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Introduction 
The compromised antigen-presenting procedure and 
immunosuppressive status of the tumor microenvironment 
are closely related. These two mechanisms are the pillars 
of the processes interfering with immune surveillance and 
antitumor responses.1,2

Immunotherapy utilizing immune cells has evolved as 
a mainstay of contemporary oncology. Recognition, up-

taking, and presentation of cancer-related antigens to T 
cells are controlled by dendritic cells (DCs) functions in 
the context of provoking cytotoxic T-lymphocytes (CTLs) 
responses.3 Hence, in immune cell therapy by DCs, it is 
imperative to introduce an appropriate tumor antigen to 
DCs.4,5 Identifying an overexpressed surface antigen is 
the first vital step in DC therapy.6,7 Nonetheless, many 
efforts have been conducted using DC loading with tumor 
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Abstract
Introduction: The maturation faith 
of dendritic cells is restrained by the 
inflammatory environment and cytokines, 
such as interleukin-6 and its downstream 
component. Therefore, introducing the 
suitable antigen to dendritic cells is crucial. 
However, reducing the severity of the 
suppressive tumor microenvironment is 
indispensable. The present study examined 
the combination therapy of lymphocyte 
antigen 6 family member E (LY6E) pulsed 
mature dendritic cells (LPMDCs) and pioglitazone against colorectal cancer (CRC) to elevate the 
effectiveness of cancer treatment through probable role of pioglitazone on inhibiting IL-6/STAT3 
pathway.
Methods: Dendritic cells were generated from murine bone marrow and were pulsed with 
lymphocyte antigen 6 family member E peptide to assess antigen-specific T-cell proliferation and 
cytotoxicity assay with Annexin/PI. The effect of pioglitazone on interleukin (IL)-6/STAT3 was 
evaluated in vitro by real-time polymerase chain reaction (PCR). Afterward, the CRC model was 
established by subcutaneous injection of CT26, mouse colon carcinoma cell line, in female mice. 
After treatment, tumor, spleen, and lymph nodes samples were removed for histopathological, 
ELISA, and real-time PCR analysis.
Results: In vitro results revealed the potential of lysate-pulsed dendritic cells in the proliferation 
of double-positive CD3-8 splenocytes and inducing immunogenic cell death responses, whereas 
pioglitazone declined the expression of IL-6/STAT3 in colorectal cell lines. In animal models, 
the recipient of LPMDCs combined with pioglitazone demonstrated high tumor-infiltrating 
lymphocytes. Elevating the IL-12 and interferon-gamma (IFN-γ) levels and prolonged survival in 
lysate-pulsed dendritic cell and combination groups were observed. 
Conclusion: Pioglitazone could efficiently ameliorate the immunosuppressive feature of the tumor 
microenvironment, mainly through IL-6. Accordingly, applying this drug combined with LPMDCs 
provoked substantial CD8 positive responses in tumor-challenged animal models. 
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the obstacles in the way of LY6E loaded DC therapy 
against CRC by suppressing IL-6/STAT3 signaling.

Materials and Methods
Animals
Female BALB/c mice, 6-8 weeks old, were purchased from 
the Lab Animal Center, Pasteur Institute (Tehran, Iran). 
They were divided into five experimental groups and 
maintained under similar conditions with 12 hours dark/
light cycle and free access to standard rodent chow and 
water. 

Animal care and processing were performed in 
conformity with the guidelines of animal experiments 
by the Ethics Committee of the Research Institute for 
Gastroenterology and Liver Diseases (RIGID) and Shahid 
Beheshti Medical University (SBMU) (Code of Ethics: 
IR.SBMU.RIGLD.REC.1398.019).

Effect of pioglitazone on HT29 and CT26 cell lines 
viability 
HT29 human (ATCC® HTB-38™) and CT26 mouse 
colon carcinoma (ATCC® CRL-2638™) were cultivated 
in complete RPMI (Biosera, France) containing 10% FBS 
(Gibco, USA) and 1% Penicillin/streptomycin (Gibco, 
USA) in a humidified atmosphere of 5% CO2 at 37°C. MTT 
assay was performed to determine the appropriate drug 
dose. Briefly, after 70-80% confluency, each two-cell line 
were plated in 96-well culture plates (5000 cells/200 µL/
well), rested overnight in a CO2 incubator. After 24 hours, 
treatment was given in respective concentrations, 10, 50, 
100, 150, 200, 250, and 300 µM of pioglitazone for 24, 48, 
and 72 hours. Further, at each time point, the medium was 
replenished with a medium containing 10% MTT solution 
(Sigma, USA), and the cells were incubated for a further 
4 hours. Finally, the medium was removed, and formazan 
crystals formed by the viable cells were dissolved in 
200 µl of dimethyl sulfoxide (DMSO). An ELISA reader 
measured the absorbance at 570 nm with a reference 
wavelength of 630 nm. Consecutively, the half-maximal 
inhibitory concentration (IC50) was estimated. 

RNA isolation and quantification of IL-6 and STAT3 
gene expression
To determine the effect of pioglitazone on the IL-6/
STAT3 pathway in vitro, the HT29 and CT26 cell lines 
were treated with 250 µM of pioglitazone for 48 hours. 
Using RNA Purification Mini Kit (FavorGen, Taiwan), 
total mRNA was extracted and analyzed for concentration 
and purity. The same procedure was carried out for 
tumor tissue. Subsequently, RNAs were utilized for cDNA 
synthesis, using RevertAid First Strand cDNA Synthesis 
Kit (Thermo Scientific, USA) and applied to the real-time 
polymerase chain reaction (PCR) (Applied Biosystems). 
The NCBI Reference Sequence Database were used to 
access available mRNA sequences for mouse STAT3, 
human STAT3, mouse IL-6, human IL-6, HPRT as mice 

lysates to provoke the CTL responses against tumor cells, 
considered blinded and non-specific strategies.8-10 

The previous microarray-based survey indicated that 
the expression of lymphocyte antigen6 E (LY6E) is highly 
upregulated in two potentially lethal gastrointestinal (GI) 
cancers: those of colon and stomach, as well as pancreatic 
cancers.11,12 Evidence has evolved to support Lymphocyte 
antigen 6 family member E (LY6E) overexpression with 
worse overall survival of patients and gastric cancer (GC) 
with cancer cell survival, proliferation, and migration.13 
In addition, the recent DC therapy-based study by LY6E 
verifies the efficiency of introducing designed LY6E 
peptides for the major histocompatibility complex (MHC) 
class I and II. At the same time, DCs exhilarate the CD8 
positive immune responses against colorectal models.14 

Immune cell therapy is one of the hopes of cancer 
treatment. Nevertheless, subduing the immunosuppressive 
state of tumor microenvironments would amend the 
efficacy of cancer immunotherapy.15 Interleukin (IL)-
6 signaling and its downstream component, signal 
transducer, and activator of transcription 3 (STAT3) are 
generally assumed as a malevolent player in the tumor 
microenvironment, especially colorectal cancer (CRC).16 
Conversely, the dark visage of IL-6 is mediated by STAT3 
phosphorylation, followed by transcribing genes involved 
in tumor progression by inducing cell proliferation, 
differentiation, and survival.17 On the other hand, further 
studies demonstrated that the hyperactivation of the 
IL-6 axis in tumor microenvironments not only impairs 
the DC maturation but also promotes tumor formation 
by suppressing the differentiation of interferon-gamma 
(IFN-γ)18, 19 and IL-1220, 21 producing T helper type 1 (Th1) 
cells. Therefore, blockade of this signaling axis could be a 
promising approach to overcome the dysfunctionality of 
DCs and T cell-mediated immune responses. 

As a thiazolidinedione family, pioglitazone is a specific 
peroxisome proliferator-activated receptor gamma 
(PPAR‑γ) agonist. Previous studies have demonstrated 
that pioglitazone as a potent agonist of PPARγ could 
inhibit the nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-κB) and IL-6 axis and consequently 
form cancer stem cells spheroids in breast cancer cells.22 In 
animal models, another study on breast cancer in vitro and 
in vivo revealed that administrating pioglitazone could 
inhibit tumor growth through the Janus kinase 2/STAT3 
pathway. Moreover, the administration of pioglitazone 
exhibited antitumor and antimetastatic effects on 
pancreatic cell lines and xenograft models.23 

Hence, LY6E as a common overexpressed antigen in 
CRC could fulfill the objective of multipurpose therapeutic 
anti-cancer strategies. This research devised a DC therapy 
based on a tumor-associated antigen (TAA)-peptide 
approach to provoke an effective CTL response against 
CRC animal models. Whereas IL-6 negatively regulates 
DC function toward tolerogenic DCs, the current study 
administered pioglitazone simultaneously to overcome 
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housekeeping and GAPDH as human housekeeping. 
The primer pairs were designed by Primer3 software 
(Table 1). The gene expression was normalized against 
the housekeeping gene GAPDH mRNA expression. In 
animal tissue, the relative expression of IL-6 and STAT3 
gene expression was determined by normalizing against 
the housekeeping gene mouse HPRT.

Differentiation and peptide pulsing of bone marrow-
derived DCs
DCs were generated as previously described.24 Briefly, bone 
marrow was harvested from BALB/c mice femurs and 
tibiae. A single-cell suspension was obtained by passing 
cells through a 70 μm cell strainer. Bone marrow-derived 
DCs (2 × 106 cells/well) were cultured in non-tissue treated 
six-well plates with complete RPMI containing 10% FBS, 
1% Penicillin/streptomycin, supplemented with 250 U/ml 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), 250 U/mL IL-4 (Peprotech, USA), 1% L-glutamine 
(Gibco, USA), and 50 µm 2-mercaptoethanol (Sigma-
Aldrich, UK). On day 3, a fresh medium containing the 
supplements was added to each well, and on day 6, half of 
the medium was centrifuged. The cell pellet was dissolved 
in a fresh medium supplemented with cytokines. At this 
time point, the microscopic characteristics of DCs and 
their colony were detectable under the microscope.
To induce DC maturation, on day 9, generated DCs 
was treated with 100 ng/mL lipopolysaccharide (Sigma-
Aldrich, UK), and the culture incubation was continued 
overnight. The next day DCs were harvested by pipetting 
and extensively washed with PBS and were incubated with 
previously designed peptide at a concentration of 10 µg/
mL for 3-4 hours at 37°C. 24

Lymphocyte proliferation assay 
To measure proliferation, the splenocytes (SPLs) of BALB/c 
mice were labeled independently with CFSE (©CellTrace™ 
Cell Proliferation Kit, Thermo Fisher Scientific). Isolated 
SPL cells (1×106 cells/mL) by Ficoll-Paque PLUS (GE 
Healthcare, Life Sciences) were incubated with CFSE for 
20 minutes at 37°C in the dark. After the incubation time, 

the culture medium containing 1% protein bovine serum 
albumin (BSA) was used for quenching the dye. The SPLs 
were co-cultured with the matured and LY6E pulsed DCs 
at a ratio of 10:1 (splenocyte: DC). After 96 hours, cells 
were collected and analyzed by flow cytometry according 
to the manufacturer’s instructions (BD FACScan flow 
cytometry system, San Jose, CA, USA). 

DCs, and T cell characterization 
For morphological examination of DCs, cells were 
washed, centrifuged, and fixed on microscope slides with 
methanol for 10 minutes. Subsequently, the cells were 
stained with Giemsa at 1:20 (Merck, Germany) for 30 
minutes; the Giemsa solution was rinsed off by washing 
in PBS. To evaluate the phenotype of generated immature 
and mature DCs, CD40, CD11c, CD80 antibodies were 
used. After stimulation of SPLs with the matured and 
lymphocyte antigen 6 family member E (LY6E) pulsed 
mature dendritic cells (LPMDCs) in vitro and infiltration 
of T cells in tumor sites of treated animals, the population 
of CD3, CD4, CD8 were evaluated by flow cytometry. 
T-cell characterization was analyzed in vitro and in vivo 
after stimulation with matured DCs and their expression 
markers. All the utilized antibodies are listed in Table 2.

CRC model establishment and therapeutic experiments
The ectopic xenograft mouse model of CRC is established 
by CT26 cells subcutaneously injection in vivo. The CT26 
was routinely cultured in RPMI-1640 medium containing 
10% FBS and 1% penicillin/streptomycin at 37°C in a 5% 
CO2 incubator. Tumors were generated by subcutaneous 
injection of 1 × 106 CT26 cell /mouse into the right 
flank areas of adult BALB/c female mice. The mice were 
examined weekly to evaluate tumor development for 7-10 
days until the tumor became palpable and measurable. 
The desired tumor volume for starting the treatment was 
considered 150-200 mm3 approximately.25

Therapeutic experiments
Animals were randomly allocated into five treatment 
groups, and each group comprised seven mice as follows: 

Table 1. Primer sequences for evaluating gene expressions with real-time polymerase chain reaction analysis

Target genes Oligonucleotide sequence (5’-3') Gene ID

IL-6 (Homo sapiens) F: GATTCAATGAGGAGACTTGCC
R: GGTCAGGGGTGGTTATTGC 3569

IL-6 (mus musculus) F: GATACCACTCCCAACAGACCT
R: GCCATTGCACAACTCTTTTCTC 16193

STAT3 (Homo sapiens) F: ATTGACAAAGACTCTGGGGAC
R: CCCTCAGGGTCAAGTGTTTG 6774

STAT3 (mus musculus) F: CAAAGAAAACATGGCTGGCA
R: TGAAACCCATGATGTACCCTT 20848

GAPDH (Human housekeeping) F: TGAAGGTCGGAGTCAACGGATTTGGT
R: CATGTGGGCCATGAGGTCCACCAC 2597

HPRT (Mice housekeeping) F: GTCCCAGCGTCGTGATTAGC
R: TCGAGCAAGTCTTTCAGTCCT 3251
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1) control- phosphate-buffer saline (PBS) treated; 2) 
LPMDC; 3) pioglitazone-treated; 4) combination therapy 
treated (LPMDC + pioglitazone); 5) mature dendritic cell 
(MDC) treated (Fig. 1).

DCs (1×106 cells) were injected on the footpad area 
in three treated groups. The pioglitazone-treated group 
received 30mg/kg pioglitazone doses by oral gavage once 
a day for 14 days. Tumor length and width were measured 
every three days, and the percentages of inhibition in 
the growth of the tumors at each treatment group were 
calculated, respectively. On day 14, mice were euthanized 
using 100% carbon dioxide (CO2), and the tumor tissues 
were excised and weighed, and the spleen and lymph nodes 
were removed. The collected samples were subjected to 

histopathological, ELISA, Real-Time PCR analysis, and 
cytotoxicity assay. 

Histopathological examination 
To assess the presence of lymphocytes in tumor tissues, 
histopathological studies were conducted, the excised 
tumors from different groups were fixed in 10% 
paraformaldehyde and embedded in paraffin. Sections 
were stained with hematoxylin-eosin (H&E) staining 
using a standard protocol. 

ELISA
Spleens were collected from all groups for assessing the 
cytokine responses. The SPLs were seeded at 96-well 
plates. They were stimulated with phytohaemagglutinin 
(PHA) (2% v/v), tumor lysate (30 µg/mL), and peptide 
(30 µg/mL) separately and incubated at 37 °C in 5% CO2. 
Unstimulated samples were prepared as the control group 
in the other wells. Cell culture supernatants were used 
for the estimation of cytokine production. The levels of 
IL-12 and INF-γ were assessed using the relevant ELISA 
kits (R&D Systems Inc., Minneapolis, USA) following 
the manufacturers' instructions. Briefly, 50 µL of Assay 
Diluent RD-14 and 50 µL of control and samples were 
added into ELISA plates and incubated for 2 hours at 

Table 2. Antibodies used in flow cytometry assay

Antibody Label Producer Cat No.

CD40 FITC-conjugated eBioscience (Germany) 102905

CD11c FITC-conjugated BioLegend (USA) 117305

CD8 FITC-conjugated BioLegend (USA) 100707

CD80 PE-conjugated eBioscience (Germany) 104707

CD4 PE-conjugated BioLegend (USA) 100509

CD3 PreCP-Vio700 BioLegend (USA) 100217

Fig. 1. Schematic presentation of in vitro and in vivo experiments. Bone marrow-derived dendritic cells were matured and pulsed with designed LY6E 
peptides. The antigenic potential of LPMDCs and the cytotoxicity effect of primed SPLs were evaluated. The therapeutic potential of LPMDC and pioglitazone 
as monotherapy and in combination in CT26 challenged BALB/c mice (n= 7 mice in each group) as CRC models were assessed in vivo. PBS and mature 
DC treated groups were considered as control groups. After 14 days of treatment, all mice were anesthetized, and the tumor, lymph nodes, and spleen were 
extracted for further analyses. LPMDCs, LY6E pulsed mature DCs; CRC, colorectal cancer; PBS, phosphate-buffer saline; DC, dendritic cell; MDCs, mature 
DCs; combination, pioglitazone + LPMDCs.
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room temperature. The wells were aspirated and washed 
with 400 µL of wash buffer. After that, the wells were 
incubated for 2 hours at room temperature with 100 µL 
of mouse IL-12 p70 conjugate and mouse IFN-γ conjugate 
separately. All samples were tested in triplicate, and the 
optical density was determined at 450 nm and 630 nm. 

Cytotoxicity assay
CT26 cells at a density of 1×104 cell/well were seeded in 
96-well plates as target cells. After 16 hours, the cells were 
exposed with proliferative lymphocytes as effector cells for 
5 hours in vitro and 16 hours for SPLs of treated animals 
in a 5:1 effector-to-target (E/T) ratio. The unexposed cells 
were provided as controls in every experiment. Briefly, all 
cells were collected and washed with cold BioLegend's cell 
staining buffer. Subsequently, BioLegend's FITC Annexin 
V Apoptosis Detection Kit with propidium iodide 
solution (PI) were used according to the manufacturers' 
instructions. the cells were re-suspended in Annexin V 
Binding Buffer at a concentration of 0.25-1.0 × 10 cells/
mL. Briefly, 100 µL of cells were re-suspended in 5 µL of 
FITC Annexin V, and 10 µL of PI were incubated for 15 
minutes at room temperature (25°C). The cytotoxicity was 
analyzed using a flow cytometry technique. 

Analysis
Quantitative data from three separate experiments were 
performed (GraphPad Software, USA) using the student’s 
t test method and two-way ANOVA. Kaplan-Meier curves 
analyzed survival. The following formula calculated the 
tumor growth inhibition (TGI) rate: 1-(the mean tumor 
volume of the treated group at the time t/ the mean tumor 
volume of the control group at the time t) ×100. Data 
are presented as the mean ± standard error of the mean, 
and P<0.05 indicated a statistically significant difference. 
Whereas all the obtained flow cytometry data were 
analyzed using Flowjo software.

Results
Appropriate concentration of pioglitazone which 
profoundly suppressed IL-6/STAT3 expression in CT26 
and HT29 cell lines
The impact of pioglitazone as a PPAR-γ agonist on the IL-6/
STAT3 circuit in CRC has remained undefined. Therefore, 
we examined the IC50 of two treated colorectal cell lines, 
CT26 and HT29 mouse and human, respectively, following 
the exposure to pioglitazone in various concentrations. 
MTT assay, the representative of viable cell numbers in any 
given sample, indicated that in CT26 and HT29 cell lines 
after 48 hours of treatment at the concentration of 250µM, 
half of the cells were detected alive (Fig. 2A). Therefore, 
the treated cells were harvested and applied to real-time 
PCR at the mentioned concentration and time point. 
IL-6 and STAT3 expression kinetics upon exposure to 
pioglitazone for 48 hours to the mentioned concentration 
induced a substantial decrease in mRNA levels. In the 

CT26 cell line, pioglitazone significantly suppressed the 
expression levels of IL-6 and STAT3 (P value=0.002 and 
0.0048, respectively) compared with that observed in 
the untreated cells. Furthermore, 250µM pioglitazone-
treatment in the HT29 cell line notably reduced the IL-6 
and STAT3 expression compared to the untreated group 
(P value=0.0014 and 0.0038 respectively; Fig. 2B). These 
data highlight the probable effect of pioglitazone on the 
IL-6/STAT3 pathway in CRC cell lines. 

The proliferation and induced immunogenic cell death 
responses of LPMDCs in vitro confirmed the antigenic 
potential of the LY6E peptide 
Staining with May-Grunwald and Giemsa and cell 
surface marker analysis in different stages are depicted 
in Fig. 3. According to established methods, acquired 
cellular morphology changes were distinguished in either 
adhered and suspended colonies under the microscope 
72 hours after cytokine induction. Over time, dendritic 
protrusions were observed, and a typical MDC phenotype 
was detected 24 hours after lipopolysaccharide induction 
(Fig. 3A). Regarding the surface molecular expression, 
flow cytometry analysis confirmed the double-positive 
expression of CD80, CD11c, and CD80, CD40 after 
maturation (60% and 71.6% respectively; Fig. 3B). These 
results imply that the maturation process was successful 
with substantial efficiency. 

Furthermore, on functional testing, the dilution of 
CFSE dye overtime was used to illustrate the proliferation 
of SPLs co-cultured with LPMDCs. T cell proliferation is 
the result of the effective presentation of peptides by DCs. 
As presented in Fig. 3C, the increased population of SPLs 
in all groups was significant compared to unstimulated 
SPLs. LPMDCs co-cultured with SPLs induced 32.1% 
of the population to increase. Nonetheless, proliferation 
in SPLs adjacent to MDCs these data were higher with 
46.9%. The Mean Fluorescence Intensity (MFI) graph 
analysis indicated that the MDCs had higher potency 
to proliferate the SPLs among other groups compared 
to their unstimulated counterpart (P value<0.0001; Fig. 
3D). This difference between matured DC and LPMDCs 
illustrated significance in favor of MDC stimulated SPLs 
(P value=0.0171). Under the inverted microscope, the 
proliferating colonies of SPLs were detectable (Fig. 3E).

On the other hand, DCs are defined by the ability to 
present antigens to lymph node-resident naïve T-cells; 
therefore, after 4 days of co-culturing SPLs with MDCs 
and LPMDCs, they were stained with CD3, CD4, and 
CD8, the markers of T cells. As depicted in Fig 3F, both 
matured, and LPMDCs provoked the proliferation of CD4 
and CD8 positive cells. The CD3-4 double-positive (DP) 
T cells in both MDCs and LPMDCs had no significant 
difference not compared to unstimulated SPLs nor in 
compared to each other. The target peptide is designed 
to present the antigen through the MHC-I pathway; 
only LPMDC stimulated SPLs with 19.8% demonstrated 
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significant CD3-8 DP T cells compared to unstimulated 
SPLs. The MDC stimulated SPLs illustrated 15.2% CD3-8 
DP T cells. These data indicated that the provoking MHCI 
peptide favors eliciting CD8-specific T cell responses more 
significantly among other groups (P-value=0.05; Fig. 3F). 
We next sought to confirm the cytotoxic responses against 
CT26 tumor cells generated by tumor antigen-primed T 
cells in vitro. The conducted cytotoxicity assay illustrated 
that 5 hours after co-culture of primed SPLs with CT26, 
41.2% of CT26 cells were subjected to apoptosis in the 
stimulated SPLs with LPMDC, which was higher in 
contrast to stimulated SPLs with MDC with 33.8% (Fig. 
3G).

Pioglitazone augmented the elicited anti-cancer 
responses by LY6E in tumor-bearing mice
Compelling evidence points to the clinical relevance of 
TILs at the tumor site and overall survival. Therefore, we 
evaluated the CD3-4 and CD3-8 DP T cells at the tumor 
site of different groups (Fig. 4A). Our data illustrated that 
the number of CD3-4 DP TILs at the tumor site in the 
combination group was higher among the other groups 
with 0.51% (P value =0.0042). Worth mentioning that the 
CD3-4 DP TILs in the recipient of LPMDCs only had a 

slight difference to the combination-treated group with 
0.49%, which is statistically significant compared with the 
PBS group (P value =0.0357). In both the pioglitazone and 
MDC recipient, the CD3-4 TILs were 0.19% and 0.07%, 
respectively, insignificant with respect to the PBS group 
(P value =0.0798 and P value =0.243, respectively). The 
most critical T cells in tumor eradication are CD8 positive 
T cells. Therefore, these cells were quantified in the tumor.

Interestingly, compared to the PBS-treated group, 
CD3-8 DP TILs in the combination group demonstrated 
greater frequency in dissected tumors with approximately 
3% concerning the PBS group (P value =0.0078). In 
addition, CD3-8 DP TILs were increased in LPMDC 
and pioglitazone-treated groups with 0.36% and 0.38%, 
respectively. Nevertheless, this increase was not statistically 
meaningful. Contrary to in vitro results, the MDC-treated 
group indicated shallow and inconsequential infiltration 
of CD3-8 DP TILs with 0.08%. 

Furthermore, the cytotoxic efficacy of elicited CTL 
responses in further confrontation with tumor cells was 
evaluated in vitro. Harvested SPLs from the combination 
group induced the highest percentage of early-late 
apoptotic cells (71.1 %) above the other groups. The 
detected apoptotic cells in pioglitazone and LPMDC-

Fig. 2. Effect of pioglitazone on colorectal cancer cell proliferation could be through the IL-6/STAT3 circuit. (A) The percentage of the cytotoxic effect 
of pioglitazone is determined by comparing the cell density of drug‑treated cells to untreated controls. 50% of cells detected alive in CT26 and HT29 lines after 
48 hours in 250µM drug concentration. (B) mRNA expression levels illustrated the inhibitory effect of pioglitazone on CT26 and HT29 cell lines. The data are 
representative of more than three independent experiments expressed as mean values ± SEM. Statistical data analysis was performed with the one-tailed 
student's t test. ** Indicates P <0.01 concerning untreated cells. IL, interleukin; STAT, signal transducer and activator of transcription; SEM, standard error of 
the mean.
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Fig. 3. Confirming the generated LPMDC and the potential of primed SPLs with LPMDC eliciting strong immune responses in vitro. a) The 
morphology of the bone marrow-derived immature and MDCs stained with Giemsa under the light microscope, 100x magnification (scale bar represents 
10 µm). (B) The surface molecules CD80 (PE), CD11c, and CD40 (FITC) were expressed at a high rate on bone marrow-derived MDCs. (C) Proliferated 
population of co-cultured CFSE stained SPLs with LPMDCs and MDCs for 72 hours confirmed the stimulation potency of LY6E. The ratio of reactive cells 
to stimulating cells was 10:1. PHA was exploited as a positive control. (D) The MFI statistic of stimulated SPLs illustrated significant proliferation in different 
groups concerning unstimulated SPLs. (E) Microscopic presentation of proliferating spl colonies (* in red) under an inverted microscope with ×20 magnification 
(scale bar represents 100 µm). (F) The primed SPLs were subjected to flow cytometry to measure the CD3-4 and CD3-8 DP population after 72 hours of 
co-culture with MDC and LPMDC. Concerning unstimulated SPLs, CD3-8 DP cells were statistically significant in LPMDCs. (G) Percentage of apoptotic 
cells indicated more significant apoptosis in the LPMDC group than the MDC group after 5 hours. The data are reported as mean values ± SEM for three 
independent experiments (n= 4 mice in each group). Statistical data analysis was performed with the one-tailed student's t test. ns not significant, * P < 0.05, 
and **** P < 0.0001. LPMDCs, LY6E pulsed mature DCs; Spls, splenocytes; MDCs, mature dendritic cells; CD, cluster of differentiation; PE, phycoerythrin; 
FITC, fluorescein isothiocyanate; CFSE, carboxyfluorescein succinimidyl ester; LY6E, lymphocyte antigen 6 family member E; PHA, polyhydroxyalkanoates; 
MFI, median fluorescence intensity; DP, double positive; SEM, standard error of the mean.
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Fig. 4. Pioglitazone, in combination with LPMDC, enhances the CTL responses, apoptosis, and inflammatory cytokines secretion. (A) CD3-4, 
CD3-8 DP T cells recruitment into tumor was measured in all treatment groups by flow cytometry and then compared to the PBS (control/untreated) group. 
(B) The CT26 cells were co-cultured with SPLs of tumor-bearing mice from different groups in a 1:10 ratio, respectively, for 16 hours. The most apoptotic 
cells were detected in the combination-treated group concerning PBS. Production of (C) IL-12 and (D) IFN-γ from SPLs after stimulation with PHA (positive 
control), LY6E peptide, and tumor lysate (to elicit specific responses). In both combination and LPMDC-treated groups, the elevation of IL-12 and IFN-γ were 
significantly increased after 72 hours concerning unstimulated SPLs indicating the successful treatment. The data are represented as the mean values ± SEM 
of four independent experiments (n = 4 mice in each group). Statistical data analysis was performed with the one-tailed Student's t-test. ns not significant, 
* P < 0.05, ** P < 0.01, *** P < 0.001, and **** P < 0.0001. LPMDCs, LY6E pulsed mature DCs; CTL, cytotoxic T lymphocytes; CD, cluster of differentiation; 
DP, double positive; PBS, phosphate-buffered saline; SPLs, splenocytes; IL, Interleukin; IFN-γ, interferon-gamma; PHA, polyhydroxyalkanoates; LY6E, 
lymphocyte antigen 6 family member E; SEM, standard error of the mean; n, number.
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treated groups were 56.5% and 67.9 %, respectively. These 
results verified that the combination of pioglitazone with 
LPMDC significantly increased the susceptibility of CT26 
cells to apoptosis in contrast to other treated groups 
(Fig. 4B). 

Moreover, the levels of IL-12 and IFN-γ as the 
inflammatory cytokines were studied in SPLs of groups 
subjected to treatment. Therefore, SPLs were co-cultured 
with tumor antigen peptide, LY6E, and CT26 extracted 
tumor lysate. In this regard, after adding LY6E peptide, IL-
12 production in combination and LPMDC-treated groups 
elevated significantly (P value <0.0001). In combination 
and LPMDC-treated groups addition of tumor lysate 
substantially stimulated SPLs to produce IL-12 (P value 
<0.0001 and P value = 0.0002, respectively). However, in 
the pioglitazone group, only tumor lysate stimulated SPLs 
for IL-12 production (P value <0.0001) (Fig. 4C). The 
SPLs of combination and LPMDC-treated groups showed 
greater IFN-γ production in response to the addition 
of LY6E peptide (P value <0.0013 and P value = 0.0016; 
respectively). Nonetheless, the LY6E peptide did not 
induce IFN-γ production in SPLs from the pioglitazone-
treated group. IL-12 and IFN-γ levels significantly 
raised after tumor lysate treatment. Still, as expected, 
no enhancement of IL-12 and IFN-γ was observed in 
response to the LY6E peptide in the pioglitazone-treated 
group (Fig. 4D). 

The density of tumor-infiltrating immune cells in 
combination group indicated the provoked immune 
responses and superior tumor growth inhibition effect
The presence and compactness of tumor-infiltrating 
immune cells in H&E-stained sections were examined 
to evaluate the efficiency of LPMDC in combination 
with pioglitazone. Regardless of the lymphocyte subsets, 
the density of infiltrated immune cells in H&E-stained 
sections in the combination group was strongly positive 
with a dense population. Although in LPMDC and 
pioglitazone-treated groups, the infiltrated cells were lower 
than the combination group, the presence of mononuclear 
immune cells was substantial. These results suggest the 
successful antitumor immune responses elicited by the 
treatments. In both MDC and PBS treated groups, the 
presence of immune cells was hardly detectable (Fig. 5A).
On the other hand, to evaluate the effect of treatment 
on induced tumors, the TGI and survival rate were 
investigated. The inhibitory effect of tumor growth in 
LPMDC combined with pioglitazone was higher than 
the other groups (P value = 0.0357) (Fig. 5B). Moreover, 
the combination and LPMDC-treated groups showed a 
decrease in their tumor volumes compared to the control 
group at the end of the experiment (P value = 0.0004) (Fig. 
5C). Furthermore, the two mentioned groups also had a 
prolonged survival rate compared to the PBS group. Based 
on the 2000 mm3 tumor volume limitation, all the mice 
in all the groups were euthanized at different time points 

(Fig. 5D). These data highlight that LPMDC combined 
with pioglitazone demonstrated a special effect in the 
excitation of immune responses against CRC. 
 
Pioglitazone alleviated the IL-6 expression at tumor site 
Regarding the suppressive effect of pioglitazone on 
the IL-6/STAT3 pathway in vitro, dissected tumors in 
combination and pioglitazone administrated groups were 
subjected to Real-Time PCR. The results demonstrated 
that pioglitazone diminished the expression levels of 
IL-6 in both combination (the recipient of LPMDCs and 
pioglitazone) and pioglitazone administrated groups (P 
value =0.011 and P value =0.012, respectively). Despite 
the in vitro results, the administration of pioglitazone did 
not reduce the expression levels of STAT3 in neither of the 
groups. In combination and pioglitazone-treated groups, 
the expression of STAT3 illustrated up-regulation (P value 
=0.0225 and 0.0103, respectively) (Fig. 6). 
 
Discussion
Dendritic cell-based therapy aims to excite the CTL 
responses against the target tumor, primarily depending 
on introducing the appropriate TAA-peptide to DCs.26 
The researchers previously reported that human and 
mice DC pulsed with LY6E activating MHC class I and 
II simultaneously elicited active and specific responses 
against CRC and GC cell lines in vitro and CRC 
challenged animal models in vivo.14,24 Overexpression of 
LY6E in patients of different cancers, namely CRC, and 
the indispensable role of LY6E in immune regulation, 
drug resistance, tumorigenesis, and poor survival has 
been proven.12,27 

Many endeavors have been made to introduce a proper 
peptide to DC in treating cancers, from different clinical 
trials28-33 to FDA-approved sipuleucel-T for prostate 
cancer.34 Therefore, regarding the obtained results from 
our previous studies, this study improved the designed 
LY6E peptide specific for MHC class I to exclusively 
stimulate CD8 positive T cells.

In this regard, the obtained in vitro results confirmed 
the potential of LPMDCs in eliciting the CD8 positive 
T cells in proliferated naïve splenocytes and inducing 
the immunogenic cell death in the CT26 cell line. 
Nevertheless, the only inconsistency of the obtained 
in vitro results with the other reported studies is the 
increased population of naïve splenocytes co-cultured 
with MDCs and LPMDCs. Surprisingly, regardless of the 
proliferation results, the population of CD8 positive T-cell 
was markedly higher in naïve splenocytes co-cultured 
with LPMDCs concerning MDCs in the present study, 
indicating that LPMDC primes more CD8 positive T cells. 
In line with this study’s findings, DCs transduced with 
lentiviral vectors encoding full-length MAGE-A3 gene 
induced marked proliferation compared to the immature 
DC group. However, this difference was not significant in 
mature DCs and DCs expressing the MAGE-A3 gene.35 
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Furthermore, the proliferation results of another study 
revealed that the transfected DCs with a recombinant 
adeno‑associated virus carrying the α-fetoprotein gene 
(rAAV/AFP) had a significant difference with increased T 
cells in the untreated DC group.36 However, these studies 
have concentrated on the proliferation capability of tumor 
lysate in inducing T cell proliferation concerning designed 
peptides.

Additionally, the in vitro results demonstrated that 
LPMDC induced the proliferating CD3-4 DP T cells 
in naïve splenocytes. Conversely, these proliferations 
were statistically insignificant. In line with these data in 
extracted splenocytes of treated groups with LPMDC and 

pioglitazone, the population of CD3-4 did not exhibit a 
significant increase (data not shown). It is proposed that 
CD4 TILs do not impact the patients’ survival, and only 
CD8 positive TILs are associated with immunological 
conditions of patients and prolonged survival.37 Notably, 
CD3-4 DP T cells were detected in tumor sites both 
in LPMDC and combination group with significant 
difference compared to the recipient of PBS group. 
Accordingly, the primed splenocytes with LPMDCs 
exerted more substantial immunogenic cell death in 
CT26 cells with 41%. Different studies based on peptide-
pulsed DCs demonstrated less cytotoxic activity against 
their target tumors in vitro. The recent study showed that 

Fig. 5. H&E sections, TGI, tumor volume, and survival rates of treated groups. (A) The presence and density of tumor-infiltrating immune cells in CT26 
induced tumors of treated groups (n= 4 mice in each group) was detectable and abundant. Light Microscopic presentation of infiltrated immune cells at tumor 
sites with 20x magnification (Scale bar represents 20 µm). Green arrows showed necrotic areas. (B, C, D) The indication of data implies that LPMDC and 
pioglitazone in combination significantly inhibited the growth of the induced tumor with greater prolonged survival. Tumor-bearing mice were sacrificed due to 
the 2000 mm3 tumor volume limitation at different time points. The data are represented as the mean values ± SEM of three independent experiments (n = 3 
mice in each group). Statistical data analysis was performed with the two-way ANOVA. * P < 0.05, *** P < 0.001. 

Fig. 6. Effect of pioglitazone on regulation of IL-6 and STAT3 in CRC models. mRNA expression levels illustrated the inhibitory effect of pioglitazone 
on IL-6 in combination and pioglitazone administrated groups (n= 4 mice in each group). The data demonstrated that although pioglitazone restrained the 
expression of IL-6, it did not influence the expression of STAT3. The data are the mean ± SEM. Statistical data analysis was performed with the one-tailed 
Student's t-test, * P < 0.05 and ** P < 0.01 concerning the PBS group. IL, interleukin; CRC, colorectal cancer; combination, pioglitazone + LPMDCs; STAT, 
signal transducer and activator of transcription; SEM, standard error of the mean; PBS, phosphate-buffered saline.
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primed naïve splenocytes with placental gp96 loaded 
dendritic cells induced approximately 30% immunogenic 
cell death in melanoma and lung carcinoma cell lines in 
a 1:10 ratio.38 DCs transduced with CML28 encoding 
antigen-induced approximately 15% immunogenic cell 
death in HepG2 cell line. T cell priming with CML28 
expressing DCs induced approximately 30% immunogenic 
cell death in antigen-positive HLA-I-matched cell lines, 
HepG2 and MCF-7, to confirm the HLA-restricted cell 
lysis.39 Therefore, compared to these studies, primed SPLs 
with LY6E exerted more robust immunogenic responses. 

On the other side, to overcome the obstacle of DCs and 
T cells penetration inside the tumor, inhibition of IL-6/
STAT3 by pioglitazone has been tailored for improving 
the current DC therapy. IL-6 is the critical regulator 
cytokine in the development and progression.16,40 In 
animal models, various studies have proven that IL-6 
downregulates the IL-12 production from DCs in the 
tumor microenvironment in favor of attenuating CD4 T 
cell responses.21 Furthermore, utilizing the monoclonal 
antibodies against IL-6 receptor-induced tumor-specific 
responses inhibits tumor growth.41,42

Approvingly, the thiazolidinedione family inhibits the 
IL-6/STAT3 circuit in different diseases in vitro and in 
vivo. Therefore, the present study speculated that using 
pioglitazone to tackle the immunosuppressive effect of 
IL-6 improves the function of LPMDC at the tumor site. 
The in vitro results of the present study demonstrated 
the possibility that pioglitazone reduces the cell viability 
in CRC cell lines by downregulation of the IL6/STAT3 
axis in mRNA levels. Which could be considered as 
additional target for pioglitazone. The restraining effect 
of pioglitazone on proliferation and inducing apoptosis 
in CRC and other cancers through PPAR𝛾 and different 
pathways have been described.23,43-45 In oral squamous 
carcinoma (HSC-3), prostate adenocarcinoma (PC-3), 
multiple myeloma (RPMI8226), chronic myelogenous 
leukemia (K562), and Gastric adenosquamous carcinoma 
(MKN1 and MKN45), cell lines treated with pioglitazone 
had an inhibitory effect on STAT3 and Survivin expression 
and inducing apoptosis.46 The capability of LPMDC in 
priming the CD8 positive T cells and the cytotoxic effect of 
these T cells against CT26 cell line, whereas the inhibitory 
potential of pioglitazone on the IL-6/STAT3 circuit were 
encouraging enough to extend these in vitro findings to 
the CRC pre-clinical models. It is generally accepted that 
dendritic cell-based immunotherapy's ultimate goal is to 
elicit type-1 helper immune responses and penetration of 
CD8 positive T cells into tumor sites. In CT26 induced 
CRC tumor models, this research demonstrated that 
although the CD8 positive T cells in the LPMDC group 
increased substantially, the presence of CD8 positive T cells 
at the tumor site markedly elevated in the combination-
treated group. This significant difference emphasizesthat 
pioglitazone successfully alleviated the IL-6-induced 
immunosuppressive microenvironment in favor of the 

high infiltration of CD8 positive T cells at the tumor site. 
Hence, presumably combining the pioglitazone with DC 
therapy could increase the infiltrating primed T cells to 
the tumor site.

In line with this study’s results, the mRNA levels of 
IL-6 have statistically decreased in both combination 
and pioglitazone administrated groups highlighting the 
inhibitory effect of pioglitazone on IL-6. However, the 
pioglitazone did not extend the survival rate nor inhibit 
the tumor volume in the pioglitazone-treated group. 
Nonetheless, the increased survival rate and decrease in 
tumor volume were observed in LPMDC and combination 
groups. As strong immune responses were observed in the 
combination-treated group, the TGI was higher in this 
group. According to some reports, in xenograft models 
of cancers, administration of TZDs, namely pioglitazone, 
has abolished cell proliferation and tumor size up to 90% 
in lung cancer and decreased the number of aberrant cases 
of cryptal foci in colon cancer models.47-49 In line with the 
current study findings in the pioglitazone-treated group, 
TILs infiltration was also perceived into tumor sites.

Furthermore, the high levels of the IL-12 and IFN-γ 
cytokines in the LPMDC and combination group 
confirmed the potential of LY6E in extracting the CTL 
responses. The high density of TILs is the marker of 
enhanced antitumor immunity50 and is a sign of good 
prognosis in human cancers.51,52 The pathology results 
also agree with these findings in which the density of TILs 
was high in combination and the other treated groups 
compared to MDC and PBS administered ones. Moreover, 
at the end of in vivo experiment, the extracted splenocytes 
from the combination group exerted more cytotoxic 
effects on the CT26 cell line, indicating that combining 
DC therapy with pioglitazone improves the antitumor 
immune responses. Different reports suggest specific 
immune responses in tumor-challenged models to indicate 
successful DC-based vaccination. After immunizing mice 
with either MUC1-positive tumor cells or EphA2 derived 
peptide-pulsed dendritic cells, extracted splenocytes from 
CRC models induced immunogenic tumor cell death 
similar to our in vivo study.53,54 Although the splenocytes 
of immunized mice with only one administration of DC 
loaded with melanoma lysate exerted 10-20% cytotoxicity, 
confirming the strong elicited immune responses in this 
study with LY6E.55

In sum, the current research reports that pioglitazone 
could alleviate the immunosuppressive status of the tumor 
microenvironment, the major obstacle in the way of DC 
activation and consequently excitation of CTL responses 
against the target tumor. In the present study, combining 
pioglitazone with LY6E loaded DCs boosted the DC 
therapy effect and specific tumor responses against CRC 
models even with one dose of LPMDC administration, 
highlighting a new approach in immune cell therapy 
against cancers. 
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Conclusion
Based on the pooled results put forth herein, this study 
concludes that the major hurdle in the way of immune 
therapy is believed to be the TME. Therefore, tackling this 
problem seems crucial to fulfilling immune cell therapy's 
anticipated goals, i.e., DC therapy. The present study 
results revealed that DC therapy with LY6E combined 
with pioglitazone to overcome the immunosuppressive 
feature of TME through the IL-6/STA3 circuit increased 
the efficacy of LY6E based DC therapy against CRC by 
increasing the TILs in the tumor site and the survival rate. 
Furthermore, the exact mechanism of pioglitazone on this 
signaling requires more investigation.
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