the production of stimulatory cytokine IL-12, but also the inhibitory cytokine IL-10 [25]. Therefore, it is
necessary to explore an adjuvant agent to neutralize the side effect of CD40 mAb.

OK-432 is a lyophilized preparation derived from penicillin-inactivated Streptococcus pyrogene [26]. It can
stimulate the maturation of DCs thereby priming CTL and natural killer (NK) cell response against tumor
cells. Because mature DCs can produce proin�ammatory cytokines, which is bene�cial to the proliferation
of CTLs. [27, 28]. And this cytotoxicity is mediated by the CD40/CD40 ligand axis, as CD40 ligand on DCs
can interact with CD40 on tumor cells [27]. The effect of OK-432 on DCs may be achieved by following
steps: 1). Induce the generation of IL-12 and IFN-γ. 2). Upregulate the expression of CD40, CD80, CD86,
adhesion molecules (ICAM-1), etc. 3). Stimulate the peptide-speci�c cytotoxic lymphocytes (CTLs). And
these data endowed OK-432 with potential in anticancer immunotherapy, indicating a feasible clinical
application, which has been approved by clinical observation in CRC [29, 30].

Given the above proofs, here we proposed that the combination of CD40 mAb and OK-432 may confer a
synergistic effect on the activation of DCs, which determine the generation of CTLs. We employed a
mouse model of CRC lung metastasis to demonstrate the therapeutic effect of this combination.

Materials And Methods

Reagents and cell lines
OK-432 was purchased from T&L Biological Technology (GMP-TL107-0100). CD40 mAb was purchased
from AdipoGen (AG-20B-0036PF). Antibodies used in the FCM were purchased from Miltenyi Biotec,
which were listed in supplemental table S1. The information of cytokines used in the experiment can also
be searched in Supplemental Table S1. Human colorectal cancer SW-620 cells and mouse colon cancer
CT26 cells were obtained from the Institute of General Surgery, Chinese PLA General Hospital (Beijing,
China). SW-620 and CT26 cells were cultured in Dulbecco's modi�ed Eagle's medium (Gibco, 11965092),
supplemented with 10% heat inactivated fetal bovine serum (FBS, Gibco, 16000044), 100x Penicillin-
Streptomycin Solution (Corning®, 30-002-CI, USA) at 37°C in a 5% CO2 incubator (Thermo Scienti�c,
Waltham, MA, USA). When the cells were over 90% con�uent, they were detached by 0.25% Trypsin
(Gibco, 25200056) and passaged at a ratio of 1:4.

Ethics statement
The experimental mice used in this study were obtained from the Laboratory Animal Center of the
Academy of Military Medical Science. All experimental and postoperative animal care procedures were
performed according to the protocols approved by the Animal Care and Use Committee of the Chinese
PLA General Hospital and the National Institute of Health’s Guidelines for the Care and Use of Laboratory
Animals. And the experiments were performed in the experimental animal room of Dalian Medical
University. As the experimental performance is relatively harmless, we did not use anesthetic until the last
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step of sacri�ce, which was terminated by CO2 narcosis, which was performed by trained personnel.
According to the PACUC Guideline, mice were displaced in 10-liter volume chamber (less than �ve mice
per cage), and compressed CO2 gas in cylinders were used at a �ow rate 5 liter per minute (50% of the
chamber volume), lasting for 2-3 minutes until the mice were unconscious, and then cervical dislocation
was performed.

The study on clinical samples was conducted according to the guidelines of the Declaration of Helsinki,
and approved by the Ethics Committee of The First A�liated Hospital of Dalian Medical University
(Dalian, Liaoning, China). Written informed consent was obtained from all subjects in accordance with
the Declaration of Helsinki.

Preparation of mouse bone marrow DCs (BMDCs)
The collection of BMDCs was performed according to the previous study [31]. Brie�y, femur bones were
isolated from six-week-old Balb/c mice. And the bone marrow suspension was collected by �ushing the
femurs, which will be rinsed and re-suspended at a �nal density of 10 × 106 cells/ml for subsequent
seeding. The cells were cultured in regular medium supplemented with 20 ng/ml rmGM-CSF for six days,
during which the medium with rmGM-CSF was refreshed every three days. And then the non-adherent
cells Resuspend the pellet of cells and diluted them to achieve cell density of were harvested as BMDCs
that will be analyzed by FACS.

Flow cytometer
The DCs were identi�ed by CD11c-FITC antibody and analyzed by FACS. The subsets of DCs were sorted
by corresponding antibodies such as CD8α, CD80, and CD86. The CD8αPos subset of DCs were puri�ed by
biotin-conjugated antibody cocktail. And the CD8αPos subset of DCs was then incubated with either
vehicle control or test groups including positive control TNF-α, OK-432, CD40 mAb, and combination of
OK-432 and CD40 mAb.

The proportions of regarding subtypes in T cells were detected by FCM. Brie�y, lymphocytes were �rst
incubated with regarding antibodies for 30 minutes at room temperature according to the manufacturer’s
instructions. For detection of Foxp3, cells were subjected to membrane rupture and stained with Foxp3-PE
(Miltenti Biotec-3G3, Cologne, Germany) according to the manufacturer’s protocol. All samples were
examined by a FACS Calibur instrument (Becton Dickinson, USA) and the data were analyzed with
FlowJo7.6.1 software. The level of interferon-gamma (IFN-γ) in the cell culture supernatant was
determined using an enzyme-linked immunosorbent assay kit (Sigma- Aldrich, St. Louis, MO, USA). The in
vitro cytotoxicity of the CTLs (effect cell, E) to the CT26 cells (target cell, T) was assessed using an LDH
release assay kit.

Preparation of CTLs
The collection of splenic T cells was performed according to the previous study [32]. Brie�y, mouse
spleen was mashed until it was torn into �ne parts. Filter and collect the cell suspension, which was then
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resuspended with RBC (red blood cell, Chinese Academy of Medical Sciences, Beijing, China) lysis buffer,
to acquire the mononuclear cells. And the splenic cells were then puri�ed by non-T cell depletion antibody
cocktail. And the purity of T lymphocytes was checked by �ow cytometry, using antibodies speci�c for
puri�ed T cells. And the collection of T cells derived from peripheral blood was performed as mentioned
above, starting at the stage of red blood cell lysis.

Conventional CTLs and autologous CTLs were prepared in our laboratory as previously reported [33, 34].
Brie�y, mDCs were co-cultured with T cells at a ratio of 1:10, supplemented with 100 ng /mL CD3ε mAb
and 10 ng /mL rm-IL-2. The medium with IL-2 was refreshed every other day. And on the seventh day,
CTLs can be harvested for the subsequent experiments.

Animal models and in vivo experiments
Six-week-old Balb/c female mice were purchased from the Beijing Experimental Animal Center of the
Academy of Military Medical Sciences (Beijing, China). The colon cancer lung metastasis model was
conducted according to the previous description [33]. Brie�y, 1 × 105 mouse CT26 cells in 100 µL
phosphate-buffered saline were injected into the mice via the tail vein. On the fourth day, the tumor-
bearing mice were randomly divided into 7 groups with 4 mice each, including one vehicle and six
treatment groups. Group 1, each mouse was treated with 200 µl saline per day, marked as vehicle group;
Group 2, mouse was treated with CTLs (1 × 107 cells) induced by DC, marked as DC-CTL group; Group 3,
mouse was treated with CTLs (1 × 107 cells) induced by DC with anergic antigen, marked as Ag-DC-CTL
group; and by the analogy, group 4 to group 7 was correspondingly marked. The treatments were applied
for two weeks. At the end of two weeks, mice from each group were sacri�ced to assess the antitumor
effect.

Counting of metastatic lung nodules
Counting metastatic lung nodules and enrichment of lymphocytes from lung tissue were performed as
previously described [33]. Brie�y, nodule diameters of less than 0.5 mm, 0.5–1 mm, 1–2 mm, and greater
than 2 mm were classi�ed as grade I, II, III, and IV metastasis, respectively. The total numbers of
metastases were calculated according to the following formula: total metastasis number = (grade I
metastasis number) + (grade II metastasis number × 2) + (grade III metastasis number × 3) + (grade IV
metastasis number × 4). The left lung was digested and then the mononuclear cell suspensions were
collected using discontinuous density gradient centrifugation with mouse lymphocyte separation
medium (MP Biomedicals, Santa Ana, CA, USA).

Cytotoxicity assay
The in vitro cytotoxicity of CTLs to SW-620 cells was performed by an LDH release assay (Sigma-Aldrich,
St. Louis, MO, USA), as described previously [35]. The target SW-620 cells were mixed with CTLs derived
from different treatments (vehicle control, TNF-α, CD40, OK-432, and the combined group of CD40 and
OK-432)
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at a ratio of 5:1 or 10:1 and were cultured for 24 h. The optical density (OD) value was detected with a
microplate reader at a wavelength of 492 nm. The killing rate was calculated as follows: Cytotoxicity %=
[OD (Experimental) – OD (Effector spontaneous) – OD (Target spontaneous)] ×100 / [OD (Target
maximum) – OD (Target spontaneous)].

Haematoxylin Eosin (H&E) staining
The lungs of control and test groups were �xed with fresh 4% formalin for 24 hours at room temperature,
followed by dehydration, transparent, and para�n embedding. And then the samples were sliced into 4
µm sections. Then the tissue slides were stained by HE (Biosharp, BL700A) and the histological images
were observed and photographed by Light Microscopy.

Statistical analysis
SPSS 21.0 statistical software was used for statistical analysis of the relevant data. Data are expressed
as the mean ± standard deviation. Differences between two groups were compared using T-tests.
Differences among several groups were analyzed by one-way analysis of variance. P < 0.05 was
considered statistically signi�cant. The survival rate was analyzed using the Kaplan-Meier method.

Result

CD40 mAb and OK-432 show synergistical function in
activation of human DCs
First, we accessed the activation effect of CD40-mAb and OK-432 combination on human PBMC in vitro
with three control groups (Neg-Ctrl: without any agent; Ag-Ctrl: 10 µg/ml anergic antigen; TNF-α: positive
control with a concentration of 10 ng/ml), and three test groups (CD40 mAb: 1µg/ml; OK-432: 10 µg/ml,
and 40432 group: 1µg/ml CD40 mAb plus 10 µg/ml OK-432). Subjected to MHC restriction, we �rstly
veri�ed that the agent-treated groups showed a uniformity with the control groups (Fig. 1A). We measured
the expression of CD83 to identify the maturity of human DCs [36], and found that expression of CD83
were increased by both CD40 Ab and OK-432, and their combination further enhanced the CD83
expression (Fig. 1B). Additionally, an increased ratio of type 1 DCs was detected (Fig. 1C), suggesting an
enhanced potential of inducing the generation of CTLs [37]. More interestingly, the combination of CD40
Ab and OK-432 upregulated the production of IL-12, which was not detected in the single agent test group
(Fig. 1D). IL-12 plays a critical role in both innate and adaptive antitumor immunity. IL-12 production by
DCs can augment Th1 response and stimulate the differentiation and lytic capacity of CTL [38].

DCs induced by CD40 Ab and OK-432 bene�t to promote the proliferation of cytotoxic T cells while
suppress Treg cells

Given the positive role of CD40 Ab and OK-432 in human DCs activation, we next investigated the
potential effect of DCs on generating CTLs. We observed that human DCs induced by CD40 Ab or OK-432
could induce the generation of cytotoxic T cells (Fig. 2A). And the combination of CD40 Ab with OK-432



Page 8/20

could generate more CD8+ cells than their independent manner. Moreover, a higher level of IFN-γ were
produced in the combination manner (Fig. 2B), suggesting a stronger anti-tumor potential.

Meanwhile, we also found that the combination of CD40 Ab and OK-432 reduced the ratio of CD3+CD4+
T cells versus total T cells (Fig. 2C), which otherwise indicates the increasement of CTLs. Treg cells are
opposite to the stimulation of T cells. Our data showed that the proliferation of Treg cells originating from
peripheral blood are suppressed by CD40 Ab and OK-432, especially in the combination group (Fig. 2D)
which can be veri�ed by the expression of Foxp3 (Fig. 2E), a speci�c marker of Tregs.

Collectively, these results demonstrated that the combination of CD40 Ab and OK-432 not only boosts the
maturation of mouse DCs, but also human DCs. Both are feasible to the stimulation of CTLs, providing a
preclinical potential against the colorectal cancer.

CD40 Ab and OK-432 show synergistical function in
activation of DCs
DCs were de�ned by expression of co-stimulatory signals CD80 and CD86 (ligands of CD28 expressed on
T cells). We identi�ed the CD8α+CD11c+CD11b− subset of DCs (Supplementary Fig.S1), which is
committed to play a critical role in CD8+ T cell activation [39, 40]. The cytokines and corresponding
agents were detected to assess the immune response to CD40 mAb and OK-432 combination (termed as
40-432).

The combination of CD40 mAb or OK-432 showed a stronger effect on stimulating the expression CD80
(Fig. 3A) and CD86 (Fig. 3B) compared to the single agent groups. Besides, 40-432 signi�cantly
stimulated the generation of CD11c+CD11b−CD8+ subset of DCs, a subset specially contributes to the
stimulation of CD8+ T cells, which was superior to the other agents (Fig. 3C). The stimulatory cytokine IL-
12 plays a critical role in both innate and adaptive antitumor immunity [38]. In contrast, the level of
inhibitory cytokine IL-10 was not signi�cantly changed after stimulation with OK-432. The combined 40-
432 was found to upregulate IL-12 without affecting the level of IL-10. Apart from, the combined group
40-432 as well modestly affect the secretion of TGF-β, which is better than OK-432 group (Fig. 3D),
indicating the advantage of combination.

DCs induced by CD40 mAb and OK-432 confer T cells with
enhanced killing e�ciency
Given the positive role of CD40 mAb and OK-432 in DCs activation, we next investigated the potential
effect of DCs on cytotoxic T cells. We observed that CD40 mAb and OK-432, alone or in combination
manner, could reduce the ratio of CD3+CD4+ T helper cells (Fig. 4A), indicating a reciprocal relationship
between CD4+ and CD8+ cells. And we found that the combined group restrains the generation of
inhibitory cell Tregs (CD4+CD25+Foxp3+), indicating a superior role of combined group to the other ones
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(Fig. 4B). Functionally, the production of IFN-γ derived from T cells was increased when treated with CD40
mAb or OK-432, whereas even higher level of IFN-γ was detected in the combination group (Fig. 4C).

We then tested the cytotoxicity of CTLs induced by CD40 mAb and OK-432 on CT26 CRC cell line. At
effector: target (E:T) ratio of 5:1, CTLs induced by the combination of CD40 mAb and OK-432 showed a
stronger cytotoxicity against CT26 cells than any single agents (Fig. 4D). And the killing e�cacy was two-
fold enhanced at effector: target (E:T) ratio of 10:1.

CTLs induced by CD40 mAb and OK-432 show potent feasibility in the treatment of colon cancer model
with pulmonary-metastasis

Based on the achievement of functional CTLs, we next test the possible role of CTLs in the treatment of
CRC mouse model with pulmonary-metastasis. Mice involved in this experiment were divided into seven
groups. Each group were administered with corresponding CTLs originating from pertinent DCs. Brie�y,
mice were administered with 1*107 CTLs twice a week via tail vein injection? which were maintained for
four courses. The morphology and weight of the mouse lungs were accessed to compare the tumor
suppression and metastasis control e�ciency of CTLs induced by different agents. We observed that the
combination of CD40 mAb with OK-432 outperformed single agent in restraining the pulmonary-
metastasis (Fig. 5A). Both the ratio of lung weight/body weight (Fig. 5B) and the number of pulmonary
metastatic nodes (Fig. 5D) delineated the most in the group of 40-432 group. Furthermore, H&E staining
of the lung indicated fewer neoplastic cells in the 40-432 group compared to the others (Fig. 5C). Thus,
CTLs generated by CD40 mAb-OK-432 induced DCs had a better anti-tumor effect in controlling CRC lung
metastasis.

DCs induced by CD40 mAb and OK-432 contribute to the proliferation of CTLs while facilitate the
suppression of Tregs in vivo

Ensured by the phenotype in vivo that combination of CD40 mAb and OK-432 was bene�cial to CRC
model with pulmonary-metastasis, we next investigated where can the CTLs function. The cell sources
were derived from three types of tissues: peripheral blood, spleen, and lung. When treated with the four
agent-treated groups, the number of CD3+ T cells increase with varying degrees of proliferation. And the
combined group shows a signi�cant enhancement (Fig. 6A). In addition, the proliferation of Tregs
originating from the three sources are all suppressed by the four agent-treated groups, whereas the
combinational group shows a prominent suppression (Fig. 6B).

Furtherly, the cytokines tightly involved in the stimulation of CTLs were also detected in peripheral blood.
We observed that the production of inhibitory cytokines IL-10 and TGF-β are both restrained by the agent-
treated groups, and the combinational group contributes the signi�cant change (Fig. 7A, B). Meanwhile,
the stimulatory cytokines IL-12 and IFN-γ were also detected. Results demonstrated that the four agent-
treated groups facilitate the enhancement of stimulatory cytokine IL-12 and IFN-γ, whereas the combined
group exhibits the outstanding function (Fig. 7C, D).
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Discussion
Development with the advanced cytotoxic agents and molecular-targeted treatment, the clinical outcomes
of various cancers have been improved. However, the ratio of overall survival is still dismal including
colon cancer, as patients usually suffer from advanced cancers such as colon cancer with pulmonary-
metastasis, which have not been virtually improved [41–43]. Therefore, new approaches against such
cancers are desired. And immunotherapy displays a prominent potential. As an antigen-presenting cell,
DC acts as a vital component in immune system. It can present the tumor-associated antigens to
cytotoxic cells, which release cytokines targeting tumor cells. Additionally, DCs also control the immune
tolerance and immunity [10, 12]. Thus, target on DCs confers on feasible strategy for cancer
immunotherapy.

The immune components in tumor microenvironment (TME) are crucial for the immunotherapy [44].
Regulatory T cells (Tregs), display a vital role in suppressing the activity of CTLs, conferring to immune
escaping and the treatment failure. And the increasing number of in�ltrated Tregs generally indicates a
poor prognosis [45, 46]. Among the CD4+ T cells, there are approximately 5%-10% Tregs, which secret
cytokines interleukin-10 (IL-10) and transforming growth factor β (TGFβ) [47]. In normal, Tregs maintain
the immune homeostasis and induce the immune tolerance. And abnormally, the dysregulation of Tregs
is associated with the induction of immune tolerance, contributing to the escape of tumor cells from
being attacked by immune cells. Mounting evidences have demonstrated that Treg-mediated
immunosuppression is the major cause leading to the failure of tumor treatment [48, 49]. Oppositely,
CTLs act as a contrary role with Tregs. They secret IFN-γ that facilitates the killing of invasion. CD80 and
CD86 function in dendritic cells (DCs) licensing and CTLs activating. DC presents the complex of major
histocompatibility complex class II (MHC class II)-peptide, which can interact with receptor on T helper
cell (Th). Upregulation of CD80 and CD86 license the DCs to interact with CD8+ T cells [10, 50]. Therefore,
as a precondition, activation of DCs is indispensable for the stimulation of CTLs. The enhancement of DC
activation certainly facilitates the generation of CTLs. One of the feasible approaches is to utilize the
CD40 agonists, which can activate the DCs and promote the secretion of IL-12, furthermore turn the “cold”
tumor to “hot” one [24]. However, the single-agent antitumor activity of CD40 agonists was not enough.
And they usually combined with other adjuvants.

Clued by the previous studies, we found that OK-432 as an adjuvant is bene�cial to the treatment of colon
cancer via the CD40/CD40L axis [22, 27]. Then, the following question is whether the combination of
CD40 agonists and OK-432 work with a synergistic function? And we employed the CD40 monoclonal
antibody to elevate such speculation, which has been demonstrated by the given data. We observed that
the combined group (CD40 mAb and OK-432) endows DCs with stronger potential to stimulate T cells,
and prominent cytotoxic to tumor cells. Besides, the combination facilitates the expression of the co-
stimulatory signals (CD80 and CD86) involved in the activation of DCs and the production of stimulatory
cytokines (IL-12 and IFN-γ) involved in the stimulation of T cells. Meanwhile, it also suppresses the
generation of Tregs and inhibitory cytokines (IL-10 and TGF-β). Collectively, the combination of CD40
mAb and OK-432 provides a promising strategy to facilitate the immunotherapy.
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Conclusion
Collectively, we demonstrated that the combination of CD40-mAb and OK-432 can promoted the
maturation of DCs, augmented the production of stimulatory cytokines, and suppressed the secretion of
inhibitory cytokines, which then signi�cantly enhance the activation of CTLs by DCs, both in vitro and in
vivo. The combination of CD40-mAb and OK-432 may provide a promising approach for clinical
treatment against CRC.
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Figures

Figure 1

CD40 Ab and OK-432 show synergistical function in activation of human DCs.

 

A.   Expression of HLA-DR in human DCs. The expression of HLA-DR shows a uniformity between the
different types of DCs induced by regarding agents.

B.    CD40 Ab and OK-432 synergistically activate the expression of CD83. The experiment was performed
in six groups, including three control groups: Neg-Ctrl (without any agent), Ag-Ctrl (with anergic antigen),
and TNF-α (positive control), and three test groups: CD40 Ab, OK-432, and 40432 group (combinational
group, CD40 Ab and OK-432). Compared to the control groups (Neg-Ctrl, Ag-Ctrl, and TNF-α), expression of
CD83 can be separately improved by CD40 Ab, and OK-432, and the synergistic group 40432 was most
signi�cantly improved.

C.    CD40 Ab and OK-432 synergistically improve the ratio of type 1 DCs (DC1). The number of DC1 is
separately increased by CD40 Ab, and OK-432, and the synergistic group 40432 was prominent.

D.   Combination of CD40 Ab and OK-432 signi�cantly promotes the production of IL-12. The secretion of
in�ammatory mediator IL-12 is strongly stimulated by combinational group (CD40 Ab+OK-432).

Value represents the mean ± SEM. * P<0.05, ** P<0.01. 

Figure 2

DCs induced by CD40 Ab and OK-432 bene�t to the proliferation of cytotoxic T cells while suppress the
number of Tregs.

 

A.   DCs induced by CD40 Ab and OK-432 stimulate the generation of cytotoxic T cells. T cells derived
from peripheral blood were treated with different types of DCs induced by relative agents. And the
combinational group stimuli relatively more CD8+ cells.

B.    DCs induced by CD40 Ab and OK-432 augment the secretion of IFN-γ. The three agent-treated groups
facilitate the production of stimulatory cytokine IFN-γ, and the combinational group displays an obvious
advantage.



Page 16/20

C.    Combination of CD40 Ab and OK-432 reduces the number of CD4+T cells. Compared to control
groups, the three test groups reduced the ratio of CD3+CD4+ T cells versus total T cells.

D.   DCs induced by CD40 Ab and OK-432 restrain the production of Tregs. The proliferation of Tregs
originating from peripheral blood are suppressed by the three test groups, especially the combinational
group.

E.    DCs induced by CD40 Ab and OK-432 suppress the expression of Foxp3. The three test groups
obviously suppress the expression of Foxp3, and the combinational group is signi�cant.

Figure 3

CD40 Ab and OK-432 show synergistical function in activation of mouse DCs.

A.   CD40 Ab and OK-432 synergistically activate the expression of CD80. The experiment was performed
in six groups, including three control groups and three test groups. Compared to the control groups (Neg-
Ctrl, Ag-Ctrl, and TNF-α), expression of CD80 can be separately improved by CD40 Ab, and OK-432, and
the synergistic group was most signi�cantly improved.

B.    CD40 mAb and OK-432 synergistically activate the expression of CD86. The expression of CD86
showed the same tendency to CD80 in A.

C.    CD40 mAb and OK-432 activate the population of CD11c+CD11b-CD8+ subset of DCs. The synergistic
group (CD40 Ab+OK-432) signi�cantly improved the number of CD11c+CD11b-CD8+ DCs.

D.   Combination of CD40 Ab and OK-432 affects the secretion of TGF-β. Combination of CD40 Ab and
OK-432 modestly affects the secretion of TGF-β.

Value represents the mean ± SEM. * P<0.05, ** P<0.01. 

Figure 4

DCs induced by combination of CD40 Ab and OK-432 enhance the killing e�ciency of T cells.

 

A.   Combination of CD40 Ab and OK-432 reduces the number of CD4+T cells. The experiment was
designed as six groups, including three control groups: Neg-Ctrl (without any agent), Ag-Ctrl (with anergic
antigen), and TNF-α (positive control), and three test groups: CD40 Ab, OK-432, and 40432 group
(combinational group, CD40 Ab and OK-432). Cells were separately treated by the six group, and the
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number analysis of T cells was performed by FCM. Compared to control groups, the three test groups
signi�cantly reduced the ratio of CD3+CD4+ T cells versus total T cells.

B.    Combination of CD40 Ab and OK-432 reduces the number of Tregs. The test groups suppress the
generation of inhibitory cell Tregs.

C.    Combination of CD40 Ab and OK-432 promotes the secretion of IFN-γ. The test groups contribute to
the production of IFN-γ derived from T cells.

D.   Combination of CD40 Ab and OK-432 displays high cytotoxic to CT26 cells. The cancer cells were
treated with stimulated T cells at effector: target (E:T) ratios of 5:1 and 10:1. The higher ratio group
shows higher killing e�ciency. And in general, the test groups show stronger cytotoxicity.

Figure 5

CTLs induced by CD40 Ab and OK-432 augment the killing e�ciency of tumors on lungs in colon cancer
model with pulmonary-metastasis.

 

A.   Lungs derived from mouse models treated with different types of CTLs. Mice involved in this
experiment were divided into seven groups. All of CTLs administered to colon cancer models with
pulmonary-metastasis were induced by corresponding DCs. And they can suppress the expansion of lung
in the mouse model. And DCs activated by CD40 Ab and OK-432 elicit the most e�cient CTLs, which
furtherly restrain the expansion of lung compared to the separate agent group.

B.    Statistics of lung to body weight ratio (mg/g) corresponding to A.

C.    H&E staining of lung slides. H&E staining was employed to observe the lung morphology. The
combinational group show the least tumor cells, compared to the others.

D.   Statistics of tumor nodes corresponding to C. 

Figure 6

DCs induced by CD40 Ab and OK-432 activate the proliferation of cytotoxic T cells while suppress the
number of Tregs.
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A.   DCs induced by CD40 Ab and OK-432 stimulate the generation of cytotoxic T cells. T cells derived
from three different sources (peripheral blood, spleen, and lung) were separately treated with different
types of DCs. Compared to the control groups, the four agent-treated groups show an increasing number
of CD3+ cells, and the combinational group displays a signi�cant proliferation.

B.    DCs induced by CD40 Ab and OK-432 restrain the production of Tregs. The proliferation of Tregs
originating from the three sources are all suppressed by the four agent-treated groups, especially the
combinational group.
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Figure 7

CD40 Ab and OK-432 synergistically enhance the secretion of stimulatory cytokines whereas inhibit the
inhibitory cytokines.
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A.   CTLs induced by CD40 Ab and OK-432 inhibit the production of IL-10. The inhibitory cytokine IL-10 is
restrained by the agent-treated groups, and the combinational group shows a prominent suppression.

B.    CTLs induced by CD40 Ab and OK-432 inhibit the production of TGF-β. The secretion of inhibitory
cytokine TGF-β is blocked by the agent-treated groups, and the combinational group contributes the
signi�cant change.

C.    CTLs induced by CD40 Ab and OK-432 augment the generation of IL-12. Although the four agent-
treated groups confer to the enhancement of stimulatory cytokine IL-12, the combinational group exhibits
the outstanding function.

D.   CTLs induced by CD40 Ab and OK-432 augment the secretion of IFN-γ. The four agent-treated groups
facilitate the increasing of stimulatory cytokine IFN-γ, and the combinational group displays an obvious
advantage.
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