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ABSTRACT OF THE THESIS 

 

Subcellular Localization of Human Schlafen 5 and Schlafen 11 Proteins 
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Interferons (IFNs) are a family of cytokines that play important roles in the innate 

immune system. They exhibit antiviral effects through the induction of Interferon 

Stimulated Genes (ISGs), which includes the Schlafen genes. Here, we reported human 

Schlafen 5 (huSlfn5) localized mainly to the cytoplasm in human foreskin fibroblasts 

(HFF) and mainly to the nucleus in Hela cells. Treatment with human interferon β and 
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co-transfection with pNL4-3.Luc.R
+
E

-
 HIV-1 vectors did not cause significant changes in 

the localization pattern of huSlfn5. In addition, we found human Schlafen11 (huSlfn11) 

to localize exclusively to the cytoplasm in HFF cells but exclusively to the nucleus in 

Hela cells. This indicates that the subcellular localization of human Slfn11 proteins are 

cell-type specific. HuIFNβ stimulation and pNL4-3.Luc.R
+
E

-
 HIV-1 vector co-

transfection did not have any prominent effect on the localization of the huSfln11 

proteins.  
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1. Introduction 

1.1 Pathogen Recognition and Host Immunity 

The host immune system recognizes pathogens in both non-

specific and specific manners. The generic recognition mode is referred to 

as the innate immunity and the more specific recognition mode is called the 

adaptive immunity. Innate immunity forms the first line of defense against 

intracellular and extracellular pathogens such as bacteria, fungi, parasites, 

and viruses. It manifests in virtually all cells of the body and is the bedrock 

of immunity in all organisms. The main fighters of innate immunity are 

neutrophils, macrophages and dendritic cells
2
. Upon the recognition of 

foreign particles, these cells will destroy it via phagocytosis or the secretion 

of antimicrobials factors as well as alerting other host cells of the invasion 

via production of pro-inflammatory cytokines. Therefore, the ability of the 

immune system to effectively recognize pathogens is vital to the host’s 

survival. Pathogen recognition occurs through a variety of mechanisms. One 

of the main mechanisms is the recognition of pathogen-associated molecular 

patterns (PAMPs) by pattern recognition receptors (PRRs). PAMPs are non-

self molecular motifs that are conserved in certain classes of pathogens and 

can serve as indicators of foreign invasion
1
. An example of a PPR is the 

Toll-like Receptor (TLR) Family.  

http://en.wikipedia.org/wiki/Pattern_recognition_receptor
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1.2 Toll-like Receptor (TLR) Families 

In 1985, Toll receptor was first identified in Drosophila as an 

essential receptor for embryo dorsoventral polarity development and was 

later found to express antifungal effect in insects
17

. Similar to Toll, Toll-like 

receptors (TLRs) are single, trans-membrane, non-catalytic proteins that 

recognize specific motifs possessed by different classes of pathogens. In 

mammals, there are a total of 12 germline-encoded TLRs identified to date. 

TLRs are expressed by many immune cells such as macrophages, dendritic 

cells, B and T cells, as well as non-immune cells like fibroblasts. They may 

be expressed on cell surface (TLRs 1, 2, 4, 5, and 6) or localized to cellular 

compartments (TLRs 3, 7, 8, and 9). TLRs are subdivided into families that 

correspond to the PAMP they recognize. TLR1, 2, and 6 recognize 

lipopeptides, TLR7, 8, and 9 identify nucleic acids, TLR3 detects double-

stranded RNA, TLR4 recognize lipopolysaccharide (LPS), and the TLR5 

descry flagellins
1
. Upon the binding of PAMPs to TLRs, an intracellular 

signaling cascade involving TRIF, TRAM, TRAF6, and IRF3 is triggered 

leading to an immediate host defense response. More specifically, 

stimulation of TLRs result in the production of cytokines, signaling 

molecules that can trigger various defense response including programmed 

cell death, activation of phagocytes, and the activation of T cells 
14

. For 

example, activation of TLR3, TLR4, and TLR9 up-regulates a family of 

cytokines called interferons (IFN).  
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1.3 Interferons (IFNs) and IFN-Stimulating Genes 

IFNs belong to a family of cytokines that exhibit antiviral, anti-

proliferative, and immune-modulatory effects that make them a part of the 

front line of defense against viral infections
14

. To date, there are two known 

types of interferon, Type I and Type II, which are distinguished based on 

structural and functional differences. Type I IFN comprises of several IFNα 

and a single IFNβ and can be produced by most cells. Type II IFN consists 

of IFNγ and is produced by T cells and natural killer cells
17

. Type I IFN 

production may be induced by two pathways, depending on the location of 

the foreign particles. The first pathway is initiated by RIG-1 recognition of 

viral dsRNA in the cytoplasm
28

. Upon recognition, RIG-1 initiates a signal 

cascade that eventually activates the transcription factor IRF3. In a second 

branch of the TLR signaling pathway, TLR3/4 recognize extracellular viral 

dsRNA
3
 and initiate a signaling cascade that leads to the activation of the 

transcription factor NFκB. Activated IRF3 and NFκB then translocate into 

the nucleus and up-regulate IFNα and IFNβ gene expression. Once 

produced, IFNα or IFNβ binds to the IFNAR1 receptor either on the same 

cell (autocrine effect) or on neighboring cells (paracrine effect) to initiate 

cellular cascades that subsequently lead to the induction of interferon-

stimulated genes (ISGs) such as the 2’-5’ oligoadenylate synthetase and 

protein kinase R
24

. As for Type II IFNs, binding of IFNγ to the IFN gamma 

receptor leads to the expression of a completely different set of genes that 

are necessary for T cell activation and differentiation. The stimulation of 
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IFNγ modulates lymphocyte development such as the negative selection of 

CD4 T cells by apoptosis
10

. 

Full understanding of the mechanisms involved in the interferon-

induced defense response is critical for the treatment of viral and bacterial 

infection. If a virus acquires the capability to circumvent the interferon 

response, the host defense will be impaired because it cannot control viral 

replication. This may not only make the host highly prone to the specific 

viral infection, but it will also make the host more vulnerable to other 

opportunistic pathogens because IFNs are not only important for the general 

innate immune response but participate also in the adaptive immune 

response. 

                               

Figure 1.3.1: TLR Pathways leading to the induction of IFNs 

 

1.4 HIV  

Viral –induced IFN production and its subsequent anti-viral effects 

form the first line of defense against intracellular pathogens. IFNs can 
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restrict viral replication via many mechanisms, including the interference of 

protein synthesis and degradation of viral nucleic acids
16

. One of the widely 

studied viruses is the Human Immunodeficiency Virus 1 (HIV-1). HIV-1 is 

a potent retrovirus that invades the human immune system leading to 

acquired immunodeficiency syndrome (AIDS). AIDS is a condition 

characterized by the malfunctioning of the immune system, mainly T-

lymphocyte hypo-responsiveness, which leads to other detrimental 

opportunistic infections
26

. Upon HIV-1 infection, CD8 cytotoxic T 

lymphocytes proliferate and secrete cytokines that trigger host defense 

response
5
. HIV particles transcriptionally up-regulate interferons through 

the TLR7/8 pathway, through their recognition of viral ssRNA in the 

cytoplasm
6
. The upregulation of interferons strongly induce the transcription 

of ISGs which includes Schlafens as well as retroviral restriction factors 

(TRIM5α and Tetherin) that function to block retroviral replication
18

.  

Although HIV-infected individuals typically develop AIDS, 

there is a minute population of infected individuals who do not develop 

AIDS. They are referred to as the “HIV elite controllers”
22

. Their immune 

system is able to control HIV-1 replication without any antiviral treatment. 

The fact that controllers have an intrinsic ability to block viral replication 

sparked great curiosity. Thus, understanding the mechanism of HIV control 

in these elite patients can pave the way for effective vaccines. 
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1.5 Schlafens (Slfn) Protein Family 

Among the highest induced ISGs are the Schlafen genes, which 

are only found in mammals and certain Pox-viruses. No homolog can be 

identified in yeast, C. elegans, or Drosophila
8
. Ten different Slfn genes were 

identified in mice (muSlfns) and they are divided into three different 

subgroups based on their respective lengths. Subgroup I (short form) 

consists of the Slfn1 and Slfn2, subgroup II (intermediate form) includes 

Slfn3 and Slfn4, and Subgroup III (long form) comprises Slfn5, 8, 9, 10, and 

14. All Slfn proteins possess conserved features such as the schlafen box, a 

domain not found in any other characterized proteins, and a divergent AAA 

domain
20

. AAA domain defines a broad group of nucleotide-binding 

proteins such as ATPase, myosin, and kinases. Additionally, subgroup III 

schlafens possess the largest C-terminal extension that encloses the 

Superfamily I DNA/RNA helicase-like motif
13

, indicative of DNA/RNA 

metabolism.  

In humans, only 6 Slfns have been identified and none represent 

subgroup I. These include huSlfn5, 11, 12, 12L, 13, and 14. HuSlfn 12 and 

12L belong to subgroup II while the rest are from subgroup III. Recently, 

huSlfn11 was found to potently hamper reproduction of retroviruses such as 

HIV (unpublished data from our lab). This new finding along with what is 

known about IFN-induced muSlfns suggests that Slfn protein family may 

comprise a novel antiviral defense mechanism.  
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Murine Slfns: 

                          Slfn Box/ AAA                         RNA Helicase 

Slfn1 

Slfn2 

Slfn3 

Slfn4 

Slfn5 

Slfn8 

Slfn9 

Slfn10 

Slfn14 

 

Human Slfns: 

                            Slfn Box/ AAA                         RNA Helicase 

Slfn12 

Slfn12L 

Slfn5 

Slfn11 

Slfn13 

Slfn14 

 

 

Schlafens are members of the cell cycle regulatory gene family. 

Slfn1, the prototype, was found to encumber cell growth and T cell 

development. Through an unknown mechanism, Slfn1 blocks the initiation 

of DNA synthesis that normally occurs in the S-phase and as a result, cells 

are arrested in the G0 or G1 phase of the cell cycle
23

. Slfn1 was further 

thought to inhibit cell cycle progression by inhibiting the induction of cyclin 

D1, a regulator protein that drives the G1/S phase transition
7
. In early T cell 

Figure 1.5.1: Murine and Human Slfn proteins 
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development, ectopic expression of Slfn1 prevents the maturation of double-

positive thymocytes into single-positive thymocytes
23

. Thus, induction of 

Slfns may be one of the ways that interferons control cell growth. 

In the hematopoietic system, the existence of naïve T 

lymphocytes depends on the consistent interaction of self-MHC molecules. 

Low-affinity interaction between naïve T lymphocyte TCR and its 

associated MHC/ligand are sufficient to drive positive selection but not cell 

proliferation
25

. Slfn1 was previously found to block the T cell maturation 

and its mRNA level was found to decrease upon TCR-triggered activation of 

T cells. Hence, Slfns are believed to negatively regulate cell cycle 

progression in order to maintain T cell quiescence
21

. Any disruption in the 

quiescence of T cell will consequently result in inappropriate immune 

response, paving ways for autoimmune diseases to develop. Differences in 

the expression of the Slfns at different stages of T cell development imply 

that they are stage-specific regulatory genes. For example, in peripheral 

resting T cells, Slfn5, Slfn8, Slfn9, and Slfn10 expression levels remain 

relatively constant, however, upon TCR-mediated T cell activation, the 

expression level of Slfn5 and Slfn8 decreased while the expression level of 

Slfn9 increased. Slfn10 remained relatively constant. Furthermore, the 

regulatory function of Slfns are cell-type specific. For example, the 

transgenic expression of Slfn 8 resulted in intense T cell impairment along 

with a reduction in peripheral T cell proliferation, but no growth inhibition 

was observed in the fibroblast
12

. Even though it is clear that Slfn’s 
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regulatory role in the hematopoietic system is cell-type specific and stage-

specific, their exact roles have yet to be determined.  

The Slfn family of proteins is not only involved in cell cycle 

regulation but was found to have inhibitory activities against malignant 

melanoma cells as well
15

. IFNα-induced muSlfn2 protein could negatively 

regulate metastasis and growth in malignant tumor cells. In melanoma cells, 

huSlfn5 expression increased upon treatment with IFNα. Similarly, 

knockdown of huSlfn5 resulted in increased anchorage-independent growth 

and invasion of malignant melanoma cells. However, the distinctive roles of 

the different schlafen proteins in IFN-induced response are still vague. 

The localization of a protein is often indicative of its function. 

Previously, through immune-fluorescence analyses, muSlfn subgroup I and 

II were shown to localize to the cytoplasm while subgroup III (slfn5, slfn8, 

slfn9) localize to the nucleus
20

. To enter the nucleus, a protein must have a 

nuclear localization signal (NLS). NLS is described as one or more short 

sequences of positively charged residues. The prototype of a bipartite NLS 

signal contains two clusters of positively charged amino acids separated by a 

spacer of ten amino acids
11

. Sequence analysis shows that huSlfn5 has a 

sequence similar to a NLS (compare to muSlfn8, 9, and 10). HuSlfn11, 

however, shows an even lesser degree of similarity to the NLS sequence 

found in the murine Slfns.  
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HuSlfn5: 

787 PKDIAVLF TKASEVEKYKDRLLTAMRKRKLSQLHEESDLLLQIGDASDVLTDHIVLDSVC  846 

HuSlfn11: 

806 PKDVAVLVSTAKEVEHYKYELLKAMRK-KRVV---------QLSDACDMLGDHIVLDSVR  855 

MuSlfn8: 

807 LQDIAVLFSTDKEKKTYESMFLGEMRKRRRAS---------EMNH--AYLCDSNMFDSIR  855 

MuSlfn9: 

807 PQDIAVLFSTDREKKAYEHMFLREMRKRRRAS---------HMND--ESVCHSNMFDSIR  855 

MuSlfn10: 

744  PQDIAVLFSTDREKKAYEHMFLREIRKRKRAS---------QMND--ASVCHSNMFDSIR  792 

 

Figure 1.5.2: NLS-like sequences of the different muSlfns 

 

1.6 Hypothesis 

Although we have a good understanding regarding the localization 

of muSlfns, not much is known about the human Slfns. Here, we examine 

the subcellular localization of huSlfn5 and huSlfn11 proteins upon 

stimulation with human IFNβ or co-transfection with HIV-1 pro-virus 

vectors. Determining the localization of Slfns may help elucidate their 

function in the host defense mechanism.  
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2. Methods 

2.1  Cell Culture: 

Hela and Human foreskin fibroblast (HFFs) cells were cultured in high 

glucose DMEM, supplemented with 100U/ml Penicillin, 100μg/ml 

Streptomycin, 2mM L-Glutamine, 100mM Sodium Pyruvate, 500μl β-

Mercapthanol, MEM Non-essential amino acids, and 10% fetal bovine 

serum.  

2.2  Plasmids: 

Human Slfn11 and human Slfn5 vectors were obtained from Open 

Biosystems (clone ID 40123369 and 6258140). The coding sequences were 

isolated and amplified via Pfu Ultra PCR (Stratagene) and subsequently 

cloned into pcDNA6/V5-His vector (Invitrogen) and transfected into Hela 

and HFF cells. The pNL4-3.Luc.R
+
E

-
 HIV-1 vector has been previously 

described
8
. 

2.3 Reagents: 

Human IFNβ was from Biogen Idec.4’, 6-diamidino-2-phenylindole 

(DAPI), dilactate was bought from Invitrogen. IC Fixation Buffer and 

Permeabilization Buffer were from eBioscience. Gel Mount
IM 

Aqueosus 

Mounting Medium from Sigma. 
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2.4 Cloning of GFP into pcDNA6/V5-His with huSlfn5 and huSlfn11 

2.4.1 Pfu Ultra PCR 

Amplification of GFP plasmids were done using the Pfu Ultra PCR 

Kit according to the instructions provided by the manufacturer. 1μl 

of GFP template was mixed with 10μM of forward primer, 10μM of 

reverse primer, 5μl of 10X Pfu Ultra HF reaction buffer, 1μl of 

10mM dNTP, 1μl of Pfu Ultra DNA Polymerase, and 39.5μl of 

dH2O. Samples ran for 30 cycles at the following conditions: 2min 

@95˚C, 30sec @ 95˚C, 30sec @ 55˚C, 1min @ 72˚C, and 10min @ 

72˚C. 

 
Table 2.4.1: Primers designed for huSlfn5 and huSlfn11 

Target 

Gene 

Forward Primer Reverse Primer 

huSlfn5 AGCAGCCTCGAGATGGTGA

GCAAGGGCGAGGAGC 

GCTGCTACCGGTCTTGTAC

AGCTCGTCCATGCCGAG 

huSlfn11 AGCAGCGGGCCCATGGTGA

GCAAGGGCGAGGAGC 
GCTCCTCGCCCTTGCTCACC

ATGGGCCCGCTGCT 

2.4.2 Digestion 

Digestion was done according to manufacturer protocols: 5μl of 10X 

NEB buffer, 0.5μl 100X BSA, 6μl of huSlfn5 plasmid, 2.4μl of 

huSlfn11 plasmid, 1μl each of specified restriction enzymes. 

HuSlfn5-containing sample was incubated in 37˚C water bath for 2 

hours while huSlfn11-containing sample was incubated at 25˚C for 1 

hour then in 37˚C for 1 hour. 
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Table 2.4.2: Restriction sites used for cloning GFP into huSlfn5 and huSlfn11 

Target Gene Restriction Enzymes Primer 

huSlfn5 XhoI Forward 

huSlfn5 AgeI Reverse 

huSlfn11 ApaI Forward 

huSlfn11 AgeI Reverse 

 

2.4.3 T4 DNA Ligation 

1μl of T4 DNA ligase, 2μl of 10X T4 Buffer, 2μl of dH2O, 5μl of 

huSlfn5 or huSlfn11 vector, and 10μl of GFP plasmids were mixed 

together and incubated at room temperature for 2 hours. 

2.5  Transfection 

Transfection was done in a 24-well plate where each well contains a glass 

coverslip. Coverlips were washed with ethanol for 15 minutes then with 

PBS three times. 400μl of Poly-L-Lysine (Sigma) were added to each well 

and incubated for 30 minutes. Afterwards, the coverslips were washed with 

PBS again. Hela and HFF cells were plated directly onto Poly-L-Lysine-

coated coverslips. After 24 hours, cells were transfected with either 0.8μg/μl 

huSlfn5-GFP or 0.8μg/μl huSlfn11-GFP. For the HIV-1con-transfection 

experiment, 0.4μg/μl pNL4-3.Luc.R
+
E

-
 HIV-1 vector were co-transfected 

with 0.4μg/μl huSlfns for the times indicated. 

2.6 Stimulation 

2,000 Units/mL human Interferon β was used to stimulate the transfected 

Hela and HFF cells. Stimulations were done at 1h, 6h, and 24h. 
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2.7  Fixing, Staining, and Mounting Cells 

2.7.1 Fixing and Permeabilizing Cells 

Cells were washed with PBS then with 300μl of IC Fixation Buffer 

and incubated @RT for 15 minutes the washed cells twice with PBS. 

300μl of 1X Permeabilization Buffer was added to each well and 

incubated @RT for another 15 minutes.  

2.7.2 DAPI Staining 

DAPI was diluted to 1:10,000 with PBS. 300μl of DAPI was added 

to each well and incubated for 1 minute. After 1 minute, DAPI was 

removed and cells were washed three times with PBS. 

2.7.3 Mounting Cells 

1 drop of Gel Mounting Medium was added to a glass slide and the 

coverslip was placed cells faced down.  

2.8 Microscope Analysis 

Cells were viewed and analyzed using the Nuance 2
TM

 Multispectral 

Imaging System.  
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3. Results 

3.1 HIV co-transfection and human IFNβ stimulation of huSlfn5 in HFF cells  

Upon recognition of intracellular pathogen, RIG-1 initiates a 

signaling cascade that eventually leads to the upregulation of IFNs and 

subsequent induction of ISGs such as Slfn genes. For example, Slfn 

expression levels were found to increase after infection with intracellular 

pathogen Brucella
11

 and Listeria
12

. Experiments have shown that few Slfn 

genes are induced by Type I human IFNβ via the STAT1-dependent manner 

(our unpublished data). Surprisingly, among the huSlfn protein family, the 

expression level of huSlfn5 and huSlfn11 were found to be most prominent. 

Here, we focus on the human Slfn5 and Slfn11. 

Sequence homology shows that huSlfn5 possesses a sequence 

similar to a NLS while huSlfn11 has a weaker NLS-like signal. To assess 

the subcellular localization of huSlfn5, we plated HFF cells on poly-L-lysine 

coated coverslip at a density of 15,000 cells/ 2cm
3
well. They were 

transfected with 0.8μg/μl Slfn5-GFP plasmids then either stimulated with 

2,000 U/ml huIFNβ or co-transfected with 0.4μg/μl pNL4-3.Luc.R
+
E

-
 HIV-

1 vector for the indicated times. For the HIV-1 experiment, 0.4μg/μl of Slfn 

proteins was used. As shown in Figure 3.1., majority of the huSlfn5 proteins 

localize to the cytoplasm, though there are some cells with huSlfn5 

distinctively in the nucleus. Neither huIFNβ nor HIV-1 vector significantly 

affects the localization of huSlfn5 proteins in HFF cells.  

Table 3.1.1 summarizes the results of the experiment. 
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Unstimulated 

DAPI GFP Overlay 

   

   

   

6h huIFNβ 
   

   

Figure 3.1.1: Subcellular localization of huSlfn5 in HFF cells analyzed via fluorescence microscopy. 
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 DAPI GFP Overlay 

24h huIFNβ 

   

  

 

  

 

24h HIV-1 
   

   

Figure 3.1.1 cont.: Subcellular localization of huSlfn5 in HFF cells analyzed via fluorescence microscopy.  
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 DAPI GFP Overlay 

48h HIV-1 
   

   

Figure 3.1.1 cont.: Subcellular localization of huSlfn5 in HFF cells analyzed via fluorescence microscopy.  

 

Table 3.1.1: Summary of the subcellular localization of huSlfn5 in HFF cells stimulated with huIFNβ and 

co-transfected with HIV-1 vector. 

  

Unstimulated 

Human Interferon β HIV Vector Co-transfection 

6h 24h 24h 48h 

Total  # of cells 11 5 7 6 8 

Nuclear 2 (18.2%) 0 0 0 4 (50%) 

Cytoplasmic 2 (18.2%) 4 (80.0%) 5(71.4%) 5 (83.3%) 4 (50%) 

Evenly Distributed 7 (63.6%) 1 (20.0%) 2 (28.6%) 1 (16.7%) 0 

 

3.2  HIV co-transfection and human IFNβ stimulation of huSlfn11 in HFF cells 

To assess the subcellular localization of huSlfn11, we plated HFF 

cells on poly-L-lysine coated coverslip at a density of 15000 cells/ 

2cm
3
well. They were transfected with 0.8μg/μl Slfn11-GFP plasmids then 

either stimulated with 2,000 U/ml huIFNβ or co-transfected with 0.4μg/μl 
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pNL4-3.Luc.R
+
E

-
 HIV-1 vector for the indicated times. For the HIV-1 

experiment, 0.4μg/μl of Slfn proteins was used. In the unstimulated cells, 

huSlfn11s were found exclusively in the cytoplasm. Treatment of these 

transfected HFF cells with IFNβ did not notably affect the localizations of 

the huSlfn11. However, co-transfecting these cells with HIV-1 vectors 

results in more cells appearing “evenly distributed” (Figure 3.2.1). 
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Table 3.2.1 summarizes the results of the experiment. 

 

 
DAPI GFP Overlay 

unstimulated 

   

1h huIFNβ 

   

6h huIFNβ 
   

   

Figure 3.2.1: Subcellular localization of huSlfn11 in HFF cells analyzed via fluorescence microscopy. 
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Figure 3.2.1 cont: Subcellular localization of huSlfn11 in HFF cells analyzed via fluorescence microscopy. 
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Table 3.2.1: Summary of the subcellular localization of huSlfn11 in HFF cells upon stimulation with 

huIFNβ and co-transfection with HIV-1 vector. 

  

Unstimulated 

Human Interferon β HIV Vector Co-transfection 

6h 24h 24h 48h 

Total  # of cells 8 12 16 13 7 

Nuclear 0 0 0 0 0 

Cytoplasmic 8 (100%) 7(58.3%) 16(100 %) 10 (76.9%) 4 (57.1%) 

Evenly Distributed 0 5 (41.7%) 0 3 (23.0%) 3 (42.9%) 

  

3.3 HIV co-transfection and human IFNβ stimulation of huSlfn5 in Hela cells  

To determine whether there is cell-type specific pattern of huSlfn5 

localization, we analyzed the Slfn proteins in the Hela cells. Unlike HFF, a 

primary cell line, Hela cells are derived from cervical cancer cell line. 

Hela cells were plated on poly-L-lysine coated coverslip at a density of 

15000 cells/ 2cm
3
well. They were transfected with 0.8μg/μl Slfn5-GFP 

plasmids then either stimulated with 2,000 U/ml huIFNβ or co-transfected 

with 0.4μg/μl pNL4-3.Luc.R
+
E

-
 HIV-1 vector for the indicated times. For 

the HIV-1 experiment, 0.4μg/μl of Slfn proteins was used. As shown in 

Figure 3.3.1, about 50% of unstimulated Hela cells are nuclear while 50% 

are evenly distributed throughout the cell. Similar to HFF cells, treatment 

with huIFNβ and co-transfection with HIV-1 vectors did not considerably 

affect the subcellular localization of huSlfn5 in Hela cells. Overall, 

huSlfn5 localizes mainly to the nucleus in Hela cells. Table 3.3.1 

summarizes the results of the experiment. 
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Figure 3.3.1: Subcellular localization of huSlfn5 in Hela cells analyzed via fluorescence microscopy. 
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Figure 3.3.1 cont.: Subcellular localization of huSlfn5 in Hela cells analyzed via fluorescence microscopy. 
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Table 3.3.1: Summary of the subcellular localization of huSlfn5 in Hela cells upon stimulation with 

huIFNβ and co-transfection with HIV-1 vector. 

  

Unstimulated 

Human Interferon β HIV Vector Co-transfection 

6h 24h 24h 48h 

Total  # of cells 22 19 11 40 7 

Nuclear 12 (54.5%) 12(63.2%) 5 (45.5%) 17 (42.5%) 3 (42.9%) 

Cytoplasmic 0 0 0 0 0 

Evenly Distributed 10 (45.4%) 7 (36.8%) 6 (54.5%) 23 (57.5%) 4 (57.1%) 

 

3.4 HIV co-transfection and human IFNβ stimulation of huSlfn11 in Hela cells 

Base on sequence homology analysis, huSlfn11 possesses a fairly 

weak nuclear import signal. In HFF cells, we saw some huSlfn11 localized 

to the nucleus but they were still some huSlfn11 seen in the cytoplasm. To 

determine if huSlfn11 localization in Hela cell is similar to their 

localization in HFF cells, we plated the Hela cells on poly-L-lysine coated 

coverslip at a density of 15000 cells/ 2cm
3
well. They were transfected 

with 0.8μg/μl Slfn11-GFP plasmids then either stimulated with 2,000 

U/ml huIFNβ or co-transfected with 0.4μg/μl pNL4-3.Luc.R
+
E

-
 HIV-1 

vector for the indicated times. For the HIV-1 experiment, 0.4μg/μl of Slfn 

proteins was used.  Strikingly, huSlfn11 proteins in Hela cells localized 

exclusively to the nucleus and none in the cytoplasm (Figure 3.4.1). We 

did not observe any cell with evenly distributed huSlfn11 either. This 

shows that subcellular localization of huSlfn11 is cell-type specific. Table 

3.4.1 summarizes the results of the experiment. 
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Figure 3.4.1: Subcellular localization of huSlfn11 in Hela cells analyzed via fluorescence microscopy. 
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Figure 3.4.1 cont.: Subcellular localization of huSlfn11 in Hela cells analyzed via fluorescence 

microscopy. 

 
Table 3.4.1: Summary of the subcellular localization of huSlfn11 in Hela cells upon 

stimulation with huIFNβ and co-transfection with HIV-1 vector. 

 
 

Unstimulated 

Human Interferon β HIV Vector Co-transfection 

6h 24h 24h 48h 

Total  # of cells 14 9 22 28 6 

Nuclear 14 (100%) 9 (100%) 22 (100%) 28 (100%) 6 (100%) 

Cytoplasmic 0 0 0 0 0 

Evenly Distributed 0 0 0 0 0 
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4. Discussion 

 

The Slfn family of proteins is not only involved in cell cycle regulation 

but was also found to have inhibitory activities against malignant melanoma cells 

as well
15

. For example, knockdown of huSlfn5 results in increased anchorage-

independent growth and invasion of malignant melanoma cells. In addition, IFNα-

induced muSlfn2 was found to negatively regulate metastasis and growth in 

malignant tumor cells
13

. However, the distinctive roles of Slfns in host immune 

response have yet been identified. Determining the localization of the Slfns may 

help elucidate their functions in the host defense mechanism. 

Our data indicate that huSlfn5 localize more to the nucleus in Hela cells. 

Majority of the cells observed showed huSlfn5 localized to the nucleus while 

some cells showed huSlfn5 as evenly distributed throughout the cells. In Human 

Foreskin Fibroblast (HFF) cells, huSlfn5 appeared to either localize exclusively to 

the cytoplasm or evenly distributed throughout the cell, with a minute amount 

localized to the nucleus. We did not observe significant changes in huSlfn5 

localization upon treatment of GFP-huSlfn5-transfected HFF cells with huIFNβ 

stimulation or pNL4-3.Luc.R
+
E

-
 HIV-1 vector co-transfection. However, we did 

observed more huSlfn5 in the nucleus upon HIV-1 co-transfection. Indeed, 

sequence homology analysis via motif scanning showed that huSlfn5 contains a 

NLS-like sequence that may facilitate its entry into the nucleus. The precise 

changes in localization seen from our experiments are inconclusive, however, due 
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to the inability of fluorescence microscopy to view cross sections of cells. Further 

investigation with confocal microscopy may help to define the Slfns localization.   

Dissimilar to the results observed with huSlfn5, we found that huSlfn11 

localize exclusively to the nucleus in Hela cells. Contrarily, in HFF cells, 

huSlfn11 was observed to localize primarily to the cytoplasm. Neither huIFNβ 

stimulation nor pNL4-3.Luc.R
+
E

-
 HIV-1 vector co-transfection has any prominent 

effect on the huSfln11 localization. The differences in the localization pattern of 

huSlfn11 in the HFF and Hela cells may be due to the diverse nature of the cell 

lines. HFFs are primary cells whereas Helas are derived from cervical cancer 

cells. Moreover, it is known that oncogenic human papillomavirus (HPV) is the 

most significant risk factor of cervical cancer. In brief, Hela cells are HPV 

positive.  

With that, there are two possible mechanisms that can account for the 

opposing subcellular localization of huSlfn11 in HFF and Hela cells. One can be 

that after HPV infection (of Hela cells), potential mutations in the host cell or 

persistently expressed viral proteins may lead to the inability of the cell to retain 

huSlfn11 in the cytoplasm. As a result, huSlfn11 passively enters the nucleus. The 

second possible mechanism can be that HPV associated factors in Hela cells 

actively recruit huSlfn11 to the nucleus.  

In addition, our previous data also shows that Hela cells do not 

endogenously express huSlfn11. QPCR analysis did not detect any huSlfn11 

mRNA in Hela cells while huSlfn5 mRNA was detected in comparable amount to 

other cell types. Hence, there must be a reason for why cells express certain Slfns 
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and not others. While little is known regarding the exact role of huSlfn11, data 

from our lab suggest that huSlfn11plays a role in the host’s defense mechanism. 

More specifically, we hypothesize that huSlfn11 exhibits some sort of inhibitory 

mechanisms that may interfere with viral activities. Further investigation is 

required to elucidate the precise role of Slfn proteins.  

In summary, our analysis revealed that the localization pattern of human 

Schlafens can differ depending on the type of cell lines, which is not surprising 

because the regulatory function of Slfns have been reported to be cell-type 

specific
12

. The differences in the localization patterns of huSlfn5 and huSlfn11 

further support the idea that different Slfn family members may have distinctive  

roles in the host defense mechanism.  
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