
The activities of mammalian cells are both numerous and expansive.  First and foremost, they face the difficult and continuous challenge of performing the mundane yet remarkable cellular functions like replicating DNA and translating proteins.  Yet their most intriguing role involves defending themselves from foreign agents intruding the body, namely viruses.  All of the intricacies of the vast array of viruses force the cells, and most specifically, those of the immune system, to continuously evolve mechanisms to disarm viruses and strip them of their abilities to spread throughout the body and damage a large quantity of host cells.  However, viruses remain steadfast in the competition between themselves and their resistant hosts often evolving their own mechanisms to counteract host defenses.  While in many cases such as influenza, the host prevails by eventually overcoming the infection.  Other viruses like HIV seem to have the upper hand.  Human cells have attempted to create an environment in which HIV will be less effective and even eradicated.  However, HIV has its own proteins working to make sure these human attempts are futile. 

The Influenza Virus

The Influenza A virus (the type addressed in this paper) affects populations around the globe hospitalizing 114,000 people and taking the lives of approximately 20,000 people each year (Geiss et al., 2002). The years during which more virulent strains abound claim even more lives, the most notable examples being the 1918 influenza pandemic and the more recent 1997 Hong Kong epidemic.  The pathogenicity of the virus each year depends on which particular strain causes the outbreak that year.  The difference in the influenza strains results from slight variations in the nucleic acid sequence of the virus.  Influenza is a negative-strand RNA virus that’s genome consists of 8 mRNA segments that are translated into 10 proteins (Wang et al., 2000).  The many combinations of two variable influenza proteins, hemagglutinin(HA) and neuraminidase(NA), give rise to the different strains of the virus .  HA is anchored in the membrane of the virus and contains the sialic acid receptor sites which allows the viral particle to bind to the cell’s sialic acid glycoproteins resulting in the virus’ entrance into the cell through endocytosis.  The function of the NA protein is to cleave off the sialic acid receptors from the host cell thereby preventing newly produced viral particles from being recaptured by the cell during the budding process.  Thus, the virions are able to enter and infect many other cells (Sompayrac, 19-25).  These two proteins are the basis for influenza vaccines administered each year.  A worldwide monitoring system of outbreaks is in place to decide on which combination of different HA’s and NA’s should be used for inoculations.  However, scientific evidence suggests that neither of these two viral proteins are the proximate cause of the increased virulence of influenza in particular years.

The NS1 protein’s role in inhibiting the interferon response

The influenza virus nonstructural protein-1 (NS1), so named since it is produced in influenza-infected cells yet it is not packaged in newly created virions (Krug et al., 2003), is the major participant in evading the human immune response that results from the viral attack.  The NS1 protein has been shown to be involved in a mechanism through which it blocks the mammalian interferon (IFN) response that results from the presence of double stranded RNA in human cells.  In a normal cell, a protein kinase called PKR is activated when it binds to dsRNA.  Once activated, it phosphorylates eIF2, a translation initiation factor.  Once this protein is phosphorylated, it can no longer initiate protein synthesis (Sompayrac, 23).  This host mechanism is in place so that viruses cannot continue to use the cellular machinery to replicate and therefore will be unable to spread.  However, in cells infected with influenza, the NS1 protein is thought to bind to the dsRNA therefore preventing PKR from binding to it.  The effects of NS1 binding to the dsRNA also inhibits the downstream NF-(B pathway, the activation of IFN-regulatory factor (IRF) 3, IRF7, and consequently, the entire interferon response (Wang et al., 2000).

Preliminary experiments comparing a wild-type influenza strain to one containing a deletion in the wild-type NS1 gene, delNS1, utilized mice cell lines to show that it is indeed the NS1 protein that specifically interferes with the cellular IFN response (Garcia-Sastre et al., 1998) by blocking the functions of NF-(B, IRF3, and IRF7 (Geiss et al., 2002).  First it was shown that the delNS1 virus is only able to proliferate when host cells lack properly functioning alpha/beta IFN.  Accordingly, the NS1 protein functions to disable the IFN response that results from a viral infection (Garcia-Sastre et al., 1998).  More recently the implications of these results were expanded and explained by the NS1 protein’s inhibition of the activation of NF-(B, a family of transcription factors, which functions to overcome the viral infection by activating IFN-(/(.   The production of interferon signals to the immune system that it must send its T cells to destroy the invading pathogens.  In uninfected cells, NF-(B is bound to I(B, an inhibitor, but is induced by the active I(B kinase (IKK) complex.  Once the IKK phosphorylates I(B, the inhibitor undergoes ubiquitin- mediated degradation thus allowing NF- (B to activate an interferon response.  Although it is not completely clear how NS1 works to inhibit the activation of NF- (B, it has been shown that the dsRNA binding domain of the NS1 protein must be in tact in order for the inhibition to occur (Wang et al., 2000).  Therefore, one can assume that the binding of NS1 to dsRNA somehow blocks the activation of NF- (B which in turn can no longer stimulate an IFN response.

The activation of IFN-(/( also serves as a starting point for other mechanisms by which the cell tries to overcome the virus.  For instance, it is believed that a single protein, MxA, which is induced by the interferon response, is required for the immune system’s eradication of the virus.  Evidence suggests that MxA has a role in regulating selective resistance to the influenza virus through a mechanism that is not completely clear (reviewed in Krug et al., 2003).  Therefore, cells effectively producing this protein manage to resist the viral spread and therefore defeat the infection.  Since NS1 manages to prevent the activation of IFN-(/(, this MxA protein is also not induced and therefore cannot do its part in resisting the viral infection.

Interferon-independent roles of NS1

 
Prior to inhibiting the IFN immune response, the viral NS1 protein performs several other inhibitory tasks on preliminary interferon-independent cellular responses thus enabling the virus to initially continue to replicate and spread.  For instance, studies suggest that NS1 is involved in blocking posttranscriptional processing of anti-viral pre-mRNAs.   NS1 prevents this processing by binding to and inhibiting the cleavage and polyadenylation specificity factor (CPSF) and also the poly(A)-binding protein II(PABII).  Both of these proteins are necessary for the 3’-end addition of poly(A) tails to pre-mRNAs.  Without this addition, the mRNA cannot be exported out of the nucleus and into the cytoplasm where it would normally be translated into a protein.  This process is shown in Figure 1 below (Krug et al., 2003).  Since NS1 is bound to the CPSF, this protein is unable to bind to the antiviral pre-mRNA.  Therefore no poly(A) tail is added, and since this multi-adenine addition signals for the mRNA to be exported into the cytoplasm,  the pre-mRNA remains in the nucleus cannot be translated into a protein.  Fortunately for influenza, the virus’s own replication is not affected by the inhibition of this processes since three of its RNA genomic sequences, encode the proteins PB1, PB2, and PA which form a complex thus creating infleunza’s own polymerase.  It therefore does not have to rely on dysfunctional cellular machinery (Krug et al., 2003).  

Figure 1.

Evidence exists that it is indeed the NS1 protein that is involved in this inhibitory pathway.  A recombinant influenza strain called A/Udorn/72 contains mutations in the region of the NS1 amino acid sequence to which CPSF binds.  The variation in the sequence prevents NS1 from binding to CPSF (Noah et al., 2002).  Therefore, the virus’s ability to replicate is greatly weakened since the posttranscriptional processing of antiviral proteins produced by the host that require CPSF is no longer inhibited. 

Despite Influenza’s attempts to completely overcome the barriers provided by the immune system, humans continue to have the upper hand when it comes to actually being victorious in ridding the host of the virus.  There are many sources of scientific evidence that show that these mechanisms are in place.  Yet, they are not always completely effective.  As a result, humans usually triumph over the virus and manage to rid themselves of the virus before it has a chance to cause severe damage.

The Human Immunodeficiency Virus

Forty-two million people worldwide were living with the Human Immunodeficiency Virus (HIV) or the Acquired Immune Deficiency Syndrome (AIDS) at the end of the year 2002.  In that year alone, an estimated 3.1 million lives were lost to the disease (http://www.niaid.nih.gov/factsheets/aidsstat.htm).  These daunting numbers are indicative of a virus that has evolved survival methods beyond the scope of our own.  Recent scientific research has elucidated one such way in which an antiviral mechanism present in human cells is being fatally overcome by HIV.

The APOBEC3G and Vif proteins

The HIV genome encodes a protein that very successfully subverts the cells’ attempts to deprive the virus of its existence.   It has been known for over a decade that HIV strains lacking the viral infectivity factor (Vif) could only thrive in certain cells.  These cells with accommodating environments came to be called permissive cells.  The virus was unable to spread however when it encountered the hostile environments of nonpermissive cells.  Until the year 2002, the factor that created this different cellular environment was unidentified.  At that time, Sheehy et al. reported that the difference results from the presence of the properly functioning human protein, APOBEC3G (also known as CEM15).  It is this protein that renders cells nonpermissive.  Cells lacking APOBEC3G altogether or lacking functional APOBEC3G mRNA as a result of HIV’s Vif protein, are more susceptible to infection and are therefore termed permissive cells (Sheehy et al., 2002).


The cellular protein, APOBEC3G, is most likely a product of evolutionary necessity.  This protein functions to mutate retroviruses to such an extent that an “error catastrophe” (KewalRamani and Coffin, 2003) occurs that therefore causes the retroviruses to lose their functionality.  APOBEC3G belongs to a nucleic acid editing enzyme family and is closely related to the APOBEC1 protein, which edits mRNA and functions as a cytidine deaminase (Sheehy et al., 2002).  As such, the antiviral protein deaminates DNA or mRNA cytidines thus transforming them into uridine residues (KewalRamani and Coffin, 2003).  The APOBEC3G protein is included in the composition of newly created virions and therefore travels to the new cells that HIV chooses to infect.  If it travels to a permissive cell, it transforms the cell into a nonpermissive one.  In the case of HIV infection, APOBEC3G targets the first cDNA strand during reverse transcription, which in turn creates mutated viral genomic RNA (Stopak et al, 2003).  Once the virus is mutated to a point where it loses its effectiveness, it can no longer replicate, spread, or exist.  Through a recently discovered pathway, the Vif protein greatly decreases the levels of APOBEC3G in infected cells.  Therefore, the host cells’ major immune defense system is futile in its efforts.  


Within the past few months, it was discovered that the HIV Vif protein suppresses the levels of cellular APOBEC3G through a ubiquitin mediated degradation pathway.  The mechanism of the actions of Vif were revealed when an HIV strain was created that contained an HA tag on the Vif gene.  Using anti-HA antibodies, Vif proteins with the HA tag were immunoprecipitated.  Four proteins also co-precipitated along with the tagged Vif protein.  These proteins were identified as Cullin-5(Cul5), Rbx1, Elongin B, and Elongin C.  Figure 2 shows this co-immunoprecipitation of Cul-5, Elongin B, and Elongin C.  The Rbx1 protein is not shown in Figure 2 but it was recovered later through immunoblotting with anti-Rbx1 as shown in Figure 3 (Yu et al., 2003). 
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Figure 2. Co-immunoprecipitation of cellular proteins with Vif-HA.  The cell lysates were immunoprecipitated with anti-HA antibody, followed by SDS-PAGE and silver staining.  The identification of Cul5, Elongin B, and Elongin C was achieved by mass spectroscopic analysis.  Figure 3.  Immunoblot of precipitated samples that were separated by SDS-PAGE, transferred to nitrocellulose membranes and reacted with antibodies against each of these proteins (Images and captions taken from Yu et al., 2003).

 
The results from this experiment and subsequent confirmation experiments suggest that Vif and these proteins form a complex that resembles members of a family of ubiquitin-protein ligases.  Together, this group of proteins is responsible for the degradation of APOBEC3G (Yu et al., 2003). These findings are supported by other research that previously suggested that Vif is to blame for the failure of APOBEC3G to be incorporated into virions (Sheehy et al., 2002; Stopak et al., 2003) and also that Vif reduces the half-life of the APOBEC3G protein (Stopak et al., 2003). Additionally, it is important to note that an HIV strain was created that contained a mutated Vif gene that could not interact with the complex proteins.  It did retain the ability to interact with APOBEC3G however.  Therefore, it is reasonable to speculate that Vif possibly acts as a link between the degradation complex and APOBEC3G (Yu et al., 2003).  

The role of Vif and its interactions with host cell components have long been a mystery.  Due to a recent discovery- spurt in gaining knowledge about these proteins a wealth of information is now available that can hopefully lead to research on beneficial therapeutic treatments to overcome this deadly virus.

Comparing Influenza with HIV


Influenza and HIV provide just two of many examples of viral evasion of host immune responses.  Interestingly, one of these viruses is relatively old and one of them is relatively new.  Accordingly, one has evolved several different mechanisms to try to overcome the host immune responses but is rather unsuccessful in doing so while the other utilizes one major mechanism to overcome the immune response that is almost completely effective.  

The influenza NS1 protein functions mainly as an inhibitor in order to overcome the cell’s shutdown of protein synthesis and to block the interferon response.  The responsibilities of just this single viral protein are numerous.  Despite the assortment of angles that NS1 attacks from, it still does not usually have enough power to overcome the human immune response.  Humans are usually only sick for a few days to weeks, and most influenza cases are not fatal.  HIV on the other hand encodes one protein, Vif, which seems to have only one role in evading the immune system.  The involvement of Vif in the degradation of APOBEC3G seems to be powerful enough to completely resist any attempts by the host to rid itself of the viral infection.  Therefore, HIV is a chronic infection that typically lasts until it eventually is involved with its hosts’ death.

As is evident by comparisons between influenza and HIV, Darwin’s “survival of the fittest” theory can be applied to viruses.  HIV out-“lives” influenza because it has evolved more fit mechanisms to do so.  The duration since when the two of these viruses really manifested is interesting to consider when comparing their lethality.  The older virus, influenza, seems to have had time to evolve several mechanisms that it uses to try to combat the immune responses.  The newer virus, HIV, seems to have skipped some steps and has only incorporated one very powerful mechanism into its functionality in order to evade its hosts’ immune response.  Yet, since both of these viruses have RNA genomes, they are likely to continue to mutate rapidly, thereby evolving even more advanced mechanisms to sustain their infectivity.  

Conclusion


Not only are the mechanisms utilized by both the immune system and viruses intriguing to learn about, they also provide for very significant scientific research.  The more information uncovered about these viruses’ workings, the more likely it is that it will eventually be revealed how to effectively combat these viruses.  Both influenza and especially HIV are capable of creating worldwide pandemics.  Therefore it is necessary to find a way to prevent them from doing so.


Targeting NS1 and Vif for destruction could be very powerful means to eradicate influenza and HIV respectively.  Without these proteins interfering with innate human immune responses, our defenses would be much more, if not completely efficient.  Due to the rapid mutation rates of these viruses however, it is likely that they will simply continue to evolve mechanisms that will allow them to overcome the obstacles they face inside infected cells.  Therefore the battle between humans and viruses will continue throughout the future and may never cease to exist.
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