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Abstract: 

In this paper, we will be discussing the effect interferon (IFN) has on virus replication. During 

this project, we worked with Zika virus (ZIKV) and dengue virus (DENV). We were curious to 

see why some cells have a low permissiveness to DENV, since it is not tissue specific. It was 

found that these cells have a strong IFN response. When the IFN production was inhibited with a 

Jak inhibitor (Jaki), the infection percent increased. We then infected these same cells with ZIKV 

and found that these cell lines were also less permissive to ZIKV and that the addition of Jaki 

increased the amount of infection. Cell lines with a weak or no IFN response were also tested. 

The drug IFN-g was added to these cells and percent infection was measured. The addition of 

IFN inhibited virus replication in cells that are highly permissive to viruses. We discovered that 

IFN decreases infection rate in fully differentiated, immortalized cell lines. This result was 

compared to a previous experiment where our lab found that some interferon-stimulated genes 

(ISGs) are downregulated in human cortical neural progenitor cells (NPCs), which are stem cells. 

Finally, we examined other cell lines permissiveness to ZIKV compared to DENV. We found 

that 293T, which are permissive to many viruses, was less permissive to ZIKV, even though it 

was highly permissive to DENV. We found that 293T cells that are infected with ZIKV do 

produce infectious particles. 
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Introduction: 

Dengue virus (DENV) and Zika virus (ZIKV) are the etiological agents that cause 

infectious human diseases that pose a global health concern. DENV is estimated to infect 390 

million people each year (Bhatt et al., 2013), while ZIKV infection has been reported in 26 

countries throughout Latin America and the Caribbean (Peterson et al., 2016). DENV and ZIKV 

belong to the Flavivirus genus and are positive-sense single-stranded RNA viruses.  DENV and 

ZIKV are transmitted to humans by the mosquito vectors Aedes albopictus and Aedes aegypti, 

and thus are referred to as arboviruses. The A. aegypti mosquito may carry both ZIKV and 

DENV, which allows it to possibly infect the host with both viruses at the same time (Dupont-

Rouzeyrol et al., 2015). Since the viruses can possibly co-transmit, detection and diagnosis of 

ZIKV can be complicated.  

 DENV can cause a range of diseases in humans, from self-limited dengue fever to 

dengue hemorrhagic fever. ZIKV infection causes symptoms similar to DENV fever in adults but 

milder in form, with the majority of infected individuals being asymptomatic. However, there is 

growing evidence that link ZIKV with microcephaly, along with other neurological 

complications, in fetuses and newborns (Tang et al., 2016). Currently, there are no effective 

treatments or approved vaccines available to treat DENV (Qi et al., 2015) or ZIKV.  

In human cells, interferons (IFNs) are the first line of defense against many RNA viruses. 

IFNs are signaling proteins that communicate between cells to activate immune responses and 

stop the spread of pathogens. During viral infection, the cell releases IFNs in order for nearby 

cells to stimulate their anti-viral defenses. It has been shown in mice and in non-human primates 

that when IFN receptors are defective, there is an increase in DENV replication (Diamond et al., 
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2015). Additionally, it has been shown that ZIKV induces the transcription of interferon-

stimulated genes (ISGs) (Hamel et al., 2015) 

DENV infects a wide range of differentiated cell lines in laboratory assays. However, we 

found a significant decrease in infection rate in two NCI-60 cell lines and in this study we 

wanted to determine why these were less permissive to DENV. This could be due to the IFN 

response or some other host factor. The NCI-60 cell line panel is widely used to assay cancer and 

drug treatment which is why we chose to study these cells.  

After discovering how few cell lines had low permissiveness to DENV, we were curious 

to investigate whether the same cells also had low permissiveness to ZIKV. In previous 

experiments we discovered that 293T cells were found to also have a low permissiveness to 

ZIKV infection, but not to DENV infection. Hamel et al. has also shown that 293T is less 

permissive to ZIKV. In that study, it was hypothesized that 293T is less permissive to ZIKV due 

to a lack of receptors that ZIKV needs in order to enter the cell, such as Tyro3, TIM and TAM 

(Hamel et al., 2015).  

The objectives of this project was to find why only some cell lines were less permissive 

to DENV, since there was no tissue specificity. This project will also examine the effect of ZIKV 

infection on the same cell lines. Finally, we will compare the effects of IFN on the infection rates 

for both viruses. 

Materials and Methods: 

Cell Types: 

Three cell lines from the NCI-60 cell line panel were used in this study and include HCC 2998, 

derived from colon epithelial carcinoma, SN12C derived from a kidney epithelial carcinoma, and 
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finally, SK-MEL-5 derived from melanoma. All three cell types were maintained in RPMI media 

with 10% FBS, 1% penicillin, streptomycin and ampicillin (PSA), and 1% L-Glutamine. Huh7.5, 

293T and Vero cells were maintained in DMEM media with 10% FBS, 1% PSA and 1% non-

essential amino acids (NEAA). ZIKV and DENV were propagated in C6/36 mosquito cells. All 

cells were kept in a 37 °C incubator with 5% carbon dioxide. 

DENV infection: 

For DENV infection, 3 x104 Huh7.5, SK-MEL-5, HCC 2998 and SN12C cells were seeded into 

a 12 well plate. Huh 7.5 and SK-MEL-5 were used as controls, since they were shown to have a 

high permissiveness to DENV. HCC2998 and SN12C were the cell lines with the lowest 

permissiveness. Ten たL of 10 たM Jaki was added 24 hours before infection. In the Huh7.5 cells, 

Jaki was added, then two hours later two たL of IFN-g was added. The following day, three hours 

before infection, then たL of Jaki was added again. Then the cells were infected with 50 たL of 

DENV. Two hours later, the media in all wells was changed. The cells incubated for 48 hours 

before collection by IFA. 

ZIKV infection: 

For ZIKV infection, 3x104 Vero, 293T, HCC 2998 and SN12C were seeded into a 12 well plate. 

Vero was used as the control, since it was known to have a high permissiveness to ZIKV. Ten たL 

of 10 たM Jaki was added 24 hours before infection. In the Vero cells, the Jaki was added, then 

two hours later two たL of IFN-g was added. Three hours before infection, ten たL of Jaki was 

added. Then the cells were infected with 100 たL of virus. Two hours later, the media was 

changed in all wells. The cells incubated for 72 hours before collection by IFA. 
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Vero infection to test 293T supernatant: 

This experiment was done to test if ZIKV infected 293T cells produced infectious supernatant. 

3x104 293T cells were seeded into a 12 well and 16 hours later were infected with 100 たL of 

virus. Two hours later, the media was aspirated, the cells were washed with PBS, and then 1 mL 

of media was added. The PBS washed any virus particles that were not inside the 293T cells. The 

supernatant was collected at 24, 48 and 72 hours, storing the supernatant in -80 °C. 3x104 Vero 

cells were seeded into a 12 well. 16 hours later, the media was removed from the cells and 1 mL 

of the supernatant was added into different wells. The cells incubated for 48 hours before 

collection by IFA. 

Immunofluorescence Assay (IFA) steps: 

The first step of IFA is to aspirate the media and wash twice with 500 たL of PBS per well. After 

washing, aspirate the PBS and add 500 たL per well of 4% paraformaldehyde to fix the cells. 

Incubate for 15 minutes. Dispose of the paraformaldehyde and wash with PBS two times. Next, 

add 500 たL of PBT per well to permeablize the cells and incubate for 10 minutes at room 

temperature. Next, add 400 たL of PBTG per well to block the cells. Either rock for one hour, or 

rock overnight in a 4 °C room. After blocking, add the primary antibody at 1:500 in PBTG, with 

400 たL of PBTG per well. Let the primary rock for one hour. Then do three PBS washes with 

each wash being 10-15 minutes. Put on the secondary antibody at 1:500 in PBTG, with 400 たL 

of PBTG per well. Let the secondary rock for one hour. The secondary antibody destabilizes 

under light, so make sure to keep the plate covered. Do three more PBS washes with each wash 

being 10-15 minutes. Stain the cells with Vectashield DAPI and analyze by microscopy. 
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Results: 

Cells Used: 

Cell Name Cell Type IFN response 

SK-MEL-5 Human melanoma Weak 

Huh7.5 Human hepatocyte Weak 

Vero Monkey kidney epithelial Interferon-deficient 

HCC2998 Human colon epithelial carcinoma Strong 

SN12C Human kidney epithelial carcinoma Strong 

293T Human embryonic kidney IFN pathway not intact 

Table 1: Different cells used in experiment 

This table depicts the different cell lines that were used throughout the experiment. Also included are the IFN 

response of the different cells. 

 

DENV and IFN: 

Figure 1: IFN inhibits DENV infection in SK-

MEL-5 

SK-MEL-5 cells infected with DENV. These cells 

were shown to be highly permissive to DENV, 

with most cells undergoing apoptosis after 48 

hours. IFN-g was added to determine if it would 

decrease infection. This made sure that our IFN 

worked when we added it to our controls. The 

infection percentage decreased from 66% to 42%. 

This experiment was used to test the IFN-g drug 
that would be used in later experiments. 
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Figure 2: IFN inhibits DENV in HCC 2998 and SN12C cell 

lines 

The left column depicts HCC 2998 cells infected with 

DENV. The top left panel shows virus infection. The 

bottom left panel shows virus infection in addition to 10 

たM Jaki for 24 h. The right column depicts SN12C cells 

infected with DENV. The top right panel shows virus 

infection. The bottom right panel shows virus infection in 

addition to 10 たM Jaki for 24 h. The addition of Jaki almost 

doubled the amount of infection and increased the amount 

of cell death. HCC 2998 infection increased from 27% to 

63%. SN12C infection increased from 33% to 59%. 

 

Figure 3: IFN inhibits DENV infection in 

Huh7.5 

Huh7.5 infected with DENV. The left panel is 

the cells with no additions. The middle panel is 

Huh7.5 with IFN-g added 24 h before infection. 

The right panel is IFN and 10 たM Jaki added to 

the cells 24 h before infection. The cells with 

just IFN had significantly lower infection than 

the other two panels. The left panel had 49% 

infection, the middle panel had only 10% infection, and the right panel had 88% infection. 

 

 

We tested the NCI-60 cell panel for DENV permissiveness and found four cell lines that had a 

low amount of infection after 48 hours. HC 2998 and SN12C both had the lowest percent 

infection at only 10%. We sought to determine the cause of this low permissiveness to DENV 

infection compared to other cell lines, since it was not tissue specific. The results indicate that 

the induction of IFN is the most likely cause for the low percent of infection. By adding a Jak 

inhibitor (Jaki) to stop the Jak-STAT pathway, stopping induction of ISGs, We measured the 

difference in percent infection. After Jaki was added, infection doubled and there was an increase 

in cell death. The results were compared to the controls, Huh7.5 and SK-MEL-5, which both 

showed that IFN lowers infection rates of DENV. 
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ZIKV and IFN: 

Figure 4: IFN inhibits ZIKV infection in HCC 2998 and 

SN12C 

The left column depicts HCC 2998 cells infected with ZIKV. 

The top left panel shows virus infection. The bottom left panel 

shows virus infection in addition to 10 たM Jaki for 24 h. The 

right column depicts SN12C cells infected with ZIKV. The top 

right panel shows virus infection. The bottom right panel 

shows virus infection in addition to 10 たM Jaki for 24 h. The 

addition of Jaki increased the infection by 24% in HCC 2998. 

Infection increased 16% in SN12C. 

 

 

We was curious to determine if these two cell lines were also less permissive to ZIKV and if so, 

if this was also due to an IFN response. Thus, we performed the previous experiments using the 

same protocol but infected with ZIKV. Our results were similar to the DENV experiment. After 

72 hours of infection, there was 20% to 30% infection in the cells without Jaki. Cells with Jaki 

had a 20% increase in infection. 

Vero and IFN: 

Figure 5: IFN inhibits ZIKV infection in 

Vero cells 

The left panel is Vero cells infected with 

ZIKV. The middle panel shows virus 

infection in addition to IFN-g for 24 h. 

The right panel shows virus infection in 

addition to IFN-g and to 10 たM Jaki for 

24 h. The addition of IFN drastically 

decreased the percent of infected cells. The left panel had 98% infection. The middle panel had 35% infection. The 

right panel had 60% infection. 

 

Vero cells were used as a control for the ZIKV experiment. 10 たM Jaki was added, then IFN-g 

was added 24 hours before infection, or IFN-g was added alone. The Vero cells without inhibitor 

were approximately 100% infected after 72 hours and most of the cells were dying or dead. The 
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Vero cells with IFN had a significant decrease in infection percentage and minimal cell death. 

However, with the addition of Jaki along with IFN, infection rates rose significantly and there 

was an increase in cell death. This not only confirmed that the Jaki worked, but shows the ability 

of IFN to slow down ZIKV infection. 

293T cells: 

Figure 6: Comparison of 293T infection by 

ZIKV and DENV 

The left panel is 293T cells infected with 

DENV. The right panel is 293T cells infected 

with ZIKV. Both cells were infected for 48 

hours. 

 

 

 

Figure 7: Vero cells 

infected with 293T 

supernatant  

In this experiment, 293T 

cells were infected with 

ZIKV and the supernatant 

was collected at different 

time points post infection. 

After the collection was 

finished, 1mL of 

supernatant was put on Vero cells for 48 hours. The 24 hour time point did not have many infectious particles. 

However, the 48 hour time point had almost 100% infection, meaning that 293T was releasing infectious particles. 

The 72 hour time point had many infectious particles, which led to a high percentage of cell death. 

 

In previous studies, we found that HEK293 or 293T cells were mostly refractory to ZIKV. This 

was surprising since 293T can be highly permissive to some viruses, including DENV. The 

literature shows that 293T does not have an IFN response. We tested the 293T supernatant on 

Vero cells to check if 293T cells could produce infectious virus particles. The 293T supernatant 

was collected at 24, 48, and 72 hours. Then Vero cells were infected with the supernatant for 48 

hours. We found high rates of infection in the Vero cells, meaning that 293T produces infectious 
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particles and there is another reason for the low permissiveness observed in this cell line, perhaps 

due to the absence of a receptor required for ZIKV infection. 

Change in percent infection: 

Cell Type DENV -Jaki DENV +Jaki ZIKV -Jaki ZIKV +Jaki 

Huh7.5 (with IFN added) 10% 88% N/A N/A 

Vero (with IFN added) N/A N/A 35% 60%  

HCC2998 27% 63% 33% 57% 

SN12C 33% 59% 34% 50% 

Table 2: Percent infection of cells. 

This table depicts a compilation of all percent infections from the cell lines tested that had an IFN response that was 

inhibited. In the Huh7.5 and Vero results, only the cells with IFN-g added are shown. 

 

Downregulation of ISGs: 

Table 3: Downregulation of different 

ISGs in NPCs when infected with 

ZIKV 

The table depicts the downregulation 

of different ISGs using RNAseq data. 

ISG15 is a very important ISG because 

it is a master regulator and stops virus 

replication at almost every stage of the 

virus life cycle. The p-values show that 

each of these downregulations is 

significant. 

 

 

 

Cortical neural progenitor cells (NPCs), infected with ZIKV, were analyzed using RNA 

sequencing (RNA-seq). Stem cells, including NPCs, generally lack a strong IFN response so that 

the induction of ISGs typically observed during viral infection is largely absent in these cells. 

Gene Mock ZIKV log2.fold_change p-value significant 

IFITM2 8.6854 4.28476 -1.01938 0.0001 yes 

ISG15 7.70044 4.97341 -0.630706 0.00825 yes 

IFI44 0.697663 0.18257 -1.93408 0.00275 yes 
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Interestingly, we found that certain ISGs, typically upregulated during viral infection in 

differentiated cells, were significantly downregulated in NPCs. These ISGs include ISG15, 

IFITM2, and IFI44. ISG15 is a master regulator of the innate immune response and acts to 

inhibit viruses at various stages of the life cycle. As expected, ISG15 is significantly upregulated 

in differentiated hepatocyte-like cells infected with DENV. 

 

Figure 8: Downregulation of ISGs 

in NPCs when infected with ZIKV 

This graph depicts the RNAseq 

data. It clearly shows that there is 

a significant decrease in induction 

of these ISGs in cells infected with 

ZIKV as compared to the Mock 

cells. 

 

 

 

 

 

Figure 9: Change in ISG15 

induction in cells infected with 

ZIKV 

This graph shows the log2 fold 

change in induction of ISG15 in 

NPCs infected with a virus as 

compared to Mock. DENV 

infected differentiated cells had a 

6.6 log2 fold increase in induction 

of ISG15. ZIKV infected NPCs 

had a -0.631 log2 fold 

downregulation of ISG15. 
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Discussion: 

Here we have shown that ZIKV and DENV infection is limited by the IFN response in 

fully differentiated, immortalized cell lines. We have shown that cell lines with the ability to 

naturally produce IFN, such as HCC2998 and SN12C, and cell lines that lack the ability to 

produce IFN, but had IFN added 24h before the introduction of virus, such as Vero and Huh7.5, 

had decreased rates of infection and cell death. In NPCs, which do not have a strong IFN 

response, we discovered that cells infected with ZIKV had a downregulation of important ISGs. 

Particularly, ISG15 is significantly downregulated. This could possibly be a mechanism that the 

virus employs to increase infection rates in NPCs.  

The next logical step would be to repeat the IFN experiments in NPCs to look at how 

percent infection changes with addition of Jaki, or possibly IFN. We would also need to 

determine base levels of different ISGs in NPCs, and then compare those levels to the amount of 

ISGs stimulated in NPCs after ZIKV infection. In future studies, we can determine how the virus 

downregulates ISGs and how it affects virus replication in the cells. Also, we can infect NPCs 

with DENV to discover if there is a downregulation of ISG15 during DENV infection similar to 

ZIKV infection. It would be interesting to examine if other Flaviviruses cause a downregulation 

as well. 

We have also found that other cell lines, specifically 293T, are less permissive to ZIKV, 

not because of an IFN response, but possibly because of a lack of receptors necessary for ZIKV to 

enter the cells. Since it is most likely a lack of a necessary receptor, it may be possible to produce 

a non-permissive 293T cell line by continuously infecting the 293T cells and letting the cells that 

do become infected die. This may help lead to an answer to what receptor is most important for 

ZIKV infection.  
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DENV and ZIKV are both important viruses to study because they are current global 

threats. Neither ZIKV nor DENV have an effective treatment or vaccine to help the millions of 

people who are infected every year. With further research, we can learn more about these viruses 

and help the people that are exposed to DENV and ZIKV. 
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