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ABSTRACT 

 

Dendritic cells (DCs) are a group of bone marrow-derived cells that play a crucial role in 

innate and acquired immune responses. Bone marrow-derived dendritic cells (BMDC) are used in 

many studies, so the efficiency and purity of the differentiated cells are essential. This study 

aimed to investigate the effect of several parameters, including the age of mice, cell culture 

medium, and swirling of the culture plate, to increase the efficiency of the induced cells, 

considering the standard protocols.  

Bone marrow-derived dendritic cells were induced from both juvenile and adult mice bone 

marrow cells. Then, the purity of CD11c+ cells was compared between juvenile mice BMDCs 

and adult mice BMDCs. Cells were cultured in an enriched and non-enriched medium, and some 

wells were swirled when changing the medium on the 3rd day. Then the effect of enriched 

medium and swirling before medium replacement were evaluated based on the expression of the 

CD11c marker. 

The efficiency of DCs differentiation (CD11c+ cells) was higher when juvenile mouse bone 

marrow precursors were used compared to adult mice; using the enriched media with 

supplements and swirling the well before media replacement significantly affected the purity of 

immature CD11c+ cells. 

Due to our results, using juvenile mice, an enriched culture medium, and physical removal of 

granulocyte cells could significantly improve the purity and efficiency of CD11c+ cells. Therefore, 

considering these three items in the production protocol of these cells can probably  reduce the 

use of lymphocyte-removing antibodies and purification methods.  
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INTRODUCTION 

 

Dendritic cells are specialized cells in secondary 

lymphatic organs and most peripheral tissues 
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plays a crucial role in initiating and directing immune 

responses.1 Dendritic cell can be found in non-

lymphoid organs such as skin, muscle, lung, kidney, 

intestine, or liver. These cells can uptake, 
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process, and present antigens to T lymphocytes and 

stimulus signals, including membrane molecules and 

cytokines. After activation, dendritic cells undergo 

phenotypic and molecular changes and mature.2 

Numerous studies today try to regulate the function of 

this cell to prevent and vaccinate or treat some 

cancers3,4 and diseases such as rheumatoid arthritis,5,6 

inflammatory arthritis,5,7 autoimmunity,8 and 

melanoma.9-12 Therefore, the efficiency and purity of 

the induced dendritic cells are significant. The 

efficiency of differentiated dendritic cells is related to 

several factors, including the age of the mouse, the 

medium enriched with supplements and cytokines, 

purification methods, and the medium changing 

interval and even medium changing method. There are 

different protocols for dendritic cell isolation and 

differentiation. 

In the primary methods of bone marrow cell 

extraction and dendritic cell induction, after removing 

lymphocytes using specific antibodies and rabbit 

complement, granulocyte-macrophage colony-

stimulating factor (GM-CSF) with or without 

interleukin 4 is used in culture media for bone marrow 

precursors.13-15 Then, to remove the granulocytes, after 

two days, three-quarters of the medium is replaced with 

a fresh culture medium,13 and sometimes the culture 

time is extended to 9-11 days.14 Finally, in some 

protocols, for further purification, the magnetic-

activated cell sorting (MACS) method is used using the 

anti-CD11c antibody in mice attached to magnetic 

beads for positive selection16 or using the Ficoll17 and 

Percoll18 gradients.  

As mentioned above, in some dendritic cell 

isolation methods, usually after bone marrow 

extraction, the cells are treated with anti-lymphocyte 

markers antibodies and try to remove some cell 

impurities in the presence of rabbit complement.13  

Also, in some protocols, purification methods are used 

after dendritic cell induction to increase the purity of 

target cells in the final production.16-18  

Antibiotic and purification methods are costly, 

time-consuming, and sometimes unavailable. In the 

present study, the effect of several factors (including 

the age of the mouse, the medium enriched with 

supplements, and the medium changing with swirling) 

on increasing the purity of dendritic cells was studied, 

which can increase the purity of target cells than what 

can be obtained without observing them.  

 

MATERIALS AND METHODS 

 

Mice 

Female BALB/c juvenile mice (about 3-4 weeks 

old) and adult mice (10-12 weeks old) were purchased 

from the Laboratory Animal Center of Royan Institute. 

Mice were kept in cages under controlled light 

conditions (brightness - darkness 12:12) and 

temperature conditions of 22°C and had access to 

adequate amounts of water and food. All experiment 

stages were approved by the Tarbiat Modares 

University ethics committee 

(IR.MODARES.REC.1397.110). 

 

Bone Marrow Preparation 

First, the mouse was morally sacrificed and placed in 

a container containing 70% alcohol. A small incision 

was made gently and carefully in the skin of the iliac 

region. This incision continued to the ankle area until the 

femur and tibiae became visible. Thigh and leg muscle 

tissue were removed entirely with scissors, and residual 

tissue was removed using sterile gauze. The bones were 

then put in 70% ethanol for 2 minutes for disinfection, 

then transferred to a container containing PBS. They 

were then placed in a petri dish containing RPMI 

(BioIdea, I.R. Iran). Bones were flushed by an insulin 

syringe containing 1 mL of RPMI medium. The cells 

were centrifuged (300 g for 5 minutes) and washed with 

PBS. Then about 2 mL of ammonium chloride lysis 

buffer was added to the cells and, after a maximum of 

two minutes, immediately neutralized with PBS and 

washed twice. The trypan blue vital dye evaluated the 

initial viability of cells. 

 

Mouse Bone Marrow Cells Culture  

After bone marrow isolation from mice of different 

ages, cells were cultured in media with and without 

supplements to evaluate the effect of the culture 

medium. Then, the expression level of the CD11c 

marker was measured using flow cytometry.  

After some investigations, based on the results, 

cultures of mouse bone marrow cells to induce dendritic 

cells were performed as follows. 500,000 cells in 0.5 mL 

of RPMI medium enriched with 10% FBS (Gibco, NY), 

1 mM sodium pyruvate (Gibco, NY), 0.1 mM non-

essential amino acids (Gibco, UK), and 50 μM 2-

mercaptoethanol (Sigma, USA) in the presence of 

cytokine GM-CSF (Peprotech, Frankfurt, Germany) and 
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IL-4 (Peprotech, Frankfurt, Germany) was cultured in 

24-well plates and incubated at 37°C and 5% CO2. The 

plate was swirled slowly on the third day, and then half 

of the supernatant was gently removed and discarded. 

Then 1 ml of fresh enriched medium containing the same 

amount of cytokine was added to the well. On the fifth 

day, the cells reached an immature stage, which was 

used for flow cytometric analysis of surface markers 

CD11c, CD40, CD86, and MHC class II.  

 

Evaluation of the Effect of Mice Age and Culture 

Media on the Efficiency of Bone Marrow-derived 

Dendritic Cells 

To investigate the effect of mouse age on dendritic 

cell differentiation efficiency and immature cell 

viability, juvenile and mature adult mice were used to 

extract bone marrow and differentiate it into dendritic 

cells. Then, to evaluate the effect of culture medium 

supplements and cell culture medium replacement 

method on the differentiation of dendritic cells, an 

enriched culture medium containing sodium pyruvate, 

non-essential amino acids, and 2-mercaptoethanol was 

used along with the medium without these 

supplements. On the third day, some wells were 

swirled before media replacement, and the medium of 

some was changed without mixing.   

On the fifth day, the purity of immature dendritic 

cells was assessed using PE-conjugated anti-CD11c 

antibody (eBioscience, US) and flow cytometry. 

 

Induction of Dendritic Cells Maturation  

On the fifth day of dendritic cell culture, two-thirds 

of the surface culture medium was gently removed. The 

amount of fresh enriched medium containing cytokines 

was added to each well at half of the initial 

concentration. Then on the sixth day, LPS 

(Lipopolysaccharide) (Sigma, USA) was added to the 

medium as a maturation factor so that its concentration 

was equal to 0.5 μg/mL. It should be noted that the 

duration of exposure of cells to LPS should be a 

maximum of 14-16 hours. On the seventh day, cells 

were separated from the bottom of each well by 

stronger pipetting and collected in a falcon.  

Surface maturation markers were evaluated by flow 

cytometry.  

 

Flow Cytometry 

For phenotypic analysis of cell surface markers 

expression, cells were washed after collection with PBS 

containing 2% FBS. The cells were then incubated on 

ice with PE-conjugated anti-CD11c antibody 

(eBioscience, US) for 30 minutes. Cells were washed 

with PBS containing 2% FBS, then incubated with anti-

CD40, CD86, or MHC-II antibodies conjugated with 

APC (eBioscience, US) in separate vials. Control mouse 

IgG1 isotype antibody was used in parallel as a control. 

The vials were incubated at 4°C in the dark for 45 

minutes. The stained cells were washed twice and finally 

read with a FACS LYRIC flow cytometer. The results 

were processed using FlowJo V10 software.  

In T cell stimulation assays, the extracted 

lymphocytes were labeled using Carboxyfluorescein 

Succinimidyl Ester (CFSE) (eBioscience, US) dye to 

evaluate the number of proliferative generations. After 

incubation under the desired conditions described 

below, the intensity of fluorescent light emitted from 

CFSE was investigated. 

 

Uptake Assay  

To determine the phagocytic ability, dendritic cells 

were incubated in a medium containing 10% FBS and 

FITC-dextran average molecular weight of 40 KDa 

(Sigma, USA) with a final concentration of 1 mg/mL at 

37°C and 5% CO2 on the fifth day. The control well 

was incubated at 4°C. After four hours of incubation, 

they were washed twice using PBS containing 2% FBS. 

To evaluate the uptake of FITC-dextran by dendritic 

cells, CD11c was used as an indicator of dendritic cells, 

so after incubation, the cells were stained with PE-anti-

CD11c antibody and analyzed by flow cytometry.  

 

Allogeneic Mixed Lymphocyte Reaction  

A mixed lymphocyte reaction test was used to 

assess the ability of the dendritic cells to induce an 

immune response. For this purpose, induced dendritic 

cells from BALB/c mice were co-cultured with lymph 

node cells (100,000 cells) extracted from C57BL/6 

mice labeled with CFSE in DC: T ratios of 1:1, 1:5, 

1:10, and 1:20. Cells were cultured in 200 μL of RPMI 

medium containing 10% FBS in a U-shaped well at 

37°C and 5% CO2. Then, on the third, fourth, and fifth 

days, the number of proliferative generations was 

measured using fluorescent light emitted from CFSE of 

lymphocyte cells using flow cytometry. 

 

CFSE Cell Labeling Method  

Lymphocytes were labeled with CFSE dye, 

according to Parish's protocol.19 After extracting and 
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washing the lymph node cells, a sample of cells was 

taken as an unlabeled sample. The desired number of 

cells, less than 100 million cells, were placed in 1 mL 

of RPMI medium containing 5% FBS at the end of a 15 

mL falcon. The falcon was then placed horizontally, 

110 μL of PBS containing 5% FBS was placed on top 

of it, and 1.1 μL of pre-prepared CFSE (5 M 

concentration) was added. To maintain the sterile 

condition, the falcon lid was closed horizontally, and 

the tube was taken to the vortex while preserving the 

state, and quickly placed vertically on the vortex from 

the falcon lid vortexed for 2-3 seconds. After 

incubation for 5 minutes at room temperature and in the 

dark, 10 mL of PBS containing 5% FBS was added and 

centrifuged. This washing step was performed twice. 

Labeled cells were examined alongside unlabeled cell 

samples using a flow cytometer. If the labeling process 

is done correctly, only one labeled peak should be 

visible in the labeled sample. 

 

Antigen Loading of Dendritic Cells  

Any protein or peptide antigen can be used to 

evaluate the ability of dendritic cells to induce a 

specific immune response against an antigen. Here, to 

investigate the mechanism of antigen processing by 

dendritic cells, a fusion protein consisted of three 

receptors tyrosine kinase-like orphan receptor 1 

(ROR1) with IgG2a-Fc fragment and a C-fragment of 

tetanus toxin (TTC). To load the dendritic cells, on the 

sixth day and simultaneously with the addition of LPS 

maturation factor, antigen with a final concentration of 

10 μg/mL of culture medium was added to the cells and 

incubated for 14-16 hours at 37°C and 5% CO2. 

 

Investigation of Specific Immune Response In vivo  

One million dendritic cells loaded with the antigen 

were injected into the mouse footpad. After five days, 

the popliteal lymph node of the foot was extracted, and 

after isolating the lymph node cells, they were labeled 

using CFSE dye. The zero peaks on day 0 indicate the 

accuracy of the cell labeling process. Labeled cells 

(300,000/ well of 96-well plate) were re-stimulated in 

DMEM medium (BioIdea, I.R. Iran) containing 0.5% 

of normal mouse serum in the presence of specific 

antigen (the same antigen used in dendritic cell loading 

as well as its components) with a concentration of 2 

μg/mL. PHA (Sigma, USA) is used as a positive 

control. Then, on days 3, 4, and 5, the number of 

reproductive generations was examined using flow 

cytometry.  

 

Statistical Analysis  

Statistical differences were analyzed using the T-

Test and Mann-Whitney test for parametric and 

nonparametric data, respectively. The Kolmogorov-

Smirnov statistical test was used to examine the 

normality of data. The p-value equal to or less than 

0.05 was considered statistically significant. All 

statistical studies were performed; using Microsoft 

Excel software and SPSS software. 

 

RESULTS 

 

Increased Efficiency and Viability of Dendritic Cells 

in Cells Extracted from Juvenile Mice 

All bone marrow precursor extraction and 

differentiation steps were performed in juvenile and 

adult mice. The flow cytometry results showed an 

increase in the purity of CD11c+ cells. The viability test 

using trypan blue dye also showed an increase in the 

percentage of viable cells. The expression of the CD11c 

marker in cells obtained from juvenile and adult mice 

was 58% and 32% (p<0.01), respectively. Although not 

statistically significant, the cell viability averaged 92% 

and 83% on the fifth day, respectively (Figure 1). 

 

The Use of an Enriched Culture Medium has an 

Increasing Effect on the Efficiency of Dendritic Cell 

Differentiation 

To investigate the effect of an enriched culture 

medium on the percentage of differentiated dendritic 

cells,  the culture medium containing sodium pyruvate, 

essential amino acids, and 2-mercaptoethanol was used 

along with the medium without these supplements. The 

differentiation efficiency of CD11c+ cells was 

measured on the fifth day. The use of supplements in 

the culture medium of dendritic cell differentiation has 

a statistically significant effect on the production 

efficiency of these cells (p<0.01)(Figure 2). 
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Figure 1. The percentage of CD11c expression and viability of bone marrow-derived dendritic cells of juvenile and adult mice 

on the fifth day of culture 

Bone marrow-derived dendritic cells obtained from juvenile and adult mice were cultured for five days in the presence of 

appropriate cytokines. The purity of immature dendritic cells was assessed using an anti-CD11c antibody and flow cytometry 

(A). The cell viability was also measured using trypan blue staining (B). The graphs show the mean ± SD of the values 

obtained (n=6). Statistically, significant differences are indicated with ** (p<0.01). NS: not significant 

 

 

Figure 2. The percentage of CD11c expression on immature dendritic cells in culture medium with and without enrichment 

supplements. 

Dendritic cells were cultured separately in a culture medium enriched with and without medium supplements. The CD11c 

expression was measured as a surface marker of dendritic cells on the fifth day (A). The graph shows the mean ± SD of the 

obtained values (n=7). The representative flow cytometry results show the percentage of CD11c+ cells in culture medium 

without enrichment supplements (B) and medium containing enrichment supplements (C). The red histograms show the 

unstained sample, and the blue ones show the sample stained with PE-anti-CD11c. Statistically, significant differences are 

indicated with ** (p<0.01). 
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Swirling of the Culture Medium Before Its 

Replacement has an Increasing Effect on the 

Efficiency of Bone Marrow-derived Dendritic Cells  

To remove cellular impurities, which are often non-

adherent cells, we used physical swirling of wells when 

changing the media. At this stage, with the slow and 

soft movement of the cell culture plate, the granulocyte 

cells become more suspended and are removed better 

from the well during harvest. The results show a 

significant increase in the relative percentage of 

immature CD11c+ cells on the fifth day (Figure 3). 

 

Induction and Maturation of Dendritic Cells with a 

Purity of Over 70% 

After extraction of bone marrow progenitor cells, 

they were cultured in the presence of cytokines GM-

CSF (30 ng/mL) and IL-4 (15 ng/mL) for five days. 

Then, they were cultured in the presence of the LPS 

maturation factor on the sixth day. The flow cytometry 

results of the fifth day show that about 60-70% of the 

cells have differentiated into dendritic cells, which in 

the wells with and without LPS on the 7th day reached 

79 and 77%, respectively. (Figure 4A) The percentage 

of expression and MFI of maturation markers CD40, 

CD86, and MHC-class II on the surface of dendritic 

cells (CD11c+ cells) increased significantly on the 

seventh day in the presence of LPS maturation factor 

(Figures 4A and 4B). The representative flow 

cytometry results comparing wells with and without 

the maturation factor are shown in Figures 4C and 4D. 

 

Induced Dendritic Cells Showed an Appropriate 

Efficiency in Antigen Uptake  

In optimizing the induction process of dendritic 

cells, the antigen uptake ability of the induced cells 

was investigated. The dendritic cells were incubated 

with FITC-dextran (molecular weight of 40 kDa) at 

37°C. Endocytosis at 4°C does not occur well because 

of the decreased cell membrane fluidity. Therefore, the 

4°C incubation was used as a control to remove a 

percentage of dextran that binds to the cell surface. 

After four hrs, cells were collected and stained with 

PE-anti-CD11c. Flow cytometry results showed that 

these cells have more than 75% efficiency in antigen 

uptake. The difference between 4°C and 37°C uptakes 

was statistically significant (p<0.001) (Figure 5)..

 

 

Figure 3. The effect of swirling cell culture plate while changing the media on the percentage of immature dendritic cells 

Bone marrow precursors were cultured in a culture medium. The cultural environment should be changed after three days. 

At this point, a gentle swirling of the cell culture plate results in better removal of cellular impurities and increases the 

relative percentage of immature CD11c+ cells. The graph shows the mean ± SD of the obtained values (n=6). The difference 

between the percentage of CD11c+ cells with and without swirling when changing the media is statistically significant ** 

(p<0.01). 
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Figure 4. Investigation of surface markers of mature dendritic cells on the seventh day in the presence and absence of LPS 

maturation factor 

Dendritic cells were extracted from mouse bone marrow. The percentage of expression (A) and MFI (B) of their surface 

markers were measured on the seventh day in the presence of the maturation factor (LPS-treated) and its absence (non-

treated). The graphs show the mean ± SD of the values (n=3). The representative flow cytometric results compare wells 

without maturation factor (C, upper part) and in the presence of maturation factor (D, lower position). Statistically, 

significant differences are shown with * (p<0.05). MFI: Mean Fluorescent intensity, LPS: Lipopolysaccharide 

 
Induced Dendritic Cells Showed a Higher Ability to 

Provoke a Non-specific Immune Response in 

Culture with Lymphocytes at a Ratio of 1:10 for 

Five Days 

Induced dendritic cells from BALB/c mouse bone 

marrow were co-cultured with C57BL/6 mouse lymph 

node cells labeled with CFSE in DC: T ratios of 1: 1, 1: 

5, 1:10, and 1:20 (Figure 6, A-D). The proliferative 

generations were examined on the third, fourth, and 

fifth days. The comparison between different ratios on 

the fifth day showed that the DC: T ratios of 1:5 and 

1:10 induced a more appropriate immune response. 

Meanwhile, comparing the cell proliferation in three 

consecutive days indicates that more proliferative 

generations are shown on the fifth day (Figure 6, E-G). 
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Figure 5. Dendritic cells’ antigen uptake efficiency  

Immature dendritic cells were incubated with FITC-dextran at a molecular weight of 40 kDa at 37°C on the fifth day  

of culture. The 4°C incubation was used as a control. After 4 hours, cells were collected from the wells and stained with  

PE-anti-CD11c to evaluate the uptake of dextran conjugated with FITC in CD11c+ cells (A). The graphs show the mean±SD 

of the FITC positive cells (n=4). The representative flow cytometric results show FITC-dextran uptake in wells incubated at 

4°C (blue diagram) and 37°C (red graph). The orange graph shows a sample not incubated with FITC-dextran as an 

unstained sample (B). Statistically, significant differences are indicated with *** (p<0.001). FITC: Fluorescein isothiocyanate. 

 

 

Antigen-loaded Dendritic Cells Have an 

Appropriate Efficiency in Inducing the Specific 

Immune Response In vivo 

The desired fusion protein, consisting of three 

components, IgG2a-Fc, ROR1, and TTC, was loaded 

on induced dendritic cells to evaluate the specific 

function. Then, the loaded dendritic cells were injected 

into the mouse footpad; the popliteal lymph node was 

extracted five days later. Lymph node cells were 

CFSE-labeled and re-stimulated with the complete 

structure of the fusion protein and its components 

separately in a DMEM medium containing 0.5% of 

normal mouse serum. The cell proliferation rate on the 

third, fourth, and fifth days indicates the extent of a 

specific immune response against each component 

(Figure 7). 
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Figure 6. Allogeneic MLR 

Immature dendritic cells from the bone marrow of BALB/c mice were co-cultured with CFSE-labeled lymph node cells of 

C57BL/6 mice in different ratios. The results show that there is a significant difference in the ratio of 1:1 and 1:20 to 1:5 and 

1:10 (p<0.05) (A). Also, the difference in division index on days 4 and 5 compared to day 3 is significant as well as between 

days 4 and 5 (p<0.05) (B). The graphs show the mean±SD of values (n=3). The dot plots (C) and histograms (D) show the 

representative flow cytometric results of DC: T ratios 1: 1, 1: 5, 1:10, and 1:20 on the fourth day,  from top to bottom, 

respectively. The representative flow cytometry results from the co-culture of dendritic cells with allogeneic lymphocytes with 

a ratio of 1:10 on the third, fourth and fifth day are also shown (E). Statistically, significant differences are indicated with * 

(p<0.05). CFSE: Carboxyfluorescein Succinimidyl Ester 
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Figure 7. Specific immune response by restimulation of lymph node cells for three consecutive days 

Immature dendritic cells were loaded with the fusion protein containing three sections IgG2a-Fc, ROR1, and TTC on the 

fifth day. Then, one million loaded dendritic cells were injected into the mouse footpad, and after five days, the popliteal 

lymph node was extracted. Cells extracted from the lymph node were CFSE-labeled and re-stimulated in the presence of the 

complete structure and components of the fusion protein separately in a DMEM medium containing 0.5% of normal mouse 

serum. The graph shows the mean ± SD of the division indexes obtained from proliferative generations in flow cytometric 

results (n=3). Statistically, significant differences are indicated with * (p<0.05). Fc: Fragment c, ROR1: Receptor Tyrosine 

Kinase Like Orphan Receptor 1, TTC: Tetanus Toxin C-fragment. 

 
DISCUSSION 

 

Dendritic cells are a group of antigen-presenting 

cells that play an important role in initiating and 

regulating the immune response. Although there are 

many studies on the function of these cells and their 

usage in vaccination and treatment of various diseases, 

the study of these cells and their characteristics are still 

of interest to many researchers. One of the major 

challenges in studying these cells is the limited number 

of these cells in different tissues. Several methods exist 

to differentiate these cells from splenic and bone 

marrow precursors. Despite differences in bone marrow 

cell extraction and differentiation methods, dendritic 

cell production from mouse bone marrow is used as a 

known method to achieve a sufficient number of 

homologous dendritic cells for preclinical studies. In 

one of the preliminary methods of dendritic cell 

isolation, after separating the bones, the bone epiphyses 

are cut, and the bone is flushed using the RPMI culture 

medium. Antibodies, along with rabbit complement, 

are used to kill the leukocytes. The cells are then 

cultured in culture medium containing 5% FCS, 2ME 

(50 μM), gentamicin (20 μg/mL) and GM-CSF (500-

1000 U/mL). Three-quarters of the medium is removed 

every two days, and the fresh medium is added. 

Finally, a 50% FCS-RPMI column is used to remove 

the granulocytes better.13 Alternatively, a 100 mm petri 

dish is used instead of a 24-well plate to culture the 

bone marrow progenitor cells in culture media 

containing 10% FCS, 2ME, L-glutamine (2 mM), and 

GM-CSF (20 ng/mL). On the third day, only fresh 

medium is added to the cells; finally, on days 6 and 8, 

half of the medium is removed. After centrifugation, 

fresh medium is added to the cell pellet and returned to 

the petri dish.14 Immature dendritic cell culture is 
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continued to reach maturity. Thus, in some methods, 

after bone marrow extraction, cells are treated with 

anti-lymphocyte antibodies and rabbit complement to 

remove some of the existing cellular impurities.13 Also, 

in some methods, more purification is used after 

induction of dendritic cells using purification methods 

such as Percoll and Ficoll gradient and the MACS 

separation.16-18 In addition to being costly, these 

methods need prolonged cell culturing and are 

sometimes unavailable.  

In this study, after examining different methods of 

dendritic cell differentiation, we investigated the effect 

of three parameters: mouse age, the use of enriched 

culture medium, and swirling of the plate before 

changing the culture media on the purity and efficacy 

of the obtained DCs. All three parameters significantly 

affected the efficiency and purity of CD11c+ dendritic 

cells compared to cells that can be obtained without 

considering these parameters. Using juvenile mice 

instead of adult mice significantly increased the purity 

of immature dendritic cells on the fifth day of culture. 

Cells extracted and differentiated from the bone 

marrow of the juvenile mice have better efficiency and 

performance in differentiation into dendritic cells than 

cells obtained from the bone marrow of older mice.20-24 

On the other hand, the bone epiphysis of these mice is 

softer than older mice because the process of 

ossification of the epiphysis has not yet begun.25 The 

softness of this part facilitates the needle’s entry into 

the epiphysis and flushing of the bone marrow. In a 

study published by Liu et al, the number of cells 

extracted from the 4-week-old mice bone marrow was 

increased by 15% compared with the older mice.26 

The media is wholly changed in conventional 

methods on the third day of culture. In our proposed 

method, half of the medium was replaced with twice its 

volume, but the critical point is the plate's smooth 

swirling before removing the cells' supernatant. 

Extreme movement or pipetting of the medium can 

cause dendritic cells to separate from the bottom of the 

well. While granulocytes, dead cells, and a large 

percentage of unwanted cells are suspended in the 

environment, the slow swirling of the plate makes them 

more suspended, and the gentle removal of the culture 

medium removes these cells. As a result, the relative 

percentage of target cells will increase on the fifth and 

seventh days.  

Indeed,  three parameters were discussed in the 

present study, among the productive parameters in 

increasing the differentiation efficiency of dendritic 

cells. It was shown that 1- Using juvenile mice (3-4 

weeks old) instead of adult mice (10-12 weeks old) 

affects dendritic cell purity and viability. In addition, it 

facilitates the process of bone marrow progenitor cell 

extraction. 2- Using an enriched culture medium in 

dendritic cell culture is necessary. 3- Smooth swirling 

of the plate before removing the medium on the third 

day causes the granulocyte cells to be suspended in the 

supernatant and harvested and discarded during 

changing the environment without centrifugation and 

returning the cell pellet. This stage increases the 

relative percentage of target cells. In addition, another 

parameter, such as the preservation of the bone 

epiphyses, also affects the high efficiency of dendritic 

cell production. Previous studies have shown that the 

epiphysis has many bone marrow precursors,27,28 so 

preserving these areas and flushing them is likely to 

increase the number of precursors obtained from the 

bone marrow, which requires further study.  

Finally, the obtained dendritic cells had to be 

examined for their nonspecific and specific functions. 

Here, to evaluate the nonspecific function of the 

obtained dendritic cells, the antigen uptake ability and 

induction of T lymphocytes proliferation were assessed 

by the FITC labeled dextran ingestion and the 

allogeneic MLR, respectively. It was shown that the 

differentiated dendritic cells are pretty efficient in 

antigen uptake and stimulation of allogeneic T 

lymphocytes. To assess the specific T cell stimulation 

ability of the DCs, a three-component antigen was 

loaded on dendritic cells to simultaneously follow the 

fate of different antigen components during the antigen 

processing and presentation. During antigen processing 

within dendritic cells, the peptides of each component 

are presented separately to the T lymphocytes. After 

injection of antigen-loaded dendritic cells into mice and 

extracting the regional lymph node cells at the 

appropriate time, it is expected to re-stimulate lymph 

node cells with the target antigen components 

separately or all together as a fusion protein leads to 

cell proliferation. The results confirmed the 

proliferative response of primed lymphocytes in re-

stimulating by the protein components individually or 

together. The proliferative response in the presence of 

all three antigenic components as fusion protein was 

more substantial, although the difference was 

insignificant.  
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It should be noted that, due to the presence of FBS 

in the loading phase of DCs, the medium without FBS 

should be used in the re-stimulation step, so the 

medium containing 0.5% of normal mouse serum was 

used. Comparing the proliferative generations of T 

lymphocytes in the mediums containing mouse serum 

and FBS, it was found that the proliferative generations 

of these cells in the medium containing mouse serum 

were less than the proliferative generations in the 

medium containing FBS (results not shown). This is 

related to the inhibitory effect of normal mouse serum 

on the process of lymphocyte proliferation, which has 

been studied in various investigations.29-32  

Collectively, the results of our study show that 

paying attention to the described parameters increases 

the efficiency of dendritic cells more than what can be 

obtained without considering them. This can even help 

to increase the percentage of target cells when 

antibodies and purification methods are unavailable 

due to cost or unavailability. 

 

CONFLICT OF INTEREST 

 

The authors declare no conflicts of interest. 

 

ACKNOWLEDGEMENTS 

 

We are grateful to Prof. Fazel Shokri for allowing 

to do this research in his laboratory and for providing 

invaluable guidance throughout this study. This study 

was supported by a research grant from Tehran 

University of Medical Sciences, Tehran, Iran, and 

Tarbiat Modares University. 

 

REFERENCES 

 

1. Steinman RM, Nussenzweig MC. Dendritic cells: features 

and functions. Immunol Rev. 1980;53(12):127-47.  

2. Segura E. Review of Mouse and Human Dendritic Cell 

Subsets. Methods Mol Biol. 2016;1423:3-15 . 

3. Palucka K, Banchereau J. Dendritic-cell-based 

therapeutic cancer vaccines. Immunity. 2013;39(1):38-48.  

4. Santos PM, Butterfield LH. Dendritic Cell-Based Cancer 

Vaccines. J Immunol. 2018;200(2):443-9.  

5. Bell GM, Anderson AE, Diboll J, Reece R, Eltherington 

O, Harry RA, et al. Autologous tolerogenic dendritic cells 

for rheumatoid and inflammatory arthritis. Ann Rheum 

Dis. 2017;76(1):227-34.  

6. Nehmar R, Mariotte A, de Cauwer A, Sibilia J, Bahram 

S, Georgel P. Therapeutic Perspectives for Interferons 

and Plasmacytoid Dendritic Cells in  Rheumatoid 

Arthritis. Trends Mol Med. 2018;24(4):338-47.  

7. Spiering R, Jansen MAA, Wood MJ, Fath AA, 

Eltherington O, Anderson AE, et al. Targeting of 

tolerogenic dendritic cells to heat-shock proteins in 

inflammatory arthritis. J Transl Med. 2019;17(1):375.  

8. Ganguly D, Haak S, Sisirak V, Reizis B. The role of 

dendritic cells in autoimmunity. Nat Rev Immunol. 

2013;13(8):566-77 

9. Adams AM, Chick RC, Vreeland TJ, Clifton GT, Hale 

DF, McCarthy PM, et al. Safety and efficacy of 

autologous tumor lysate particle-loaded dendritic cell 

vaccination in combination with systemic therapies in 

patients with recurrent and metastatic melanoma. 

Melanoma Res. 2021;31(4):378-88.  

10. Bulgarelli J, Tazzari M, Granato AM, Ridolfi L, 

Maiocchi S, de Rosa F, et al. Dendritic Cell Vaccination 

in Metastatic Melanoma Turns "Non-T Cell Inflamed" 

Into "T-Cell Inflamed" Tumors. Front Immunol. 

2019;10:2353.  

11. Saberian C, Amaria RN, Najjar AM, Radvanyi LG, 

Haymaker CL, Forget MA, et al. Randomized phase II 

trial of lymphodepletion plus adoptive cell transfer of 

tumor-infiltrating lymphocytes, with or without dendritic 

cell vaccination, in patients with metastatic melanoma. J 

Immunother Cancer. 2021;9(5):12-8.  

12. Yazdani M, Gholizadeh Z, Nikpoor AR, Hatamipour M, 

Alani B, Nikzad H, et al. Vaccination with dendritic cells 

pulsed ex vivo with gp100 peptide-decorated liposomes 

enhances the efficacy of anti PD-1 therapy in a mouse 

model of melanoma. Vaccine. 2020;38(35):5665-77.  

13. Inaba K, Inaba M, Romani N, Aya H, Deguchi M, 

Ikehara S, et al. Generation of large numbers of dendritic 

cells from mouse bone marrow cultures supplemented 

with granulocyte/macrophage colony-stimulating factor. J 

Exp Med. 1992;176(6):1693-702.  

14. Lutz MB, Kukutsch N, Ogilvie AL, Rossner S, Koch F, 

Romani N, et al. An advanced culture method for 

generating large quantities of highly pure dendritic cells 

from mouse bone marrow. J Immunol Methods. 

1999;223(1):77-92.  

15. Roney K. Bone marrow-derived dendritic cells. Methods 

Mol. Biol. 2013 ;1031:71-6  .  

16. Liu J, Zhang X, Chen K, Cheng Y, Liu S, Xia M, et al. 

CCR7 Chemokine Receptor-Inducible lnc-Dpf3 Restrains 

Dendritic Cell Migration by Inhibiting HIF-1alpha-

Mediated Glycolysis. Immunity. 2019;50(3):600-15 e15  . 



M. Golara, et al. 

Vol. 21, No. 3, June 2022          Iran J Allergy Asthma Immunol/ 312 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

17. Posel C, Moller K, Frohlich W, Schulz I, Boltze J, 

Wagner DC. Density gradient centrifugation 

compromises bone marrow mononuclear cell yield. PloS 

One. 2012;7(12):e50293.   

18. Rosca AM, Burlacu A. Isolation of a mouse bone marrow 

population enriched in stem and progenitor cells by 

centrifugation on a Percoll gradient. Biotechnol App 

Biochem. 2010;55(4):199-208.  

19. Parish CR, Glidden MH, Quah BJ, Warren HS. Use of the 

intracellular fluorescent dye CFSE to monitor lymphocyte 

migration and proliferation. Curr. Protoc. Immunol. 

84:4.9.1 -4.9.13. 2009 Feb by John Wiley & Sons, 

Inc.;Chapter 4:Unit4 9.  

20. Agrawal A, Gupta S. Impact of aging on dendritic cell 

functions in humans. Ageing Res Rev. 2011;10(3):336-

45.  

21. Chougnet CA, Thacker RI, Shehata HM, Hennies CM, 

Lehn MA, Lages CS, et al. Loss of Phagocytic and 

Antigen Cross-Presenting Capacity in Aging Dendritic 

Cells Is Associated with Mitochondrial Dysfunction. J 

Immunol. 2015;195(6):2624-32.  

22. Grolleau-Julius A, Garg MR, Mo R, Stoolman LL, Yung 

RL. Effect of aging on bone marrow-derived murine 

CD11c+CD4-CD8alpha- dendritic cell function. J 

Gerontol A Biol Sci Med Sci. 2006;61(10):1039-47.  

23. Hoffman CM, Han J, Calvi LM. Impact of aging on bone, 

marrow and their interactions. Bone. 2019;119:1-7.  

24. Zacca ER, Crespo MI, Acland RP, Roselli E, Nunez NG, 

Maccioni M, et al. Aging Impairs the Ability of 

Conventional Dendritic Cells to Cross-Prime CD8+ T 

Cells upon Stimulation with a TLR7 Ligand. PloS One. 

2015;10(10):e0140672.  

25. Willinghamm MD, Brodt MD, Lee KL, Stephens AL, Ye 

J, Silva MJ. Age-related changes in bone structure and 

strength in female  and male BALB/c mice. Calcif. Tissue 

Int. 2010;86(6):470-83.  

26. Liu L, Fan S, Lu Z, Chen Z, Chu C, Liu A, et al. An 

optimized method for the induction and purification of 

mouse bone marrow dendritic cells. J Immunol Methods. 

2021:113073.  

27. Dwivedi G, Chevrier A, Hoemann CD, Buschmann MD. 

Bone Marrow Progenitor Cells Isolated from Young 

Rabbit Trochlea Are More Numerous and Exhibit Greater 

Clonogenic, Chondrogenic, and Osteogenic Potential than 

Cells Isolated from Condyles. Cartilage. 2018;9(4):378-

90.  

28. Tong W, Tower RJ, Chen C, Wang L, Zhong L, Wei Y, 

et al. Periarticular Mesenchymal Progenitors Initiate and 

Contribute to Secondary Ossification Center Formation 

During Mouse Long Bone Development. Stem Cells. 

2019 May;37(5):677-89. PubMed PMID: 30681752. 

Pubmed Central PMCID: 

29. Maca RD. Inhibition of interleukin-2-induced 

proliferation of mouse T cells by normal mouse serum. J 

Biol Response Mod. 1983;2(4):360-8.  

30. Martineau RS, Johnson JS. Normal mouse serum 

immunosuppressive activity: action on adherent cells. J 

Immunol. 1978;120(5):1550-3.  

31. Mullbacher A, Woodhams CE, Tomaska LD, Pereira RA, 

Ashman RB, Blanden RV. Mouse serum as a medium 

supplement for murine immune responses in vitro. J 

Immunol Methods. 1985;76(1):17-26 

32. Veit B, Michael JG. Characterization of an 

immunosuppressive factor present in mouse serum. J 

Immunol. 1973;111(2):341-51.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


