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Abstract 

Activation of dendritic cells (DCs) through toll-like receptor (TLR) agonists causes 

release of cytokines. DC2.4 cells are immature murine DCs derived from the bone marrow that 

express TLRs, including TLR3. The response of DC2.4 cells to varying doses and times of the 

TLR3 agonist, poly(I:C), was evaluated. In contrast to previously studied MuTu DCs, DC2.4 

cells produced little to no interleukin-12 (IL-12) after 12-hour exposure to doses from 0.1-100 

µg/mL poly(I:C). This was surprising because literature suggests that the expression of TLR3 

dramatically increases when DCs are maturing, which should occur upon poly(I:C) exposure. 

Once fully mature, DCs receive inflammatory signals to reduce TLR3 expression. Treatment of 

DCs with interferon-a (IFN-α) has been found to enhance IL-12 production by increasing TLR3 

expression. DC2.4s exposed to IFN-α prior to poly(I:C) treatment also failed to produce IL-12. 

Experiments using lipopolysaccharide (LPS) confirmed that the cells can make IL-12 through 

activation of the TLR4 pathway. Ongoing studies are investigating the functionality of the TLR3 

pathway in the cells. Luciferase assays with IFN-β plasmids are being conducted to confirm the 

presence of a functional TLR3. Western blotting and immunofluorescence are also being 

explored to qualitatively determine whether the DC2.4 cell line expresses TLR3, as reported in 

literature. Additionally, the maturation status of the lab’s DC2.4 cells is being considered. 

Analysis of TLR3 levels and production of IL-12 by DC2.4s allows for greater understanding of 

how different lab-derived lines of DCs exhibit responses to TLR agonists.  

 

Introduction   

Dendritic cells (DCs) are antigen presenting cells that connect the innate and adaptive 

immune system in the body. DCs start in an immature state, and progress to a mature state 
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throughout their development. These two phases in the cell’s life show different functional and 

morphological characteristics. Immature DCs are circular and have lower levels of costimulatory 

molecules, such as CD80, CD86, MHC I, and MHC II. Mature DCs have longer dendrites and 

express higher levels of costimulatory molecules that aid in T cell activation. In this way, DCs 

are the link between the innate and adaptive immune responses. Additionally, immature DCs 

have a phagocytic ability that mature DCs do not (Kim & Kim, 2019). The DC2.4 cell line being 

used were generated from the bone marrow of mice and transitioned to an immortal cell line with 

endless growth potential (He et al., 2007). Knowing about the maturity of the DC2.4 cell line in 

the lab has demonstrated to be important in understanding results. Due to previous work with 

MuTu DCs, it was hypothesized that an increase in the dose of poly(I:C) and IFN-α would cause 

increased production of IL-12 from DC2.4. In this experiment, HeLa cells were used as a 

positive control because literature suggests that HeLa cells express all 10 human TLRs 

(Nishimura & Naito, 2005). 

Poly(I:C) is a synthetic analog of viral dsRNA that acts an immunostimulant. It promotes 

the release of cytokines from innate immune cells, such as DCs, as part of the inflammatory 

response (Lever et al., 2015). From the literature, poly(I:C) is generally known as one of the 

most appropriate maturation agents for DCs. Poly(I:C) acts through TLR3, which is a receptor 

expressed by DCs (Rouas et al., 2004). However, TLR3 is exclusively expressed by DCs and 

absent in precursor monocytes. The expression of TLR3 dramatically increases when DCs are 

differentiating. After reaching a certain point in their maturity, however, DCs receiving 

inflammatory signals to fully mature reduce TLR3 expression. For example, in vitro experiments 

demonstrated that TLR3 expression was inhibited upon exposure to LPS or cytokines that are 

used to induce functional maturation (Muzio et al., 2000). In one study, the decrease in 
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production of IL-12 was confirmed by stimulating human DCs with poly(I:C) with 80% of 

samples showing no detectable IL-12. However, IFN-α as a treatment for DCs has been found to 

enhance IL-12 production (Spelmink et al., 2016). Finding the balance between maturing the 

cells enough for increased TLR3 expression, and subsequent loss of this expression as cells 

become fully mature, seems to be a challenge.  

Assuming TLR3 is prevalent, functional, and has been activated, one of the outcomes of 

receptor-ligand interaction of interest to this research is production of the inflammatory cytokine 

IL-12. A functional TLR3 is required to induce complete IL-12 secretion because IL-12 depends 

on this dsRNA receptor (Spelmink et al., 2016). Mature DCs are characterized by secretion of 

IL-12, a key cytokine for priming the response of CD8+ cytotoxic T lymphocytes, CD4+ T 

helper 1 cells, and antitumor responses (Rouas et al., 2004). DCs are the main producers of IL-

12, ultimately driving differentiation of these cells and inducing other innate immune cells to 

produce cytokines such as IFN- γ (Spelmink et al., 2016).  

In previous experiments, the cytokine IL-12 was not produced by the DC2.4 cell line 

when cells were treated with poly(I:C). According to the literature, DC2.4s express TLR3, 

making it so these cells should produce IL-12 when properly stimulated (Rouas et al., 2004). The 

main goal of this work is to characterize production of IL-12 by induction of TLR3 in the DC2.4 

cell line. We chose to attempt stimulation of DC2.4 by IFN-α in addition to poly(I:C), as this has 

been the most common treatment reported. IFN-α serves to increase TLR3 expression while 

poly(I:C) is used to stimulate these receptors. IFN-α seems to be a consistent contributor in the 

production of IL-12 in DCs. One mode of treatment proposed by Spelmink et al. (2016) was 

treatment of DCs with IFN-α (500 U/mL) for eight hours to slightly increase expression of 

TLR3, improving the overall level of IL-12 production. This project used this dose of IFN-α at 
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varying timepoints to further expression of IL-12 in the DC2.4 cell line. It was hypothesized that 

any increase in chemical application of poly(I:C), IFN-α, and LPS would lead to an increase in 

production of IL-12 by the DC2.4 through TLR3 and TL4 respectively.  

 

Materials and Methods  

Cell Culture:  

 The DC2.4 were grown in RPMI media (He et al., 2007). This media consisted of 10% 

fetal calf serum (FCS), 1% Hepes buffer, 1.6% sodium bicarbonate (NaCO3), 1% beta-

mercaptoethanol, 1% Penn/Strep, and 1% glutamine. The cells were placed in loose capped or 

filtered capped flasks and incubated at 37°C in 6% CO2. Cells were routinely split at a 1:10 ratio 

approximately every three days. When ready to harvest, a confluent T75 flask was aspirated and 

2mL trypsin/versine was added. The flask was left in the incubator for two minutes, then agitated 

by smacking the side of the flask. Approximately 4 mL of complete RPMI media was added 

back. When counting cells, a 1:20 dilution of cells to trypan blue was used. Of this diluted cell 

solution, 12 uL was inserted into each side of the hemocytometer. The top three and bottom three 

quadrants were counted and averaged to obtain an overall average of total cells using the 

following equation: 

#	𝑐𝑒𝑙𝑙𝑠	𝑐𝑜𝑢𝑛𝑡𝑒𝑑
6	𝑞𝑢𝑎𝑑𝑟𝑎𝑛𝑡𝑠 ∗

𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛	𝑓𝑎𝑐𝑡𝑜𝑟
1 ∗

10000
1 ∗

6𝑚𝐿	𝑣𝑜𝑙𝑢𝑚𝑒	𝑡ℎ𝑒	𝑐𝑒𝑙𝑙𝑠	𝑎𝑟𝑒	𝑖𝑛
1 = 𝑇𝑜𝑡𝑎𝑙	#	𝑐𝑒𝑙𝑙𝑠 

 

The WT19 cells were grown in DMEM media which consisted of 5% FCS, 2% NaCO3, 

2% Hepes buffer, 1% Penn/Strep, and 1% glutamine. The cells were placed in tight capped flasks 

to cut off the flow of oxygen and incubated at 37°C in 6% CO2. Cells were routinely split at a 

1:10 ratio approximately every three days. 
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 The HeLa cells were grown in DMEM media which consisted of 10% FBS, 3% NaCO3, 

and 1% Penn/Strep. The base DMEM media already contained L-glutamine. The cells were 

placed in loose capped or filter capped flasks in the 37°C incubator in 6% CO2. Cells were 

routinely split at a 1:8 ratio every three days. 

 

Microscopy 

 Cell growth was monitored using inverted light microscopes. Cells were examined under 

the 10X lens to determine confluency and appropriate split ratios. Additionally, when counted, 

cells were looked at on the hemocytometer on the compound light microscope under the 10X 

lens. The fluorescent microscope was used for immunofluorescence protocols. Cells were 

examined under the 10X lens for focusing, then magnification was increased to 100X to look at 

the location of the protein in the cell based on its fluorescence.  

 

ELISA Experiments 

All ELISA assays were conducted using the BD OptEIA Mouse IL-12 ELISA. Manufacturer 

instructions were followed. Average absorbances at each known concentration of IL-12 were 

detected using the TECAN infinite F50 ELISA plate reader. 

Analysis of IL-12 production by DC2.4 exposed to increased poly(I:C) concentrations: 

The first ELISA assay was conducted with increased poly (I:C) doses and exposure time, 

as compared to work previously done in the lab. In this experiment, 1x106 DC2.4 cells were 

added to each well of a 12-well culture plate. All treatments were done in triplicate and 

incubated for a total of 42 hours before the supernatant was removed to conduct the ELISA. 

Table 1 delineates the setup for the ELISA performed. Columns 1-3 contain the IL-12 standards 
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in triplicate, while columns 4-12 contain the treated cell groups. Group 1 had no treatment, group 

2 had poly(I:C) at 100 ug/mL, group 3 had poly(I:C) at 100 ug/mL with an inhibitor, group 4 had 

no treatment, group 5 had poly(I:C) at 50 ug/mL, and group 6 had poly(I:C) at 100 ug/mL. With 

each ELISA conducted, a standard curve was generated. Using the standard curve equation in the 

form y=mx+b, IL-12 in ng/mL was calculated. To do this, the b-value from the equation was 

subtracted from the absorbance value for the given sample, then divided by the m-value of the 

equation. 

 

Table 1: Set-up of ELISA #1, analyzing IL-12 production by DC2.4 exposed to increased 

poly(I:C) concentrations and exposure times. 

 

 

Analysis of IL-12 production by DC2.4 exposed to IFN-α then poly(I:C): 

The second ELISA assay was conducted with IFN-α and poly(I:C). In this experiment, 

2x106 cells were added to each well of a 12-well culture plate. All treatments were done in 

triplicate and incubated for a total of 24 hours before the supernatant was removed to conduct the 

ELISA unless otherwise indicated. Group 1 had no treatment, group 2 had IFN-α at 1500 U/mL, 

group 3 had IFN-α at 500 U/mL for 12 hours then poly(I:C) at 5 ug/mL for an additional 12 

hours, group 4 had IFN-α at 1000 U/mL for 12 hours then poly(I:C) at 5 ug/mL for an additional 

12 hours, and group 5 had IFN-α at 1500 U/mL for 12 hours then poly(I:C) at 5 ug/mL for an 

additional 12 hours. 
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Analysis of IL-12 production by DC2.4 exposed to LPS and IFN-α: 

The third ELISA assay was conducted with LPS and IFN-α. In this experiment, 1.5x106 

cells were added to each well of a 12-well culture plate. All treatments were done in triplicate 

and incubated for a total of 20 hours before the supernatant was removed to conduct the ELISA. 

Group 1 cells received no treatment, group 2 LPS at 5 ug/mL, group 3 had LPS at 5 ug/mL with 

IFN-α at 1000 U/mL, and group 4 had IFN-α at 1000 U/mL. 

 

Immunofluorescence Experiments 

For immunofluorescence experiments, appropriate cell lines were seeded into 60 mm 

dishes with three coverslips per dish. Coverslips were pushed to the bottom of the dishes to 

ensure cell attachment. After cells attached, media was drained from the dishes, and the 

coverslips were washed three times with PBS. After the final wash, 5 mL of a 1:1 mixture of 

methanol and acetone was added as a fixative, dishes were incubated for five minutes at room 

temperature, the fixative was aspirated off, and the coverslips air dried. The slips were then 

washed with PBS for two minutes and coverslips were transferred to a new 60 mm dish.  

The primary antibody used in various experiments was prepped at a 1:100 dilution in 

sterile PBS. For applicable groups, 100 uL of the primary antibody was added on top of the slip. 

For treatment groups not receiving the primary antibody, 100 uL PBS was added directly to the 

slip instead. These coverslips were incubated for 30 minutes at 37°C, washed three times with 

PBS, and again transferred to a new 60mm dish. The secondary antibody used in experiments 

was diluted 1:60 in sterile PBS. For applicable groups, 100 uL of the secondary antibody were 

added, or 100 uL of PBS for control groups. These coverslips were incubated at 37°C for 30 

minutes. Slips were then washed two times with PBS and then washed again with water, and 
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aspirated. The coverslips air dried and were mounted onto slides with ~20 uL Cytoseal, with the 

cell side facing down. Slides were then examined under the fluorescent microscope.  

 

Transfection of DC2.4 and HeLa, measured by luciferase assay and immunofluorescence 

 Using PEI as the transfection method, a 3:1 ratio was arbitrarily chosen, as common 

ratios include 1:2, 1:3, and 1:6. Because this ratio worked with the first transfection, a 1:3 ratio 

of PEI:DNA was used for all subsequent experiments. After the transfection mix was made, it 

was incubated at room temperature for 15 minutes before being added to each well. In the 12 

well plate used for transfection, each well was treated with a combination of 100 uL serum free 

media, 1 ug of IFN-beta pGL3 DNA plasmid, and 3 uL of PEI at 1 ug/uL for the 3:1 ratio. These 

mixtures were added dropwise to the cells in the 12 well plate. The plates were put back into the 

incubator for 24 hours when media on the cells was changed. Appropriate treatments were 

added, if applicable, for the timeframe before conducting the luciferase assay. 

 Using the ONE-Glo Luciferase Assay System design from Promega, light units were 

measured for each well in the 12 well plate. Each well was aspirated, washed with PBS, and 

received 100 uL 1X lysis buffer. The plate was gently rocked, then 100 uL from each well was 

placed into a microcentrifuge tube on ice. With each of these tubes, 5 uL was added into new 

tubes at room temperature, analyzing each well of the 12 well plate in triplicate. Immediately 

before being placed into the luminometer, 25 uL of luciferase substrate was added to each tube, 

and light units were recorded. When using the microscope to assess for DAPI for nuclear 

staining, and EGFP for cells that had taken up the plasmid, samples were prepared by aspirating 

media from each well, washing with PBS, and removing one cover slip to be mounted onto a 

slide with mounting agent. 
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DC2.4 and HeLa transfection with pGL3 plasmid: 

 Confluent DC2.4 T25 and HeLa T25 flasks were harvested and counted. In each well of a 

12-well cell culture plate, 1x105 cells were added. All treatments were done in triplicate and 

incubated for ~24 hours before the plasmid was added. Cells were tested for transfection 

efficiency using a pGL3 plasmid at 1 ug/well, using PEI as the transfection method at a 3:1 ratio. 

After transfection had occurred, samples were analyzed through the luminometer to measure 

light units associated with each sample for quantitative data. Additionally, immunofluorescence 

was done using EGFP to qualitatively measure transfection efficiency. DC2.4 and HeLa were 

transfected with an IFN-β plasmid and treated with poly(I:C) and LPS, following this protocol. 
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Results 

ELISA 

The overall goal of this research was to observe immune system activity, through the 

production of IL-12, after the treatment of DC2.4 cells with varying doses of poly (I:C), IFN-α, 

or LPS. In all cases, a standard curve of known concentrations of IL-12 was used as depicted in 

Figure 1. As seen in Figure 1, the R2 value is 0.9795, indicative of a strong correlation between 

increased IL-12 and increased absorption with the slope of the line being y=3x10-5 +0.0307. For 

every ELISA, a new standard curve was used to calculate the amount of IL-12 produced by 

DC2.4 under varying conditions 

 

Figure 1: Representative IL-12 standard curve showing relationship between known 

concentrations of IL-12 (pg/mL) and the subsequent absorbance (nm). The slope of the line is 

used to determine the amount of IL-12 produced by the different treatment groups of DC2.4 

cells.  

 

ELISA #1, shown below as Figure 2, had all experimental samples with values below 

zero as compared to the standard curve. DC2.4 in group 1 had no treatment, group 2 had 

y = 3E-05x + 0.0307
R² = 0.9795
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poly(I:C) at 100 ug/mL, group 3 had poly(I:C) at 100 ug/mL with an inhibitor, group 4 had no 

treatment, group 5 had poly(I:C) at 50 ug/mL, and group 6 had poly(I:C) at 100 ug/mL. As 

expected, DC2.4 cells receiving no treatment did not produce IL-12. However, DC2.4 exposed to 

varying doses of poly(I:C) also did not produce IL-12. This did not support the hypothesis that 

cells treated with poly(I:C) would have TLR3 stimulated, ultimately producing more IL-12. 

 

Figure 2: Completed plate of ELISA assay #1 with blue visualization of IL-12 production. The 

wells that turned blue are the known concentrations of IL-12. The DC2.4 not treated, treated with 

higher poly (I:C) concentrations, and treated with poly (I:C) and the inhibitor, failed to produce 

any IL-12 as evidenced by the lack of blue color in columns 4 through 12. 

 

The results for ELISA #2, shown in Figure 3, demonstrated all experimental samples 

with values below zero as compared to the standard curve, again illustrating a complete lack of 

IL-12 production even in the presence of IFN-α. DC2.4 cells in group 1 had no treatment, group 

2 had IFN-α at 1500 U/mL, group 3 had IFN-α at 500 U/mL for 12 hours then poly(I:C) at 5 

ug/mL for an additional 12 hours, group 4 had IFN-α at 1000 U/mL for 12 hours then poly(I:C) 

at 5 ug/mL for an additional 12 hours, and group 5 had IFN-α at 1500 U/mL for 12 hours then 

poly(I:C) at 5 ug/mL for an additional 12 hours. This did not support the hypothesis that cells 

treated with poly(I:C) and/or IFN-α would have TLR3 stimulated, ultimately producing more IL-
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12. Additionally, IFN-α according to literature, should have helped DC2.4s through the 

maturation process, increasing the number of TLR3 receptors on the membrane, producing more 

IL-12. 

 

Figure 3: Completed plate of ELISA assay #2 with blue visualization of IL-12 protein. The wells 

that turned blue are the known concentrations of IL-12. The DC2.4 cell experimental groups 

consisted of no treatment, treatment with IFN-α, and a combination of IFN-α and poly(I:C). All 

experimental groups failed to produce any IL-12. 

 

To demonstrate whether the DC2.4 cells could make IL-12 through a different pathway, 

DC2.4 cells were treated with LPS, which activates the TLR4 receptor resulting in IL-12 

production. Finally, in ELISA #3, shown in Figure 4, experimental treatments did result in IL-12 

production as compared to the standard curve. DC2.4 cells in group 1 received no treatment and 

produced no IL-12 as expected. DC2.4 in group 2 had LPS at 5 ug/mL, group 3 had LPS at 5 

ug/mL with IFN-α at 1000 U/mL, and group 4 had only IFN-α at 1000 U/mL. All LPS 

containing groups successfully produced IL-12 protein. This did support our hypothesis that cells 

treated with LPS would have TLR4 stimulated, ultimately producing more IL-12. Group 2 with 
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LPS at 5 ug/mL had the most significant results, showing IL-12 production. This protein level, as 

compared to the standard curve, was at 9.37 ng/mL of IL-12. Group 3 had LPS at 5 ug/mL with 

IFN-α at 1000 U/mL, showing slightly less IL-12 production then the LPS treatment alone. The 

data related to IFN-α treatment does not support the hypothesis that IFN-α treatment would 

increase DC maturation and TLR production in DCs. 

  

Figure 4: Completed plate of ELISA assay #3 with blue visualization of IL-12 protein. The wells 

that turned blue are the known concentrations of IL-12. The DC2.4 not treated, treated with LPS, 

and a combination of LPS and IFN-α showed that cells treated with LPS were able to produce 

IL-12. 

 

 After DC2.4 cells demonstrated, by ELISA, that they could produce IL-12 through TLR4 

stimulation, the expression of the receptors of interest were measured in the cells. 

Immunofluorescence was performed for both TLR3 and TLR4 in DC2.4 cells to confirm their 

presence on the endosomal and outer cell membranes, respectively. With the confirmation that 

these receptors are present, this would allow for their stimulation by poly(I:C) and LPS 

respectively, to produce IL-12. 
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Immunofluorescence 

 Using immunofluorescence, WT19 cells were used as a positive control. WT19 cells 

express the SV40 T antigen protein, predominately in the nucleus. The primary antibody used 

was specific for T antigen and came from a mouse host. The secondary goat anti mouse antibody 

used was labeled with FITC which fluoresces green on the fluorescent microscope. This was 

used as a positive control for the procedure used for the DC2.4s in Figure 5. As expected, T 

antigen protein is present in the nucleus of the cells. 

 

Figure 5: Immunofluorescence results of WT19 cells and T-antigen. Cells were viewed under 

100X magnification to visualize T antigen in the nucleus of the cells. 

 

Using immunofluorescence, DC2.4 cells were treated with primary and secondary 

antibodies to analyze TLR4 expression on the cell surface. The primary antibody was a 

monoclonal antibody for TLR4, from Invitrogen. The secondary was a goat anti-mouse antibody 

labeled with FITC. Figure 6 shows the results for DAPI, simply showing that cells are present. 

DAPI causes the nucleus to appear blue on the fluorescent microscope. Unfortunately, as shown 

in Figure 6,  there was no cell-specific green light for TLR4. The experiment was repeated for 
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TLR3 in DC2.4 and the same results occurred. The primary for that experiment was a TLR3 

monoclonal antibody from Invitrogen. The secondary antibody was labeled with FITC which 

fluoresces green but did not fluoresce in this experiment. Neither TLR3 or TLR4 were detected 

by immunofluorescence. 

 

 

Figure 6: Immunofluorescence results of DC2.4 looking for TLR4. The image on the left is 

stained with DAPI, showing that cells were present on the coverslips after treatments. The image 

on the right shows the cells under FITC, showing that the combination of TLR4 antibodies did 

not cause any fluorescence in the DC2.4 cells. The same results occurred for TLR3 in DC2.4 

cells. 

 

Luciferase 

The lack of IL-12 production by DC2.4 in response to poly(I:C) led to speculation about 

whether the TLR3 intracellular signaling pathway was functional. To examine the function of the 

intracellular signaling pathway, luciferase assays were conducted. The TRIF pathway that TLR3 

uses to ultimately produce IL-12 is also required for TLR4-mediated production of IL-12 

(Fitzgerald et al., 2003). When TLR3 stimulation was not working, TLR4 was tested. When 



EFFECT OF CHEMICALS ON IMMUNE RESPONSE 
 

treating DC2.4 with LPS, the TLR4 agonist, the DC2.4s did produce IL-12, showing that this 

function in the cells was not compromised (Figure 4). Luciferase assays examining intracellular 

signaling pathways downstream of TLR3 and TLR4 were conducted. Literature has shown that 

DCs make IFN-β and IFN-α through the TRIF pathway from both TLR3 and TLR4 (Figure 7) 

(McCarthy et al., 2017). With IFN-β being one of the end products of this pathway, a luciferase 

assay using an IFN-β plasmid was conducted. DCs were transfected with the plasmid and treated 

with poly(I:C) or LPS to determine the functionality of the TLR3 and TLR4 pathways, 

respectively. In this experiment, HeLa cells were used as a positive control because HeLa cells 

express all 10 human TLRs (Nishimura & Naito, 2005).  

 

Figure 7: Schematic of the TLR signaling pathways, including TLR3 and TRL4 using the TRIF 

pathway to produce proinflammatory cytokines and Type I IFNs (McCarthy et al., 2017). 

 

Verification of transfection before luciferase and immunofluorescence 
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 Before checking the desired IFN-β plasmid, DC2.4s and HeLa cells were transfected with 

pGL3, which has been shown to have a very good transfection rate in many cell types. Both cell 

lines showed significant transfection efficiencies, giving large values for light units in the 

luminometer for both DC2.4 and HeLa cells. Although the transfection of HeLa cells was 

significantly higher than the DC2.4s, the DC2.4s still had a value significantly above the 

background level, which demonstrates that they can be transfected. 

A.)   

B.)  

Figure 8: Replicate luciferase assay of DC2.4 and HeLa using pGL3 control plasmid. A.) Shows 

high promoter activity in DC2.4 with pGL3 plasmid, showing high transfection levels of the 

plasmid. B.) Shows higher promoter activity in HeLa with pGL3 plasmid, showing about a 30 

times greater transfection level than in DC2.4. 
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 In the same pGL3 experiment in Figure 8 above, some cells were transfected with an 

EGFP plasmid. To qualitatively test transfection efficiency, cells were observed for DAPI and 

EGFP staining. In the DC2.4 cell line, as shown by DAPI versus EGFP in Figure 9, this 

transfection efficiency was nearly 100%, so it was not tested again in further experiments. The 

amount of cells with stained nuclei is approximately equal to those that took up the EGFP 

plasmid during the transfection protocol. This again demonstrates that the DC2.4 can be readily 

transfected. 

 

Figure 9: DC2.4 cells under immunofluorescence, looking at DAPI and EGFP, showing nearly a 

100% transfection efficiency. 

 

 DC2.4 and HeLa cells were transfected with an IFN-β plasmid and later treated with 5 

ug/uL poly(I:C) 24 hours prior to being assessed on the luminometer. According to literature, 

poly(I:C) treatment stimulates TLR3, ultimately producing more cytokines and chemokines. 

Among these should be IFN-β at the end of the TRIF pathway. However, the results shown in 

Figure 9 do not support the hypothesis that poly(I:C) treatment would increase IFN-β promoter 

activity in the cells as shown by lower promoter activity in the treated groups for both cell lines. 
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Figure 10: Luciferase assay of DC2.4 and HeLa using an IFN-β plasmid with poly(I:C) (5 ug/uL) 

treatment 24 hours before reading on the luminometer. 

 

DC2.4 and HeLa cells were transfected with an IFN-β plasmid and later treated with 5 

ug/mL LPS for 12 and 24 hours prior to being read on the luminometer. According to literature, 

LPS treatment stimulates TLR4, ultimately producing more cytokines and chemokines 

(Fitzgerald et al., 2003). Among these should be IFN-β at the end of the TRIF pathway. 

However, the results shown in Figure 11 do not support the hypothesis that LPS treatment would 

increase IFN-β in the cells as shown by insignificant differences in the untreated and treated 

groups for both cell lines. These results were surprising because based on ELISA #3 (Figure 4), 

LPS stimulation did increase IL-12 production in cells, which is a branch off from the same 

TRIF pathway used in IFN-β production. 
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Figure 11: Luciferase assay of DC2.4 and HeLa using an IFN-β plasmid with LPS (5 ug/mL) 

treatment 12 and 24 hours before reading on the luminometer. There was no statistical 

significance across the same cell lines.  
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Discussion 

Throughout this experimentation, the overall goal has been to observe the effect of 

chemicals on the immune response in lab derived DCs. Poly(I:C), IFN-α, and LPS were the 

primary chemicals utilized and their effect on DC2.4 was observed through IFN-β promoter 

activity, and more importantly the production of IL-12, a prolific immune system cytokine. The 

direction of this study came from literature which supported that DC2.4 release IL-12 through 

the TLR3 pathway (Spelmink et al., 2016). Prior to experimentation, it was hypothesized that 

any increase in chemical application of poly(I:C), IFN-α, and LPS would lead to an increase in 

production of IL-12 by the DC2.4 through TLR3 and TL4 respectively.  

Because poly(I:C) is generally known to be the ideal stimulating agent for DCs, previous 

studies in the lab, used poly(I:C) as the pathogen-associated molecular pattern (PAMP) to 

stimulate the DC2.4 dendritic cells (Rouas et al., 2004). However, exposure of DC2.4 to varying 

doses of poly(I:C) at varying time points resulted in no IL-12 production, which was not 

expected based on past reports that TLR3 is expressed by DC2.4 cells. Different maturation 

agents and environmental factors affect cells differently in the way they secrete cytokines. Other 

ways of DC maturation that have been proposed are CD40L combined with IFN- γ and 

poly(I:C), as well as a cocktail of prostaglandin E2 and the proinflammatory cytokines IL-1β, IL-

6, and TNF-α (Rouas et al., 2004). The expression of TLR3 is also downregulated by the 

presence of these inflammatory cytokines, so there needs to be a balance of stimulating the 

maturation of DCs, while not decreasing the expression of TLR3 (Muzio et al., 2000). TLR3 is 

needed to lead to production of IL-12; the cytokine of interest in current studies.  

A possible explanation for these unexpected outcomes was observed in the media. During 

the first and second ELISA, the media had yellowed, but the cells were not dead when harvested. 
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This acidification of the media could have caused IL-12 to denature (Loscher et al., 2005). A 

conformational epitope is the target of the antibodies used in the ELISA, so denaturation could 

have led to the failed detection of the IL-12. Another potential reason could have to do with the 

particular cell line used. These DC2.4 were derived from the bone marrow of mice. Because this 

is where this cell type both originates and matures, it is possible that this cell line is not yet 

matured to the point of releasing cytokines. This contrasts with published literature, but there are 

differences in cell lines cultured in different labs. This is an ongoing area of investigation.   

Another possible reason for why the DC2.4 produced no IL-12 in response to poly(I:C) 

stimulation is because TLR3 is located inside of the cell. With the receptor being located inside 

of the cell membrane, the DC must phagocytose the poly(I:C) so that it can reach TLR3 to cause 

an intracellular signaling cascade. If the DC2.4 cell line is too mature, the level of phagocytosis 

may have decreased to the point of no poly(I:C) being engulfed into the cell. To test the maturity 

of the cell line, fluorescent bacteria can be fed to the cells, watching under the fluorescent 

microscope to see if cells take up the bacteria through phagocytosis or not. If cells have 

fluorescent bacteria inside of their cell membrane, they are still at an immature point in their cell 

cycle and can continue being used in current studies. However, if DC2.4 cells do not engulf the 

fluorescent bacteria, they may be too mature, explaining the lack of TLR3 stimulation thus far, 

since TLR3 expression decreases as cells fully mature (Kim & Kim, 2019). 

From studies failing to produce IL-12 through TLR3 in the endosomal membrane, the 

functionality was questioned. DCs also produce IL-12 through TLR4 from the outer cell 

membrane, so this receptor was used to stimulate the cells to produce IL-12.  Both TLR3 and 

TLR4 use the TRIF pathway to activate different cytokines and chemokines (Fitzgerald et al., 

2003; Jiang et al., 2004). However, only TLR4 uses the MyD88 pathway. Specifically relating to 
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this lab’s area of study, TLR3 and TLR4 both use an activated toll-IL-1-resistance domain 

containing adaptor-inducing IFN-β (TRIF) pathway to produce IFN-α and IFN-β. However, even 

though TRIF functions downstream of both TLR3 and TLR4 pathways, the function of the 

activating component, toll-receptor-associated molecule (TRAM), is only present in the TLR4 

pathway. TRAM functions in activating interferon regulatory factor 3 (IRF3) and NF-κβ. This 

literature suggests that TRIF and TRAM both function in TLR4 signaling, and consequently LPS 

stimulation, but not with TLR3 and poly(I:C) stimulation (Figure 12) (Fitzgerald et al., 2003). 

Knowing this, there could be something wrong with the functionality of TRIF pathway in the 

DC2.4 line that TLR3 is unable to avoid without TRAM activation, making TLR3 unable to 

produce type I IFNs and additionally secrete IL-12. Since the TLR3 pathway, like TLR4, uses 

IRF3 to produce IFN-β, if IRF3 is not being activated in a way that does not use TRAM, the 

cytokines can never be produced. 



EFFECT OF CHEMICALS ON IMMUNE RESPONSE 
 

 

Figure 12. MyD88-dependent and TRIF-dependent TLR signaling pathways characterized by the 

TIR-domain-containing adaptors MyD88, MAL, TRIF and TRAM. MyD88, which is common to 

all TLR signaling pathways except TLR3, leads to the production of pro-inflammatory cytokines 

and chemokines, whereas TLR3- and TLR4-mediated TRIF-dependent signaling activates NF-

kB and IRF3 and results in the induction of pro-inflammatory genes and Type 1 IFNs (Glaser & 

Speer, 2013). 

 

Studies were conducted using an IFN-β plasmid during transfection to look at the 

functionality of the TLR3 TRIF pathway and subsequent IRF3 activation. In the DC2.4 cells, the 

resulting luciferase assay did not yield significant results in poly(I:C) or LPS treatment as 

compared to untreated groups with the plasmid. Induction of the plasmid allows us to measure 
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the functionality of the TLR3 and TLR4 receptors in and on the cell. Questions about the 

maturity of the cells have been brought up. According to literature, murine studies have shown 

that only maturation of cells with TLR ligands generates mature DCs that produce IL-12 to 

promote T cell help in the body (Schreibelt et al., 2010). Knowing this, our cell line should 

express the proper TLRs given the treatments they have been given. Additionally, immature DCs 

have a circular shape, while mature ones have longer dendrites (Kim & Kim, 2019). In our cell 

line, most of the cells take on this circular shape, showing that they are still immature, which is 

what is wanted during treatments. However, given that some cells do not take on this circular 

shape, the current cell line may be too mature to alter the expressed receptors and produce the 

corresponding cytokines and chemokines. The maturity of the cells can be analyzed based on 

phagocytosis levels of fluorescent bacteria. By introducing the fluorescent bacteria to the DC2.4 

cells, activity of phagocytosis can be monitored in real time under the fluorescent microscope. 

With higher fluorescence inside of the cell membranes, this would be an indication of a more 

immature cell line, as more immature DCs have higher phagocytosis levels than mature DCs 

(Kim & Kim, 2019). 

These experiments are relevant due to their focus on immune system activation. Due to 

impacts on public health and infectious disease, understanding the mechanisms behind these 

pathways is crucial to human medical development. This study investigates the release of IL-12, 

a prolific cytokine, which plays a role in inflammation and communication between immune 

cells. It was hypothesized that any increase in chemical application of poly(I:C), IFN-α, and LPS 

would lead to an increase in production of IL-12 by the DC2.4 through TLR3 and TL4 

respectively Both inflammation and communication are important in maintaining health. As 

research continues, the functionality of the TLR3 pathway will be further explored. For example, 



EFFECT OF CHEMICALS ON IMMUNE RESPONSE 
 

Western Blot analysis can confirm the presence of TLR3 in the cells. Similarly, Western Blots 

can be done on resulting cytokines such as IFN-α and IFN-β to see if the cells are able to 

correctly make products at the end of the pathway. Additionally, qPCR could be used to 

determine whether different genes in the TRIF pathway downstream of TLR3 are expressed as 

expected, including NAP1, TBK1, IRF3, and IRF7. This would allow investigation of whether a 

key component of the TRIF pathway for TLR3 is not being transcribed. With proper IL-12 

stimulation through TLR4, there should not be something wrong with these proteins. Looking at 

sections of the pathway that are unique to TLR3, a missing link may be identified.  
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