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ABSTRACT

Regulation of pro-inflammatory cytokine and Type 

Ⅰ,Ⅱ interferon expression in poly I:C treated 

Human OAS3-deficient HT1080 cells

Dong-Hyun Lee

Department of Integrated OMICS for Biomedical Science

The Graduate School 

Yonsei University

The mammalian innate immune system uses several sensors of 

double-stranded RNA(dsRNA) to develop the interferon response. Among these 

sensors, the 2',5'-oligoadenylate synthetases (OAS) produce 2',5'-linked RNA 

molecules (2-5A) that accelerate RNA degradation in mammalian tissues. In 

humans, the OAS family consists of four members: OAS1, OAS2, OAS3, and 

OASL. OAS1, OAS2, OAS3 have 2',5'-oligoadenylate synthetase activity, 

whereas OASL has no this activity despite sharing significant sequence similarity 

with the other OAS proteins. Mainly previous papers focused on the correlation 

between OAS1 and antiviral effect, however, correct roles of OAS3 are unknown. 

Here, we generated the OAS3 knockout cells through CRISPR-CAS9 to examine 
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the antiviral function of human OAS3. We found that expression of 

pro-inflammatory cytokines, Type Ⅰ,Ⅱ interferon was significantly reduced in 

poly I:C treated OAS3 deficient cell and RNA degradation decreases upon 

activation of TLR3 signaling by intra-cellular poly I:C transfection in OAS3 

knockout cells. In detail, those results provide a severe reduction in IFN-β,γ, 

IL-6 and TNF induction during stimulation by poly I:C. In contrast, IL-1β 

induction is enhanced by poly I:C. Taken together, these results indicated human 

OAS3 modulates expression of IFN-β involved in TypeⅠ interferon, IFN-γ 

related to TypeⅡ interferon, IL-6 and TNF engaged in pro-inflammatory 

cytokine and RNA degradation.

���������������������������������������������������������������������������

Key words : OAS, OAS3, 2-5A, TLR3, Poly(I:C)  
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1. Introduction

Innate immunity is a basal host response for viral infections. There are 

evidences for a major role of innate immunity in the earliest stages of viral 

infections. However, how the early innate immune response and mechanisms 

affect virus-induced immune mechanisms is not yet correctly understood. Type 

Ⅰ interferons are involved in the first pathways of antiviral innate immune 

response against viral infections. IFN-α/ß begin the stimulation of IFN-inducible 

genes such as members of the 2’,5’-Oligoadenylate synthetase (OAS) family that 

play a critical role in the establishment of an antiviral state against different 

RNA and DNA viruses (Silverman, R. H. 2007, Choi, Un Yung, et al. 2015, 

Kristiansen, et al. 2011). The 2',5'-Oligoadenylate synthetase (OAS)/RNase L 

system was one of the first antiviral pathways to be discovered on how 

interferon (IFN) inhibits viral infections (Hovanessian, et al. 1977, Clemens, et 

al. 1978, Kerr, et al. 1978, Ratner, et al. 1978, Slattery, et al. 1979). The 

2-5As serve as chemically unique second messengers that induce regulated RNA 

cleavage via RNase L (Sadler, et al. 2008, Han, Y., et al. 2014) and modulate 

antiviral and antibacterial innate immunity(Lin, R. J.,et al. 2009, Li, X. L.,et al. 

2008). The OAS proteins sense viral infection by interacting with dsRNA 

originated from virus and catalyze the ATP into 2',5'-oligoadenylate 

(Hovanessian, Ara G. 2007). In humans, OAS family is composed of 4 genes, 

OAS1, OAS2, OAS3 and OASL. OAS1, OAS2, OAS3 are composed of one, two, 

three OAS domains and those proteins are all active enzymes whereas OASL 

lacks OAS activity (Kristiansen, Helle, et al. 2011). Mainly previous papers 

focused on the correlation between OAS1 and antiviral effect, however, recently 

many researchers have been studying the OAS3 role. OAS3 is activated at a 
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substantially lower concentration of dsRNA than OAS1, making it a potent in 

vivo sensor of dsRNA. Moreover, OAS3 synthesizes considerably longer 2-5As 

than previously reported, and that OAS3 can activate RNase L intracellularly 

(Ibsen, M. S.,et al. 2014). In addition, the OAS3 is responsible for RNase L 

activation as the major OAS isoform (Li, Y.,et al. 2016). However, another 

characterization of OAS3 are unknown. Here, we generated the OAS3 knockout 

cells through CRISPR-CAS9 to examine another related antiviral function of 

human OAS3. We investigated pro-inflammatory cytokines and IFN level by 

detecting mRNA expression. Additionally we compared OAS3 with RNase L about 

RNA degradation level to investigate relation each other. Finally, we found that 

human OAS3 modulates TypeⅡ interferon of IFN-γ, pro-inflammatory cytokine 

of IL-6, TNF-α expression and RNA degradation.
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2. Material and Method

2.1 Cell lines culture and transfection

HT1080, HEK293T cells were cultured in Dulbecco's modified Eagles's medium 

(DMEM) supplemented with 10% (v/v) heat-inactivated fetal bovine serum 

(FBS) and penicillin (100U/ml) and streptomycin (100U/ml) (P/S, Gibco). Cells 

were maintained at 37℃ and 5% CO2 in a humidified incubator. LipofectamineTM

2000 (Invitrogen) was used for transient transfection according to manufacturer's 

protocol. HT1080 cells were seeded in 6-well plates at a density of 500,000 

cells per well. After 24hr, HT1080 cells were transiently transfected with 

mixture of poly I:C 1ug/ml, LipofectamineTM 2000 1ug/ml and OPTI-MEM 100ul 

for 6hr and 12hr.

2.2 Knock out cell line

CRISPR-Cas9-mediated depletion of hOAS3, hRNase L. For the depletion 

hOAS3, hRNase L in HT1080 cells, guide RNAs were cloned into LentiCRISPRv2 

(Zhang Lab) vector. Guide RNA sequences for gene targeting are listed in Table 

1. To make lentivirus, HEK293T cells were seeded in 100mm plate at a density 

of 2,000,000 cells for overnight to package Lentivirus. Tomorrow, 

LentiCRISPRv2-guideRNA plasmids were co-transfected with packing plasmids 

pMD2.G and psPAX2 (Addgene plasmids 12259 and 12260) into HEK293T cells 

(ATCC CRL-3216). After 6 hours culture, media was changed to D10 media, 

DMEM (Life Technologies) with 10% fetal bovine serum (Hyclone). After 60 
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hours, viral supernants were harvested and centrifuged at 3,000 rpm at 4℃ for 

10min to pellet debris. The supernatant was transducted into HT1080 and clones 

propagated from single cell were picked out. The depletion of hOASS3, hRNase 

L was confirmed by western blotting. The selected clones demonstraing 

unchanged hOAS3, hRNase L expression were used as wild-type clones, while 

the clones deficient for hOAS3, hRNase L were used as hOAS3, hRNase L 

clones.

2.3 Antibodies and reagents 

Poly (I:C) was purchased from Sigma (St. Louis, MO). Anti-bodies specific to 

OAS1 (A31775), OAS3 (R38755) were from ATLASANTIBODIES. Anti-bodies 

for OAS2 (sc99097), RNASEL (sc25798), PKR (sc708), GAPDH (sc25778) 

were obtained from Santacruze. 

2.4 Westernblot analysis

To generate whole cell lysates, cells were lysed in RIPA buffer with freshly 

added protease inhibitor cocktail (Roche) for 10min at 4℃, followed by 

centrifugation at 14,000 x g for 10min at 4℃ to remove cell debris. Whole cell 

lysates were separated by SDS-PAGE, transferred to nitrocellulose membranes 

(GE healthcare). The membranes were blocked in Tris-buffered saline　 with 

0.1% Tween20 (TBST) containing 5% skim milk for 1hr and then incubated 

overnight at 4℃ with primary antibodies. After three washes with TBST, the 

membranes were incubated with horeseradish peroxidase coupled secondary 
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antibody for 1hr at room temperature and again washed three times with TBST. 

Signals were developed with the ECL detection reagent (Amersham). Image was 

detected LAS4000 system.

2.5 Real-time PCR 

Total RNA from cells was purified with TRIzol reagent (Invitrogen) and was 

reverse-transcribed to cDNA with SuperScript II reverse transcriptase 

(Invitrogen). The expression of individual genes was measured by quantitative 

Realtime PCR (RT-PCR) with gene-specific primers and is presented as mRNA 

abundance relative to that of the housekeeping gene Gapdh, the levels of 

indicated molecules were determined by evaluating the threshold cycle (Ct) of 

target gene after normalization against the Ct value of GAPDH and calculated by 

using the formula 2-(Ct of target gene – Ct of GAPDH). Primer sequences are listed in 

Table 2.

2.6 rRNA Cleavage Assay

Cells were transfected with Poly (I:C) (Sigma St. Louis, MO). At 12 hrs post 

transfection cells were washed twice with cold DPBS (Dulbecco's Phosphate 

Buffered Saline) and lysed by TRIzol (Invitrogen) and incubated at -80℃ for 

O/N. The cells were separated into three phase, RNA, DNA, and Protein by 

chloroform. The aqueous phase containing total RNA were transferred to a new 

tube and added isopropanol to precipitate the RNA and washed by 75% ethanol. 

Total RNAs were loaded on 1% agarose gel at 60V for 30min and analyzed 

using Bio imaging analysis system (Fujifilm life science).
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3. RESULT

3.1. Generation of OAS3-deficient HT1080 cells through 

CRISPR-CAS9 mediated genome editing

To investigate the relative antiviral immune responses of OAS3, we take the  

gene-editing system method of CRISPR (clustered regularly interspaced short 

palindromic repeats)-associated protein-9 nuclease (Cas9) to construct human 

fibrosarcoma-derived HT1080 cell lines lacking OAS3. CRISPR-Cas9 system 

enable  the most efficient modification of genes in mammalian cells (Qi, L. S.,et 

al 2013, Shalem, Ophir, et al 2014). Because of OAS3 induction by viral 

infection, we searched the absence of hOAS3 protein expression after 

transfection with 1ug/ml poly I:C for 12 hr. Poly I:C is a synthetic analog of 

dsRNA to stimulate induction of the OAS-RNase L pathway (Silverman, Robert 

H., et al 1983). As a control, parental HT1080 cells were transfected with 

mixture of poly I:C 1ug/ml, Lipofectamine2000 1ug/ml and OPTI-MEM 100ul for 

12hr and detection by immunoblot analysis with OAS3 antibody. As expected, a 

control sample (labeled as WT) showed highly expressed OAS3 protein on size 

about 100 kDa after poly I:C stimulation. And then, we searched OAS3 

expressions in the 5 individual CRISPR-Cas9 mediated-each of exon 1, 2 and 3 

of OAS3 targeted cells. As a result, e2-1 and e2-2 of exon2 samples showed 

lack of OAS3 expression despite of poly I:C stimulation (Fig.1-1). Therefore, 

we selected two cell lines as an OAS3 deficiency. We next determined correct 

and clear OAS3-deficient cell line. We confirmed e2-1 and e2-2 samples are 

absence of OAS3 protein (Fig.1-2).  
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3.2. OAS3 deficiency is independent on the expression of 

other related proteins

We are concerned about specificity of the CRISPR-Cas9 system. Early reports 

warned that CRISPR-Cas9 causes frequent off-target editing events (Fu, Y., 

Foden, et al 2013, Pattanayak, Vikram, et al 2013). To rule out unwanted 

phenotypes due to off-target mutations, we investigated the expression of 

hOAS3 related gene such as hOAS1, hOAS2, hRNaseL. Cells were transfected 

with mixture of poly I:C 1ug/ml, Lipofectamine2000 1ug/ml and OPTI-MEM 

100ul for 12hr and detection by westernblot analysis with OAS1, OAS2, OAS3 

antibody. As a control, parental HT1080 cells were stimulated with same 

conditions. We verified the protein expression by Western blot and found that 

the hOAS1, hOAS2, hRNaseL protein expression level in OAS3 deficient cells 

were similar to which level of parental cell level (Fig.2). Moreover, we also 

invesitgated a PKR which is the IFN-induced dsRNA-dependent protein kinase. 

PKR plays a pivotal role in the host antiviral system and is involved in 

dsRNA-activated TLR3 signalling (Garcia, M. A., et al 2006, Jiang, Zhengfan, et 

al 2003). OAS-RNase L pathway and PKR pathway have a  common mechanism 

about recognition of dsRNA but do not transmit same signals (Garcia, M. A., et 

al 2007). We verified the PKR protein expressions were also independent on 

OAS3 expression (Fig.2). These results indicate that OAS3 deficent cell lines of 

e2-1,e2-2 are available to test antiviral responses related to OAS3 and OAS3 

deficiency is independent on the expression of other related proteins.
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3.3. OAS3-deficient cells block the RNA degradation 

Ribonuclease L (RNase L) activation by viral infection destroys cellular RNA 

and viral RNA within the cell in order to block viral RNA replication 

(Hovanessian, et al. 1977, Clemens, et al. 1978, Kerr, et al. 1978, Ratner, et al. 

1978, Slattery, et al. 1979). The OAS3 is responsible for RNase L activation as 

the major OAS isoform (Li, Y.,et al. 2016). Moreover, OAS3 synthesizes 

considerably longer 2-5As than previously reported, and that OAS3 can activate 

RNase L intracellularly (Ibsen, M. S.,et al. 2014). We generated RNase L 

deficient cells in HT1080 by CRISPR-Cas9 system and searched the absence of 

RNase L protein expression after transfection with 1ug/ml poly I:C for 12 hr. As 

a result, e2-3 of exon2 samples showed lack of RNase L expression despite of 

poly I:C stimulation. As expected, a control sample (labeled as WT) showed 

highly expressed RNase L protein on size about 83 kDa after poly I:C 

stimulation. (Fig.3-1). Additionally, we verified that RNaseL knock-out cells 

could not cleave rRNAs after poly I:C stimulation (Fig.3-2). We next conducted 

OAS3 deficient cells in HT1080 monitored degradation of rRNA. OAS3 

knock-out cells were similar to which level of RNaseL knock-out cells level 

(Fig.3-3). These results indicate that OAS3 is responsible for the OAS/RNase 

L-mediated degradation of rRNA in response to poly I:C.
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3.4. OAS3-deficient cells reduce the Type Ⅰ,Ⅱ Interferon 

and IL-6, TNF but induce the IL-1b

Next we monitored cytokine level of OAS3-deficient HT1080 cells. HT1080 

has been commonly used as a model for studying IFN signaling (Stark, George 

R., et al 1998). It is known to express functional TLR3 (Elco, Christopher P. et 

al 2007). TLR3 has been supposed to be pivotal for mediating NF-κB-inducible 

gene responses to poly I:C (Alexopoulou, Lena, et al 2001). Poly I:C is a 

surrogate for viral dsRNA, a pathogen-associated molecular pattern (PAMP) 

generated during the replication of RNA and DNA viruses to stimulate induction 

of the OAS-RNase L pathway and the 2',5'-Oligoadenylate synthetase 

(OAS)/RNase L system was one of the first antiviral pathways to be discovered 

on how interferon (IFN) inhibits viral infections (Weber, Friedemann, et al 2006, 

Silverman, Robert H., et al 1983, Hovanessian, et al. 1977, Clemens, et al. 1978, 

Kerr, et al. 1978, Ratner, et al. 1978, Slattery, et al. 1979). OAS3-deficient 

HT1080 cells were transfected with poly I:C 1ug/ml, Lipofectamine2000 1ug/ml 

and OPTI-MEM 100ul for 6hr and 12hr. Total RNA was isolated by using a 

TRIzol and was reverse-transcribed to cDNA with SuperScript II reverse 

transcriptase. The expression of individual genes was measured by quantitative 

RT-PCR. We detected a variety of cytokine expression quantity. One is related 

to IFN-signaling pathway such as IFN-α, IFN-β and IFN-γ, another is 

involved in inflammasome signaling such as IL-1β, the other is engaged in NF-

κB-dependent genes such as IL-6, TNF. Interestingly, IFN-β was significantly 

reduced. This pattern was similarly observed for IFN-γ, IL-6 and TNF. 

However IL-1b was significantly induced in poly I:C treated OAS3-deficient 

HT1080 cells (Fig.4). These findings suggest that human OAS3 relate to Type 
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Ⅰ, Ⅱ IFN signaling, NF-κB-dependent signaling and inflammasome signaling.

3.5 OAS lead compounds inhibit the RNA degradation

Cytokine storms can result in significant pathology and ultimately death. For 

these diseases, it has been proposed that downregulating inflammatory immune 

responses may improve outcome (D'Elia, Riccardo V., et al 2013). 

Understanding how OAS protein and viruses interact in vivo could contribute to 

therapeutic strategies for controlling pathogenic viruses. We suggested that 

OAS3-deficient cells reduced mRNA expression of the IL-6 and TNF. These 

findings indicated that OAS3 inhibitor could drug candidate of cytokine storm. 

Therefore we investigated antiviral activity of the OAS lead compounds. The 

B1327, B1554 and HA17 of OAS drug candidate showed inhibition of RNA 

degradation (Fig.5-1, 5-2, 5-3). These data were similar to RNA clevage level 

of OAS3-deficient cells and RNase L-deficient cells. These results indicate that 

B1327, B1554 and HA17 are new candidate OAS inhibitors.
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4. Discussion

Double-stranded RNA (dsRNA) is a important player in host innate immune 

response against viral infections (Jacobs, Bertram L., et al 1996, Samuel, Charles 

E 2001, Wang, Qiaoqiao, et al 2004). The interaction of the host cell with 

dsRNA occurs by several mechanisms. One of them is the 2',5'-Oligoadenylate 

synthetase (OAS)/RNase L system. The OAS proteins sense viral infection by 

interacting with dsRNA originated from virus and catalyze the ATP into 

2',5'-oligoadenylate (Hovanessian, Ara G. 2007). The 2-5As serve as 

chemically unique second messengers that induce regulated RNA cleavage via 

RNase L (Sadler, et al. 2008, Han, Y., et al. 2014) and modulate antiviral and 

antibacterial innate immunity(Lin, R. J.,et al. 2009, Li, X. L.,et al. 2008). 

However, characterization of OAS species is not yet fully and correctly 

understood. Recently, there has been progress in understanding how OAS3 

affects a variety of viruses. Recent one report (Ibsen, M. S.,et al. 2014) has 

suggested that recombinant OAS3 is activated at a substantially lower 

concentration of dsRNA than OAS1. OAS3 synthesizes considerably longer 

2-5As than previously reported, and that OAS3 can activate RNase L 

intracellularly (Ibsen, M. S.,et al. 2014). Very recently one (Li, Y.,et al. 2016) 

conlcuded that the OAS3 is responsible for RNase L activation as the major OAS 

isoform. Upon infections or poly I:C transfection, cells lacking OAS3 failed to 

synthesize detectable levels of 2-5A, whereas cells lacking OAS1 or OAS2 were 

able to produce amounts of 2-5A similar to those in the parental A549 cells 

(Li, Y.,et al. 2016). We investigated roles of human OAS3 used by 

CRISPR-CAS9 system in HT1080 cells. The human fibrosarcoma cell line, 

HT1080, has been extensively used as a model for studying IFN signaling 



12

(Stark, George R., et al 1998). It is respond to dsRNA (Leaman, Douglas W., et 

al 1998) and induced functional Toll-like receptor3 (TLR3) expression (Elco, 

Christopher P. et al 2007). TLR3 has been supposed to be pivotal for mediating 

NF-κB-inducible gene responses to poly I:C (Alexopoulou, Lena, et al 2001). 

Using a poly I:C, a synthetic analog of dsRNA to stimulate induction of the 

OAS-RNase L pathway (Silverman, Robert H., et al 1983), we searched that 

OAS3 deficient cells showed lack of OAS3 expression despite of poly I:C 

stimulation. Additionally, we monitored OAS3 related protein such as OAS1, 

OAS2 to check the artifact in OAS3 deficient cells. We concluded that OAS3 

deficiency is independent on the expression of other related proteins. RNA 

degradation pattern of OAS3 is similar to RNase L. Therefore we verified that 

OAS3 is responsible for activation of RNase L during intracellular poly I:C 

transfection. Further investigation regarding OAS1, OAS2 KO cells should be 

conducted better understand this thesis. Interestingly, OAS3-deficient cells 

reduce the Type Ⅰ,Ⅱ Interferon and IL-6, TNF but induce the IL-1b. These 

findings suggest that human OAS3 relate to Type Ⅰ, Ⅱ IFN signaling, NF-κ

B-dependent signaling and inflammasome signaling. In other words, OAS3 

inhibitor could drug candidate of cytokine storm. Therefore we investigated 

antiviral activity of the OAS lead compounds. The B1327, B1554 and HA17 of 

OAS drug candidate showed inhibition of RNA degradation. These data were 

similar to RNA clevage level of OAS3-deficient cells and RNase L-deficient 

cells. These results indicate that B1327, B1554 and HA17 are new candidate 

OAS inhibitors. Cytokine storms can result in significant pathology and ultimately 

death. For these diseases, it has been proposed that downregulating inflammatory 

immune responses may improve outcome (D'Elia, Riccardo V., et al 2013). 

Understanding how OAS protein and viruses interact in vivo could contribute to 

therapeutic strategies for controlling pathogenic viruses.
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Figure 1-1. Generate OAS3-deficient HT1080 cells through CRISPR-CAS9      

mediated genome editing

Cells were transfected with mixture of poly I:C 1ug/ml, Lipofectamine2000 

1ug/ml and OPTI-MEM 100ul for 12hr and detection by westernblot analysis 

with OAS3 antibody. 

WT=HT1080 cells, hOAS3 exon1 KO sample=e1-1, e1-2, hOAS3 exon2 KO 

sample=e2-1, e2-2, hOAS3 exon3 KO sample=e3-1
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Figure 1-2. Confirm the Generated OAS3-deficient HT1080 cells through 

CRISPR-CAS9 mediated genome editing 

Cells were transfected with mixture of poly I:C 1ug/ml, Lipofectamine2000 

1ug/ml and OPTI-MEM 100ul for 12hr and detection by westernblot analysis 

with OAS3 antibody. To confirm OAS3-deficient HT108 cells, we retry western 

analysis. e2-1 and 2-2 do not have OAS3 proteins in Westernblot analysis.

WT=HT1080 cells, hOAS3 exon2 KO sample=e2-1, e2-2



15

Figure 2. OAS3-deficient cells do not provide other related protein expression

Cells were transfected with poly I:C 1ug/ml, Lipofectamine2000 1ug/ml and 

OPTI-MEM 100ul for 12hr and detection by westernblot analysis with OAS3 

antibody. 

WT=HT1080 cells, hOAS3 exon2 KO sample=KO1, KO2



16

Figure 3-1. Generate RNase L-deficient HT1080 cells through CRISPR-CAS9   

mediated genome editing

Cells were transfected with mixture of poly I:C 1ug/ml, Lipofectamine2000 

1ug/ml and OPTI-MEM 100ul for 12hr and detection by westernblot analysis 

with OAS3 antibody. 

WT=HT1080 cells, hRNase L exon1 sample=1-1, 1-2, 1-3, 1-4, 1-5, 

hRNase L exon2 sample=2-1, 2-2, 2-3, 2-4, 2-5
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Figure 3-2. RNase L-deficient cells block the RNA degradation 

Cells were transfected with poly I:C 1ug/ml, Lipofectamine2000 1ug/ml and 

OPTI-MEM 100ul for 12hr. Total RNA was isolated and separated on 1% 

agarose gel, stained with ethidium bromide, and photographed under UV light. 

Intact 18S and 28S rRNA and cleavage products are indicated with arrows.

WT=HT1080 cells, KO=RNase L exon2 KO
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Figure 3-3. OAS3-deficient cells block the RNA degradation 

Cells were transfected with poly I:C 1ug/ml, Lipofectamine2000 1ug/ml and 

OPTI-MEM 100ul for 12hr. Total RNA was isolated and separated on 1% 

agarose gel, stained with ethidium bromide, and photographed under UV light. 

Intact 18S and 28S rRNA and cleavage products are indicated with arrows.

WT=HT1080 cells, 2-1,2-2=hOAS3 exon2 KO sample
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Figure 4. OAS3-deficient cells reduce the Type2 Interferon, IL-6, TNF but 

induce the IL-1b.

Cells were transfected with poly I:C 1ug/ml, Lipofectamine2000 1ug/ml and 

OPTI-MEM 100ul for 6hr and12hr. Total RNA was isolated by using a TRIzol 

and the expression of individual genes was measured by quantitative RT-PCR .
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Figure 5-1. B1327 which is a OAS lead compound inhibits the RNA degradation

Cells were pre-transfected with inhibitor 10uM for 1hr and transfected with poly 

I:C 1ug/ml, Lipofectamine2000 1ug/ml and OPTI-MEM 100ul for 12hr. Total 

RNA was quantified to 3ug per well. Total RNA was isolated and separated on 

1% agarose gel, stained with ethidium bromide, and photographed under UV light. 

OAS lead compounds are listed in B1317-1464
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Figure 5-2. B1554 which is a OAS lead compound inhibits the RNA degradation

Cells were pre-transfected with inhibitor 10uM for 1hr and transfected with poly 

I:C 1ug/ml, Lipofectamine2000 1ug/ml and OPTI-MEM 100ul for 12hr. Total 

RNA was quantified to 3ug per well. Total RNA was isolated and separated on 

1% agarose gel, stained with ethidium bromide, and photographed under UV light. 

OAS lead compounds are listed in B1543-1581
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Figure 5-3. HA17 which is a OAS lead compound inhibits the RNA degradation

Cells were pre-transfected with inhibitor 10uM for 1hr and transfected with poly 

I:C 1ug/ml, Lipofectamine2000 1ug/ml and OPTI-MEM 100ul for 12hr. Total 

RNA was quantified to 3ug per well. Total RNA was isolated and separated on 

1% agarose gel, stained with ethidium bromide, and photographed under UV light. 

OAS lead compounds are listed in HA.
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Figure 5-4. B1811-1840 which are OAS lead compounds don't inhibit the RNA 

degradation

Cells were pre-transfected with inhibitor 10uM for 1hr and transfected with poly 

I:C 1ug/ml, Lipofectamine2000 1ug/ml and OPTI-MEM 100ul for 12hr. Total 

RNA was quantified to 3ug per well. Total RNA was isolated and separated on 

1% agarose gel, stained with ethidium bromide, and photographed under UV light. 

OAS lead compounds are listed in B1811-1840.
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Gene Forward(5'-3') Reverse(5'-3')

IFN-α 
GTGAGGAAATACTTCCAAAGAA
TCAC

TCTCATGATTTCTGCTCTGA
CAA

IFN-β GCACTGGCTGGAATGAGACT AGAGGCACAGGCTAGGAGAT

IFN-g TCGCTTCCCTGTTTTAGCTGC TCGGTAACTGACTTGAATGT
CCA

IL-1b GCAACTGTTCCTGAACTCAACT
ATCTTTTGGGGTCCGTCAAC
T

IL-6 
p2

ACCCCCAATAAATATAGGACTG
GA CTGAGATGCCGTCGAGGATG

TNF p7 CATCCAACCTTCCCAAACGC TGTAGGCCCCAGTGAGTTCT

RNaseL GAACACTGTGGGTGATCTGCT TTTGGACTGTGGGTTTGGGG

Gene Forward(5'-3') Reverse(5'-3')

hOAS
3

e x o
n1

CACCGTGGCGCGGCCTTCGG
ATTTC

AAACGAAATCCGAAGGCCGCG
CCAC

e x o
n2

CACCGCCTCAAGATCTACGG
ATGTC

AAACGACATCCGTAGATCTTG
AGGC

e x o
n3

CACCGCTTGGGTTTGACGCC
GGAGC

AAACGCTCCGGCGTCAAACCC
AAGC

hRNa
seL

e x o
n1

CACCGCGGGCTGCAAGCAGT
CTTCC

AAACGGAAGACTGCTTGCAGC
CCGC

e x o
n2-
1

CACCGGCAGGTGGCATTTAC
CGTCA

AAACTGACGGTAAATGCCACC
TGCC

e x o
n2-
2

CACCGCACTGCAGCCCTTCT
ACCGC

AAACGCGGTAGAAGGGCTGCA
GTGC

exo
n2-
3

CACCGTTATCCTCGCAGCGA
TTGCG

AAACCGCAATCGCTGCGAGGA
TAAC

Table1. Guide RNA sequence to construct the plasmids for knockout human 

OAS3, RNase L by CRISPR/CAS9

Table2. Real-time PCR primers 
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Abstract in Korean

Poly I:C 처리한 사람 OAS3 결  HT1080 포에  

전염증  사이 킨과 타입 Ⅰ,Ⅱ 인 페론의 조절

포 동  천  역 시스  페  반  향상하  해  가닥 RNA에 한 

여러 가지 감시자를 사용한다.  감시자 에 2`,5`-oligoadenylate synthetases 

(OAS)는 포 동  직에  RNA 분해를 진하는 2`,5`-linked RNA molecules 

(2-5A)를 생산한다. 사람에  OAS family는 OAS1, OAS2, OAS3, OASL  종류  

다. OAS1, OAS2, OAS3는 2`,5`-oligoadenylate synthetase  가지지만, 

OASL    가지지 않는다. 그런 도 다른 OAS 단백질들과 열  사  

많  가지고 있다. 주   들에 는 OAS1 과 항바 러스 효과  상  연 에 

해  고 있었고, OAS3  역할에 해 는 잘 알 지지 않았다. 여 , 우리는 

사람 OAS3  항바 러스 능  사하  해 CRISPR-CAS9  용하여 OAS3가 

결여  포를 만들었다. 우리는 OAS3가 결여  포에  염증  사 토킨과 타입 

Ⅰ,Ⅱ 페  발 량  히 어드는 것과 포 내부  poly I:C를 질주입시

켜 TLR3를 했   RNA 분해도 감소하는 것  발견했다. 자 히 말하 , 그 결

과는 poly I:C 자극에 해 IFN-β, IFN-γ, IL-6, TNF 의 발현이 격히 줄어든 것

을 보여준다. 반  IL-1β  발  poly I:C 자극 에 늘어난다. 통틀어 봤  , 

 결과들  사람 OAS3가 타입Ⅰ 페  IFN-β, 타입Ⅱ 페  IFN-γ, 염증

 사 토카  IL-6, TNF  발 과 RNA 분해를 함  명해 다.
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핵심 는 말 : OAS, OAS3, 2-5A, TLR3, Poly(I:C)  


