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Abstract 

Type I interferons are known regulators of HIV-1 replication. Here we 

studied the effects of Type I IFNs (IFN-α and IFN-β) on HIV-1 replication 

in monocyte-derived macrophages (MDM). IFN-α treatment of the MDM 

resulted in complete inhibition of virus replication. The absence of 

reverse transcription (RT) products in these cells indicated that HIV-1 

replication was blocked early in the replication cycle. IFN- treated MDM 

expressed normal levels of the HIV-1 (co)receptors CD4 and CCR5 and a 

similar restriction was observed for HIV-1 pseudotyped with VSV-G, 

excluding viral entry as the rate limiting step in IFN- treated MDM. The 

block on virus replication in IFN-α treated MDM coincided with increased 

Trim5α expression, which can interfere at an early step in the viral life 

cycle. This suggests that Trim5α might at least be partially involved in 

the restriction.  

IFN-β treatment of MDM also resulted in inhibition of virus replication. In 

these cells, the presence of completed RT products indicated that entry, 

uncoating and RT could proceed normally in IFN-β treated MDM. 

However, we observed a strong inhibition of HIV-1 LTR driven 

chloramphenicol acetyltransferase (CAT) activity, indicating that IFN-β 

treatment can strongly inhibit HIV-1 transcription. IFN-β treatment had 

no effect on Trim5 and Trim22 expression, which respectively interfere 

with RT and HIV-1 transcription. This implies involvement of other IFN-β 

responsive cellular factors in the observed inhibition of HIV-1 replication.  

Our data indicate that type I interferons are able to block HIV-1 

replication in MDM at different stages of the viral lifecycle. 

 

 

Introduction 

The innate immune system plays an important role in the first line of 

defense against viral infection and prevents spread of the virus through 

the body. The best studied innate antiviral defense mechanism is the 

interferon system 21. Interferons (IFNs) are a family of cytokines that 

are rapidly upregulated upon viral infection. IFNs can be subdivided in 

type I and type II IFNs, which both can induce an antiviral state in 

target cells but act through different cellular receptors. IFN-α and IFN-β 

belong to the IFN type I family and are secreted by many cell types, 
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whereas IFN-γ is a member of the IFN type II family and is produced by 

cells of the immune system. IFNs bind their cognate receptor resulting 

in signal transduction via the Jak/STAT pathway, which leads to 

transcriptional activation of IFN stimulated genes (ISG) and the 

induction of a number of genes encoding cellular effector proteins. 

Among these effecter proteins are protein Kinase RNA-dependent, 2’5’ 

oligoadenylate synthetase/RNAseL, and certain Mx proteins 28,30. More 

recently other cellular factors, involved in the intrinsic cellular defense 

against HIV-1 and other retroviruses, have been identified to be IFN 

responsive. These include the apolipoprotein B cytidine deaminase 3 

(Apobec3)G 31, CD317 23 and a number of tri-partite containing motif 

(Trim) proteins such as Trim5α 1,27 and Trim22 3,7,35. 

Apobec3G can be incorporated in the HIV-1 virion in the absence of 

sufficient concentrations of the HIV-1 encoded accessory protein Vif and 

restricts viral replication through deamination of cytosines in the minus 

strand DNA of the virus during reverse transcription 5,31. Additionally, 

Apobec3G can restrict HIV-1 infection at an early post-entry step in 

resting CD4+ cells by a yet unknown mechanism 10. CD317 blocks viral 

replication in the absence of sufficient amounts of the HIV-1 encoded 

accessory protein Vpu 23 at the step of budding of the virion from the 

infected cell. Newly produced virions are retained at the cell surface and 

are degraded after endocytosis. Trim proteins are able to interfere with 

HIV-1 replication at different levels of the HIV-1 replication cycle 24. 

Trim5α restricts HIV-1 at an early post-entry step 32 by interacting with 

the viral capsid protein 17,19,33 and attenuating infection mainly by 

disturbing the regulated process of viral uncoating 9,33, reverse 

transcription, and/or trafficking of the viral core to the nucleus 4,12,32. 

Human Trim5α, as compared to many simian Trim5α orthologues, only 

intermediately restricts HIV-1. However, the association between a 

genetic polymorphism in the Trim5 gene with a decreased antiviral 

activity 16 and an accelerated clinical course of HIV-1 infection suggests 

that Trim5α contributes to control of HIV-1 replication in humans in vivo 
37. Trim22 interferes with HIV-1 transcription most likely by suppression 

of the activity of the HIV-1 LTR 7,35 and inhibition of virus production 

through disruption of cellular trafficking of viral proteins 3. 

Besides CD4+ T cells, macrophages are critical target cells for HIV-1 and 

are among the first cells that become infected during primary infection 
8,29,36. In our present study, we analyzed the effects of Type I IFNs on 
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HIV-1 replication in human monocyte derived macrophages (MDM) and 

observed that both IFN-α and IFN-β treatment inhibited HIV-1 

replication in MDM. IFN-α treatment resulted in restriction of HIV-1 at an 

early phase of the replication cycle most likely before or at reverse 

transcription (RT), whereas IFN-β inhibited a phase in HIV-1 replication 

probably at the level of viral transcription. The block in HIV-1 replication 

in IFN-α treated MDM coincided with an increase in Trim5α expression, 

which might indicate that Trim5α is involved in the observed restriction. 

IFN-β treatment of MDM had no effect on transcription of known 

restriction factors and therefore a novel IFN- induced innate immune 

factor may be involved in this antiviral response in MDM.   

 

 

Materials and methods 

Virus  

Virus stocks were prepared by Calcium phosphate transfection of 293T 

cells as described previously 13 with pNL4-3 Ba-L for replication 

competent HIV-1. VSV-G pseudotyped single round luciferase reporter 

virus was obtained by transfection of pNL4-3-luc-R-E clone (obtained 

through the AIDS Research and Reference reagent program, from Dr 

Nathaniel Landau) 11,15. Before storage, the virus stocks were filtered 

through a 0.22 μm filter. The infectious titers of the virusstocks were 

quantified by determining the 50% tissue culture infectious dose 

(TCID50) on PHA stimulated stimulated peripheral blood mononuclear 

cells (PBMC) obtained from healthy donors. Replication of NL4-3 Ba-L 

was analyzed using an in-house p24 capture ELISA 34. Infection of the 

single round reporter virus was determined by luciferase activity. 

Luciferase activity was quantified by addition of 25μl of freshly prepared 

luciferase substrate (0.83mM ATP, 0.83mM D-luciferine (Duchefa 

Biochemie B.V., Haarlem, The Netherlands), 18.7mM MgCl2, 0.78μM 

Na2H2P2O7, 38.9mM tris (pH7.8), 0.39% (vol/vol) GLYCEROL, 0.03% 

(VOL/VOL) Triton X-100, and 2.6μM dithiotreitol) to the cell culture. 

Luminescence was measured for 1 sec per well in a luminometer (Centro 

LB 960, Berthold Technologies).  
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MDM isolation, culture and infection 

Monocytes were isolated from peripheral blood mononuclear cells 

(PBMC) from healthy blood donors by plastic adherence. In brief, PBMC 

were isolated by Ficoll density gradient centrifugation and were 

resuspended in endotoxin free Iscove’s modified Dulbecco’s medium 

(IMDM) supplemented with 10% human serum, penicillin (100U/ml) 

(Invitrogen) and streptomycin (100μg/ml) (Invitrogen) at a density of 

5×106 cells per ml. PBMC were incubated in a culture flask for 2 hours at 

37˚C in a humidified atmosphere supplemented with 5% CO2 to allow 

monocytes to adhere to the culture flask. Unbound cells were removed 

by 3 sequential washing steps with PBS. Monocytes were detached from 

the culture flask using a cell scraper after 5 minute incubation with 

10mM EDTA in PBS. To obtain MDM, the cells were cultured in 24-wells 

tissue culture plates at a density of 1×106 cells per ml for 5 days in 

endotoxin free IMDM supplemented with 10% human serum 

(Invitrogen), penicillin (100U/ml) (Invitrogen) and streptomycin 

(100μg/ml) (Invitrogen) at 37˚C in a humidified atmosphere 

supplemented with 5% CO2.  

Type I Interferons (IFN-α A/D and IFN-β both obtained from Sigma-

Aldrich) were added to the MDM cultures at the indicated concentrations 

at day 2 post isolation. At day 5 post isolation, MDM were harvested for 

total RNA isolation or inoculated with NL4-3 Ba-L at a multiplicity of 

infection (m.o.i.) of 0.01. Twenty-four hours after inoculation, 

unabsorbed virus was removed. Culture supernatant samples were 

taken every 2–3 days post inoculation and were analyzed for virus 

production by an in-house p24 antigen capture ELISA 34. For the 

analysis of the process of reverse transcription by PCR, the virus stocks 

were treated with 20 Units DNase (Promega) for 45 min and filtered 

through a 0.22-µm-pore-size filter before inoculation, to distinguish for 

newly synthesized proviral DNA. DNA samples were harvested 24 hours 

after inoculation. 

When VSV-G psuedotyped single round luciferase reporter viruses were 

used, MDM were harvested at day 3 after inoculation and luciferase 

activity was analyzed as described above. 
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RNA and DNA isolation and PCR analysis  

Total RNA was isolated using TRIzol reagent according to the 

manufacturer (Invitrogen). cDNA was synthesized using the 

Superscript™ First-strand synthesis system for RT-PCR (Invitrogen) 

using oligo(dT)20. The cDNA was then subjected to LightCycler (Roche) 

qPCR using SYBR Green I nucleic acid gel stain (Invitrogen) to analyze 

CCR5, Trim5α, Trim22 and β-actin expression levels. The reaction mix 

contained 20 mM Tris-HCl (ph8.4), 50 mM KCl, 3mM MgCl2, 200μM 

dNTPs, 250μg/ml BSA, 500nM primer, SYBR Green diluted 40.000× in 

H2O and 0.6 Units platinum Taq DNA polymerase (Invitrogen).  Trim5α 

primers: Fw: 5’cca gga tag ttc cca tac3’, Rv: 5’aga gct tgg tga gca cag 

agt 3’. Primers used for Trim22: Fw: 5’ gga tgc cag cac gct cat ctc ag 3’ 

and Rv 5’ ttc agc atc acg tcc acc cag tag t 3’. Primers used for CCR5: 

CCR5-S: 5’-gat agg tac ctg gct gtc gtc cat-3’ and CCR5-AS: 5’-acc agc 

ccc aag atg act atc t-3’. To correct for differences in cDNA input, levels 

of β-actin were measured. The primers for β-actin used were: β-actin-S 

5’-ggg tca gaa gga ttc cta tg-3’ and β-actin-AS 5’-ggt ctc aaa cat gat ctg 

gg-3’. Specificity of the PCR products measured using the SYBR green 

method was confirmed by a melting curve. Real-time PCR was 

performed running the following program on the LightCycler (Roche): 

(1) preincubation and denaturation: 50°C for 2 min, 95°C for 2 min; (2) 

amplification and quantification: 45 cycles of 95°C for 5 sec, 55°C for 15 

sec, 72°C for 15 sec; (3) melting curve: 95°C for 0 sec, 65°C for 15 

min, 95°C for 0 sec with a temperature transition rate of 0.1°C/sec. A 

standard curve for quantification of Trim5α and Trim22 mRNA was 

prepared from serial dilution of plasmid DNA containing the cDNA of 

Trim5α and Trim22. CCR5 and β-actin standards were prepared by serial 

dilutions of 8E5 cells 14.  

To determine the reverse transcription efficiency, viral DNA was isolated 

from MDM 24 hr after inoculation using the L6 method as described 6. 

The DNA was subjected to PCR using primer pairs amplifying early R/U5 

and intermediate/late pol reverse transcription products in HIV-1 

reverse transcription using 50mM MgCl2 and 25 Units of GO-taq 

(Promega). For amplification of the R/U5 region, the primers pair eRT2F 

5’-gtg ccc gtc tgt tgt gtg ac-3’ and eRT2R 5’-ggc gcc act gct aga gat tt-3’ 

was used 22. The following PCR program was used: (1) preincubation 

and denaturation: 94°C for 5 min; (2) amplification and quantification: 

28 cycles of 94°C for 15 sec, 60°C for 30 sec, 72°C for 45 sec, followed 
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by an incubation at 72°C for 5 min. The pol region was amplified using 

primer pair pol-D Fw 5’ gct aca tga act gct acc agg 3’ and pol-F Rv 5’tta 

gtc agt gct gga atc agg 3’. The following PCR program was used: (1) 

preincubation and denaturation: 94°C for 5 min; (2) amplification and 

quantification: 28 cycles of 94°C for 15 sec, 50°C for 30 sec, 72°C for 

45 sec, followed by an incubation at 72°C for 5 min.  

To correct for differences in DNA input, β-actin levels were measured 

using the primer pair described above. The following PCR amplification 

program was used: (1) preincubation and denaturation: 94°C for 5 min; 

(2) amplification and quantification: 28 cycles of 94°C for 5 sec, 55°C 

for 30 sec, 72°C for 45 sec, followed by an incubation at 72°C for 5 min.  

PCR products were visualized using a 1% agarose gels containing SyBr-

Safe according to the manufacturers recommendation (Invitrogen). 

HIV-1 DNA standards were prepared by serial dilutions of 8E5 cells, 

which carry a single proviral DNA copy per cell 14.  

 

Transfection and CAT assay 

293T cells were seeded at a density of 50×103 cells/ml in a 24wells 

plate. The next day the cells were transfected by Calcium phosphate 

method with DNA constructs that contains the long terminal repeat 

(LTR) of HIV-IIIB linked to a chloramphenicol acetyltransferase (LTR-

CAT) construct were cotransfected with the simian virus 40-tat (SV-TAT) 

plasmid construct in which the tat gene is under control of the simian 

SV40 promotor, to increase the level of LTR driven CAT expression. For 

the analysis of specific promoter activity, a DNA construct in which CAT 

expression is regulated by NF-κB binding sites linked to the thymidine 

kinase promoter was used. After 24 hours later, the medium was 

replaced and fresh IFNs were added. Forty-eight hours after 

transfection, the cells were harvested and CAT expression was 

measured by ELISA as described by the manufacturer (Roche). 

 

FACS analysis 

Monocytes were cultured and allowed to differentiate into MDM. At 

day.5, type I IFNs (500U/ml) were added to the cultures. The next day, 

the cells were washed with PBS and detached by incubation in 10mM 

EDTA in PBS for 5min at 37°C. Cells were washed and resuspended in 
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FACS buffer (5% FCS in PBS supplemented with 10% TNC). For the 

FACS staining, 2×105 MDM were incubated with antibodies against CD4 

(PerCP conjugated), CCR5 (FITC conjugated) in FACS buffer for 20min 

on ice. The cells were washed with FACS buffer and fixed with 2% 

paraformaldehyde for 10min. Fluorescence was analyzed on a FACS-

Canto II (Becton Dickinson). 

 

Statistical analysis  

Statistical analyses and figures were generated in Graphpad prism. 

CCR5, Trim5α and Trim22 mRNA levels were compared using the 

Students T-test. 

Results 

 

Type I IFNs inhibit HIV-1 replication in MDM 

The effect of Type I IFNs on replication of HIV-1 NL4-3 Ba-L in MDM was 

analyzed. MDM from 3 different donors were treated with 500 U/ml IFN-

α or IFN-β 72 hours before inoculation with HIV-1 NL4-3 Ba-L (m.o.i. 

0.01). Twenty-four hours after inoculation the cells were washed to 

remove unabsorbed virus and virus replication in the culture 

supernatant was analyzed every 2–3 days in a p24 antigen capture 

ELISA. IFN-α treatment of MDM resulted in complete inhibition of virus 

replication and p24 levels in the culture supernatant were below the 

detection limit of the ELISA of 25ng p24 per ml. IFN-β treatment of MDM 

also reduced virus replication albeit to a lesser extent (fig 1). Similar 

replication kinetics of NL4-3 Ba-L in MDM were observed when IFN 

treatment was performed 24 hours before inoculation (data not shown). 

 

To exclude that IFN treatment of MDM down regulated expression of the 

receptor and co- receptor for HIV-1 entry in MDM, CD4 and CCR5 

expression levels were analyzed. FACS analysis revealed no difference in 

surface expression of CD4 and CCR5 on IFN treated MDM (data not 

shown). Quantitative real time PCR demonstrated a modest increase in 

CCR5 mRNA levels when MDM were treated with IFN-α or IFN-β (fig 2) 

but the differences were not significant. This indicated that IFN 

treatment did not negatively affect CD4 and CCR5 expression on the cell 
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surface of MDM and that the entry receptors were expressed and 

available for entry. 

 

FIG 1: Replication of HIV-1 

NL4-3 Ba-L in MDM treated 

with IFN-α or IFN-β. MDM from 

3 healthy donors were treated 

with 500 Units/ml IFN-α or IFN-

β for for 72 hours before 

inoculation with HIV-1 NL4-3 

Ba-L at an m.o.i. of 0.01. Virus 

replication was monitored by 

measuring p24 production in 

the culture supernatants. 

Symbols represent: IFN-α 

treatment (■) IFN-β treatment 

(▲) and medium (♦). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG 2: Effect of IFN-α or IFN-β treatment on CCR5 mRNA expression levels in 

MDM MDM from 6 healthy donors were cultured in the presence or absence of 

500U/ml of IFN-α or IFN-β. Total RNA was isolated and subjected to quantitative 

RT-PCR. To correct for differences in cDNA input, CCR5 expression levels were 

corrected for β-actin input.  
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Type I IFNs interfere with early events of the HIV-1 lifecycle in MDM 

To further analyze at which step in the viral replication cycle IFN-α and 

IFN-β treatment were interfering with HIV-1 replication in MDM, we 

infected IFN-α and IFN-β treated MDM from 2 healthy donors with a 

single round HIV-1 luciferase reporter virus (NL4-3-luc-R-E-) that was 

pseudotyped with the envelope glycoprotein of Vesicular Stomatitis Virus 

(VSV-G). MDM were treated with IFN-α or IFN-β (1-31.3U/ml) for 24 

hours, a dose dependent inhibition of luciferase activity was observed, 

with maximum inhibition to levels below the limit of detection at IFN 

concentrations of 500 U/ml. This indicated that both IFN-α and IFN-β 

interfered with HIV-1 replication at a post-entry step of the replication 

cycle (fig 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG 3: Inhibition of VSV-G pseudotyped HIV-1 reporter virus in MDM by IFN-α and 

IFN-β. MDM were treated with serial dilutions of IFN-α or IFN-β and inoculated with 

VSV-G pseudotyped lentiviral vectors encoding the luciferase gene. Two days after 

inoculation, relative light units (RLU) were measured using a luminometer. Symbols 

represent: IFN-α treatment (■) and IFN-β treatment (▲).   

 

Next we analyzed whether HIV-1 replication in IFN treated MDM was 

inhibited at the level of reverse transcription (RT). MDM from 3 healthy 

donors were treated with IFN-α (500U/ml) or IFN-β (500U/ml) 72 hours 

before inoculation with a DNase treated inoculum of NL4-3 Ba-L 
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(moi=0.01). One day after inoculation, DNA was extracted and analyzed 

for the presence of proviral DNA. We amplified a fragment in the R/U5 

region in the LTR and in the pol region representing early and 

intermediate/late products of the RT process, respectively. In IFN-α 

treated MDM the amount of both early and late RT products was 

severely reduced as compared to the untreated control MDM (fig 4). This 

indicated that inhibition of HIV-1 replication induced by IFN-α occurred 

most likely prior to or during RT. IFN-β treatment of MDM had no or 

little effect on the generation of RT products in two out of three donors 

(fig 4), indicating that RT proceeded normally in IFN-β treated MDM and 

that the block in HIV-1 replication was at a post–RT step. In MDM 

obtained from donor 2, decreased levels of pol PCR products were 

observed. However, virus replication in MDM cultures of this donor could 

be detected one week after inoculation (fig 1), which indicates that IFN-

β treatment might have delayed the process of RT but had not blocked 

RT irreversibly. 

 

 

 

 

 

 

 

 

 

 

FIG 4: PCR analysis for the presence of proviral DNA in IFN-α or IFN-β treated 

MDM. MDM from 3 healthy donors were treated with 500 Units/ml IFN-α or IFN-β 

and subsequently inoculated with HIV-1 NL4-3 Ba-L at an m.o.i. of 0.01. DNA was 

isolated at 1 day after inoculation and PCR analysis for the detection of proviral 

DNA was performed. R/U5 PCR products represent early products of RT and Pol 

PCR products represent intermediate/late products of the RT process. To correct 

for differences in DNA input an additional PCR detecting β-actin was performed.  

 

The effect of Type I IFN on HIV-1 transcription  

To analyze whether type 1 IFN could interfere with HIV-1 replication at a 

transcriptional level, we used a reporter constructs in which the 

chloramphenicol acetyl transferase (CAT) gene is under control of an 

HIV-1 LTR or an NF-κB responsive promotor. 293T cells were 
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transfected with the HIV-1 LTR and the NF-κB controlled CAT reporter 

constructs. The next day, the medium was refreshed and the cells were 

treated with IFN-α (500U/ml) or IFN-β (500U/ml) for one day. At day 2 

after transfection, cell lysates were harvested and analyzed for CAT 

activity by ELISA. In both IFN-α and IFN-β treated cells that were 

transfected with the LTR CAT construct, a strong reduction in CAT 

activity was observed while NF-κB driven CAT activity was not affected 

by IFNs (fig 5). Notably, a modest increase in CAT activity was observed 

when the 293T cells that were transfected with the NF-B controlled CAT 

reporter construct were incubated with IFN-α. 

 

 

 

 

 

 

 

 

 

 

 

 

FIG 5: Analysis of the effects of IFN-α and IFN-β on HIV-1 LTR or NF-kB 

transcriptional activity. 293T cells were transiently transfected with HIV-1 LTR or 

NF-κB reporter construct expressing CAT. After 24 hours, the cells were treated 

with IFN-α and IFN-β (500U/ml) and subsequently transcriptional activation of the 

HIV-1 LTR and NF-kB sites was analyzed by an ELISA detecting CAT.  

 

Regulation of Trim5α and Trim22 expression in MDM by Type I IFN 

Expression of a number of cellular proteins that are known to interfere 

with HIV-1 replication, are regulated by type I IFNs. Among these 

cellular proteins are Trim5α and Trim22, which respectively block HIV-1 

replication prior to RT 32 and at a transcriptional level 7,35. To analyze 

whether Trim5α was involved in the block in HIV-1 infection prior to RT 

observed in IFN-α treated MDM Trim5α mRNA expression levels were 

analyzed in IFN treated MDM. MDM obtained from 6 healthy donors were 

treated with IFN-α (500U/ml) or IFN-β (500U/ml). Three days after IFN 

treatment, total RNA was extracted and the amount of Trim5α mRNA 

was assessed by quantitative RT-PCR. A significant increase in Trim5α 
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mRNA levels was observed when MDM were treated with IFN-α 

(p=0.0013), whereas IFN-β treatment did not have an effect on the 

Trim5α expression in MDM (fig 6a). 

Next we investigated whether Trim22 mRNA levels were altered in IFN 

treated MDM. IFN-α treatment resulted in a significant increase of 

Trim22 mRNA levels in MDM (p=0.0067) whereas IFN-β treatment had 

no effect on Trim22 expression levels (fig 6b). 

 

FIG 6: Effect of IFN-α and IFN-β treatment on Trim5α and Trim22 expression levels 

in MDM. MDM from 6 healthy donors were cultured in the presence or absence of 

500U/ml IFN-α or IFN-β. Total RNA was isolated and subjected to real-time RT-

PCR to determine Trim5α (a) and Trim22 (b) mRNA expression levels. To correct 

for differences in cDNA input, Trim5α and Trim22 expression levels were corrected 

for β-actin input. 

 

 

 Discussion 

The results obtained in this study demonstrate that IFN-α and IFN-β 

block HIV-1 replication in primary MDM confirming previous studies 2,18. 

The restriction observed in IFN treated MDM was not due to changes in 

entry receptor expression since CCR5 and CD4 expression on the cellular 

membrane was not affected by treatment with either IFN-α and IFN-β. 

Additionally, when receptor mediated entry was circumvented by the 

use of a VSV-G pseudotyped single round reporter virus, a strong 

inhibition of infection was observed in MDM treated with IFN-α and IFN-
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β, confirming a block to infection at a post-entry level. In agreement 

with previous studies 2,18, we observed that HIV-1 infection in IFN-α 

treated MDM was blocked at or before the reverse transcription step. 

IFN-β treatment of MDM resulted in a donor specific efficiency on the 

process of RT, however, detection of p24 production in all cultures 

confirmed that RT could proceed upon IFN-β treatment. Therefore it is 

likely that IFN-β inhibits HIV-1 replication in MDM at a late step in the 

replication cycle, probably at the level of viral transcription. Indeed, IFN-

β treatment inhibited the transcriptional activity of the HIV-1 LTR in 

293T cells. 

Recently it was demonstrated that expression of restriction factors like 

Apobec3G and Trim proteins can be regulated by IFNs in different cells 

types 1,25-27. Trim proteins are known to interfere with HIV-1 replication 

at different steps of the viral lifecycle 24. Trim5α blocks HIV-1 replication 

at an early post-entry step 32, and Trim22 interferes with LTR driven 

viral transcription and cellular trafficking or viral proteins 3,7,35. In IFN-α 

treated MDM, the block at an early post-entry level coincided with 

increased Trim5α levels. Since human Trim5α only intermediately 

restricts HIV-1 32, it is highly unlikely that Trim5α alone is responsible 

for the strong antiviral activity observed upon IFN-α treatment. 

Unfortunately, we were unable to knock down Trim5α in primary MDM 

and therefore could not quantify the contribution of Trim5α in the IFN-α 

induced restriction in MDM.  

Previous studies have indicated that the block in HIV-1 replication in 

IFN-α treated MDM was mediated by Trim22 7. Trim22 was 

demonstrated to bind the LTR promoter region of HIV-1 and to regulate 

viral transcription 35. In agreement, we here observed an increase in 

Trim22 expression when MDM were treated with IFN-α. IFN-β treatment 

of MDM had no effect on Trim22 expression levels, albeit that also in 

IFN- treated MDM LTR mediated transcriptional activity was strongly 

reduced. This indicates that additional factors regulated by IFN-β might 

be involved in the observed reduction in transcriptional activity of the 

HIV-1 LTR. 

Here we observed that Trim5α and Trim22 expression levels were 

regulated by IFN-α, but not IFN-β. This observation combined with 

previous observations that both IFN-α and IFN-β were able to regulate 

Trim5α and Trim22 mRNA expression in different cell lines and primary 

cells 1,3,7,20,27, indicates that Trim5α expression can be regulated both by 
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IFN-α and IFN-β, but that the regulation of Trim5 by IFN- is cell type 

specific. Type I IFNs have been demonstrated to regulate expression of 

many Trim proteins 26 of which Trim5, Trim6, Trim21, Trim22 and 

Trim34 have been reported to posses antiviral activity 20,38. However, 

only Trim5α and Trim22 have been demonstrated to restrict HIV-1 20. 

In conclusion, we have here demonstrated that type I IFNs can block 

both early and late steps in the HIV-1 replication cycle in primary MDM. 

As we observed an IFN-α mediated increase in the expression of Trim5α 

and Trim22 in MDM, it is tempting to speculate that these factors 

contribute to the observed restriction in HIV-1 replication. However, the 

exact mechanism involved in the type I IFN induced restriction of HIV-1 

replication remains to be elucidated. Identification of cellular factors 

involved in IFN induced cellular resistance to HIV-1 will increase our 

knowledge on virus-host interactions and might provide new potential 

targets for antiviral therapy.  
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