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ABSTRACT 

In this thesis I address some important questions regarding innate and adaptive 
immune responses in different human diseases. We analysed two distinct 
conditions: chronic autoimmune inflammation, specifically SLE, and chronic viral 
infection, represented by herpes simplex virus (HSV). The role of different 
components of the immune system were addressed, ranging from innate factors, 
such as IFNα and NK cells, to the adaptive immune system, represented by 
T-cells. The results are discussed with respect to the various possible levels of 
interaction between the innate and the adaptive immune systems. 
 
We first focused on a specific subset of NK cells, CD56bright NK cells, which is 
normally found in lymphoid tissue and at sites of inflammation and which, upon 
activation, has the capacity to produce large amounts of cytokines. CD56bright NK 
cells are often discussed in relation to their possible role in shaping adaptive 
immune responses. The proportion of CD56bright NK cells was significantly 
increased in blood in subjects affected by SLE. This finding was not dependent on 
disease activity and may be due to increased levels of IFNα, a typical hallmark of 
SLE patients. 
 
We then investigated several aspects of herpes virus infections. We describe a 
possible role for the activating NK cell receptor NKG2D in the immune response 
against HSV1 infection. We determined that HSV1 has the ability to 
downregulate the cell surface expression of NKG2D ligands of infected cells. We 
also observed that NK cells from patients affected by recurrent HSV1 
manifestations have slightly increased levels of expression of NKG2D on blood 
NK cells during the acute phase of viral reactivation. In a prospective clinical 
study of patients with HSV genital infection, we observed that low specific T-cell 
responses against HSV antigens during primary HSV1 and 2 infection predicts a 
high frequency of clinical recurrences.  Finally we examined the immune 
response of patients affected by recurrent meningitis caused by HSV2 infection. 
During asymptomatic periods, these patients showed elevated expression of TLR3 
and TLR9, elevated IFNα production to certain stimuli and elevated specific 
T-cell responses when compared to patients with recurrent genital infection and 
to healthy seropositive donors. In addition, there were qualitative differences in 
their T-cell cytokine profile. We conclude that HSV2 meningitis is likely not a 
consequence of an impaired antiviral innate or adaptive immune response at the 
systemic level. 
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1 INTRODUCTION 

 
1.1 IMMUNE SYSTEM 

 
The immune system is a specialized network of organs, cells and soluble 

mediators that under normal circumstances maintain our body “immune” from 

diseases. In ancient time the word immune referred to people that were given 

political privileges; the word was then adopted to medical terminology with the 

meaning of protection from infection. Traditionally, the immune system is 

divided in two branches: innate and adaptive (for an historical review: Silverstein, 

A. M. 1989 A history of immunology. New York, Academic Press.) 

 

1.1.1 Innate immune system 

 
The innate immune system is present in all living eukaryote species and for this 

reason it is considered an evolutionary old form of defence. Its main 

characteristics are the limited diversity and the rapidity of action. It is normally 

defined as the first line of defence because it reacts immediately to outside 

pathogens without previous sensitization and before the adaptive immune system 

is able to mount an adequate response, which takes 4-7 days.  

Leukocytes involved in innate functions have different roles: to engulf foreign 

agents in the body, to release cellular mediators such as cytokines and 

chemokines, and also to directly kill what is not recognized as foreign. The 

leukocytes of the innate immune system include macrophages, granulocytes, 

dendritic cells (DCs) and natural killer (NK) cells.  The cellular component of the 

innate immune system is characterized by receptors, which recognize many 

related molecular structures called pathogen-associated molecular patterns 

(PAMPs) (1). These are molecular motifs consistently found on pathogens and not 

in the host. They are recognized by toll-like receptors (TLRs) (2)  and other pattern 

recognition receptors (PRRs) (3), such as dectins and nucleotide-binding 

oligomerization domain containing (NOD), present in plants and animals. The 

PAMPs include several types of molecules, for example bacterial 
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Lipoposysaccharide (LPS), flagellin, lipoteichoic acid from Gram-positive 

bacteria, peptodoglycan and nucleic acid normally associated with viruses, such 

as double-stranded RNA (dsRNA) or unmethylated CpG motifs, among others. 

The recognition of these molecules leads to a rapid response of the innate system, 

and can result in a complete clearance of the pathogens or to its attenuation, in 

order to gain time for the adaptive immune system to act.  

The role and function of DCs and NK cells in immune responses will be 

expanded in more detail below. 

 

1.1.1.1 Dendritic cells (DCs) 

 

Dendritic cells take the name from their surface projections similar to those of 

neurons (dendrites). They are resident in most tissues, including lymphoid organs, 

where they carry out their “sentinel” function: pathogens, as well as 

self-molecules, are normally engulfed through pinocytosis. C-type lectin 

receptors, such as DC-SIGN and TLR expressed on the cell surface, activate the 

DC to increase its pinocytoisis and processing of engulfed material. The ingested 

proteins are cleaved into peptide fragments that are then displayed at the 

cell-surface in association with MHC molecules. In fact, DCs belong to a 

specialized group of cells called antigen-presenting cells (APC). This stimulation 

enables DCs to migrate to the proximal lymph node. They also become activated 

and express co-stimulatory molecules, such as CD80 and CD86 (4) and increased 

MHC expression, which provide the second signal needed to activate T-cells. DC 

uptake and presentation of antigens from apoptotic cells, in the absence of a 

maturation signal, will instead induce T-cell tolerance. Activation of DCs also 

leads to local secretion of molecular mediators that can trigger endothelial 

activation and inflammation. Antigen presentation and cytokine release are the 

two major functions of DCs, and make these cells a perfect bridge between the 

innate and the adaptive immune response (fig.1). 
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It has become clear in recent years, that two different subsets of DCs exist: 

myeloid DC (mDC) and plasmacytoid DC (pDC). The developmental origin of 

mDC and pDC has been the debated in several publications over the last 10 

years.  The consensus is now that myeloid cells are able to generated mDC and 

lymphoid precursors will give rise to pDC (5). It seems that the presence of 

different transcription factors during DC ontogeny together with cytokines in the 

milieu will determine their final differentiation (6). DCs subsets can be 

distinguished by their surface markers as well as by their functions: both subsets 

lack lineage-specific markers, such as CD3, CD14 and CD19. They also lack 

CD56, are positive for MHC class II molecules and express a large variety of 

TLRs; furthermore, mDCs are CD11c+ while pDCs are CD123+ (IL3-Receptor 

α-chain, IL3Rα). In addition, pDCs in peripheral blood express BCDA-2 (7). One 

of the features that are relevant for the discussion in this thesis is the capability of 

pDCs to produce high quantities of interferon alpha (IFNα).  

Fig1: From Innate immune responses to Adaptive immunity. 

Antigen-presenting cells are activated through PRR recognition of pathogens. This activation 

leads to the production of cytokines and the expression of co-stimulatory molecules. 

Antigens will be presented by MHC molecules to T lymphocytes (MHC/peptide/TCR 

trimolecular complex). This signal alone will induce tolerance on T-cells. To activate T 

lymphocytes, an additional signal from co-stimulatory molecules is needed. Activated T 

lymphocytes further differentiate to effector T lymphocytes. Figure modified from 

www.research.dfci.harvard.edu  
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In 1999 Siegal et al (8) presented a sharper definition of the so-called interferon 

producing cells, already described in the 1978 by Trinchieri et al (9, 10), as pDC. 

These cells are the major source of type I interferon in response to viral infection, 

but also to immune complexes containing self-DNA from necrotic or apoptotic 

cells (11). pDCs secrete type I interferon upon ligation of specific TLRs that 

recognize RNA  (TLR7 and 8) as well as DNA (TLR9) structure.  

 

1.1.1.2 Toll like receptors 

 

Toll like receptors were first discovered as involved in developmental biology by 

Nusslein-Volhard et al in 1980 (12). Their immunological role was identified in 

Drosophila where they can elicit antimicrobial response upon bacterial or fungal 

infection (13). Janeway et al identified the first human homologue and its 

involvement in immune response signalling, TLR4, in 1997(14). Since then, 10 

human TLRs have been described (tab.1). They are mainly expressed on 

haematopoietic cells but also on fibroblasts and epithelial cells. They can be 

found on the cell surface (TLRs 1,2,4,5 and 6) or in the intracellular 

compartment, specifically within the endosome compartment (TLRs 3,7,8 and 9) 

(15). Once activated by their specific ligands, a cascade of downstream signals 

will lead to proinflammatory cytokine and chemokine production. The 

intracellular domains of TLRs, are generally coupled to an adaptor molecule 

called MyD88 (Myeloid differentiation factor 88) needed to transmit the signal to 

transcription factors such as NFκB (nuclear factor-kappa B) (16). Signalling 

through TLR3, TLR2 and TLR4 is also dependent on another adapter protein, TRIF 

(TIR domain-containing adaptor inducing IFN-ß). 
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NAME LIGANDS EXAMPLE 

TLR1 Triacyl lipopeptides Bacteria and mycobacteria 

TLR2 
Hemagglutinin protein 

peptidoglycan 
Measles virus, 
HCMV, HSV1 

TLR3 
double-stranded RNA 

polyinosine-deoxycytidylic acid 
Viruses 

synthetic compounds 

TLR4 
Envelope proteins 

LPS 
RSV, MMTV 

Gram-negative bacteria 

TLR5 Flagellin Flagellated bacteria 

TLR6 
Zymosan 

Lipoproteins 
Saccharomyces  cerevisiae 

Bacteria 

TLR7 
single-stranded RNA 

imidazoquinoline 
HSV 

small synthetic compounds 

TLR8 
single-stranded RNA 

imidazoquinoline 
HSV 
R848 

TLR9 
DNA 

CpG-DNA 
HSV1, HSV2, MCMV 

bacteria 

TLR10 unknown unknown 

 
 HCMV: Human cytomegalovirus; HSV: Herpes simplex virus; RVS: Respiratory 

sincitial virus; MMTV: Mouse mammary tumor virus; LPS: lipopolysaccharide 

Tab.1: Human Toll-like receptors and their ligands 
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TLRs are expressed by different cell types and their activation can therefore 

translate into production of different sets of cytokines. For example, the 

production of IFNα by pDCs is favoured by the abundant and constitutive 

expression of IRF7 (interferon regulator factor 7) in pDC, a transcription factor 

downstream TLR7, 8 and 9 (17). TLR-mediated stimulation of monocytes and 

mDCs will lead instead to IL12 production (18). IL12, in cooperation with IFNα, 

in turn stimulates IFNγ production by NK and T-cells (19). IL12 is also necessary 

for CD8 T-cell and Th1 clonal expansion and full activation, being another link 

between innate and adaptive immune response. The importance of pDC-TLR-IFN 

signalling cascade in human diseases will be addressed later on. 

 

1.1.1.3 Natural killer (NK) cells 

 

In human, NK cells represent 5-15% of circulating lymphocytes. The NK cells are 

characterized by the absence of T-cell antigen receptor (TCR) and B cell receptor 

(BCR). Phenotypically they are defined by the combined lack of CD3 and 

presence of CD56 expression on their cell surface. The name "natural killer" 

originates from the initial notion that these cells can kill certain target cells and 

that they do not require activation or prior sensitization in order to do so, they are 

somewhat intrinsically “programmed” to kill. NK cells were placed into the 

innate arm of the immune system as they did not possess an antigen specific 

receptor, and were initially considered to be nonspecific in their interactions with 

target cells. However NK cells are far more complex than originally anticipated. 

NK cells have now been implicated for example in the control and clearance of 

malignant and virally infected cells, as well as in rejection of bone marrow 

transplants, in autoimmunity and in the maintenance of pregnancy (20). Thus it is 

clear that NK cells are more than simple killers, but have a multipotent role in the 

immune system. 

 

It is possible to distinguish at least two major functional groups of NK cells 

according to their CD16 (FcγRIII) and CD56 expression: one group is CD16- and 

CD56 high, called CD56bright NK cells, and the second is CD16+ and CD56 low, 

usually called CD56dim NK cells (fig.2).  
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CD56bright NK cells are characterized by their ability to produce high amount of 

cytokines, such as IFNγ, TNFa and GM-CSF, making these cells relevant for 

immune regulation. CD56dim NK cells instead, possess high killing ability due to 

the presence of lytic granules in their cytoplasm. This subset of NK cells is also 

capable of antibody-dependent-cellular cytotoxicity (ADCC) by ligation of their 

surface CD16 receptor in the interaction with antibody-coated target cells.  

 

The two groups of NK cells show different organ distribution: CD56bright cells are 

abundant in secondary lymphoid tissue, especially in the T-cell areas (21), while 

CD56dim are located preferentially in peripheral blood and spleen (22).  They also 

respond differently to IL2 stimulation due to a different distribution of the subunits 

of the IL2 receptor in the two NK subsets (23). In particular, CD56brigh cells express 

the IL2 high affinity receptor, CD25 (24). Considering that most of the IL2 found 

in vivo comes from T-cells, this suggests that reciprocal regulatory mechanisms 

exist between NK and T-cells. It remains unclear if CD56bright and CD56dim NK 

cells derive from a common precursor (25) or if they represent different stages of 

NK cell maturation with different functions (26). However, experiments based on 

transfer of CD56bright NK cells into mice lacking functional lymphoid cells suggest 

that CD56bright NK cells represent an immature type of NK cell that can develop 

into CD56dim NK cells (27).  

 

 

 

 

 

 

As shown in fig.2, CD56dim NK cells are equipped with Killer Ig-like receptors 

(KIR). Both activating and inhibitory receptors are found within the KIR family 

Fig2: Differences between CD56bright and CD56dim cells. 

Adapted from Cooper MA, Blood 2001 May; 97(10):3146-3151 

Fig.2 

IFN-γ 
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(tab.2). The concomitant presence of activating and inhibitory receptors on the 

same NK cell results in a tight regulation of activating and inhibitory signals (28). 

Stern et al initially observed that NK cells were able to kill tumor cells even if 

these lacked MHC class I molecules (29). This observation was subsequently 

developed in the “missing self” hypothesis (PhD thesis, Kärre K.,1981), suggesting 

for the first time the presence of inhibitory receptors on NK cells recognizing 

MHC class I, further developed later on (30). Since then, a variety of inhibitory 

and activating receptors have been identified (tab.2) also in other gene families a 

part from KIR (discussed below) but the understanding of the molecular 

mechanisms of NK cell activation and how the different signals are integrated is 

still incomplete. 

 

A key contribution in this field has come from Bryceson et al Using an insect 

model they elucidated the essential minimal signals NK cells need in order to 

become activated (31). The consensus is that in normal physiological conditions, 

in absence of infected or tumor transformed cells, the inhibitory signals exerted 

through MHC class I recognition lead to inhibition of NK cell functions. 

Downregulation of MHC class I molecules on infected or transformed cells 

reduces the strength of inhibitory signals and therefore potentiates NK cell 

activation due to recognition, for example, of stress-induced ligands expressed on 

target cells. The activation of NK cells is translated into killing of the transformed 

cells through release of cytotoxic granules close to the contact site between the 

two cells (immunological synapse, IS). The lytic granules contain perforin and 

granzymes that lead to cell death through apoptosis (32). At the same time, NK 

cells rapidly secrete IFNγ that will promote antiviral and anti bacterial immune 

responses. IFNγ is also able to stimulate other cell types of the immune system 

such as macrophages, which will start producing proinflammatory cytokines (33), 

and CD4 T-cells, thus skewing the response toward a pro-inflammatory profile. 

NK cells constitutively express IFNγ mRNA that allow them to rapidly produce 

and secrete this cytokine (34). 

 

In the late 90s a group of activating receptors unique to NK cells was identified: 

natural cytotoxicity receptors (NCRs, tab2). The NCR include: NKp30 and 
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NKp46, constitutively expressed by all NK cells (35, 36), and NKp44 that is 

normally expresses only upon activation (37). The natural ligands that these 

important activating receptors bind to, have been a mystery for a long time. Only 

recently it was published that they can recognize membrane associated 

extracellular matrix molecules, such as heparane sulfate proteoglycans (38). It 

seems that each NCR can recognize different microdomains on different 

heparane structures or haemagglutinin on virus infected cells (39, 40). 

Another important activating receptor, NKG2D will be discussed in detail later 

on. 

 

Direct NK cells cytotoxic and antiviral functions have been described since long, 

but recent data have shown that NK cells can also act as regulators of adaptive 

immunity, for example by interacting with and providing stimulatory signals to 

T-cells and dendritic cells (DCs). The role of NK cells in influencing adaptive 

immune responses and in the control of viral infection will be addressed later in 

the thesis in connection with paper I and II. 
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Receptor Ligand 

Killer Ig-like receptors (KIR)  

Inhibitory Activating a  

KIR2DL1 KIR2DS1 Group 2 HLA-C Asn77Lys80 alleles 

KIR2DL2 KIR2DS2 Group 1 HLA-C Ser77Asn80 alleles 

KIR2DL3  Group 1 HLA-C Ser77Asn80 alleles 

 KIR2DL4 b HLA-G 

 KIR2DS4 HLA-Cw4 

KIR2DL5 KIR2DS5 Unknown 

 KIR3DS1 Unknown 

KIR3DL1  HLA-Bw4 

KIR3DL2  HLA-A3, -A11 

KIR3DL7  Unknown 

Heterodimeric C-type Lectin receptors  

Inhibitory Activating  

CD94/NKG2A CD94/NKG2C HLA-E 

 CD94/NKG2E Unknown 

 NKG2D 
MICA, MICB, ULBP-1-4, 

RAET1G 

Natural cytotoxicity receptors (NCR)  

NKp30 Haemaglutinin, heparansulfate, BAT3 

NKp46 Haemaglutinin, heparansulfate 

NKp44 Haemaglutinin, heparansulfate 

Immunoglobulin-like transcripts (ILT)  

ILT-1 (LIR-1) 
HLA-G and other HLA molecules, 

CMV UL18 

Activating receptors and co-receptors  

FcγRIII (CD16) IgG 

CD2 CD58 (LFA-3) 

LFA-1 ICAM-1 

2B4 CD48 

NKp80 AICL 

DNAM-1 CD112, CD155 

CD69 Unknown 

CD40 ligand CD40 
 

 

Tab2: A selection of NK cell receptors with their ligands 

a Ligands for activating KIR are uncertain; b KIR2DL4 is functionally an activating KIR which 

mediates NK cell secretion of IFNγ, although it has ITIM motifs in its long cytoplasmatic tail. 

Modified from Farag SS, Blood review, 2006 May; 20(3):123-37. 
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1.1.2 Adaptive immune system 

 

After a non-specific response from the innate immune system, adaptive immunity 

is required to generate a highly specific and efficient response to clear the 

pathogen. The adaptive immune system depends on B and T lymphocytes that 

express receptors of remarkable diversity, in order to effectively recognize 

pathogens and “antigens” of different nature. One characteristic of the adaptive 

immune system is that it can use a small number of genes to generate a vast 

number of different antigen receptors, which are then uniquely expressed on 

each individual lymphocyte. This is possible because of the so called V(D)J 

recombination process: a random rearrangement of antigen receptor gene 

segments. This recombination generates a diverse repertoire of T-cell receptor 

(TCR) and immunoglobulin B cell receptor (BCR). Moreover, somatic 

hypermutation contributes as an additional mechanism to generate an even 

higher diversity on BCR and secreted antibodies. Recognition of the specific 

antigen via BCR can directly induce B cell maturation into plasma cells with 

consequent specific antibody production, but this most often requires help from 

T-cells. T-cells instead can recognize antigens only in the form of peptides 

presented within the MHC complex. 

 

 

 

Fig.3: Schematic representation of 

signal integration between the innate 

and adaptive immune system. 

Pathogens can be recognized by: 1) 

PRRs on DCs. DCs will then present 

the antigen, together with 

co-stimulatory signals, to naïve 

T-cells that will proliferate and 

differentiate into Th1 or Th2 

depending on the cytokines milieu. 

T-cells will also interact with B cells 

to induce their maturation; 2) BCR 

on B cells. B cells will mature and 

become antibody-producing cells.  

Adapted from: http://2008.igem.org 
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I will introduce in more detail the T-cell compartment, as this will be one of the 

topics of papers III and IV. 

 
1.1.2.1 T cells 

 

T cells represent the majority of circulating lymphocytes. They originate from the 

bone marrow and then migrate to the thymus where they undergo positive and 

negative selection to complete their development and then re-enter the 

bloodstream. These mature T-cells have not yet encountered their specific 

antigens and are called naïve T-cells. Naïve T-cells constantly circulate through 

secondary lymphoid tissue in search of their specific antigen. As described 

previously, APCs present antigens to T-cells when they meet in the lymphoid 

organ. For naïve T-cells, recognition and activation requires the presence of 

co-stimulatory signals. Once T-cells have been activated they start to produce 

IL2, whose main effect is to stimulate T-cell proliferation and clonal expansion. 

 

Figure 3 shows a simplified view of T-cell activation where naïve T-cells after 

contact with APC, starts their process of differentiation. Before that, already in the 

thymus, T-cells have differentiated into CD4+ and CD8+ cells. Upon activation by 

APC in the periphery, CD4+ cells can differentiate further into T helper (Th) 1 and 

2 cells: Th1 mediate protective immunity to intracellular pathogens by promoting 

macrophage activation and neutralizing and opsonizing antibodies. They thus 

promote inflammatory responses and mediate the pathology in certain 

autoimmune diseases. In contrast, Th2 CD4+ T-cells are considered to mediate 

protective immunity to extracellular pathogens and provide help for B-cell 

production of non-opsonizing antibodies. These cells and their cytokines are also 

believed to have anti-inflammatory capacity by controlling Th1 responses and 

viceversa. Th1 cells typically produce IL4, IL5, IL10 and IL13, while Th2 cells 

produce IL2, IFNγ and TNFα. In addition, within the CD4+ T-cell subsets there 

are at least two additional groups of cells that need to be mentioned. 

 

In the ’70s a T-cell subtype with suppressor capacity was proposed. These cells 

were termed T suppressor cells, but some irreproducible results caused the 
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research field to collapse, and the word was practically banned. In the ’90, CD4+ 

cells able to regulate immune responses could be more precisely defined and 

named T regulatory cells (Treg) (41). New investigations of suppressive functions of 

T cells flourished. Tregs are able to suppress effector T-cell proliferation and 

cytokine production either through direct cell–cell contact or through the 

secretion of anti-inflammatory cytokine such as IL10 or TGFβ. There is also 

another important population belonging to the CD8+ T-cell population with 

similar regulatory functions. CD8+ Treg are different in phenotype and function 

from the CD4+ Treg but have similar regulatory properties (42). 

 

In 2003, a new subset of CD4+ T-cells, sensitive to IL23 and important in 

controlling autoimmune reactions, was described (43). This new group of cells is 

able to secrete large amount of proinflammatory IL17, and they were thus named 

Th17 cells. Due to this characteristic, the role of Th17 cells has been investigated 

in the pathogenesis of several diseases with inflammatory features. In a recent 

review from Tesmer LA (44) it can be appreciated how the discovery of this 

specific subset of T-cells has been important for a better understanding of disease 

pathogenesis, for example in psoriasis as well as asthma and inflammatory bowel 

disease.   

 

The CD8+ T-cells, also called cytotoxic T lymphocytes (CTL), mainly exert a 

prominent cytotoxic activity. They are also able to secrete a variety of cytokines 

(45): once they recognize their antigen presented on MHC class I molecules they 

promptly release cytotoxic effector molecules such as perforin (46), granzymes, 

granulysin and also start expressing surface bound Fas ligand (47) with 

consequent death of the target cells. These mediators have no specificity of 

recognition, thus their release has to be tightly controlled. The activation pathway 

resembles that of CD4+ T-cells in the way that they also need co-stimulatory 

signals in order to be activated from the naïve state, but the level of 

co-stimulatory signals is higher than the one needed to activate CD4+ T-cells. 

There is evidence that CD8+ T-cell interaction with the proper APC is determined 

by a previous contact of the very same APC with CD4+ T-cells (48), even though 

this concept is still under debate. Chemokines released during this interaction 
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will attract CD8+ T-cells and this will increase the likelihood of specific CD8+ 

T-cells interacting with this very APC, which has been identified by CD4+ T-cells 

to express foreign antigen. Naïve CD8+ T-cell clones expand significantly more 

upon antigen stimulation compared to CD4+ T-cell clones, and CD8+ clones 

generally represent a much larger population of effector cells (49).  

 

After activation, negative regulation mechanisms start to take place in order to 

avoid a prolonged T-cell response, which would lead to excessive tissue 

destruction and possibly autoimmunity. In this contraction phase the majority of 

the reactive T-cells will undergo programmed cell death. Surface receptors with 

suppressive property, such as for example cytotoxic T-lymphocyte antigen 4 

(CTLA4) or Programmed Death 1 (PD1), carries this out. The absence of specific 

antigens and cytokines will also decrease T-cells activation. The majority of 

activated CD4+ T-cells die after antigen clearance, but a small number turns into 

a resting state and becomes memory cells. As described above, signals from the 

TCR following recognition of peptide–MHC complexes determine T-cell 

development, survival and death, as well as subset lineage commitment and 

differentiation into effector or memory T-cells. The strength of this signal, which 

depends on affinity between TCR and MHC-peptide complex, and the 

concentration of TCR-peptide–MHC complexe interactions, are some of the 

factors influencing the different outcomes. It was shown in 1997 that when 

T-cells interact with DCs they receive a signal that will induce T-cell adherence 

on DCs and subsequent activation (50). After this first observation, a lot of data 

on DC-T interaction have been produced, thanks also to new imaging 

technologies. Recently, it has been reported that the stability of DC-T-cells 

contact depends on the number of specific MHC-peptide complexes presented 

by each DCs (51). It seems clear that longer contact facilitates T-cell activation, 

while it is not clear whether the time of interaction depends on DC level of 

maturation or T-cell state of pre-activation, or if it is just a random event (52).  
 

Both CD4+ and CD8+ T-cells can differentiate into memory cells. Several 

observations support the concept that memory T-cells can be generated during 

resolution of infection as well as throughout the course of an immune response 
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(53). Memory CD8+ T-cell numbers are generally quite stable over time after 

antigen/pathogen clearance, while memory CD4+ T-cell numbers often decline. 

This has been observed in many different experimental systems including acute 

and chronic viral infections (54, 55) or bacterial infections (56). An important 

definition made by Sallusto et al has been the phenotypic differentiation between 

central memory cells, expressing the CCR7 chemokine receptor, and effector 

memory cells, lacking CCR7 (57, 58). Both memory compartments express 

CD45RO, an isoform of a CD45 protein tyrosine phosphatase, but not CD45RA. 

Central memory cells represent a population resident in lymphoid organs that 

have a high proliferative potential and can efficiently stimulate dendritic cells and 

generate a new wave of effector cells following antigen re-encounter. On the 

contrary, effector memory cells represent a population of T-cells that are prone to 

secrete high amounts of cytokine, in particular IFNγ, and can rapidly mediate 

effector functions following pathogen challenge, due to a lower threshold of 

activation for TCR signaling (59).  

 

Lately, a fixed lineage model has been introduced describing that the memory 

T-cell compartment might arise directly from a precursor that diverges early 

during an immune reaction recognizable by the high expression of IL7 receptor 

(60), rather than being a subset of T-cells that develop as a consequence of 

effector/antigen exposed T-cell. 

 

1.2 IMMUNE SYSTEM IN DISEASES 

 

1.2.1 Autoimmunity 

 

Autoimmunity is caused by immune reactions of an organism against its own 

cells or tissues. To avoid this, the body’s immune responses are subjected to 

several checkpoints, where potentially autoreactive cells are eliminated or made 

inactive. For instance, more than half of all antigen receptors randomly generated 

by V(D)J recombination recognize self-antigens (61-63), with potential 

detrimental consequences for the organism itself. Checkpoints exist at multiple 
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locations: 1) in the thymus, where T-cells with strong TCR binding to self antigens 

are eliminated via apoptosis; 2) in peripheral lymphoid organs, where recognition 

of self antigens by naïve T-cells through TCR alone is inefficient to trigger 

activation, and usually results in quiescence (anergy); 3) in target tissues, where 

inhibitory signals contribute to dampen T-cell activation: prolonged stimulation 

of the TCR induces feedback mechanisms that further limit the potential for 

excessive growth and activation, like for example those generated via CTLA4 

(64); 4) the tight control exerted by the Treg population. 

 

Autoimmunity is a result of many different factors. Even though the body is 

equipped with control mechanisms that prevent immune reactions against 

self-antigens, autoimmune diseases can still develop. Risk factors can for example 

be inherited defects in the genes coding for proteins involved in such 

“checkpoint” functions and/or to environmental factors that can trigger the 

immune response and progression. 

 

I will discuss one specific autoimmune disease a little bit more in detail, the 

subject of paper I. 

 

1.2.1.1 Systemic Lupus Erythematosus (SLE) 

 

SLE is a heterogeneous autoimmune disease characterized by chronic 

inflammation and tissue damage in various organs. Patients with lupus present 

abnormal autoantibodies in their bloodstream, which are often specific for 

nucleic antigens. Because these antigens can be found anywhere in the body, 

lupus has the potential to affect a variety of areas: skin, heart, lungs, kidneys, 

joints, blood vessels and the nervous system. The disease is characterized by 

periods of illness, flares, and periods of remission. From studies of identical twins 

and familial cases, it is clear that genetic factors play a role in SLE (65) with a 

disease concordance in identical twins of around 35%. A peculiar observation is 

that SLE is nine times more common in women than in men, especially during 

female hormonal cycle, implying a hormonal component in the pathology of the 

disease (66). One of the processes, which are believed to play a role in the 
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pathogenesis of SLE, is apoptosis. Mouse strains defect in the process of apoptosis 

develop lupus like disease (67, 68). Furthermore, failure in clearance of apoptotic 

material, due for example to defects in macrophage uptake of apoptotic cells (69) 

or to defects or mutations in the complement pathway and DNAse are associated 

with SLE disease (70, 71) . Thus, high amounts of nuclear autoantigens are 

generated as a consequence of deficient apoptosis and clearance of immune 

complexes. These nuclear fragments, in complex with auto-antibodies, are 

recognised through Fc receptors on DCs. They are internalized, and presented on 

MHC to T-cells that are not tolerized to nuclear antigens since they are normally 

not presented in the thymus. More over, abnormalities in PD1 (72) and CTLA4 

inhibiton of T-cell activation can induce lupus like disease. 

 

Elevated IFNα production is observed in SLE. Increased serum level of IFNα 

correlates with both frequency and severity of disease relapses (73). IFNα, 

originally described in the context of its antiviral function, can cause excessive 

inflammation and thus induce tissue damage. The first link between this chronic 

inflammatory disease and IFNα was based on two observations: 1) in a patient 

receiving IFNα as therapy to treat malignant carcinoma, clear signs of SLE 

hallmarks appeared (74) and, 2) increased levels of IFNα  was observed in sera of 

patients suffering from SLE compared to healthy control (75). Later the presence 

of pDCs in skin lesions of SLE patients has also been documented (76). Today, 

the expression of type 1 interferon genes and interferon induced genes are 

considered a ‘signature’ in SLE disease (77, 78). The abundance of IFNα in the 

blood stream of SLE patients can lead to the maturation of monocytes into DCs 

capable of presenting auto-antigens, derived for example from dying cells, to 

autoreactive CD4+ T-cells (79). At the same time, IFNα production by pDCs can 

directly induce B cell maturation into antibody-producing plasma cells (80). In 

SLE, there is an abundance of autoantibodies specific to nuclear antigens, which 

can form immune complexes. These immune complexes can bind and stimulate 

pDCs to produce high levels of IFNα (81), possibly through interaction between 

nucleic acids present in the immune complexes and intracellular TLR (82). In line 

with this, treatment of lupus-prone mice with TLR7 and 9 antagonists results in a 

reduction of disease severity (83). In this way, pDC-TLRs-IFN pathway not only is 
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crucial in providing an appropriate response to infections, but can also trigger 

mechanisms that lead to chronic autoimmune inflammation (fig.4). 

 

 

  

 

Do NK cells have a role in SLE? While the role of NK cells was initially described 

primarily in the context of tumor surveillance and viral immunity, substantial 

evidence has accumulated for their contribution to autoimmunity (84). However, 

reports are still somewhat contradictory: animal studies suggest that NK cells can 

either enhance or limit adaptive immune responses and inflammation, thus 

having a protective or promoting role in autoimmunity, depending also on 

disease stage (85). This difference may be explained by the fact that NK cells are 

able to produce different cytokines, including: 1) IFNγ which acts on 

macrophages suppressing Th2 and promoting Th1 responses, and 2) IL13, which 

inhibits the production of inflammatory cytokines, and promotes a Th2 response 

(86). 

 

In SLE patients a reduced number of circulating NK cells and defects in their 

killing capacity has been observed (87, 88). It is not clear if the described change 

in the NK cell compartment represents a primary NK cell defect, which could 

play a pathogenic role, or if this is a secondary effect due to the disease itself or 

to the treatment of disease. A variant of the Fc receptor CD16 with lower binding 

capacity, thus resulting in diminished NK cell ADCC function (89), has been 

associated to SLE disease with possible important consequences in SLE 

Fig.4: Scheme of pDC response 

to different stimulations. 

To the left: After viral infection, 

pDC derived IFNα promotes 

immune activation. To the right: 

IFNα can participate in the 

pathogenesis of SLE by 

promoting maturation of 

autoantibody-producing cells 

generating a pathogenic loop. 

Adapted from Ohteki T, 

Allergology International 2007 

Sep;56(3):209-14 

Fig.4 
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pathogenesis. Considering also that cytokine-producing CD56brigh NK cells have 

the capacity to promote T-cell activation in lymphoid organs, which may result in 

B cell activation, it is possible that they can, directly or indirectly, participate to 

the pathogenesis of the disease. 

 

It is clear that factors modulating NK cell number and response may be 

implicated in the pathogenesis of autoimmunity but further studies are needed to 

clarify the mechanisms involved. 

 

1.2.2 Anti viral immunity 

 

The immune system, both the innate and adaptive compartments, has evolved 

together with a large variety of viruses. One can regard many viral infections as 

being well tolerated and cleared without life-threatening complication due to a 

well-balanced co-evolution of host-microbe interactions. For example, in latent 

viral infections, such as that of members of the herpes family, the balance 

appears optimal for both virus and host although the infection can have fatal 

consequences when the normal immune system is perturbed. One of the 

principal immunological mechanisms identified to fight viral infection has been 

the IFN system. IFNs were discovered more than 50 years ago by means of their 

antiviral activity and the capacity to “interfere” with viral replication (90-92). The 

IFN family can be divided into three subfamily: type I (IFNα, β, ω, κ and τ), type 

II (IFNγ) and the more recently described type III (IFNλ). In humans there are at 

least 13 genes encoding IFNα and together with the other members of the type I 

IFN, the proteins encoded by these genes interact with the very same receptor. 

One can imagine that such a multitude of genes may provide the necessary 

flexibility to control the different biological activities that this group of molecules 

has: antiviral functions, antiproliferative activities, cellular differentiation, 

inflammation etc (93-95). Discussing the different proteins included in the IFNs 

family is beyond the scope of this thesis, and the remaining discussion will thus 

focus on the importance of IFNα to lead the reader through an easier 

comprehension of my thesis. 
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1.2.2.1 IFNα and viral infection 

 

An important function of IFNα is to induce a state of resistance to viral replication 

in all cells. Once it has been produced by virally infected cells, type I IFN will be 

recognized by its receptor on neighbouring cells, and this will induce production 

of proteins that help to inhibit viral replication and thus viral spread. IFNα also 

has the potential to increase the expression of MHC class I molecules on different 

cell types. In this way IFN will indirectly facilitate the killing of infected cells by 

cytotoxic T-cells that recognize complexes of viral antigens presented by the 

MHC class I molecules.  Moreover, the genes responsible for IFNα production 

are themselves induced by IFNα, resulting in a positive feedback loop that can 

amplify the innate response to viruses. Impairment of the IFNα signal cascade 

will result in deficient antiviral and antibacterial responses. In humans, two 

children have been described with mutations in the molecule downstream the 

interferon receptor, STAT-1 (signal transducer and activator of transcription 1). 

This mutation has been reported to be correlated with increased susceptibility to 

mycobacterial and viral infection (96) with potential fatal consequences. Both of 

the described children died from viral illness, and in one herpes simplex type 1 

(HSV1) encephalitis (HSE) could be confirmed. In another report, a deficiency in 

one of the kinases associated with the interferon receptor, TYK2 (tyrosine kinase 

2), was documented in a child suffering from recurrent cutaneous infection 

caused by HSV1 with highly impaired cytokine response (97). IFNα can 

indirectly induce IFNγ production by stimulation of T and NK cells. However, 

IFNγ specific defects are not associated with disseminated viral infection (98).  

 

There are also defects upstream IFNα production that have been reported to 

couple with several kinds of bacterial and viral infections (99). The majority of 

data available today come from animal models. A few rare human cases are also 

known, which highlighted the importance of different molecules involved in the 

IFNα pathway. The first to be described was the IRAK-4 deficiency (IL-1R 

associated kinase 4) (100). This molecule associates with MyD88 downstream 

TLRs activation. Patients with a mutation in IRAK4 present reduced IFNα 

production in response to TLR7,8 and 9 agonists, have disseminated bacterial 
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infections, but are able to cope with several common viral infections (101), 

suggesting that the IRAK4 signal is not essential for viral immunity. In 2006 

Casrouge et al. (102) discovered a mutation in the UNC-93B1 gene that leads to 

a complete loss of expression of the corresponding protein. This protein is 

essential for the translocation of TLR 7,8 and 9 from the endoplasmic reticulum 

to the endosomes. Without UNC-93B, TLRs response to ssRNA or dsDNA is 

abrogated and this results in a loss of IFNs production. Patients affected by this 

mutation suffer from Herpes simplex type 1 encephalitis but can clear other viral 

infections, suggesting a specific role for UNC-93B in controlling the immunity to 

HSV1 in the central nervous system (CSN). One year later, TLR3 mutations were 

reported to associate with low IFNs production and susceptibility to Herpes 

simplex type 1 encephalitis (103). The evidence that these mutations correlate 

only with Herpes simplex type 1 encephalitis implies that there may be 

redundant molecules that have an important role in providing protection against 

other viral infections, while in Herpes simplex type 1 encephalitis, TLR signalling 

and IFN production is vital. Certain gene polymorphism can also directly affect 

the predisposition to viral infection. A report in 2007 (104) showed that TLR2 

polymorphisms are associated with increased frequencies of HSV2 genital 

recurrences and periods of viral shedding. Altogether, these studies pinpoint the 

importance of an intact and functional TLRs-IFNα signal pathway in the triggering 

of appropriate immune responses against infections and, in some cases, 

specifically in infection caused by herpes simplex virus. 

 

1.2.2.2 NK cells and viral infection 

 

The first evidence for an interaction between NK cytotoxicity and viral infection 

came from an in vitro study where Santoli et al. (105) showed that IFNγ 

stimulation of NK cells potentiates the cyototoxic activity against infected cells. 

Confirmations arrived later with NK cell depletion studies in mice (106) and with 

the observation of naturally occurring NK cell deficiencies in humans (107). The 

roles of NK cells in different viral infections are several and very complex (108), 

but for the purpose of my thesis, I will review some of the latest findings about 
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NK cells in human viral infections and focus more specifically on herpes 

infections.  

 

Studies of viral infection caused by influenza virus have identified ligands for the 

Natural cytotoxicity receptors (NCRs). In 2001 Mandelboim et al (40) identified 

viral hemagluttinin as a ligand for the NKp46 receptor, while another group 

discovered that the very same ligand is also recognized by NKp44 (109). A recent 

study has shown that even though NK cells are able to recognize influenza 

infected cells through NCR (110), in the first hours after infection NK killing 

capacity is reduced due to a reorganization of inhibition signals in the lipid rafts 

on the cell surface of infected cells. This reorganization probably causes clusters 

of MHC class I proteins, which increase NK cell inhibition (111). 

 

A role for NK cells has also been suggested in hepatitis C infection. During 

chronic infection expression of NKp30 and NKp46 is upregulated, together with 

increased NK cell production of IL10 (112). Contradicting data on dowregulated 

levels of NCR exist (113) with paralleled decreased NK activity. These and other 

changes in NK cell phenotype during chronic HCV infection (114) imply either 

that NK cells are involved in the pathogenesis or affected by the disease. A recent 

in vitro study reports an antiviral effect of NK cells in HCV infection due to the 

induction of IFNα and IFNα induced genes (115). Another type of evidence for a 

role of NK cells in viral diseases comes from an interesting genetic aspect of NK 

cell biology: the extreme interindividual variation in the expression of KIR 

receptors (tab.2). The number of KIR genes and their expressed alleles can differ 

vastly from one individual to another. This characteristic led to epidemiological 

studies aimed at assessing the impact of KIR and HLA variability in human 

diseases. In hepatitis C infection a direct association between a given 

combination of KIR and HLA ligands and protection from HCV infection has 

been reported (116). Since then, other studies followed showing KIR genetic 

associations in HCV, specifically a beneficial effect of having the inhibitory 

KIR2DL3. This specific KIR has the lowest binding affinity to HLA-C among the 

KIR, possibly increasing the probability of activating KIR binding to HLA-C (117). 
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Studies on NK-KIR have been performed during the course of another chronic 

infection, human immunodeficiency virus (HIV) (118). The involvement of NK 

cells during this viral infection has been studied since 1986 (119), when a 

reduction of circulating NK cells was observed. This reduction seems to be 

partially due to the emergence of a novel subset of NK cells, which are rare in 

healthy individuals; the CD56-CD16+ NK cells (120, 121). These CD56- NK cells 

lack the majority of NK cell effector functions, including killing, cytokine 

secretion, antibody-dependent cellular cytotoxicity (ADCC), and exhibit defects 

in DC editing activity (122). Later on, strategies of HIV to avoid NK cell 

recognition has been studied (123): HIV infected cells were able to escape NK 

killing and this ability was dependent on retention of HLA-C and E on infected 

cells (124), while HLA-A and B are down modulated to avoid T-cell recognition. 
More over an epistatic effect of HLA-Bw4 and a specific KIR, KIR3DS1 has been 

described in protection against disease progression in HIV (125) even though the 

mechanism has yet to be clarified. Another important finding is the observation 

that in exposed but non-infected subjects, NK cell activity was augmented (126), 

suggesting a role for NK cells in early clearance of the virus. In general, genetic 

studies associating KIR genes and alleles to risk to develop disease or ability to 

clear viral infections is no direct proof of NK cell involvement for at least two 

reasons. KIR molecules are expressed not only by NK cells, but also by T cells. In 

addition, genetic associations may be due to linkage of other genes to the gene 

under observation. 

 

There are also several case reports that indicate a role for NK cells during herpes 

virus infection (127-129). In 1985, Fitzgerald et al. showed that NK cells are 

important in the protection against murine HSV1 by controlling viral replication 

mainly through the production of IFNγ (130). Mice deficient in IFNγ are 

susceptible to the development of cutaneous zosteriform lesions (131) and IFNγ 

has been shown to be important in controlling viral reactivation. Mouse studies 

have also shown the importance of NK cells during HSV2 infection (132). Part of 

the protective function of NK cells in HSV infection is believed to be due to the 

virus ability to down regulate MHC class I surface expression (133). Very likely, 

the virus has evolved this mechanism in order to avoid T-cell recognition of 
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infected cells. It is also described that NK cells are able to kill cells infected with 

HSV1 (134-136). The importance of NK cells during herpetic infection has been 

extensively described for cytomegalovirus (CMV), a member of the herpes 

viruses. Particular interest has been focused on the ability of this virus to affect 

the expression of NKG2D ligands in infected cells (28, 137). I will dedicate some 

extra words to describe this receptor to give a more complete introduction to 

paper II. 

 

NKG2D (NK group 2 member D) is an activating NK receptor belonging to the 

c-type lectin like family (tab2). It is expressed also by CD8+ and γδT-cells. 

Expression of NKG2D has been reported also on CD4+ T-cells, but only during 

chronic inflammation (138, 139). NKG2D on T-cells acts as a co-stimulatory 

receptor, rather than a primary activating receptor. Its expression is regulated by 

cytokines, in particular IL15 improves NKG2D expression (140, 141) while TGFβ 

and IL21 dowregulate it (142, 143). NKG2D binds MHC class I related proteins 

(MIC) A and B and UL16 binding proteins (ULBPs 1-4) which are expressed 

during viral infection and tumor transformation (144), but rarely in healthy cells. 

The expression of NKG2D ligands is tightly regulated by activation of 

transcription factors and also at the post-transciptional level by microRNAs (145), 

ubiquitination (146) or cleavage by metalloproteinases  at the cell surface (147). 

The important role of NKG2D during viral recognition is highlighted by the 

various mechanisms that different viruses have evolved to avoid NKG2D 

recognition (148). For instance: human CMV (HCMV) produces two proteins, 

UL142 and UL16, which dowregulate and sequester several NKG2D-ligands in 

the endoplasmatic reticulum (149-152). 

 

1.2.2.3  T-cells and viral infection 

 

As already noted, innate immune responses can be sufficient to eliminate 

pathogenic agents, but an appropriate adaptive immune response is often 

needed.  Several viruses, including HIV, HCV and herpes viruses are able to 

escape immune control and establish chronic infection. One of the 

characteristics that these viruses share is their ability to elude virus-specific T-cell 
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responses (153) 

In the case of HIV, the virus directly infects and depletes CD4+ T-cells. This, as 

well as other virus-induced immune modulatory mechanisms not well 

understood, leads to an impairment of the adaptive immune response of the host 

and eventually to an immune-compromised state. During the progression of the 

disease there is also impairment of HIV-specific CD8+ T-cell responses: cells 

present with normal proliferative and cytokine responses but impaired killing 

capabilities (154, 155). 

During chronic HCV infection the T-cell response is impaired at different levels 

including proliferation and cytokine production (156). Lack of immune control 

during chronic HCV infection might be due to viral mutations or can be due to 

incomplete differentiation of effector and/or memory T-cell populations. It can 

also be that there is an immune exhaustion resulting from persistent high viral 

load. On the contrary, during acute infection, sustained activation of 

HCV-specific T-cells is associated with viral control (157). Protection from 

persistent HCV infection is dependent on both CD4+ (158) and CD8+ (159) 

T-cells. During acute infection, for example, CD8+ T-cells, in the blood and liver, 

display IFNγ production and cytotoxic activity in response to a huge variety of 

HCV peptides (160), while the loss of early CD4+ T-cell responses predicts 

recurrence of viremia and development of persistent infection (157). 

The acquired immune response to herpes viruses includes both CD4+ and CD8+ 

T-cell activation. CD4+ T-cells play a crucial role in coordinating the immune 

response in the initial phase of infection and, in fact, CD8+ T-cells develop poorly 

in absence of specific CD4+ T-cells. It is also evident that herpes infection, 

possibly by reduction of CD83, influences DC priming of T-cells, affecting 

indirectly the pool of effector cells (161). For example in a mouse model of 

genital HSV2 infection, the first immune response in the epithelium is mediated 

by recruited DCs that then migrate to the draining lymph node to present HSV2 

antigens to CD4+ T-cells (162) which will start to produce IFNγ. Moreover, 

memory CD4+ T-cells orchestrates the local antiviral response (163). The local 

immune responses seem to be controlled by the action of CD4+Treg cells that 
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facilitate cell migration into infected tissue (164). On the other side, CD8+ T-cells 

are central in controlling herpes latency. They have been detected in trigeminal 

ganglia of HSV1 infected patients (165) where they selectively suppress viral 

reactivation by production of IFNγ and non-cytotoxic granules (fig.5) (166-169). 

In herpes infection NK cells are believed to contribute to the early control of the 

virus, while CD8+ T-cells are essential for the control of the infection, as well as 

in control of reactivation in latent infection. It may be that a strong initial NK cell 

response reduces infection of DC and hence priming of CD8+ T-cells, thus 

prolonging the virus productive phase. Conversely, if NK cell response is weak 

this may facilitate the generation of specific CD8+ T-cell responses, accelerating 

the establishment of latency.  

 

 

 

 

 

 

 

Fig.5: Suggested mechanism used by CD8+ T-cells to inhibit HSV1 reactivation from ganglia.  

CD8+ T-cells use IFNγ and non-cytotoxic lytic granules to inhibit HSV1 reactivation from 

latency. Under stress CD8 T-cells secrete reduced amounts of IFNγ and lytic granules, which 

results in protein and viral reactivation within infected neurons. 

Adapted from: Sheridan B.S., Expert Opinion on Biological Therapy, 2007 Sep;7(9):1323-31 

 She 

Fig.5 
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1.3 HERPES VIRUSES 

 
1.3.1 Herpes simplex virus type 1 and 2 

HSV1 and HSV2 are large DNA viruses that belong to the 

alphaherpesvirinae subfamily, classified based on their relatively short 

reproductive cycle, a variable host range, an efficient destruction of infected cells 

and their ability to establish latent infections primarily in sensory ganglia. Herpes 

simplex viruses are particularly interesting because of the variety in clinical 

symptoms elicited in different individuals, ranging from non-symptomatic 

infections to recurrent genital/oral blisters or neurological complications. I will 

come back to the wide variety of symptoms and what they may be due to in the 

discussion of paper III and IV. Here, I will concentrate on the virus itself. 

 

HSV1 and HSV2 genomes are quite similar and contain at least 84 transcriptional 

units that encode proteins. The genes are classified based on their time of 

transcription: α or immediate early, β or early and γ or late. The transcription is 

sequential: the transcription of one class determines the transcription of the other. 

To initiate infection, the virus has to come in contact with the host cell. Fusion of 

the two membranes takes place and the virus releases its genome into the cell. 

This is then transported into the cell nucleus where replication of new viral 

proteins can take place. The virus in its productive phase uses the host RNA 

polymerase. 

 

1.3.1.1 Interference with host immune response 

 

One of the characteristics of the herpes viruses is the ability to produce several 

proteins that affect the host cellular defense. Examples for this are the virion host 

shut-off (vhs) protein which degrades eukaryotic mRNA (170), and the ICP27 

protein, which blocks splicing of mRNA (171). These virally encoded proteins 

dampen the cell’s ability to produce its own proteins while this will facilitate the 

production of viral proteins. Moreover, to achieve the full replication cycle the 

virus has to keep the infected cell alive. Viral Us3 and ICP6 are able to block the 



 

 36 

apoptotic process otherwise dangerous for the virus’s ability to propagate. 

Importantly, herpes virus proteins also target specific pathways involved in the 

host immune response to infections. Two proteins have been identified that 

influence directly IFN production in infected cells: ICP0 (172) and ICP34.5 (173). 

However, virus-driven impairment of IFN signalling is not as dramatic as in the 

rare human mutation described for STAT1, which causes fatal HSV infection (96). 

This indicates that a complete shut-off of the IFN pathway is harmful to the virus, 

which has co-evolved with the host by developing suitable ways to maintain an 

equilibrium that preserves both organisms. 

  

More recently, the HSV protein ICP0 has been identified as an attenuator of TLR 

signaling, hence inhibiting innate responses to HSV (174). In addition, in a 

publication from Chisholm et al (136) this protein was shown to be sufficient for 

NK cell recognition and killing of infected cells. It was proposed that ICP0 acts as 

a ligand for NCRs, thereby activating innate immune responses to HSV. The role 

of ICP0 in influencing the immune response to HSV is thus somewhat 

contradictory. 

 

One of the fist immune evasion mechanisms described for HSV was the 

dowregulation of MHC class I molecules due to the interaction of ICP47 with 

transporter associated proteins (TAP). The interaction blocks the TAP dependent 

transport of peptides from the cytoplasm into the endoplasmatic reticulum, thus 

diminishing MHC class I surface expression. In this manner, HSV suppresses 

CD8+ T-cell recognition of infected cells (175). In 2001 the product of the Us1 

gene was reported to inhibit B cells induction of CD4+ T-cell activation (176). 

Although mechanisms by which HSV1 and HSV2 avoid immune surveillance are 

being revealed, a major issue in clinical prevention is what determines HSV 

severity and recurrence frequency. There are a few reports on HSV recurrences or 

symptomatic vs asymptomatic infection and HLA association (177, 178) pointing 

towards T-cells as major contributors to the disparate clinical manifestations. 

Also, a more recent paper associates KIR genes with HSV1 disease course (179), 

which could be attributed to T-cell as well as NK cell mechanisms. What is not 
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clear, however, is how innate and acquired immune aspects can determine 

severity and recurrence of infection. 
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2 AIMS 

  

When I started my PhD studies we decided to investigate several aspects of the 

immune system, specifically: 

 

1) We wanted to study NK cell receptor expression during active and 

inactive SLE, and during other chronic inflammatory diseases, to better 

understand if NK cells can influence SLE pathology or can be affected by 

the disease (paper I).  

2) We wanted to understand NK cell interaction with HSV1 infected cells 

using the knowledge from other herpes virus systems, and whether blood 

NK cells show phenotypic alterations during symptomatic viral 

reactivation (paper II). 

3) We wanted to study the T-cell response during primary HSV1 and HSV2 

genital infection and identify possible immune parameters predicting rate 

of recurrence following primary infection (paper III). 

4) We wanted to study the innate and adaptive cell mediated responses 

during the asymptomatic phase in patients with recurrent HSV2 meningitis 

or recurrent genital manifestations. By comparing the two, and also by 

comparing them to the responses of healthy seropositives, we wanted to 

identify possible immunological deviations, innate or adaptive, that may 

be involved in the pathology of recurrent HSV2 meningitis (paper IV). 

 

I will now discuss the results achieved during the last years. 
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3 RESULTS AND DISCUSSION 

During the last years I have been involved in several projects, all directed to 

unravel immunological mechanisms implicated in chronic inflammatory or 

infectious disease. 

 

3.1 PAPER I 

In this paper we addressed whether NK cells show signs of alterations in SLE 

patients, which might indicate that they are involved in the pathogenesis of this 

disease.  As noted in the introduction of this thesis, several data suggest the 

presence of defective NK cells in patients suffering from SLE. However, it had 

previously not been investigated whether these defects in NK cells occured pre or 

post disease development. 

 

We analysed NK markers and function during different disease stages, i.e. during 

active disease and during remission, and included three distinct groups of 

controls: healthy controls, patients with rheumatoid arthritis and patients with IgA 

nephropathy, two autoimmune diseases characterized by organ specific chronic 

inflammation. We found a constant and specific increment of CD56 bright NK cells 

in SLE patients compared to the other control groups, and this was independent 

of disease activity. Increased frequencies of CD56 bright NK cells has not previously 

been observed in non-infectious diseases, but only in chronic infectious diseases 

such as HIV (180) and HCV (114). 

 

We excluded the possibility that the observed increment in CD56 bright NK cells 

was a secondary effect caused by treatment, because even though all patients 

during active disease were under specific medication, patients during inactive 

disease were treatment-free. Different hypotheses emerged from our observation. 

The CD56 bright NK cells are normally more abundant in lymphoid tissues than in 

peripheral blood (21), due to an elevated expression of chemokines receptors 

such as CCR7 and CXCR3 (181) that facilitate their homing toward lymphoid 

tissue. The fact that we found increased level of CD56bright NK in peripheral blood 
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of SLE patients might indicate a dysfunction in the homing capacity of this NK 

subset. Increased level of circulating CD56bright NK might affect the cytokine 

profile detected in SLE patients, thus promoting disease progression. 

 

Another factor that can influence the distribution of the two NK populations 

might be the oxidative stress observed in SLE patients. It has been shown that 

protein oxidation takes place during SLE due to the release of free oxygen 

radicals (182). A difference in survival in response of oxidative stress displayed by 

CD56 bright and CD56dim NK cells can be an explanation for our observation. In fact 

it is known that CD56 bright are more resistant to cell death caused by oxidative 

stress than CD56 dim NK cells (183). This will simply cause an increase of 

CD56bright versus CD56 dim NK cells in an environment more suitable for the first 

type of NK cells, and may be one explanation of our findings without any 

particular functional consequence. At sites of inflammation, such as in the 

inflamed joints, CD56bright NK cells predominate (184). Also this may be due to a 

preferential survival in the oxidative milieu of inflammation, or may be a 

consequence of preferential recruitment of CD56bright NK cells into inflammatory 

sites. Thus, blood NK cells in SLE are phenotypically comparable to the 

inflammatory synovial fluid NK cells in arthritis, possibly reflecting the systemic 

inflammatory condition of SLE. 

 

We also have to acknowledge that the CD56 bright is considered to be an immature 

NK cell subset. Lately, a study from Romagnani et al (185) showed that peripheral 

CD56 bright NK cells can be induced to acquire the CD56 dim phenotype after 

cytokine stimulation. With this in mind, our results could indicate the 

accumulation of an immature phenotype of NK cells in SLE patients due perhaps 

to a defect that leads to an excessive production in the bone marrow or the lack 

of stimuli for NK cell maturation in the periphery 

 

Another explanation would be to relate our results with published reports 

indicating an increased CD56 bright NK population after IFNβ treatment of multiple 

sclerosis (186) or after IL2 treatment during uveitis (187). 
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As already described previously, IFNα overproduction is a typical feature during 

SLE. Plasmacytoid DCs are the principal cell type responsible for this high 

production and this is elicited by immunocomplexes containing nucleic acids 

present in SLE patients (188). A high IFNα level has different effects on the 

immune response. It induces DC maturation (79), and this could then cause 

expansion of autoreactive T-cells. In vitro studies show that DCs in culture with 

sera from SLE patients are able to induce CD8+ T-cell differentiation into CTLs 

with the potential to induce tissue damage (189). IFNα is also able to induce B 

cell activation, antibody production and Ig isotype switch (80, 190) (Fig6).  

 

IFNα affects NK cells by inducing cytokine release and cytotoxic function (191), 

but there is no information about IFNα effects on the distribution of 

CD56bright/CD56dim NK cell subsets. From our in vitro observation, we suggest that 

the observed CD56bright NK cell increment might be a consequence of the 

presence of type I IFN in patients, even if we did not find any correlation 

between IFNα serum levels and proportion of CD56 bright NK cells. The increment 

of CD56 brigtht NK cells that we could observe after in vitro IFNα stimulation was 

neither due to cell proliferation nor CD56 dim NK cell death, and we conclude that 

it may be due to phenotypic changes of the CD56 dim NK cell subtype, i.e. 

upregulated levels of CD56 and loss of CD16 induced by IFNα. The fact that 

IFNα serum levels did not correlate with the proportion of CD56 bright NK cells 

does not exclude the possibility that the observed level of CD56 bright NK cells 

during inactive disease phase is still due to IFNα. In fact, a recent paper, where 

the correlation between SLE disease activity and IFNα induced genes was studied 

(192), showed that IFN responsive genes are upregulated also during inactive 

disease. This implies that even though IFNα is not detectable in patient sera 

during disease remission, it may be produced in biologically relevant 

concentrations in inflamed tissue. Thus we speculate on a direct role of IFNα in 

elevating CD56 bright NK cell proportions (fig 6).  
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3.2 PAPER II 

A number of publications on interactions between NK cells and different viruses 

in the Herpes family (148) led us to explore possible immune evasion 

mechanisms exerted by the α herpes virus HSV1.  Herpes viruses have evolved 

several mechanisms to hide from the host immune system. The best characterised 

is HCMV, a member of the β herpes family. For example, HCMV interferes with 

MHC class I expression at different levels by direct downregulation of MHC class 

I molecule expression (193, 194) or peptide presentation (195) or even by coding 

for a MHC class I homologue, UL18 (196). According to the missing 

self-hypothesis, this should render CMV infected cells more susceptible to NK 

cells. However, CMV has in parallel also evolved the ability to escape NK cell 

recognition by means of several, almost overlapping mechanisms. The major 

pathway that is targeted by the virus is the NKG2D-NKG2D ligand recognition. 

NKG2D ligands are expressed upon cellular transformation or infection (197). 

There are at least seven different NKG2D ligands in humans (described in the 

introduction) and some present a high degree of genetic polymorphism (198). 

HCMV produces two proteins, UL142 and UL16, capable of dowregulating 

Fig.6: Schematic view of the IFNα network in SLE.  

Possible roles for IFNα in increasing the frequency of CD56bright NK cells in SLE patients 

Modified from  Rönnblom L and Pascual V, Lupus 2008;17(5):394-9 

 
CD56 bright 

Fig 6 
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surface expression and sequestering several NKG2D-ligands in the endoplasmatic 

reticulum (149-151, 199). UL142 is able to dowregulate only the full length 

MICA protein, i.e. not proteins encoded by truncated alleles of MICA (152, 199). 

The reason why there are so many ligands for one single receptor is still 

unknown. The most accredited hypothesis is that environmental pressure, such as 

viral infections, have imposed this high variation in order to allow some hosts to 

resist viral immune escape mechanisms. For example, among the 60 different 

MICA alleles, the most common in the Caucasian population is *008 that 

encodes a protein with a truncated transmembrane region (200). The cell surface 

expression of this variant of MICA is not downregulated by HCMV (199), and it 

may be that this allele has been selected for in evolution due to an advantage in 

protective immunity to HCMV. 

 

We decided to undertake an in vitro study to see whether HSV1 had evolved 

similar mechanisms to escape NK cell surveillance. We analysed NKG2D ligand 

expression after HSV infection of an epithelial cell line, HeLa, and of a neural cell 

line, U373. We detected MICA surface dowregulation upon HSV1 infection of 

HeLa cells, while the total cellular MICA protein level remained constant. This 

finding suggests a similarity between HCMV and HSV. The MICA protein 

expressed in the cell line we used is encoded by *008 and truncated, thus it 

seems HSV uses a different mechanism than HCMV to achieve the same result. 

HSV2 infection has the same ability suggesting that the responsible gene could be 

conserved between HSV1 and HSV2 virus genomes. Although it cannot be 

excluded, it appears less likely that the two viruses possess unrelated genes to 

achieve the same effect. They share 83% sequence homology (201) and the 

majority of the sequence diversity is found in the genes coding for envelope 

proteins (202, 203). Using a viral gene deletion mutant, we excluded a role for 

ICP0, a gene known to promote NK cell recognition and killing of infected cells 

(136), in MICA downregulation. To better dissect which gene was involved in this 

phenomenon we questioned whether a late viral protein or gene is involved in 

this process by using a DNA polymerase inhibitor to block viral replication. With 

this method we were able to restore normal levels of MICA expression after 

infection, indicating that a late viral gene is involved in MICA dowregulation. 
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Does MICA dowregualtion affect NK cell recognition of infected cells? It was 

intriguing that despite this downregulation of MICA, the overall killing by NK 

cells of infected cells did not change compared to uninfected cells. This 

emphasized the complexity of NK-target cell interactions based on the integration 

of multiple signals. We speculate that the downregulation of inhibitory signals, 

MHC class I molecules, is neutralized by the downregulation of an activating 

signal, MICA surface protein. The net result of these two events on NK cell 

activation would thus be null. Hence, HSV can hide from T-cell recognition by 

downregulating MHC class I, and can counteract the NK cell activating effect this 

may convey by simultaneously downregulating MICA. Alternatively, or in 

addition, there might be ligands for other activating NK cell receptors that are 

induced by the virus. 

 

As HSV infects epithelial cells as well as neural cells in vivo, we also investigated 

possible effects of NKG2D ligand expression on the U373 astroglioma cell line. 

Of the NKG2D ligands, uninfected HeLa cells expressed MICA only, while 

uninfected U373 cells expressed ULBP2. Interestingly, ULBP2 surface levels were 

downregulated by HSV1 infection, in analogy to MICA expression of HeLa cells. 

Thus, the virus can downregulate several NKG2D ligands, but leaves ligands to 

other activating NK cell receptors, such as Nectin and PVR, undisturbed. 

 

We further investigated possible signs for NKG2D-NKG2D ligand interactions 

during HSV1 infection by analysing NK cell phenotype in peripheral blood from 

individuals suffering from recurrent HSV1 lip blisters. We detected a somewhat 

increased expression of NKG2D receptors, on NK cells exclusively, during the 

first two days after blister formation. Several factors can influence NKG2D 

expression. For example, oxidative stress observed during renal disease affects 

both NKG2D and MICA expression: NKG2D expression is reduced both on 

circulating NK and CD8+ T-cells, while levels of membrane and soluble MICA 

are increased (204) . More over, it is known that membrane shedding of NKG2D 

ligands from tumor cells can reduce the expression of NKG2D on NK cells as 

well as on T-cells (205, 206) and NKG2D is downregulated in response to 
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increased or constitutive MICA expression, as observed in experimental studies 

(207). We found no evidence of involvement of soluble MICA in our study, since 

levels in serum were under the detection limit of our ELISA. NKG2D expression 

can also be induced by cytokines produced during viral infection, such as IL15. 

In accordance with other published data (141, 208), we observed an induction of 

NKG2D expression on NK cells cultured with IL15. We then studied the 

relationship between IL15 serum levels and NKG2D expression on NK cells, and 

found no correlation. IL15 is a very potent lymphocyte activator but detectable 

serum levels are seen only during chronic inflammation (209) as the cytokine is 

biologically active as a membrane bound form (210). A recent paper reported a 

tight interrelation between DCs and NK cells due to the capacity of TLR induced 

DC production and trans-presentation of IL15 to NK cells (211). In vitro, PBMC 

infection with HSV induces IL15 gene expression on monocytes (212). In this 

context, we can speculate that during productive HSV1 infection, 

membrane-bound IL15 on activated mucosal macrophages induces NK cells to 

upregulate NKG2D expression. These NK cells may thus have an increased 

potential to specifically recognize HSV1 infected, MHC class I low epithelial 

cells, despite lowered levels of MICA. The interpretations of our results so far 

discussed are based on the idea that the reactivation of the virus indirectly 

augments NKG2D expression. Another possibility is that a third factor (eg 

hormonal or stress related) predisposes both to increased NKG2D expression and 

reactivation of the virus. 

 

In any case, NKG2D-NKG2D ligand interactions seem to have played a role in 

the evolution of HSV1 to adapt to its host, since the virus has the capacity to 

downregulate NKG2D ligand expression. Our results thus support a role for 

NKG2D in immune surveillance and recognition of HSV1. 

 

3.3 PAPER III 

The purpose of the next study was to analyse in more detail the immune response 

of subjects affected by HSV during the acute primary infection. We were 
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particularly interested in impaired or dysfunctional responses that might correlate 

with susceptibility to frequent or severe recurrences.  

 

The first encounter with HSV1 infection normally occurs during adolescence, 

while HSV2 infection most often is acquired at the age of 20-30 years.  

Previously, viral encounter was earlier during lifetime, but acquisition has been 

delayed in the last two decades in many developed countries due to changes in 

life style. HSV2 seroprevalence in the population changes according with the age 

group analysed and differs also between countries. In Scandinavia, 15-35% of the 

adult population present HSV2 antibodies in the circulation (213). Infected 

subjects can transmit the virus in different ways. Sexual intercourse is the main 

transmission pathway, but other ways have to be considered. For example, 

vertical transmission from mother to child during birth that can cause 

disseminated infection or even neurological complications in the newborn (214). 

Immunocompromised hosts are at risk for frequent, persistent HSV infections 

(215). The course of infection in subjects without known immunodeficiency is 

variable. Almost 60% never experience clinical symptoms of their HSV2 

infection (216). However, all infected subjects present intermittent asymptomatic 

viral shedding (217) and can thus transmit infection without themselves having 

symptoms. It has been shown that daily antiviral therapy using valacyclovir, can 

dramatically reduce the shedding and therefore the transmission risk (218). 

 

Several reports indicate HSV2 as a risk factor for contracting HIV (219, 220), 

possibly due to the disruption of the genital epithelium during HSV2 that could 

favor HIV penetration and/or because HSV2 ulcerative lesions harbor high 

concentrations of activated CD4 lymphocytes (221), which are the target cells of 

HIV infection. In addition, HSV2 treatment in HIV co-infected patients has been 

shown to reduce HIV viral load and shedding in the genital area (222-224). 

 

Upon HSV1 or HSV2 infection, the manifestation during the primary infection is 

often the most severe. Clinical symptoms such as mucocutaneous ulcerative and 

painful lesions, become milder over time, possibly due to a maturation of the 

memory compartment in the immune system (225). Among the individuals that 



 

 47 

suffer from clinical HSV infection, the most common of which are oral or genital 

blisters, there is a big variation in number of recurrences, spanning from zero to 

twelveyear (226) and decreasing with time after primary infection (227). HSV 

reactivation is often preceded by a prodrome of pruritus, tingling, burning or 

swelling, indicating viral replication at sensory neuron terminals localized in the 

area of the future recrudescence. Previously, HSV1 was described as 

preferentially infecting orofacial epithelia while HSV2 was normally the cause of 

genital infections, but this typical picture is changing. In fact both viruses can 

infect either the oral or the genital area, and presently, HSV1 is as commonly the 

cause of genital infection as is HSV2 (228),  which was also evident in our study .  

Clinical features of genital HSV1 cannot be differentiated from HSV2 infections; 

laboratory tests are necessary to identify the nature of the infection. What is 

different between the two viruses is the prognosis: genital HSV1 infection results 

in an lower average of recurrences during the first year compared to genital 

HSV2 infection, and some of the HSV1 patients will never experience any 

recurrences (229). This was also evident in our study. Both viruses can also cause 

neurological infection, for example encephalitis for HSV1 and aseptic meningitis 

for HSV2. The incidence of CNS manifestations is lower compared to genital 

infections (230) but it is probably underdiagnosed (personal communication by 

Franzén-Röhl E). 

 

In the past years it became more clear that previous encounter with HSV1 does 

not prevent from HSV2 acquisition (231) and HSV1/HSV2 co-infection, has no 

beneficial effects in clinical outcome (232) compare to single infection. Thus, 

immune crossreactivity between HSV1 and HSV2 does not seem to translate into 

better protection from infection or higher ability to control viral reactivation. 

 

We wanted to analyse whether anti-viral immune reactivity could determine 

whether an individual that first encounters the virus, will later on experience 

more or less recrudescences. The first challenge in this study was to properly 

classify the patients. Although none of the patients had experienced previous 

clinical symptoms, it became evident that some of them had had subclinical 

infections. By combining PCR on blister secretions or cerebrospinal fluid (CSF) 
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with serology, patients were divided into true primary infections, either HSV1 or 

HSV2, and “first episode” infections of the different sub-types. The latter were 

defined as first clinical eruption due to viral reactivation of a symptom-free latent 

infection. The PCR based disagnostic technique has a higher sensitivity (233, 

234) and it was preferred to virus culture because virus is isolated from lesions in 

80% of the primary infection and only in 25-50% of recurrent infections, and the 

percentage is even lower if the healing process has started (235). We used four 

different ELISA based systems in order to distinguish between primary infection, 

defined as initial absence of HSV antibodies at onset of clinical symptoms and 

subsequent development of HSV1 and HSV2 type-common, as well as HSV1 or 

HSV2 type specific, IgG antibodies over one year. Non-primary first episode 

infection was in most cases defined by the presence of HSV IgG antibody at first 

visit. During the classification we had to consider that HSV seroconversion, as 

detected by the type-common ELISA, should take place at the latest two weeks 

after onset of symptoms (236). One of the patients was included two weeks after 

the beginning of clinical manifestations and presented positive in serological test 

to HSV. She was included in the primary infection group because her 

HSV-specific cell-mediated immune (CMI) responses were comparable to those 

having primary infection.  We followed the patients for a period of one year to be 

able to assess how many recurrences they were experiencing and when the 

seroconversion took place. The first observation, in accordance with the 

literature, was that HSV1 genital infection causes fewer recurrences than HSV2 

infection (229, 235).  

 

We collected three blood samples from each patient and we analyzed innate as 

well as adaptive immune responses. From previous studies, we know that 

reduced numbers or deficiency of NK and CD4+ T-cells (107, 237) can lead to 

disseminated HSV infections. We thus characterized NK cells from patients and 

determined that there was no difference in NK cell numbers or phenotype over 

time in all three groups analysed. Neither could we detect abnormal NK cell IFNγ 

production nor cytotoxic activity tested against a standard tumor cell line lacking 

MHC class I molecules, K562. Therefore, our data argue against profound 

changes in NK cell phenotype or activity that could determine number of 
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recurrences in our patients, and ongoing infection did not seem to affect NK cell 

function or phenotype. However we cannot exclude that NK cells might present 

some difference in some other aspect that we did not study, such as granule 

release, TLR functions and KIR expression. 

 

We detected elevated T-cell responses in primary infection compared to at month 

2 and 12 thereafter, measured as CD4+ T cell blast formation and cytokine 

secretion in whole blood cultures stimulated with HSV specific antigens. The 

elevated T cell responses might be an effect of ongoing infection due to the 

presence of active clonally expanded T-cells, while lower responses at month 2 

and 12 may reflect a T-cell clonal contraction during latent periods of infection. 

One of the chemokines analysed presented a different pattern, IP10. IP10 is an 

IFN type I inducible chemokine that mediates the recruitment of NK and T-cells 

and it has been found in skin lesions of different diseases, such as SLE (238). It is 

involved in HSV infection as described for murine models, where IP10 deficient 

mice present reduced immune cell recruitment to sites of infection, higher viral 

load in CNS and higher mortality rate compare to wild type mice (239). The role 

of IP10 in our system would need more investigation but we can hypothesise that 

the increased production we detect during the one-year after the primary 

infection may be one cause of the observed reduction of the other cytokines. 

Thus, increased IP10 levels could lead to increased cellular infiltration and better 

immune control of viral reactivation. The increase in IP10 responses may be one 

explanation for the decrease with time in frequency of reactivation. 

 

A clear linear correlation between the level of cytokine produced at first visit and 

number of recurrences experienced over one year was observed: the more 

cytokine produced, the less recurrences, in particular for IL4, IL10 and MIP1β. 

IL10 has been described as a regulatory cytokine able to reduce 

immune-pathological effects caused by excessive immune activation. It has been 

shown that during HSV1 infection IL10 is produced by Treg cells and it reduces 

the production of IFNγ as well as IL2, hence limiting tissue damage (240). IL4 is 

able to induce differentiation of naïve T-cells into Th2 cells and also B cell class 

switching, and is considered an anti-inflammatory cytokine. IL4 and IL10 have 
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been described to be highly secreted in other chronic diseases such as allergy, 

HIV and also respiratory syncytial virus infection (241, 242), while specific 

antigen stimulation of PBMC from HSV2 symptomatic patients induces low levels 

of IL4 and IL10 (232). It is possible that these two antiinflammatory cytokines 

may reduce clinical symptoms due to their ability to limit the immune response, 

hence they may reduce pathology of HSV2 reactivation during the normal 

intermittent viral shedding that all infected subjects experience (217). Also MIP1β 

production correlated to lower number of clinical recurrences following primary 

infection. MIP1β is a chemokine which can be secreted by T and NK cells, and 

has been shown to have direct antiviral capacity by binding to gB protein on 

virions and generating pores in the viral envelope (243).  Thus, MIP1β might be 

important in the elimination of virus both by recruiting other leukocytes and by 

directly killing virions. An efficient MIP1β production can result in limitation of 

the epithelial surface affected by viral infection thus limit production of virus 

particles that can escape and establish latency, consequently reducing the 

number of future recurrences.  

 

3.4 PAPER IV 

We proceeded with our investigation on herpes infections, this time seeking for 

immune dysfunctions that might correlate with one of the severe manifestations 

of HSV2, recurrent meningitis.  

 

Aseptic meningitis is rarely seen upon HSV1 infection while it is the most 

common complication of HSV2 infection (244). HSV2 meningitis was first 

described in the context of Mollaret syndrome (Mollaret P “La meningite 

endothelio-leucocytaire multirecurrente benigne. Syndrome nouveau ou maladie 

nouvelle. Documents clinique” Rev Neurol Paris 1944) which includes all kinds 

of recurrent aseptic meningitis with symptom-free periods and presence of large 

and fragile endothelial cells in the CFS, the so called “mollaret’s cells”  (245). 

Mollaret himself suggested that a virus might cause the disease. 

Alphaherpes-viruses were ideal candidates because they are neurotropic, 

establish latency and may cause recurrent disease. Benign recurrent lymphocytic 
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meningitis following herpes meningitis has since then been described by several 

authors (246-249) and HSV2 is shown to be the major cause of benign recurrent 

lymphocytic meningitis (250-252). It has been determined that HSV2, together 

with enteroviruses, is the most frequent cause of aseptic meningitis (253, 254). It 

appears with or, more often, without mucocutaneous lesions. 

 

The first episode of HSV2 meningitis can be experienced within two weeks from 

the primary genital infection (249) but can also appear without preceding 

mucocutaneous lesions. Recurrences, instead, are more often seen without any 

genital blister formation. During the acute phase, patients will experience 

headache, neck stiffness and in many cases fever. Females are more frequently 

affected than males, and this is also true for genital infections (225, 234, 252, 

255). It can be that the female hormone cycle plays a role in the recurrences, 

there is a known association between herpes virus reactivation and the menstrual 

cycle (256). One suggested explanation has been that the anatomically larger 

area exposed and a larger viral load forwarded to the sacral ganglia in female are 

a reason for this. It should be noticed however that the frequency of 

asymptomatic individuals among seropositive subjects is higher in males than in 

females (226). The reason for this is unknown. 

 

In mouse models of herpes HSV2 meningitis, the chemokines CCR5, CXCL9 and 

CXCL10 have been shown to be essential to promote cell trafficking and reduce 

viral load in the CSF (239, 257). Some evidence of human genetic variation 

influencing the incidence of recurrent meningitis has been reported. One paper 

shows association between recurrent HSV2 meningitis and polymorphisms in 

two genes: the IFNγ receptor and the mannose binding lectin (MBL) (258) but the 

authors did not study functional differences in the identified gene variants. Two 

other reports hypothesised that a low humoral immune response would be 

involved in the pathogenesis of recurrence (259, 260) possibly due to viral 

immune evasion mechanisms.  To conclude, the current knowledge on immune 

responses in subjects affected by recurrent HSV2 meningitis is limited. 
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We thus hypothesised that an impaired cellular immune response would lead to 

a reduced ability to control viral spread and/or reactivation, and that this could 

be a possible explanation for recurrent meningitis (RM). We studied innate and 

adaptive immunity of subjects suffering from HSV2 recurrent meningitis. All 

patients had at least three prior admissions with confirmed HSV2 meningitis by 

PCR. We compared this group with subjects affected by recurrent genital 

infections (RG), and with healthy controls, either with detectable HSV-antibodies 

or seronegative to HSV. The patients were included in the study when they had 

no symptoms of ongoing HSV or other infections. We did not detect any 

abnormality in lymphocyte cell numbers in the RM patients, and T and NK cell 

phenotypes were comparable to controls. As T-cells have been implied in 

controlling viral reactivation, the major question was whether T-cell responses to 

HSV specific stimulation were impaired in our recurrent meningitis patients.  

 

We analysed CD4+ T-cell blast formation as well as cytokine and chemokine 

production and, contrary to our expectation, we found significantly elevated 

T-cell responses to antigen-specific stimulation in RM patients compared to all 

other groups. The cytokines induced by antigen activation was very broad, 

spanning from Th1 to Th2 and Th17 type cytokines. When comparing RM and 

RG versus healthy control we found that while both groups were able to produce 

higher levels of Th1 cytokines such as IL12 and TNFα and also IL10, when 

stimulated with HSV nuclear lysate, the RM group specifically responded with 

high levels of Th2 cytokines such as IL4 and IL13, and the same trend was 

observed for IL5. These cytokines have been involved in allergic responses but 

lately it has been reported that IL4 and IL13 can have an important role in 

regulation of tight junctions in the mucosal epithelia in HIV (261) and ulcerative 

colitis (262). Moreover, FACS analysis revealed higher expression of TLR3 and 

TLR9 in DCs from RM patients compared to healthy seropositive donors. IFNα 

production upon stimulation using TLR3 agonists, but not agonists to TLR4, 7 or 

9, was augmented in the RM patients. Thus, we observed increased T-cell 

responses as well as increased TLR expression and function.  
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The regulation of TLR expression is not fully understood. The presence of 

pathogens as well as cytokines such as IFNγ, normally released during infections, 

can induce TLR expression (263). There is some evidence that the expression 

levels of TLRs are increased during HIV viral infection (264) as well as during 

inflammation (265). In the context of HSV infection, the Us3 gene from HSV1 has 

been reported to reduce TLR3 mRNA levels (266), while TLR2 and 4 surface 

levels are reduced upon HSV1 infection of monocytes in vitro (267). 

 

We also observed a somehow increased production of IFNγ from NK cells when 

stimulated with live HSV2. Recently, the presence of memory in the NK cell 

compartment has been suggested in murine CMV infection. “Virus experienced” 

NK cells were able to more efficiently produce IFNγ in response to viral infection 

compared to “naïve” NK cells (268). Similar to this finding, I speculate that our 

observation could represent a virally induced augmentation of NK cell long-term 

responses in humans. 

 

Taken together, our data describe that rather than a low anti-viral immune 

response, RM patients present an elevated ability to respond to HSV stimulation, 

with respect to innate immunity as well as specific adaptive immunity. The 

question now is if what we observed is merely a consequence of the disease or if 

it may be related to the cause. One could speculate that the increased immune 

responses seen in RM simply reflect repeated and/or high dose exposure to 

antigen and virus during recurrences. The cause of the initial and recurrent 

meningitis would in this scenario not be a stable impairment in immune 

responses, but something else (eg local vulnerability of CNS tissues, temporary 

immune impairment, and exposure to unusually high virus dose in primary 

infection). Thus, enhancing the immune responses during recurrences would 

facilitate viral control and decrease meningitis symptoms. On the other hand, it 

might be that the elevated immune response is the cause for the different clinical 

outcome, ie viral spread to CNS rather than retrograde transport of virus followed 

by genital infection. In this scenario, elevated T-cell responses, possibly due to 

elevated innate immune responses, promote spread to the CNS, for example by 

enhancing inflammation of the neural ganglia with consequent meningitis.  
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We do not have further evidence for any of these scenarios. However, our data 

certainly speak against permanently impaired immune responses being the cause 

for RM. Several reports corroborate this: they describe disseminated HSV skin 

infections in immune-compromised subjects, including HSV2 genitalis, but there 

is no evidence for enhanced meningitis associated with immune suppression 

(269, 270). 

 

Due to observations in paper III we speculate that the pathogenesis of RG and 

RM might differ because of the different cytokine profiles they elicit.  Thus, the 

elevated immune responses observed in RG patients is not the cause of the 

recurrences, since we found in paper III that initial high cellular mediate immune 

responses predict low recurrence incidence. We instead speculate that the 

observed difference in cytokine profile between the two groups, ie IL4 and IL13, 

might be the crucial mechanism behind the different clinical outcomes. In this 

scenario the increased level of these cytokines would lead to alteration in the 

epithelial mucosa of the genital area, and perhaps also in the interface between 

the ganglia and the cerebro spinal fluid, hence facilitating viral spread in the CNS 

with consequent meningitis. Testing in a prospective study whether elevated 

immune responses during primary infection, in particular IL4 and IL13, 

predisposes to RM would require a very high number of patients, since the 

incidence of RM is low. Regarding genital manifestation, our observations in 

paper IV suggest that the low specific T-cell response in primary HSV2 infection 

in subjects who later develop frequent recurrencies (paper III) change with time. 

The patients with RG tested in asymptomatic phases in paper IV also had 

elevated responses, suggesting that such patients eventually develop strong 

responses.  

 

In conclusion, we have demonstrated for the first time that patients with recurrent 

HSV2 meningitis show enhanced specific T-cell responses to HSV antigens, with 

a unique Th2 profile, and also somewhat enhanced TLR3 mediated responses. 

This was contrary to our starting hypothesis. It cannot be excluded that hyper 

immune responses can contribute to the pathogenesis of recurrent meningitis. It is 
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also possible that the increased immune responses is instead induced during 

repeated presentations and activations of the immune system during recurrences, 

which themselves are consequences of another mechanism that remains to be 

shown. 
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4 CONCLUDING REMARKS 

 
In this thesis I studied some aspects of the innate and adaptive compartments of 

the immune system in SLE and more extensively in herpes infections. 

 

In paper I we determined that in subjects affected by SLE the proportion of 

CD56bright NK cells is significantly increased, and this phenomenon is not 

dependent on disease activity. We also speculated that it might be due to 

increased levels of IFNα at sites of inflammation, a typical hallmark of SLE 

patients. Further studies of IFNα induced gene profiles related to blood NK cells 

of patients with inactive SLE might highlight possible connections between our 

observations and disease pathology. 

 

From paper II we postulate a possible role for the activating NK cell receptor 

NKG2D in the immune response against HSV1 infection. It would be interesting 

to determine whether the observation of higher expression of NKG2D on blood 

NK cells during the acute phase of reactivation has consequences on the capacity 

of NK cells to kill HSV1 infected epithelial cells.  More over, it would be 

interesting to study NK cells at the site of infection, possibly by studying extensive 

oro-mucosal infection, for example during childhood. 

 

From paper III the described negative association between strength of the 

specific T-cell response during primary HSV infection and the frequency of 

clinically documented recurrences, could have several interpretations. One 

interpretation is that a strong inherent ability to respond to HSV virus reduces the 

viral load available to establish latency, and that the frequency of recurrences 

depend on the initially established viral dose. Another possibility, that does not 

exclude the first, is that the strong initial response also reflects the capacity for 

immune surveillance against recurrence during latency. Finally, it is also possible 

that there may be no causal relationship between initial immune response and 

frequency of recurrences; both might be influenced by a third, unknown factor. 

Considering the results from paper IV where recurrent genitalis patients show 
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high cellular immune responses compare to healthy subjects, our results suggest 

that an initial high immune response will contribute to reduced recurrences while 

subjects affected by recurrences will show elevated immune responses as a result 

of constant viral reactivation. To understand the role of immune responses in 

deciding symptomatic versus asymptomatic viral reactivation, it would be 

interesting to study adaptive and innate immunity in individual RG patients in 

repeated blood samples. In vitro immune responses would then be compared 

between asymptomatic viral production and symptomatic blister formation, and 

correlated to viral load in genital secretions. 

 

In paper IV we examined the immune response of patients affected by recurrent 

meningitis caused by HSV2 infection. We determined that these patients have 

elevated TLRs expression, elevated IFNα production to certain stimuli and 

elevated specific T-cell responses when compared to patients with recurrent 

genital infection and to healthy seropositive donors. The augmented responses 

were particularly impressive for the cytokines IL4 and IL13. One interpretation is 

that long term infection would lead to repeated viral presentation to the immune 

system and thus repeated immune activation that would simply translate in 

higher cellular responses, with higher viral load in RM compared to RG. Another 

possibility is that increased innate immune responses might be the cause for 

elevated T-cells responses, which in turn contribute to the pathogenesis of 

meningitis. To asses whether the immune responses is the cause for RM it would 

be of interest to plan a prospective study, similar to the one developed in paper 

III, but with focus on primary meningitis and see if their immune responses 

changes or not over time after establishment of recurrences. Furthermore, it 

would be interesting to perform epidemiological studies of immune compromised 

patients (transplanted patients on immune suppression as well as HIV infected 

patients) to understand whether RM is an immune mediated disease. If so, the 

incidence in these patient groups would be increased compared to in the general 

population.



 

 58 

ACKNOWLEDGEMENTS 

 

Here I am, writing the most terrifying part of this thesis, the part that EVERYONE 
reads, therefore the one that will get more comments. 
 
There are several people that deserve thanks from me, so I will start from an 
academic point of view: 
 
My super main supervisor, Louise Berg, aka” The boss”. I would have never 
thought we could get this far. I consider myself really lucky to have had you as 
a supervisor. You are a perfect combination of a scientist and a human being. 
You always cared about my science but never neglected my personality and my 
feeling. On the contrary, you have been a safe place where to turn when things 
weren’t going fine. We could always confront each other honestly and directly, 
and you know how much I needed it! Thank you, from the deepest of my heart! 
 
My co-supervisor, Klas Kärre. Your scientific criticism is always objective and 
surprisingly positive; there is never a right or wrong observation, never a good or 
bad experiment. There is science, always. 
  
My mentor and former supervisor, Francesca Chiodi. You have had a double role 
in my PhD study. On one side you have been the original link to MTC, you 
introduced me to the basic techniques that I have been using during my PhD 
study. Thanks to you, I had the possibility to meet Louise and Klas, who accepted 
me as PhD student. On the other side you have been there all the time to remind 
me that you should never give up. Thank you, it was needed. 
 
My supervisor during the master thesis, Alessandra Postorino. Without you I 
would have never had a thesis project. You supported me when I was doubtful 
about my future, and encouraged me to move abroad to enrich my scientific and 
personal knowledge. The years spent in your lab are stored in my memory as 
joyful and intense. You are for me another example of “never give up”. 
 
I have to thank Karolinska Institutet because I have been given the opportunity 
not only to perform as a scientist but also to meet many people, several of which 
have left a significant mark into my life: 
 
Emma Huitric, it will take a full page to list all the nicknames you got since we 
knew each other. Since you came into my life I learned about pollution and all 
the different ecological things that exist in the world… but the ecological 
mozzarella…. No please, not that one!   
 
Alberto Cagigi, my first guide here at MTC. We started almost together and since 
then it seems we keep on doing almost the same things at the same time. It has 
been a pleasure to meet a real king! 
 



 

 59 

I now have to thank all the people who, together with the just mentioned 
muppets, made my personal experience at MTC unforgettable: the Caribbean 
people; the Aussies; the Indians; the Asians; the Spanish; the Greeks; the Italians; 
the Irish; the Scottish; the Hungarians and more…. you all contributed to make 
the MTC’s pub a LEGEND.  
 
Special thanks also to the ones who, after passing an excruciatingly painful 
selection process, decided to take over our job: the scary Lech Ignatowicz and 
DJ Simone “Thoughtful” Pensiseroso, already active members of the crew. 
 
My colleagues in Klas Kärre’s group, starting from my room: Micke Uhlin, so shy 
but  yet so mean; Mantas Okas, no one can contradict me if I say that you are 
unique ; Jonas Sundbäck, I guess Micke won the bet; Stina Wickström, you 
have one of the biggest hearts I have ever seen; Hanna Brauner, from the time we 
spent together in Paris you became my idol; Kanth Tadepally, the Italian touch 
with an Indian accent; Petter Brodin, work work work ad work; Susanne 
Johansson, delicate presence in our group; Andre Ortlieb, sweet host of a 
fantastic and memorable vacation; Jens Gertow, two faces but same smart guy; 
Bruno Vanherberghen, the 15-year old Post-Doc; Mia Johansson, thanks for the 
your support with bureaucracy issues; Björn Önfelt, did you get any more grants 
this year?; Petter “Elvis” Höglund, a perfect tenant of a lovely apartment.  
Among the former members of Klas Kärre’s group I would like to give a special 
thank to Cristina Matos, for her pragmatism and coherence, and to Katja 
Lindholm (Andersson), for her constant delaying of her precise planning. 
 
The CIM side: Benedict Chambers, gosh, we did need someone so loud in the 
corridor!; Adnane Achour, it is really easy to understand when it is not a good 
day to talk to you; the lovely greek-turkish couple Annamaria Georgoudaki and 
Adil Doganay Duru, a joint Mediterranean force to survive the long days in the 
lab; Chaithanya Madhurantakam, Pooja Anjali Mazundar, Hannes Uchtenhagen 
thanks for creating a cheering atmosphere in the corridor. 
 
Special thanks to Daniel Badia, your spirit, your being so spontaneous and your 
warmth make you the one and only DANI. 
 
Francesca Chiodi’s group: Pham Hong Thang, Linh Dang, Anna Nilsson, 
Malgorzata Krzyzowska, Stefano Sammicheli, Alberto Cagigi, Nancy Vivar, 
thanks for sharing coffee and cakes with me; Simone Pensieroso, thanks for 
letting me use your computer: and last but not the least Monsieur Nicola Ruffin, 
the first (very) nice French person I ever met. 
Among the former members: Kehmia Titanji and Angelo De Milito for teaching 
me how to be a scientist and for good advice. 
 
The Student association members, present and past:  Caroline Fluur, Jenny 
Karlsson, Anna Birgersdotter, Camilla Oxhamre, Melinda Simon, Fingani 
Mphande, Malin Stolz, Melissa Norström (…I will spear you from any specific 
comment ); It has been great to work with you. 
 



 

 60 

The MTC Football team: Alex Candia (aka “El matador del ordenador”), Hamis 
Sharifi, Alberto Cagigi, Jakob Lovén, Martina Soldemo, Matias Forsell, Stefano 
Sammicheli, Vera Grinkevich, Emma Huitric, Mauro D’Amato, Adil Doganay 
Duru, Adnane Achour and the guy from the Korv Kiosk  
 
The employees at MTC: Birgitta Karlsson, Brigitta Wester, Hanna hadzija, Milina 
Jovanovitch, Lena Norenius, Torbjörn Laggar, Susanne Larsén, Helene Stabeck, 
you make MTC a better place. 
Special thanks to Greger Blomquist and Sándor Feldötö for their extraordinary 
contribution to the MTC’s pubs, not only as protagonists but also as “backstage” 
assistants.  
Kerstin Jacobson, how could I have ever made it without your precious help?! 
John Sennet, I am sure you will miss the “spy” in pink. 
 
All collaborators: Iva Gunnarsson, Maija-Leena Eloranta, Jon Lampa, Stefan H 
Jacobson, for the SLE project; Mauro D’Amato, Marie Studahl, Tomas Bergström 
for the HSV1 project; Elisabeth Franzén-Röhl, Maria Lagrelius, Kristina Franck, 
Fredrik Atterfelt, Arne Vikström, Petra Jones, Jan-Åke Liljeqvist, Elisabeth 
Aurelius, Hans Gaines, for the HSV2 project. 
 
Special thanks to Hans Gaines, Elisabeth Aurelius and Elisabeth Franzén-Röhl for 
vivid scientific discussions between biologists and medical doctors. 
 
I hope I did not forget anyone. If so, I hope they will forgive me. 
Oh no, indeed I was about to forget someone….. I had to thank all the people 
already mentioned….. and GERRY!! (You knew it was coming!). I still don’t 
know if I prefer Gerry or Richard! 
 
Now it is time to move away from MTC and KI, to start thanking all other people 
from the”outside world”. 
 
The reason why I ended up here in Stockholm, Valeria. We met on the volleyball 
field and since then we became inseparable. Our idea was to rule Sweden and 
find the men of our lives…. well, I think we succeeded! I could not imagine 
having made it without you. Since we arrived, everything has been a challenge 
and only together we could win this game.  How many things are still to 
come?! Scary?! Perhaps, but it is a nice feeling to know that we will be there for 
each other. 
 
Emma, yes again! You deserve a double citation because you have been part of 
my life at MTC but also part of the “outside” world. Started for a coincidence, our 
friendship is now for me a consolidated certainty that makes me feel happy 
everyday. I know I can count on you, always. 
 
Marcella, anche se sei lontana mi sei stata vicina, ma quest’estate ci rifaremo: 
mare, relax e...... marmocchi che piangono. 
 



 

 61 

Marie, the most complex human being I have ever met: sensitive, deep, fragile, 
enthusiastic and passionate, typical Swedish!  
 
The Finlandssvenskor Annika and Monika for introducing me to finnish habits ! 
 
My family, perhaps the real reason why I am here. They supported all my 
decisions, and made my choices easy. They never doubted my potentials, and 
gave me the strength to leave my country and start this fantastic adventure. 
Mamma, “volli fortissimammente volli”, e’ cosi´che mi hai cresciuta, in ogni 
cosa, chi meglio di te sa cosa vuol dire?!; Papa’, spero che tu sia orgoglioso di 
me; Patrizia, stando lontane ci siamo perse molte cose l’una dell’altra ma 
l’amore reciproco non e´mai cambiato; Pamela, quanto amore per me?!, non 
potro´mai scordarlo; Ciro, fratello acquisito e legame immenso, ma quando 
vieni?; I miei nipoti, Mattia e Vanni, croce e delizia della nostra famiglia . 
 
My acquired family D’Amato: Aldo, Germana, Fulvio, Araceli e per ultimi Giulia 
e Luca. Vi siete sempre mostrati aperti e generosi. Mi avete ricoperto di affetto sin 
dall’inizio. Temevamo l’arrivo di skype come una punizione divina ed invece 
e´diventato un momento prezioso delle nostre domeniche. Grazie di tutto. 
 
And now is time to thank the person that was able to change my life completely, 
to make me think in a different way, to make me fall in love for the very first time, 
Mauro. We were both waiting for our soul mate and we knew that it would be 
difficult to find the right one….. but it happened, and now it feels as if you have 
always been in my life. Every day with you is a different one. In less then three 
years we have collected as many emotions and experiences as people normally 
do during their entire life. You are the only one that has been able to penetrate 
and dismount all my deepest fears. We are as one.  
Now we have started the most important journey of our life, Massimiliano Ruben 
is on his way, and I couldn’t wish for more. “La pacchiona contenta”. 
Thank you Mauro, it’s all because of you.  
 



 

 62 

5 REFERENCES 

 
1. Medzhitov, R., and C. A. Janeway, Jr. 1997. Innate immunity: the virtues 

of a nonclonal system of recognition. Cell 91:295-298. 
2. Akira, S., S. Uematsu, and O. Takeuchi. 2006. Pathogen recognition and 

innate immunity. Cell 124:783-801. 
3. Saito, T., and M. Gale, Jr. 2007. Principles of intracellular viral 

recognition. Current opinion in immunology 19:17-23. 
4. Liang, L., and W. C. Sha. 2002. The right place at the right time: novel B7 

family members regulate effector T cell responses. Current opinion in 
immunology 14:384-390. 

5. Naik, S. H. 2008. Demystifying the development of dendritic cell 
subtypes, a little. Immunology and cell biology 86:439-452. 

6. Wu, L., and Y. J. Liu. 2007. Development of dendritic-cell lineages. 
Immunity 26:741-750. 

7. Dzionek, A., Y. Sohma, J. Nagafune, M. Cella, M. Colonna, F. Facchetti, 
G. Gunther, I. Johnston, A. Lanzavecchia, T. Nagasaka, T. Okada, W. 
Vermi, G. Winkels, T. Yamamoto, M. Zysk, Y. Yamaguchi, and J. Schmitz. 
2001. BDCA-2, a novel plasmacytoid dendritic cell-specific type II C-type 
lectin, mediates antigen capture and is a potent inhibitor of interferon 
alpha/beta induction. The Journal of experimental medicine 194:1823-
1834. 

8. Siegal, F. P., N. Kadowaki, M. Shodell, P. A. Fitzgerald-Bocarsly, K. Shah, 
S. Ho, S. Antonenko, and Y. J. Liu. 1999. The nature of the principal type 
1 interferon-producing cells in human blood. Science (New York, N.Y 
284:1835-1837. 

9. Trinchieri, G., and D. Santoli. 1978. Anti-viral activity induced by 
culturing lymphocytes with tumor-derived or virus-transformed cells. 
Enhancement of human natural killer cell activity by interferon and 
antagonistic inhibition of susceptibility of target cells to lysis. The Journal 
of experimental medicine 147:1314-1333. 

10. Trinchieri, G., D. Santoli, R. R. Dee, and B. B. Knowles. 1978. Anti-viral 
activity induced by culturing lymphocytes with tumor-derived or virus-
transformed cells. Identification of the anti-viral activity as interferon and 
characterization of the human effector lymphocyte subpopulation. The 
Journal of experimental medicine 147:1299-1313. 

11. Barrat, F. J., T. Meeker, J. Gregorio, J. H. Chan, S. Uematsu, S. Akira, B. 
Chang, O. Duramad, and R. L. Coffman. 2005. Nucleic acids of 
mammalian origin can act as endogenous ligands for Toll-like receptors 
and may promote systemic lupus erythematosus. The Journal of 
experimental medicine 202:1131-1139. 

12. Nusslein-Volhard, C., and E. Wieschaus. 1980. Mutations affecting 
segment number and polarity in Drosophila. Nature 287:795-801. 

13. Lemaitre, B., E. Nicolas, L. Michaut, J. M. Reichhart, and J. A. Hoffmann. 
1996. The dorsoventral regulatory gene cassette spatzle/Toll/cactus 
controls the potent antifungal response in Drosophila adults. Cell 86:973-
983. 

14. Medzhitov, R., P. Preston-Hurlburt, and C. A. Janeway, Jr. 1997. A human 
homologue of the Drosophila Toll protein signals activation of adaptive 
immunity. Nature 388:394-397. 

15. Gilliet, M., W. Cao, and Y. J. Liu. 2008. Plasmacytoid dendritic cells: 
sensing nucleic acids in viral infection and autoimmune diseases. Nature 
reviews 8:594-606. 

16. Takeda, K., and S. Akira. 2005. Toll-like receptors in innate immunity. 
International immunology 17:1-14. 

17. Kawai, T., S. Sato, K. J. Ishii, C. Coban, H. Hemmi, M. Yamamoto, K. 
Terai, M. Matsuda, J. Inoue, S. Uematsu, O. Takeuchi, and S. Akira. 2004. 



 

 63 

Interferon-alpha induction through Toll-like receptors involves a direct 
interaction of IRF7 with MyD88 and TRAF6. Nature immunology 5:1061-
1068. 

18. Akira, S., and H. Hemmi. 2003. Recognition of pathogen-associated 
molecular patterns by TLR family. Immunology letters 85:85-95. 

19. Trinchieri, G. 2003. Interleukin-12 and the regulation of innate resistance 
and adaptive immunity. Nature reviews 3:133-146. 

20. Yokoyama, W. M., S. Kim, and A. R. French. 2004. The dynamic life of 
natural killer cells. Annual review of immunology 22:405-429. 

21. Fehniger, T. A., M. A. Cooper, G. J. Nuovo, M. Cella, F. Facchetti, M. 
Colonna, and M. A. Caligiuri. 2003. CD56bright natural killer cells are 
present in human lymph nodes and are activated by T cell-derived IL-2: a 
potential new link between adaptive and innate immunity. Blood 
101:3052-3057. 

22. Ferlazzo, G., D. Thomas, S. L. Lin, K. Goodman, B. Morandi, W. A. 
Muller, A. Moretta, and C. Munz. 2004. The abundant NK cells in human 
secondary lymphoid tissues require activation to express killer cell Ig-like 
receptors and become cytolytic. J Immunol 172:1455-1462. 

23. Caligiuri, M. A., A. Zmuidzinas, T. J. Manley, H. Levine, K. A. Smith, and 
J. Ritz. 1990. Functional consequences of interleukin 2 receptor 
expression on resting human lymphocytes. Identification of a novel 
natural killer cell subset with high affinity receptors. The Journal of 
experimental medicine 171:1509-1526. 

24. Nagler, A., L. L. Lanier, and J. H. Phillips. 1990. Constitutive expression of 
high affinity interleukin 2 receptors on human CD16-natural killer cells in 
vivo. The Journal of experimental medicine 171:1527-1533. 

25. Cooper, M. A., T. A. Fehniger, and M. A. Caligiuri. 2001. The biology of 
human natural killer-cell subsets. Trends in immunology 22:633-640. 

26. Perussia, B., Y. Chen, and M. J. Loza. 2005. Peripheral NK cell 
phenotypes: multiple changing of faces of an adapting, developing cell. 
Molecular immunology 42:385-395. 

27. Chan, A., D. L. Hong, A. Atzberger, S. Kollnberger, A. D. Filer, C. D. 
Buckley, A. McMichael, T. Enver, and P. Bowness. 2007. CD56bright 
human NK cells differentiate into CD56dim cells: role of contact with 
peripheral fibroblasts. J Immunol 179:89-94. 

28. Lanier, L. L. 2008. Evolutionary struggles between NK cells and viruses. 
Nature reviews 8:259-268. 

29. Stern, P., M. Gidlund, A. Orn, and H. Wigzell. 1980. Natural killer cells 
mediate lysis of embryonal carcinoma cells lacking MHC. Nature 
285:341-342. 

30. Ljunggren, H. G., and K. Karre. 1990. In search of the 'missing self': MHC 
molecules and NK cell recognition. Immunology today 11:237-244. 

31. Bryceson, Y. T., and E. O. Long. 2008. Line of attack: NK cell specificity 
and integration of signals. Current opinion in immunology 20:344-352. 

32. Lieberman, J. 2003. The ABCs of granule-mediated cytotoxicity: new 
weapons in the arsenal. Nature reviews 3:361-370. 

33. Boehm, U., T. Klamp, M. Groot, and J. C. Howard. 1997. Cellular 
responses to interferon-gamma. Annual review of immunology 15:749-
795. 

34. Stetson, D. B., M. Mohrs, R. L. Reinhardt, J. L. Baron, Z. E. Wang, L. 
Gapin, M. Kronenberg, and R. M. Locksley. 2003. Constitutive cytokine 
mRNAs mark natural killer (NK) and NK T cells poised for rapid effector 
function. The Journal of experimental medicine 198:1069-1076. 

35. Sivori, S., D. Pende, C. Bottino, E. Marcenaro, A. Pessino, R. Biassoni, L. 
Moretta, and A. Moretta. 1999. NKp46 is the major triggering receptor 
involved in the natural cytotoxicity of fresh or cultured human NK cells. 
Correlation between surface density of NKp46 and natural cytotoxicity 
against autologous, allogeneic or xenogeneic target cells. European 
journal of immunology 29:1656-1666. 



 

 64 

36. Pende, D., S. Parolini, A. Pessino, S. Sivori, R. Augugliaro, L. Morelli, E. 
Marcenaro, L. Accame, A. Malaspina, R. Biassoni, C. Bottino, L. Moretta, 
and A. Moretta. 1999. Identification and molecular characterization of 
NKp30, a novel triggering receptor involved in natural cytotoxicity 
mediated by human natural killer cells. The Journal of experimental 
medicine 190:1505-1516. 

37. Cantoni, C., C. Bottino, R. Augugliaro, L. Morelli, E. Marcenaro, R. 
Castriconi, M. Vitale, D. Pende, S. Sivori, R. Millo, R. Biassoni, L. Moretta, 
and A. Moretta. 1999. Molecular and functional characterization of 
IRp60, a member of the immunoglobulin superfamily that functions as an 
inhibitory receptor in human NK cells. European journal of immunology 
29:3148-3159. 

38. Bloushtain, N., U. Qimron, A. Bar-Ilan, O. Hershkovitz, R. Gazit, E. Fima, 
M. Korc, I. Vlodavsky, N. V. Bovin, and A. Porgador. 2004. Membrane-
associated heparan sulfate proteoglycans are involved in the recognition 
of cellular targets by NKp30 and NKp46. J Immunol 173:2392-2401. 

39. Hecht, M. L., B. Rosental, T. Horlacher, O. Hershkovitz, J. L. De Paz, C. 
Noti, S. Schauer, A. Porgador, and P. H. Seeberger. 2009. Natural 
cytotoxicity receptors NKp30, NKp44 and NKp46 bind to different 
heparan sulfate/heparin sequences. Journal of proteome research 8:712-
720. 

40. Mandelboim, O., N. Lieberman, M. Lev, L. Paul, T. I. Arnon, Y. Bushkin, 
D. M. Davis, J. L. Strominger, J. W. Yewdell, and A. Porgador. 2001. 
Recognition of haemagglutinins on virus-infected cells by NKp46 activates 
lysis by human NK cells. Nature 409:1055-1060. 

41. Sakaguchi, S. 2000. Regulatory T cells: key controllers of immunologic 
self-tolerance. Cell 101:455-458. 

42. Shevach, E. M. 2006. From vanilla to 28 flavors: multiple varieties of T 
regulatory cells. Immunity 25:195-201. 

43. Aggarwal, S., N. Ghilardi, M. H. Xie, F. J. de Sauvage, and A. L. Gurney. 
2003. Interleukin-23 promotes a distinct CD4 T cell activation state 
characterized by the production of interleukin-17. The Journal of 
biological chemistry 278:1910-1914. 

44. Tesmer, L. A., S. K. Lundy, S. Sarkar, and D. A. Fox. 2008. Th17 cells in 
human disease. Immunological reviews 223:87-113. 

45. Cerwenka, A., L. L. Carter, J. B. Reome, S. L. Swain, and R. W. Dutton. 
1998. In vivo persistence of CD8 polarized T cell subsets producing type 
1 or type 2 cytokines. J Immunol 161:97-105. 

46. Smith-Garvin, J. E., G. A. Koretzky, and M. S. Jordan. 2009. T Cell 
Activation. Annual review of immunology. 

47. Kagi, D., F. Vignaux, B. Ledermann, K. Burki, V. Depraetere, S. Nagata, H. 
Hengartner, and P. Golstein. 1994. Fas and perforin pathways as major 
mechanisms of T cell-mediated cytotoxicity. Science (New York, N.Y 
265:528-530. 

48. Castellino, F., A. Y. Huang, G. Altan-Bonnet, S. Stoll, C. Scheinecker, and 
R. N. Germain. 2006. Chemokines enhance immunity by guiding naive 
CD8+ T cells to sites of CD4+ T cell-dendritic cell interaction. Nature 
440:890-895. 

49. Foulds, K. E., L. A. Zenewicz, D. J. Shedlock, J. Jiang, A. E. Troy, and H. 
Shen. 2002. Cutting edge: CD4 and CD8 T cells are intrinsically different 
in their proliferative responses. J Immunol 168:1528-1532. 

50. Dustin, M. L., S. K. Bromley, Z. Kan, D. A. Peterson, and E. R. Unanue. 
1997. Antigen receptor engagement delivers a stop signal to migrating T 
lymphocytes. Proceedings of the National Academy of Sciences of the 
United States of America 94:3909-3913. 

51. Henrickson, S. E., T. R. Mempel, I. B. Mazo, B. Liu, M. N. Artyomov, H. 
Zheng, A. Peixoto, M. P. Flynn, B. Senman, T. Junt, H. C. Wong, A. K. 
Chakraborty, and U. H. von Andrian. 2008. T cell sensing of antigen dose 
governs interactive behavior with dendritic cells and sets a threshold for T 
cell activation. Nature immunology 9:282-291. 



 

 65 

52. Bousso, P. 2008. T-cell activation by dendritic cells in the lymph node: 
lessons from the movies. Nature reviews 8:675-684. 

53. Jelley-Gibbs, D. M., D. M. Brown, J. P. Dibble, L. Haynes, S. M. Eaton, 
and S. L. Swain. 2005. Unexpected prolonged presentation of influenza 
antigens promotes CD4 T cell memory generation. The Journal of 
experimental medicine 202:697-706. 

54. De Boer, R. J., D. Homann, and A. S. Perelson. 2003. Different dynamics 
of CD4+ and CD8+ T cell responses during and after acute lymphocytic 
choriomeningitis virus infection. J Immunol 171:3928-3935. 

55. Homann, D., L. Teyton, and M. B. Oldstone. 2001. Differential regulation 
of antiviral T-cell immunity results in stable CD8+ but declining CD4+ T-
cell memory. Nature medicine 7:913-919. 

56. Schiemann, M., V. Busch, K. Linkemann, K. M. Huster, and D. H. Busch. 
2003. Differences in maintenance of CD8+ and CD4+ bacteria-specific 
effector-memory T cell populations. European journal of immunology 
33:2875-2885. 

57. Sallusto, F., D. Lenig, R. Forster, M. Lipp, and A. Lanzavecchia. 1999. 
Two subsets of memory T lymphocytes with distinct homing potentials 
and effector functions. Nature 401:708-712. 

58. Sallusto, F., A. Langenkamp, J. Geginat, and A. Lanzavecchia. 2000. 
Functional subsets of memory T cells identified by CCR7 expression. 
Current topics in microbiology and immunology 251:167-171. 

59. Sallusto, F., J. Geginat, and A. Lanzavecchia. 2004. Central memory and 
effector memory T cell subsets: function, generation, and maintenance. 
Annual review of immunology 22:745-763. 

60. Huster, K. M., V. Busch, M. Schiemann, K. Linkemann, K. M. Kerksiek, H. 
Wagner, and D. H. Busch. 2004. Selective expression of IL-7 receptor on 
memory T cells identifies early CD40L-dependent generation of distinct 
CD8+ memory T cell subsets. Proceedings of the National Academy of 
Sciences of the United States of America 101:5610-5615. 

61. Ignatowicz, L., J. Kappler, and P. Marrack. 1996. The repertoire of T cells 
shaped by a single MHC/peptide ligand. Cell 84:521-529. 

62. Wardemann, H., S. Yurasov, A. Schaefer, J. W. Young, E. Meffre, and M. 
C. Nussenzweig. 2003. Predominant autoantibody production by early 
human B cell precursors. Science (New York, N.Y 301:1374-1377. 

63. Zerrahn, J., W. Held, and D. H. Raulet. 1997. The MHC reactivity of the T 
cell repertoire prior to positive and negative selection. Cell 88:627-636. 

64. Greenwald, R. J., G. J. Freeman, and A. H. Sharpe. 2005. The B7 family 
revisited. Annual review of immunology 23:515-548. 

65. Criswell, L. A. 2008. The genetic contribution to systemic lupus 
erythematosus. Bulletin of the NYU hospital for joint diseases 66:176-183. 

66. Rahman, A., and D. A. Isenberg. 2008. Systemic lupus erythematosus. The 
New England journal of medicine 358:929-939. 

67. Watanabe-Fukunaga, R., C. I. Brannan, N. G. Copeland, N. A. Jenkins, 
and S. Nagata. 1992. Lymphoproliferation disorder in mice explained by 
defects in Fas antigen that mediates apoptosis. Nature 356:314-317. 

68. Allen, R. D., J. D. Marshall, J. B. Roths, and C. L. Sidman. 1990. 
Differences defined by bone marrow transplantation suggest that lpr and 
gld are mutations of genes encoding an interacting pair of molecules. The 
Journal of experimental medicine 172:1367-1375. 

69. Baumann, I., W. Kolowos, R. E. Voll, B. Manger, U. Gaipl, W. L. 
Neuhuber, T. Kirchner, J. R. Kalden, and M. Herrmann. 2002. Impaired 
uptake of apoptotic cells into tingible body macrophages in germinal 
centers of patients with systemic lupus erythematosus. Arthritis and 
rheumatism 46:191-201. 

70. Morgan, B. P., and M. J. Walport. 1991. Complement deficiency and 
disease. Immunology today 12:301-306. 

71. Yasutomo, K., T. Horiuchi, S. Kagami, H. Tsukamoto, C. Hashimura, M. 
Urushihara, and Y. Kuroda. 2001. Mutation of DNASE1 in people with 
systemic lupus erythematosus. Nature genetics 28:313-314. 



 

 66 

72. Prokunina, L., C. Castillejo-Lopez, F. Oberg, I. Gunnarsson, L. Berg, V. 
Magnusson, A. J. Brookes, D. Tentler, H. Kristjansdottir, G. Grondal, A. I. 
Bolstad, E. Svenungsson, I. Lundberg, G. Sturfelt, A. Jonssen, L. Truedsson, 
G. Lima, J. Alcocer-Varela, R. Jonsson, U. B. Gyllensten, J. B. Harley, D. 
Alarcon-Segovia, K. Steinsson, and M. E. Alarcon-Riquelme. 2002. A 
regulatory polymorphism in PDCD1 is associated with susceptibility to 
systemic lupus erythematosus in humans. Nature genetics 32:666-669. 

73. Bengtsson, A. A., G. Sturfelt, L. Truedsson, J. Blomberg, G. Alm, H. Vallin, 
and L. Ronnblom. 2000. Activation of type I interferon system in systemic 
lupus erythematosus correlates with disease activity but not with 
antiretroviral antibodies. Lupus 9:664-671. 

74. Ronnblom, L. E., G. V. Alm, and K. E. Oberg. 1990. Possible induction of 
systemic lupus erythematosus by interferon-alpha treatment in a patient 
with a malignant carcinoid tumour. Journal of internal medicine 227:207-
210. 

75. Preble, O. T., R. J. Black, R. M. Friedman, J. H. Klippel, and J. Vilcek. 
1982. Systemic lupus erythematosus: presence in human serum of an 
unusual acid-labile leukocyte interferon. Science (New York, N.Y 
216:429-431. 

76. Farkas, L., K. Beiske, F. Lund-Johansen, P. Brandtzaeg, and F. L. Jahnsen. 
2001. Plasmacytoid dendritic cells (natural interferon- alpha/beta-
producing cells) accumulate in cutaneous lupus erythematosus lesions. 
The American journal of pathology 159:237-243. 

77. Bennett, L., A. K. Palucka, E. Arce, V. Cantrell, J. Borvak, J. Banchereau, 
and V. Pascual. 2003. Interferon and granulopoiesis signatures in systemic 
lupus erythematosus blood. The Journal of experimental medicine 
197:711-723. 

78. Baechler, E. C., F. M. Batliwalla, G. Karypis, P. M. Gaffney, W. A. 
Ortmann, K. J. Espe, K. B. Shark, W. J. Grande, K. M. Hughes, V. Kapur, P. 
K. Gregersen, and T. W. Behrens. 2003. Interferon-inducible gene 
expression signature in peripheral blood cells of patients with severe 
lupus. Proceedings of the National Academy of Sciences of the United 
States of America 100:2610-2615. 

79. Blanco, P., A. K. Palucka, M. Gill, V. Pascual, and J. Banchereau. 2001. 
Induction of dendritic cell differentiation by IFN-alpha in systemic lupus 
erythematosus. Science (New York, N.Y 294:1540-1543. 

80. Jego, G., A. K. Palucka, J. P. Blanck, C. Chalouni, V. Pascual, and J. 
Banchereau. 2003. Plasmacytoid dendritic cells induce plasma cell 
differentiation through type I interferon and interleukin 6. Immunity 
19:225-234. 

81. Vallin, H., A. Perers, G. V. Alm, and L. Ronnblom. 1999. Anti-double-
stranded DNA antibodies and immunostimulatory plasmid DNA in 
combination mimic the endogenous IFN-alpha inducer in systemic lupus 
erythematosus. J Immunol 163:6306-6313. 

82. Boule, M. W., C. Broughton, F. Mackay, S. Akira, A. Marshak-Rothstein, 
and I. R. Rifkin. 2004. Toll-like receptor 9-dependent and -independent 
dendritic cell activation by chromatin-immunoglobulin G complexes. The 
Journal of experimental medicine 199:1631-1640. 

83. Barrat, F. J., T. Meeker, J. H. Chan, C. Guiducci, and R. L. Coffman. 2007. 
Treatment of lupus-prone mice with a dual inhibitor of TLR7 and TLR9 
leads to reduction of autoantibody production and amelioration of disease 
symptoms. European journal of immunology 37:3582-3586. 

84. Johansson, S., H. Hall, L. Berg, and P. Hoglund. 2006. NK cells in 
autoimmune disease. Current topics in microbiology and immunology 
298:259-277. 

85. Perricone, R., C. Perricone, C. De Carolis, and Y. Shoenfeld. 2008. NK 
cells in autoimmunity: a two-edg'd weapon of the immune system. 
Autoimmunity reviews 7:384-390. 

86. Liu, Q., Z. Liu, J. Whitmire, F. Alem, H. Hamed, J. Pesce, J. F. Urban, Jr., 
and W. C. Gause. 2006. IL-18 stimulates IL-13-mediated IFN-gamma-



 

 67 

sensitive host resistance in vivo. European journal of immunology 
36:1187-1198. 

87. Erkeller-Yusel, F., F. Hulstaart, I. Hannet, D. Isenberg, and P. Lydyard. 
1993. Lymphocyte subsets in a large cohort of patients with systemic 
lupus erythematosus. Lupus 2:227-231. 

88. Yabuhara, A., F. C. Yang, T. Nakazawa, Y. Iwasaki, T. Mori, K. Koike, H. 
Kawai, and A. Komiyama. 1996. A killing defect of natural killer cells as 
an underlying immunologic abnormality in childhood systemic lupus 
erythematosus. The Journal of rheumatology 23:171-177. 

89. Jonsen, A., I. Gunnarsson, B. Gullstrand, E. Svenungsson, A. A. Bengtsson, 
O. Nived, I. E. Lundberg, L. Truedsson, and G. Sturfelt. 2007. Association 
between SLE nephritis and polymorphic variants of the CRP and 
FcgammaRIIIa genes. Rheumatology (Oxford, England) 46:1417-1421. 

90. Isaacs, A., and J. Lindenmann. 1957. Virus interference. I. The interferon. 
Proceedings of the Royal Society of London. Series B, Containing papers of 
a Biological character 147:258-267. 

91. Isaacs, A., J. Lindenmann, and R. C. Valentine. 1957. Virus interference. 
II. Some properties of interferon. Proceedings of the Royal Society of 
London. Series B, Containing papers of a Biological character 147:268-
273. 

92. Watanabe, Y. 2004. Fifty years of interference. Nature immunology 
5:1193. 

93. Dunn, G. P., A. T. Bruce, K. C. Sheehan, V. Shankaran, R. Uppaluri, J. D. 
Bui, M. S. Diamond, C. M. Koebel, C. Arthur, J. M. White, and R. D. 
Schreiber. 2005. A critical function for type I interferons in cancer 
immunoediting. Nature immunology 6:722-729. 

94. Takayanagi, H., K. Sato, A. Takaoka, and T. Taniguchi. 2005. Interplay 
between interferon and other cytokine systems in bone metabolism. 
Immunological reviews 208:181-193. 

95. Tough, D. F. 2004. Type I interferon as a link between innate and 
adaptive immunity through dendritic cell stimulation. Leukemia & 
lymphoma 45:257-264. 

96. Dupuis, S., E. Jouanguy, S. Al-Hajjar, C. Fieschi, I. Z. Al-Mohsen, S. Al-
Jumaah, K. Yang, A. Chapgier, C. Eidenschenk, P. Eid, A. Al Ghonaium, 
H. Tufenkeji, H. Frayha, S. Al-Gazlan, H. Al-Rayes, R. D. Schreiber, I. 
Gresser, and J. L. Casanova. 2003. Impaired response to interferon-
alpha/beta and lethal viral disease in human STAT1 deficiency. Nature 
genetics 33:388-391. 

97. Minegishi, Y., M. Saito, T. Morio, K. Watanabe, K. Agematsu, S. Tsuchiya, 
H. Takada, T. Hara, N. Kawamura, T. Ariga, H. Kaneko, N. Kondo, I. 
Tsuge, A. Yachie, Y. Sakiyama, T. Iwata, F. Bessho, T. Ohishi, K. Joh, K. 
Imai, K. Kogawa, M. Shinohara, M. Fujieda, H. Wakiguchi, S. Pasic, M. 
Abinun, H. D. Ochs, E. D. Renner, A. Jansson, B. H. Belohradsky, A. 
Metin, N. Shimizu, S. Mizutani, T. Miyawaki, S. Nonoyama, and H. 
Karasuyama. 2006. Human tyrosine kinase 2 deficiency reveals its 
requisite roles in multiple cytokine signals involved in innate and acquired 
immunity. Immunity 25:745-755. 

98. Novelli, F., and J. L. Casanova. 2004. The role of IL-12, IL-23 and IFN-
gamma in immunity to viruses. Cytokine & growth factor reviews 15:367-
377. 

99. Zhang, S. Y., E. Jouanguy, V. Sancho-Shimizu, H. von Bernuth, K. Yang, L. 
Abel, C. Picard, A. Puel, and J. L. Casanova. 2007. Human Toll-like 
receptor-dependent induction of interferons in protective immunity to 
viruses. Immunological reviews 220:225-236. 

100. Picard, C., A. Puel, M. Bonnet, C. L. Ku, J. Bustamante, K. Yang, C. 
Soudais, S. Dupuis, J. Feinberg, C. Fieschi, C. Elbim, R. Hitchcock, D. 
Lammas, G. Davies, A. Al-Ghonaium, H. Al-Rayes, S. Al-Jumaah, S. Al-
Hajjar, I. Z. Al-Mohsen, H. H. Frayha, R. Rucker, T. R. Hawn, A. Aderem, 
H. Tufenkeji, S. Haraguchi, N. K. Day, R. A. Good, M. A. Gougerot-
Pocidalo, A. Ozinsky, and J. L. Casanova. 2003. Pyogenic bacterial 



 

 68 

infections in humans with IRAK-4 deficiency. Science (New York, N.Y 
299:2076-2079. 

101. Yang, K., A. Puel, S. Zhang, C. Eidenschenk, C. L. Ku, A. Casrouge, C. 
Picard, H. von Bernuth, B. Senechal, S. Plancoulaine, S. Al-Hajjar, A. Al-
Ghonaium, L. Marodi, D. Davidson, D. Speert, C. Roifman, B. Z. Garty, A. 
Ozinsky, F. J. Barrat, R. L. Coffman, R. L. Miller, X. Li, P. Lebon, C. 
Rodriguez-Gallego, H. Chapel, F. Geissmann, E. Jouanguy, and J. L. 
Casanova. 2005. Human TLR-7-, -8-, and -9-mediated induction of IFN-
alpha/beta and -lambda Is IRAK-4 dependent and redundant for protective 
immunity to viruses. Immunity 23:465-478. 

102. Casrouge, A., S. Y. Zhang, C. Eidenschenk, E. Jouanguy, A. Puel, K. Yang, 
A. Alcais, C. Picard, N. Mahfoufi, N. Nicolas, L. Lorenzo, S. Plancoulaine, 
B. Senechal, F. Geissmann, K. Tabeta, K. Hoebe, X. Du, R. L. Miller, B. 
Heron, C. Mignot, T. B. de Villemeur, P. Lebon, O. Dulac, F. Rozenberg, 
B. Beutler, M. Tardieu, L. Abel, and J. L. Casanova. 2006. Herpes simplex 
virus encephalitis in human UNC-93B deficiency. Science (New York, 
N.Y 314:308-312. 

103. Zhang, S. Y., E. Jouanguy, S. Ugolini, A. Smahi, G. Elain, P. Romero, D. 
Segal, V. Sancho-Shimizu, L. Lorenzo, A. Puel, C. Picard, A. Chapgier, S. 
Plancoulaine, M. Titeux, C. Cognet, H. von Bernuth, C. L. Ku, A. 
Casrouge, X. X. Zhang, L. Barreiro, J. Leonard, C. Hamilton, P. Lebon, B. 
Heron, L. Vallee, L. Quintana-Murci, A. Hovnanian, F. Rozenberg, E. 
Vivier, F. Geissmann, M. Tardieu, L. Abel, and J. L. Casanova. 2007. TLR3 
deficiency in patients with herpes simplex encephalitis. Science (New 
York, N.Y 317:1522-1527. 

104. Bochud, P. Y., A. S. Magaret, D. M. Koelle, A. Aderem, and A. Wald. 
2007. Polymorphisms in TLR2 are associated with increased viral 
shedding and lesional rate in patients with genital herpes simplex virus 
Type 2 infection. The Journal of infectious diseases 196:505-509. 

105. Santoli, D., G. Trinchieri, and F. S. Lief. 1978. Cell-mediated cytotoxicity 
against virus-infected target cells in humans. I. Characterization of the 
effector lymphocyte. J Immunol 121:526-531. 

106. Bukowski, J. F., B. A. Woda, S. Habu, K. Okumura, and R. M. Welsh. 
1983. Natural killer cell depletion enhances virus synthesis and virus-
induced hepatitis in vivo. J Immunol 131:1531-1538. 

107. Orange, J. S. 2006. Human natural killer cell deficiencies. Current opinion 
in allergy and clinical immunology 6:399-409. 

108. Biron, C. A., K. B. Nguyen, G. C. Pien, L. P. Cousens, and T. P. Salazar-
Mather. 1999. Natural killer cells in antiviral defense: function and 
regulation by innate cytokines. Annual review of immunology 17:189-
220. 

109. Arnon, T. I., M. Lev, G. Katz, Y. Chernobrov, A. Porgador, and O. 
Mandelboim. 2001. Recognition of viral hemagglutinins by NKp44 but 
not by NKp30. European journal of immunology 31:2680-2689. 

110. Ho, J. W., O. Hershkovitz, M. Peiris, A. Zilka, A. Bar-Ilan, B. Nal, K. Chu, 
M. Kudelko, Y. W. Kam, H. Achdout, M. Mandelboim, R. Altmeyer, O. 
Mandelboim, R. Bruzzone, and A. Porgador. 2008. H5-type influenza 
virus hemagglutinin is functionally recognized by the natural killer-
activating receptor NKp44. Journal of virology 82:2028-2032. 

111. Achdout, H., I. Manaster, and O. Mandelboim. 2008. Influenza virus 
infection augments NK cell inhibition through reorganization of major 
histocompatibility complex class I proteins. Journal of virology 82:8030-
8037. 

112. De Maria, A., M. Fogli, S. Mazza, M. Basso, A. Picciotto, P. Costa, S. 
Congia, M. C. Mingari, and L. Moretta. 2007. Increased natural 
cytotoxicity receptor expression and relevant IL-10 production in NK cells 
from chronically infected viremic HCV patients. European journal of 
immunology 37:445-455. 

113. Nattermann, J., G. Feldmann, G. Ahlenstiel, B. Langhans, T. Sauerbruch, 
and U. Spengler. 2006. Surface expression and cytolytic function of 



 

 69 

natural killer cell receptors is altered in chronic hepatitis C. Gut 55:869-
877. 

114. Golden-Mason, L., L. Madrigal-Estebas, E. McGrath, M. J. Conroy, E. J. 
Ryan, J. E. Hegarty, C. O'Farrelly, and D. G. Doherty. 2008. Altered 
natural killer cell subset distributions in resolved and persistent hepatitis C 
virus infection following single source exposure. Gut 57:1121-1128. 

115. Wang, S. H., C. X. Huang, L. Ye, X. Wang, L. Song, Y. J. Wang, H. Liang, 
X. Y. Huang, and W. Z. Ho. 2008. Natural killer cells suppress full cycle 
HCV infection of human hepatocytes. Journal of viral hepatitis 15:855-
864. 

116. Khakoo, S. I., C. L. Thio, M. P. Martin, C. R. Brooks, X. Gao, J. 
Astemborski, J. Cheng, J. J. Goedert, D. Vlahov, M. Hilgartner, S. Cox, A. 
M. Little, G. J. Alexander, M. E. Cramp, S. J. O'Brien, W. M. Rosenberg, 
D. L. Thomas, and M. Carrington. 2004. HLA and NK cell inhibitory 
receptor genes in resolving hepatitis C virus infection. Science (New York, 
N.Y 305:872-874. 

117. Romero, V., J. Azocar, J. Zuniga, O. P. Clavijo, D. Terreros, X. Gu, Z. 
Husain, R. T. Chung, C. Amos, and E. J. Yunis. 2008. Interaction of NK 
inhibitory receptor genes with HLA-C and MHC class II alleles in Hepatitis 
C virus infection outcome. Molecular immunology 45:2429-2436. 

118. Alter, G., and M. Altfeld. 2009. NK cells in HIV-1 infection: evidence for 
their role in the control of HIV-1 infection. Journal of internal medicine 
265:29-42. 

119. Fontana, L., M. C. Sirianni, G. de Sanctis, M. Carbonari, B. Ensoli, and F. 
Aiuti. 1986. Deficiency of natural killer activity, but not of natural killer 
binding, in patients with lymphoadenopathy syndrome positive for 
antibodies to HTLV-III. Immunobiology 171:425-435. 

120. Alter, G., N. Teigen, B. T. Davis, M. M. Addo, T. J. Suscovich, M. T. 
Waring, H. Streeck, M. N. Johnston, K. D. Staller, M. T. Zaman, X. G. Yu, 
M. Lichterfeld, N. Basgoz, E. S. Rosenberg, and M. Altfeld. 2005. 
Sequential deregulation of NK cell subset distribution and function starting 
in acute HIV-1 infection. Blood 106:3366-3369. 

121. Mavilio, D., G. Lombardo, J. Benjamin, D. Kim, D. Follman, E. 
Marcenaro, M. A. O'Shea, A. Kinter, C. Kovacs, A. Moretta, and A. S. 
Fauci. 2005. Characterization of CD56-/CD16+ natural killer (NK) cells: a 
highly dysfunctional NK subset expanded in HIV-infected viremic 
individuals. Proceedings of the National Academy of Sciences of the 
United States of America 102:2886-2891. 

122. Mavilio, D., G. Lombardo, A. Kinter, M. Fogli, A. La Sala, S. Ortolano, A. 
Farschi, D. Follmann, R. Gregg, C. Kovacs, E. Marcenaro, D. Pende, A. 
Moretta, and A. S. Fauci. 2006. Characterization of the defective 
interaction between a subset of natural killer cells and dendritic cells in 
HIV-1 infection. The Journal of experimental medicine 203:2339-2350. 

123. Cohen, G. B., R. T. Gandhi, D. M. Davis, O. Mandelboim, B. K. Chen, J. 
L. Strominger, and D. Baltimore. 1999. The selective downregulation of 
class I major histocompatibility complex proteins by HIV-1 protects HIV-
infected cells from NK cells. Immunity 10:661-671. 

124. Bonaparte, M. I., and E. Barker. 2004. Killing of human immunodeficiency 
virus-infected primary T-cell blasts by autologous natural killer cells is 
dependent on the ability of the virus to alter the expression of major 
histocompatibility complex class I molecules. Blood 104:2087-2094. 

125. Martin, M. P., X. Gao, J. H. Lee, G. W. Nelson, R. Detels, J. J. Goedert, S. 
Buchbinder, K. Hoots, D. Vlahov, J. Trowsdale, M. Wilson, S. J. O'Brien, 
and M. Carrington. 2002. Epistatic interaction between KIR3DS1 and 
HLA-B delays the progression to AIDS. Nature genetics 31:429-434. 

126. Scott-Algara, D., L. X. Truong, P. Versmisse, A. David, T. T. Luong, N. V. 
Nguyen, I. Theodorou, F. Barre-Sinoussi, and G. Pancino. 2003. Cutting 
edge: increased NK cell activity in HIV-1-exposed but uninfected 
Vietnamese intravascular drug users. J Immunol 171:5663-5667. 



 

 70 

127. Dalloul, A., E. Oksenhendler, O. Chosidow, P. Ribaud, G. Carcelain, S. 
Louvet, P. Massip, P. Lebon, and B. Autran. 2004. Severe herpes virus 
(HSV-2) infection in two patients with myelodysplasia and undetectable 
NK cells and plasmacytoid dendritic cells in the blood. J Clin Virol 30:329-
336. 

128. Etzioni, A., C. Eidenschenk, R. Katz, R. Beck, J. L. Casanova, and S. 
Pollack. 2005. Fatal varicella associated with selective natural killer cell 
deficiency. The Journal of pediatrics 146:423-425. 

129. Notarangelo, L. D., and E. Mazzolari. 2006. Natural killer cell deficiencies 
and severe varicella infection. The Journal of pediatrics 148:563-564; 
author reply 564. 

130. Fitzgerald, P. A., M. Mendelsohn, and C. Lopez. 1985. Human natural 
killer cells limit replication of herpes simplex virus type 1 in vitro. J 
Immunol 134:2666-2672. 

131. Bouley, D. M., S. Kanangat, W. Wire, and B. T. Rouse. 1995. 
Characterization of herpes simplex virus type-1 infection and herpetic 
stromal keratitis development in IFN-gamma knockout mice. J Immunol 
155:3964-3971. 

132. Ashkar, A. A., and K. L. Rosenthal. 2003. Interleukin-15 and natural killer 
and NKT cells play a critical role in innate protection against genital 
herpes simplex virus type 2 infection. Journal of virology 77:10168-10171. 

133. Fruh, K., K. Ahn, H. Djaballah, P. Sempe, P. M. van Endert, R. Tampe, P. 
A. Peterson, and Y. Yang. 1995. A viral inhibitor of peptide transporters 
for antigen presentation. Nature 375:415-418. 

134. Pietra, G., C. Semino, F. Cagnoni, L. Boni, G. Cangemi, G. Frumento, and 
G. Melioli. 2000. Natural killer cells lyse autologous herpes simplex virus 
infected targets using cytolytic mechanisms distributed clonotypically. 
Journal of medical virology 62:354-363. 

135. Huard, B., and K. Fruh. 2000. A role for MHC class I down-regulation in 
NK cell lysis of herpes virus-infected cells. European journal of 
immunology 30:509-515. 

136. Chisholm, S. E., K. Howard, M. V. Gomez, and H. T. Reyburn. 2007. 
Expression of ICP0 is sufficient to trigger natural killer cell recognition of 
herpes simplex virus-infected cells by natural cytotoxicity receptors. The 
Journal of infectious diseases 195:1160-1168. 

137. Cosman, D., J. Mullberg, C. L. Sutherland, W. Chin, R. Armitage, W. 
Fanslow, M. Kubin, and N. J. Chalupny. 2001. ULBPs, novel MHC class I-
related molecules, bind to CMV glycoprotein UL16 and stimulate NK 
cytotoxicity through the NKG2D receptor. Immunity 14:123-133. 

138. Groh, V., A. Bruhl, H. El-Gabalawy, J. L. Nelson, and T. Spies. 2003. 
Stimulation of T cell autoreactivity by anomalous expression of NKG2D 
and its MIC ligands in rheumatoid arthritis. Proceedings of the National 
Academy of Sciences of the United States of America 100:9452-9457. 

139. Allez, M., V. Tieng, A. Nakazawa, X. Treton, V. Pacault, N. Dulphy, S. 
Caillat-Zucman, P. Paul, J. M. Gornet, C. Douay, S. Ravet, R. Tamouza, D. 
Charron, M. Lemann, L. Mayer, and A. Toubert. 2007. CD4+NKG2D+ T 
cells in Crohn's disease mediate inflammatory and cytotoxic responses 
through MICA interactions. Gastroenterology 132:2346-2358. 

140. Roberts, A. I., L. Lee, E. Schwarz, V. Groh, T. Spies, E. C. Ebert, and B. 
Jabri. 2001. NKG2D receptors induced by IL-15 costimulate CD28-
negative effector CTL in the tissue microenvironment. J Immunol 
167:5527-5530. 

141. Zhang, C., J. Zhang, J. Niu, J. Zhang, and Z. Tian. 2008. Interleukin-15 
improves cytotoxicity of natural killer cells via up-regulating NKG2D and 
cytotoxic effector molecule expression as well as STAT1 and ERK1/2 
phosphorylation. Cytokine 42:128-136. 

142. Lee, J. C., K. M. Lee, D. W. Kim, and D. S. Heo. 2004. Elevated TGF-
beta1 secretion and down-modulation of NKG2D underlies impaired NK 
cytotoxicity in cancer patients. J Immunol 172:7335-7340. 



 

 71 

143. Burgess, S. J., A. I. Marusina, I. Pathmanathan, F. Borrego, and J. E. 
Coligan. 2006. IL-21 down-regulates NKG2D/DAP10 expression on 
human NK and CD8+ T cells. J Immunol 176:1490-1497. 

144. Groh, V., R. Rhinehart, J. Randolph-Habecker, M. S. Topp, S. R. Riddell, 
and T. Spies. 2001. Costimulation of CD8alphabeta T cells by NKG2D via 
engagement by MIC induced on virus-infected cells. Nature immunology 
2:255-260. 

145. Stern-Ginossar, N., C. Gur, M. Biton, E. Horwitz, M. Elboim, N. 
Stanietsky, M. Mandelboim, and O. Mandelboim. 2008. Human 
microRNAs regulate stress-induced immune responses mediated by the 
receptor NKG2D. Nature immunology 9:1065-1073. 

146. Nice, T. J., L. Coscoy, and D. H. Raulet. 2009. Posttranslational regulation 
of the NKG2D ligand Mult1 in response to cell stress. The Journal of 
experimental medicine 206:287-298. 

147. Salih, H. R., H. G. Rammensee, and A. Steinle. 2002. Cutting edge: down-
regulation of MICA on human tumors by proteolytic shedding. J Immunol 
169:4098-4102. 

148. Jonjic, S., B. Polic, and A. Krmpotic. 2008. Viral inhibitors of NKG2D 
ligands: friends or foes of immune surveillance? European journal of 
immunology 38:2952-2956. 

149. Dunn, C., N. J. Chalupny, C. L. Sutherland, S. Dosch, P. V. Sivakumar, D. 
C. Johnson, and D. Cosman. 2003. Human cytomegalovirus glycoprotein 
UL16 causes intracellular sequestration of NKG2D ligands, protecting 
against natural killer cell cytotoxicity. The Journal of experimental 
medicine 197:1427-1439. 

150. Welte, S. A., C. Sinzger, S. Z. Lutz, H. Singh-Jasuja, K. L. Sampaio, U. 
Eknigk, H. G. Rammensee, and A. Steinle. 2003. Selective intracellular 
retention of virally induced NKG2D ligands by the human 
cytomegalovirus UL16 glycoprotein. European journal of immunology 
33:194-203. 

151. Rolle, A., M. Mousavi-Jazi, M. Eriksson, J. Odeberg, C. Soderberg-
Naucler, D. Cosman, K. Karre, and C. Cerboni. 2003. Effects of human 
cytomegalovirus infection on ligands for the activating NKG2D receptor of 
NK cells: up-regulation of UL16-binding protein (ULBP)1 and ULBP2 is 
counteracted by the viral UL16 protein. J Immunol 171:902-908. 

152. Chalupny, N. J., A. Rein-Weston, S. Dosch, and D. Cosman. 2006. Down-
regulation of the NKG2D ligand MICA by the human cytomegalovirus 
glycoprotein UL142. Biochemical and biophysical research 
communications 346:175-181. 

153. Klenerman, P., and A. Hill. 2005. T cells and viral persistence: lessons 
from diverse infections. Nature immunology 6:873-879. 

154. Appay, V., D. F. Nixon, S. M. Donahoe, G. M. Gillespie, T. Dong, A. 
King, G. S. Ogg, H. M. Spiegel, C. Conlon, C. A. Spina, D. V. Havlir, D. 
D. Richman, A. Waters, P. Easterbrook, A. J. McMichael, and S. L. 
Rowland-Jones. 2000. HIV-specific CD8(+) T cells produce antiviral 
cytokines but are impaired in cytolytic function. The Journal of 
experimental medicine 192:63-75. 

155. Pantaleo, G., H. Soudeyns, J. F. Demarest, M. Vaccarezza, C. Graziosi, S. 
Paolucci, M. Daucher, O. J. Cohen, F. Denis, W. E. Biddison, R. P. Sekaly, 
and A. S. Fauci. 1997. Evidence for rapid disappearance of initially 
expanded HIV-specific CD8+ T cell clones during primary HIV infection. 
Proceedings of the National Academy of Sciences of the United States of 
America 94:9848-9853. 

156. Thimme, R., C. Neumann-Haefelin, T. Boettler, and H. E. Blum. 2008. 
Adaptive immune responses to hepatitis C virus: from viral 
immunobiology to a vaccine. Biological chemistry 389:457-467. 

157. Bowen, D. G., and C. M. Walker. 2005. Adaptive immune responses in 
acute and chronic hepatitis C virus infection. Nature 436:946-952. 

158. Grakoui, A., N. H. Shoukry, D. J. Woollard, J. H. Han, H. L. Hanson, J. 
Ghrayeb, K. K. Murthy, C. M. Rice, and C. M. Walker. 2003. HCV 



 

 72 

persistence and immune evasion in the absence of memory T cell help. 
Science (New York, N.Y 302:659-662. 

159. Shoukry, N. H., A. Grakoui, M. Houghton, D. Y. Chien, J. Ghrayeb, K. A. 
Reimann, and C. M. Walker. 2003. Memory CD8+ T cells are required for 
protection from persistent hepatitis C virus infection. The Journal of 
experimental medicine 197:1645-1655. 

160. Lechner, F., D. K. Wong, P. R. Dunbar, R. Chapman, R. T. Chung, P. 
Dohrenwend, G. Robbins, R. Phillips, P. Klenerman, and B. D. Walker. 
2000. Analysis of successful immune responses in persons infected with 
hepatitis C virus. The Journal of experimental medicine 191:1499-1512. 

161. Kruse, M., O. Rosorius, F. Kratzer, G. Stelz, C. Kuhnt, G. Schuler, J. 
Hauber, and A. Steinkasserer. 2000. Mature dendritic cells infected with 
herpes simplex virus type 1 exhibit inhibited T-cell stimulatory capacity. 
Journal of virology 74:7127-7136. 

162. Zhao, X., E. Deak, K. Soderberg, M. Linehan, D. Spezzano, J. Zhu, D. M. 
Knipe, and A. Iwasaki. 2003. Vaginal submucosal dendritic cells, but not 
Langerhans cells, induce protective Th1 responses to herpes simplex virus-
2. The Journal of experimental medicine 197:153-162. 

163. Iijima, N., M. M. Linehan, M. Zamora, D. Butkus, R. Dunn, M. R. Kehry, 
T. M. Laufer, and A. Iwasaki. 2008. Dendritic cells and B cells maximize 
mucosal Th1 memory response to herpes simplex virus. The Journal of 
experimental medicine 205:3041-3052. 

164. Lund, J. M., L. Hsing, T. T. Pham, and A. Y. Rudensky. 2008. Coordination 
of early protective immunity to viral infection by regulatory T cells. 
Science (New York, N.Y 320:1220-1224. 

165. Verjans, G. M., R. Q. Hintzen, J. M. van Dun, A. Poot, J. C. Milikan, J. D. 
Laman, A. W. Langerak, P. R. Kinchington, and A. D. Osterhaus. 2007. 
Selective retention of herpes simplex virus-specific T cells in latently 
infected human trigeminal ganglia. Proceedings of the National Academy 
of Sciences of the United States of America 104:3496-3501. 

166. Liu, T., K. M. Khanna, X. Chen, D. J. Fink, and R. L. Hendricks. 2000. 
CD8(+) T cells can block herpes simplex virus type 1 (HSV-1) reactivation 
from latency in sensory neurons. The Journal of experimental medicine 
191:1459-1466. 

167. Liu, T., K. M. Khanna, B. N. Carriere, and R. L. Hendricks. 2001. Gamma 
interferon can prevent herpes simplex virus type 1 reactivation from 
latency in sensory neurons. Journal of virology 75:11178-11184. 

168. Khanna, K. M., R. H. Bonneau, P. R. Kinchington, and R. L. Hendricks. 
2003. Herpes simplex virus-specific memory CD8+ T cells are selectively 
activated and retained in latently infected sensory ganglia. Immunity 
18:593-603. 

169. Knickelbein, J. E., K. M. Khanna, M. B. Yee, C. J. Baty, P. R. Kinchington, 
and R. L. Hendricks. 2008. Noncytotoxic lytic granule-mediated CD8+ T 
cell inhibition of HSV-1 reactivation from neuronal latency. Science (New 
York, N.Y 322:268-271. 

170. Strom, T., and N. Frenkel. 1987. Effects of herpes simplex virus on mRNA 
stability. Journal of virology 61:2198-2207. 

171. Bryant, H. E., S. E. Wadd, A. I. Lamond, S. J. Silverstein, and J. B. 
Clements. 2001. Herpes simplex virus IE63 (ICP27) protein interacts with 
spliceosome-associated protein 145 and inhibits splicing prior to the first 
catalytic step. Journal of virology 75:4376-4385. 

172. Leib, D. A., T. E. Harrison, K. M. Laslo, M. A. Machalek, N. J. Moorman, 
and H. W. Virgin. 1999. Interferons regulate the phenotype of wild-type 
and mutant herpes simplex viruses in vivo. The Journal of experimental 
medicine 189:663-672. 

173. He, B., J. Chou, D. A. Liebermann, B. Hoffman, and B. Roizman. 1996. 
The carboxyl terminus of the murine MyD116 gene substitutes for the 
corresponding domain of the gamma(1)34.5 gene of herpes simplex virus 
to preclude the premature shutoff of total protein synthesis in infected 
human cells. Journal of virology 70:84-90. 



 

 73 

174. Daubeuf, S., D. Singh, Y. Tan, H. Liu, H. J. Federoff, W. J. Bowers, and K. 
Tolba. 2008. HSV ICP0 recruits USP7 to modulate TLR-mediated innate 
response. Blood. 

175. York, I. A., C. Roop, D. W. Andrews, S. R. Riddell, F. L. Graham, and D. 
C. Johnson. 1994. A cytosolic herpes simplex virus protein inhibits antigen 
presentation to CD8+ T lymphocytes. Cell 77:525-535. 

176. Barcy, S., and L. Corey. 2001. Herpes simplex inhibits the capacity of 
lymphoblastoid B cell lines to stimulate CD4+ T cells. J Immunol 
166:6242-6249. 

177. Lekstrom-Himes, J. A., P. Hohman, T. Warren, A. Wald, J. M. Nam, T. 
Simonis, L. Corey, and S. E. Straus. 1999. Association of major 
histocompatibility complex determinants with the development of 
symptomatic and asymptomatic genital herpes simplex virus type 2 
infections. The Journal of infectious diseases 179:1077-1085. 

178. Challacombe, S. J., J. R. Batchelor, L. A. Kennedy, and T. Lehner. 1977. 
HLA antigens in recurrent oral ulceration. Archives of dermatology 
113:1717-1719. 

179. Estefania, E., N. Gomez-Lozano, F. Portero, R. de Pablo, R. Solis, S. 
Sepulveda, M. Vaquero, M. A. Gonzalez, E. Suarez, G. Roustan, and C. 
Vilches. 2007. Influence of KIR gene diversity on the course of HSV-1 
infection: resistance to the disease is associated with the absence of 
KIR2DL2 and KIR2DS2. Tissue antigens 70:34-41. 

180. Titanji, K., S. Sammicheli, A. De Milito, P. Mantegani, C. Fortis, L. Berg, K. 
Karre, G. Travi, C. Tassandin, L. Lopalco, B. Rethi, G. Tambussi, and F. 
Chiodi. 2008. Altered distribution of natural killer cell subsets identified 
by CD56, CD27 and CD70 in primary and chronic human 
immunodeficiency virus-1 infection. Immunology 123:164-170. 

181. Hanna, J., P. Bechtel, Y. Zhai, F. Youssef, K. McLachlan, and O. 
Mandelboim. 2004. Novel insights on human NK cells' immunological 
modalities revealed by gene expression profiling. J Immunol 173:6547-
6563. 

182. Morgan, P. E., A. D. Sturgess, and M. J. Davies. 2005. Increased levels of 
serum protein oxidation and correlation with disease activity in systemic 
lupus erythematosus. Arthritis and rheumatism 52:2069-2079. 

183. Thoren, F. B., A. I. Romero, S. Hermodsson, and K. Hellstrand. 2007. The 
CD16-/CD56bright subset of NK cells is resistant to oxidant-induced cell 
death. J Immunol 179:781-785. 

184. de Matos, C. T., L. Berg, J. Michaelsson, L. Fellander-Tsai, K. Karre, and K. 
Soderstrom. 2007. Activating and inhibitory receptors on synovial fluid 
natural killer cells of arthritis patients: role of CD94/NKG2A in control of 
cytokine secretion. Immunology 122:291-301. 

185. Romagnani, C., K. Juelke, M. Falco, B. Morandi, A. D'Agostino, R. Costa, 
G. Ratto, G. Forte, P. Carrega, G. Lui, R. Conte, T. Strowig, A. Moretta, C. 
Munz, A. Thiel, L. Moretta, and G. Ferlazzo. 2007. CD56brightCD16- 
killer Ig-like receptor- NK cells display longer telomeres and acquire 
features of CD56dim NK cells upon activation. J Immunol 178:4947-
4955. 

186. Saraste, M., H. Irjala, and L. Airas. 2007. Expansion of CD56Bright natural 
killer cells in the peripheral blood of multiple sclerosis patients treated 
with interferon-beta. Neurol Sci 28:121-126. 

187. Li, Z., W. K. Lim, S. P. Mahesh, B. Liu, and R. B. Nussenblatt. 2005. 
Cutting edge: in vivo blockade of human IL-2 receptor induces expansion 
of CD56(bright) regulatory NK cells in patients with active uveitis. J 
Immunol 174:5187-5191. 

188. Lovgren, T., M. L. Eloranta, U. Bave, G. V. Alm, and L. Ronnblom. 2004. 
Induction of interferon-alpha production in plasmacytoid dendritic cells 
by immune complexes containing nucleic acid released by necrotic or 
late apoptotic cells and lupus IgG. Arthritis and rheumatism 50:1861-
1872. 



 

 74 

189. Blanco, P., V. Pitard, J. F. Viallard, J. L. Taupin, J. L. Pellegrin, and J. F. 
Moreau. 2005. Increase in activated CD8+ T lymphocytes expressing 
perforin and granzyme B correlates with disease activity in patients with 
systemic lupus erythematosus. Arthritis and rheumatism 52:201-211. 

190. Le Bon, A., C. Thompson, E. Kamphuis, V. Durand, C. Rossmann, U. 
Kalinke, and D. F. Tough. 2006. Cutting edge: enhancement of antibody 
responses through direct stimulation of B and T cells by type I IFN. J 
Immunol 176:2074-2078. 

191. Lee, C. K., D. T. Rao, R. Gertner, R. Gimeno, A. B. Frey, and D. E. Levy. 
2000. Distinct requirements for IFNs and STAT1 in NK cell function. J 
Immunol 165:3571-3577. 

192. Landolt-Marticorena, C., G. Bonventi, A. Lubovich, C. Ferguson, T. 
Unnitahn, J. Su, D. D. Gladman, M. Urowitz, P. R. Fortin, and J. Wither. 
2008. Lack of association between the interferon-alpha signature and 
longitudinal changes in disease activity in Systemic Lupus Erythematosus. 
Annals of the rheumatic diseases. 

193. Barel, M. T., M. Ressing, N. Pizzato, D. van Leeuwen, P. Le Bouteiller, F. 
Lenfant, and E. J. Wiertz. 2003. Human cytomegalovirus-encoded US2 
differentially affects surface expression of MHC class I locus products and 
targets membrane-bound, but not soluble HLA-G1 for degradation. J 
Immunol 171:6757-6765. 

194. Schust, D. J., D. Tortorella, J. Seebach, C. Phan, and H. L. Ploegh. 1998. 
Trophoblast class I major histocompatibility complex (MHC) products are 
resistant to rapid degradation imposed by the human cytomegalovirus 
(HCMV) gene products US2 and US11. The Journal of experimental 
medicine 188:497-503. 

195. Tomasec, P., V. M. Braud, C. Rickards, M. B. Powell, B. P. McSharry, S. 
Gadola, V. Cerundolo, L. K. Borysiewicz, A. J. McMichael, and G. W. 
Wilkinson. 2000. Surface expression of HLA-E, an inhibitor of natural 
killer cells, enhanced by human cytomegalovirus gpUL40. Science (New 
York, N.Y 287:1031. 

196. Reyburn, H. T., O. Mandelboim, M. Vales-Gomez, D. M. Davis, L. 
Pazmany, and J. L. Strominger. 1997. The class I MHC homologue of 
human cytomegalovirus inhibits attack by natural killer cells. Nature 
386:514-517. 

197. Gonzalez, S., A. Lopez-Soto, B. Suarez-Alvarez, A. Lopez-Vazquez, and 
C. Lopez-Larrea. 2008. NKG2D ligands: key targets of the immune 
response. Trends in immunology 29:397-403. 

198. Stephens, H. A. 2001. MICA and MICB genes: can the enigma of their 
polymorphism be resolved? Trends in immunology 22:378-385. 

199. Zou, Y., W. Bresnahan, R. T. Taylor, and P. Stastny. 2005. Effect of human 
cytomegalovirus on expression of MHC class I-related chains A. J 
Immunol 174:3098-3104. 

200. Petersdorf, E. W., K. B. Shuler, G. M. Longton, T. Spies, and J. A. Hansen. 
1999. Population study of allelic diversity in the human MHC class I-
related MIC-A gene. Immunogenetics 49:605-612. 

201. Dolan, A., F. E. Jamieson, C. Cunningham, B. C. Barnett, and D. J. 
McGeoch. 1998. The genome sequence of herpes simplex virus type 2. 
Journal of virology 72:2010-2021. 

202. Scoular, A., G. Gillespie, and W. F. Carman. 2002. Polymerase chain 
reaction for diagnosis of genital herpes in a genitourinary medicine clinic. 
Sexually transmitted infections 78:21-25. 

203. Burbelo, P. D., Y. Hoshino, H. Leahy, T. Krogmann, R. L. Hornung, M. J. 
Iadarola, and J. I. Cohen. 2009. Serological diagnosis of human herpes 
simplex virus type 1 and 2 infections by luciferase immunoprecipitation 
system assay. Clin Vaccine Immunol 16:366-371. 

204. Peraldi, M. N., J. Berrou, N. Dulphy, A. Seidowsky, P. Haas, N. Boissel, F. 
Metivier, C. Randoux, N. Kossari, A. Guerin, S. Geffroy, G. Delavaud, V. 
Marin-Esteban, D. Glotz, D. Charron, and A. Toubert. 2009. Oxidative 



 

 75 

stress mediates a reduced expression of the activating receptor NKG2D in 
NK cells from end-stage renal disease patients. J Immunol 182:1696-1705. 

205. Arreygue-Garcia, N. A., A. Daneri-Navarro, A. del Toro-Arreola, A. Cid-
Arregui, O. Gonzalez-Ramella, L. F. Jave-Suarez, A. Aguilar-Lemarroy, R. 
Troyo-Sanroman, A. Bravo-Cuellar, V. Delgado-Rizo, T. Garcia-Iglesias, 
G. Hernandez-Flores, and S. Del Toro-Arreola. 2008. Augmented serum 
level of major histocompatibility complex class I-related chain A (MICA) 
protein and reduced NKG2D expression on NK and T cells in patients 
with cervical cancer and precursor lesions. BMC cancer 8:16. 

206. Groh, V., J. Wu, C. Yee, and T. Spies. 2002. Tumour-derived soluble MIC 
ligands impair expression of NKG2D and T-cell activation. Nature 
419:734-738. 

207. Cerwenka, A., J. L. Baron, and L. L. Lanier. 2001. Ectopic expression of 
retinoic acid early inducible-1 gene (RAE-1) permits natural killer cell-
mediated rejection of a MHC class I-bearing tumor in vivo. Proceedings of 
the National Academy of Sciences of the United States of America 
98:11521-11526. 

208. Sutherland, C. L., B. Rabinovich, N. J. Chalupny, P. Brawand, R. Miller, 
and D. Cosman. 2006. ULBPs, human ligands of the NKG2D receptor, 
stimulate tumor immunity with enhancement by IL-15. Blood 108:1313-
1319. 

209. Doherty, T. M., R. A. Seder, and A. Sher. 1996. Induction and regulation 
of IL-15 expression in murine macrophages. J Immunol 156:735-741. 

210. Musso, T., L. Calosso, M. Zucca, M. Millesimo, D. Ravarino, M. 
Giovarelli, F. Malavasi, A. N. Ponzi, R. Paus, and S. Bulfone-Paus. 1999. 
Human monocytes constitutively express membrane-bound, biologically 
active, and interferon-gamma-upregulated interleukin-15. Blood 93:3531-
3539. 

211. Lucas, M., W. Schachterle, K. Oberle, P. Aichele, and A. Diefenbach. 
2007. Dendritic cells prime natural killer cells by trans-presenting 
interleukin 15. Immunity 26:503-517. 

212. Fawaz, L. M., E. Sharif-Askari, and J. Menezes. 1999. Up-regulation of NK 
cytotoxic activity via IL-15 induction by different viruses: a comparative 
study. J Immunol 163:4473-4480. 

213. Smith, J. S., and N. J. Robinson. 2002. Age-specific prevalence of infection 
with herpes simplex virus types 2 and 1: a global review. The Journal of 
infectious diseases 186 Suppl 1:S3-28. 

214. Kriebs, J. M. 2008. Understanding herpes simplex virus: transmission, 
diagnosis, and considerations in pregnancy management. Journal of 
midwifery & women's health 53:202-208. 

215. Freeman, E. E., H. A. Weiss, J. R. Glynn, P. L. Cross, J. A. Whitworth, and 
R. J. Hayes. 2006. Herpes simplex virus 2 infection increases HIV 
acquisition in men and women: systematic review and meta-analysis of 
longitudinal studies. AIDS (London, England) 20:73-83. 

216. Pebody, R. G., N. Andrews, D. Brown, R. Gopal, H. De Melker, G. 
Francois, N. Gatcheva, W. Hellenbrand, S. Jokinen, I. Klavs, M. 
Kojouharova, T. Kortbeek, B. Kriz, K. Prosenc, K. Roubalova, P. 
Teocharov, W. Thierfelder, M. Valle, P. Van Damme, and R. Vranckx. 
2004. The seroepidemiology of herpes simplex virus type 1 and 2 in 
Europe. Sexually transmitted infections 80:185-191. 

217. Sacks, S. L., P. D. Griffiths, L. Corey, C. Cohen, A. Cunningham, G. M. 
Dusheiko, S. Self, S. Spruance, L. R. Stanberry, A. Wald, and R. J. Whitley. 
2004. HSV shedding. Antiviral research 63 Suppl 1:S19-26. 

218. Sperling, R. S., K. H. Fife, T. J. Warren, L. P. Dix, and C. A. Brennan. 
2008. The effect of daily valacyclovir suppression on herpes simplex virus 
type 2 viral shedding in HSV-2 seropositive subjects without a history of 
genital herpes. Sexually transmitted diseases 35:286-290. 

219. Corey, L., A. Wald, C. L. Celum, and T. C. Quinn. 2004. The effects of 
herpes simplex virus-2 on HIV-1 acquisition and transmission: a review of 



 

 76 

two overlapping epidemics. Journal of acquired immune deficiency 
syndromes (1999) 35:435-445. 

220. Van de Perre, P., M. Segondy, V. Foulongne, A. Ouedraogo, I. Konate, J. 
M. Huraux, P. Mayaud, and N. Nagot. 2008. Herpes simplex virus and 
HIV-1: deciphering viral synergy. The Lancet infectious diseases 8:490-
497. 

221. Koelle, D. M., H. Abbo, A. Peck, K. Ziegweid, and L. Corey. 1994. Direct 
recovery of herpes simplex virus (HSV)-specific T lymphocyte clones from 
recurrent genital HSV-2 lesions. The Journal of infectious diseases 
169:956-961. 

222. Nagot, N., A. Ouedraogo, V. Foulongne, I. Konate, H. A. Weiss, L. 
Vergne, M. C. Defer, D. Djagbare, A. Sanon, J. B. Andonaba, P. Becquart, 
M. Segondy, R. Vallo, A. Sawadogo, P. Van de Perre, and P. Mayaud. 
2007. Reduction of HIV-1 RNA levels with therapy to suppress herpes 
simplex virus. The New England journal of medicine 356:790-799. 

223. Corey, L. 2007. Synergistic copathogens--HIV-1 and HSV-2. The New 
England journal of medicine 356:854-856. 

224. Nagot, N., A. Ouedraogo, I. Konate, H. A. Weiss, V. Foulongne, M. C. 
Defer, A. Sanon, P. Becquart, M. Segondy, A. Sawadogo, P. Van de Perre, 
and P. Mayaud. 2008. Roles of clinical and subclinical reactivated herpes 
simplex virus type 2 infection and human immunodeficiency virus type 1 
(HIV-1)-induced immunosuppression on genital and plasma HIV-1 levels. 
The Journal of infectious diseases 198:241-249. 

225. Corey, L., H. G. Adams, Z. A. Brown, and K. K. Holmes. 1983. Genital 
herpes simplex virus infections: clinical manifestations, course, and 
complications. Annals of internal medicine 98:958-972. 

226. Langenberg, A. G., L. Corey, R. L. Ashley, W. P. Leong, and S. E. Straus. 
1999. A prospective study of new infections with herpes simplex virus 
type 1 and type 2. Chiron HSV Vaccine Study Group. The New England 
journal of medicine 341:1432-1438. 

227. Benedetti, J. K., J. Zeh, and L. Corey. 1999. Clinical reactivation of genital 
herpes simplex virus infection decreases in frequency over time. Annals of 
internal medicine 131:14-20. 

228. Roberts, C. 2005. Genital herpes in young adults: changing sexual 
behaviours, epidemiology and management. Herpes 12:10-14. 

229. Engelberg, R., D. Carrell, E. Krantz, L. Corey, and A. Wald. 2003. Natural 
history of genital herpes simplex virus type 1 infection. Sexually 
transmitted diseases 30:174-177. 

230. Tyler, K. L. 2004. Herpes simplex virus infections of the central nervous 
system: encephalitis and meningitis, including Mollaret's. Herpes 11 
Suppl 2:57A-64A. 

231. Sucato, G., A. Wald, E. Wakabayashi, J. Vieira, and L. Corey. 1998. 
Evidence of latency and reactivation of both herpes simplex virus (HSV)-1 
and HSV-2 in the genital region. The Journal of infectious diseases 
177:1069-1072. 

232. Eriksson, K., L. Bellner, S. Gorander, G. B. Lowhagen, P. Tunback, K. 
Rydberg, and J. A. Liljeqvist. 2004. CD4(+) T-cell responses to herpes 
simplex virus type 2 (HSV-2) glycoprotein G are type specific and differ in 
symptomatic and asymptomatic HSV-2-infected individuals. The Journal 
of general virology 85:2139-2147. 

233. Schmutzhard, J., H. Merete Riedel, B. Zweygberg Wirgart, and L. Grillner. 
2004. Detection of herpes simplex virus type 1, herpes simplex virus type 
2 and varicella-zoster virus in skin lesions. Comparison of real-time PCR, 
nested PCR and virus isolation. J Clin Virol 29:120-126. 

234. Franzen-Rohl, E., A. Tiveljung-Lindell, L. Grillner, and E. Aurelius. 2007. 
Increased detection rate in diagnosis of herpes simplex virus type 2 
meningitis by real-time PCR using cerebrospinal fluid samples. Journal of 
clinical microbiology 45:2516-2520. 

235. Lafferty, W. E., S. Krofft, M. Remington, R. Giddings, C. Winter, A. Cent, 
and L. Corey. 1987. Diagnosis of herpes simplex virus by direct 



 

 77 

immunofluorescence and viral isolation from samples of external genital 
lesions in a high-prevalence population. Journal of clinical microbiology 
25:323-326. 

236. Ashley-Morrow, R., E. Krantz, and A. Wald. 2003. Time course of 
seroconversion by HerpeSelect ELISA after acquisition of genital herpes 
simplex virus type 1 (HSV-1) or HSV-2. Sexually transmitted diseases 
30:310-314. 

237. Gupta, R., T. Warren, and A. Wald. 2007. Genital herpes. Lancet 
370:2127-2137. 

238. Wenzel, J., and T. Tuting. 2008. An IFN-associated cytotoxic cellular 
immune response against viral, self-, or tumor antigens is a common 
pathogenetic feature in "interface dermatitis". The Journal of investigative 
dermatology 128:2392-2402. 

239. Thapa, M., R. S. Welner, R. Pelayo, and D. J. Carr. 2008. CXCL9 and 
CXCL10 expression are critical for control of genital herpes simplex virus 
type 2 infection through mobilization of HSV-specific CTL and NK cells to 
the nervous system. J Immunol 180:1098-1106. 

240. Suvas, S., A. K. Azkur, B. S. Kim, U. Kumaraguru, and B. T. Rouse. 2004. 
CD4+CD25+ regulatory T cells control the severity of viral 
immunoinflammatory lesions. J Immunol 172:4123-4132. 

241. Becker, Y. 2004. The changes in the T helper 1 (Th1) and T helper 2 (Th2) 
cytokine balance during HIV-1 infection are indicative of an allergic 
response to viral proteins that may be reversed by Th2 cytokine inhibitors 
and immune response modifiers--a review and hypothesis. Virus genes 
28:5-18. 

242. Becker, Y. 2006. Respiratory syncytial virus (RSV) evades the human 
adaptive immune system by skewing the Th1/Th2 cytokine balance 
toward increased levels of Th2 cytokines and IgE, markers of allergy--a 
review. Virus genes 33:235-252. 

243. Nakayama, T., J. Shirane, K. Hieshima, M. Shibano, M. Watanabe, Z. Jin, 
D. Nagakubo, T. Saito, Y. Shimomura, and O. Yoshie. 2006. Novel 
antiviral activity of chemokines. Virology 350:484-492. 

244. Boivin, G. 2004. Diagnosis of herpesvirus infections of the central nervous 
system. Herpes 11 Suppl 2:48A-56A. 

245. Bruyn, G. W., L. J. Straathof, and G. M. Raymakers. 1962. Mollaret's 
meningitis. Differential diagnosis and diagnostic pitfalls. Neurology 
12:745-753. 

246. Duxbury, A. E., and J. R. Lawrence. 1959. Primary venereal herpes 
simplex infection in the male. The Medical journal of Australia 46(2):250-
252. 

247. Terni, M., P. Caccialanza, E. Cassai, and E. Kieff. 1971. Aseptic meningitis 
in association with herpes progenitalis. The New England journal of 
medicine 285:503-504. 

248. Skoldenberg, B., S. Jeansson, and S. Wolontis. 1975. Herpes simplex virus 
type 2 and acute aseptic meningitis. Clinical features of cases with 
isolation of herpes simplex virus from cerebrospinal fluids. Scandinavian 
journal of infectious diseases 7:227-232. 

249. Bergstrom, T., A. Vahlne, K. Alestig, S. Jeansson, M. Forsgren, and E. 
Lycke. 1990. Primary and recurrent herpes simplex virus type 2-induced 
meningitis. The Journal of infectious diseases 162:322-330. 

250. Tedder, D. G., R. Ashley, K. L. Tyler, and M. J. Levin. 1994. Herpes 
simplex virus infection as a cause of benign recurrent lymphocytic 
meningitis. Annals of internal medicine 121:334-338. 

251. Schlesinger, Y., P. Tebas, M. Gaudreault-Keener, R. S. Buller, and G. A. 
Storch. 1995. Herpes simplex virus type 2 meningitis in the absence of 
genital lesions: improved recognition with use of the polymerase chain 
reaction. Clin Infect Dis 20:842-848. 

252. Aurelius, E., M. Forsgren, E. Gille, and B. Skoldenberg. 2002. Neurologic 
morbidity after herpes simplex virus type 2 meningitis: a retrospective 



 

 78 

study of 40 patients. Scandinavian journal of infectious diseases 34:278-
283. 

253. Picard, F. J., G. A. Dekaban, J. Silva, and G. P. Rice. 1993. Mollaret's 
meningitis associated with herpes simplex type 2 infection. Neurology 
43:1722-1727. 

254. Franzen-Rohl, E., K. Larsson, E. Skoog, A. Tiveljung-Lindell, L. Grillner, E. 
Aurelius, and M. Glimaker. 2008. High diagnostic yield by CSF-PCR for 
entero- and herpes simplex viruses and TBEV serology in adults with acute 
aseptic meningitis in Stockholm. Scandinavian journal of infectious 
diseases 40:914-921. 

255. Afonso, N., S. Gunasena, K. Galla, R. Podzorski, P. Chandrasekar, and G. 
Alangaden. 2007. Appropriate use of polymerase chain reaction for 
detection of herpes simplex virus 2 in cerebrospinal fluid of patients at an 
inner-city hospital. Diagnostic microbiology and infectious disease 
57:309-313. 

256. MasCasullo, V., E. Fam, M. J. Keller, and B. C. Herold. 2005. Role of 
mucosal immunity in preventing genital herpes infection. Viral 
immunology 18:595-606. 

257. Thapa, M., W. A. Kuziel, and D. J. Carr. 2007. Susceptibility of CCR5-
deficient mice to genital herpes simplex virus type 2 is linked to NK cell 
mobilization. Journal of virology 81:3704-3713. 

258. Tang, Y. W., P. J. Cleavinger, H. Li, P. S. Mitchell, T. F. Smith, and D. H. 
Persing. 2000. Analysis of candidate-host immunogenetic determinants in 
herpes simplex virus-associated Mollaret's meningitis. Clin Infect Dis 
30:176-178. 

259. Kojima, Y., H. Hashiguchi, T. Hashimoto, S. Tsuji, H. Shoji, and Y. 
Kazuyama. 2002. Recurrent herpes simplex virus type 2 meningitis: a case 
report of Mollaret's meningitis. Japanese journal of infectious diseases 
55:85-88. 

260. Sato, R., M. Ayabe, H. Shoji, T. Ichiyama, Y. Saito, R. Hondo, and Y. 
Eizuru. 2005. Herpes simplex virus type 2 recurrent meningitis (Mollaret's 
meningitis): a consideration for the recurrent pathogenesis. The Journal of 
infection 51:e217-220. 

261. Epple, H. J., T. Schneider, H. Troeger, D. Kunkel, K. Allers, V. Moos, M. 
Amasheh, C. Loddenkemper, M. Fromm, M. Zeitz, and J. D. Schulzke. 
2009. Impairment of the intestinal barrier is evident in untreated but 
absent in suppressively treated HIV-infected patients. Gut 58:220-227. 

262. Fuss, I. J., and W. Strober. 2008. The role of IL-13 and NK T cells in 
experimental and human ulcerative colitis. Mucosal immunology 1 Suppl 
1:S31-33. 

263. Zarember, K. A., and P. J. Godowski. 2002. Tissue expression of human 
Toll-like receptors and differential regulation of Toll-like receptor mRNAs 
in leukocytes in response to microbes, their products, and cytokines. J 
Immunol 168:554-561. 

264. Lester, R. T., X. D. Yao, T. B. Ball, L. R. McKinnon, R. Kaul, C. Wachihi, 
W. Jaoko, F. A. Plummer, and K. L. Rosenthal. 2008. Toll-like receptor 
expression and responsiveness are increased in viraemic HIV-1 infection. 
AIDS (London, England) 22:685-694. 

265. Lun, S. W., C. K. Wong, F. W. Ko, D. S. Hui, and C. W. Lam. 2008. 
Expression and Functional Analysis of Toll-Like Receptors of Peripheral 
Blood Cells in Asthmatic Patients: Implication for Immunopathological 
Mechanism in Asthma. Journal of clinical immunology. 

266. Peri, P., R. K. Mattila, H. Kantola, E. Broberg, H. S. Karttunen, M. Waris, T. 
Vuorinen, and V. Hukkanen. 2008. Herpes simplex virus type 1 Us3 gene 
deletion influences toll-like receptor responses in cultured monocytic 
cells. Virology journal 5:140. 

267. Cermelli, C., C. F. Orsi, A. Ardizzoni, E. Lugli, V. Cenacchi, A. Cossarizza, 
and E. Blasi. 2008. Herpes simplex virus type 1 dysregulates anti-fungal 
defenses preventing monocyte activation and downregulating toll-like 
receptor-2. Microbiology and immunology 52:575-584. 



 

 79 

268. Sun, J. C., J. N. Beilke, and L. L. Lanier. 2009. Adaptive immune features 
of natural killer cells. Nature 457:557-561. 

269. Bartlett, J. G. 2004. Recent developments in the management of herpes 
simplex virus infection in HIV-infected persons. Clin Infect Dis 39 Suppl 
5:S237-239. 

270. Miller, G. G., and J. S. Dummer. 2007. Herpes simplex and varicella 
zoster viruses: forgotten but not gone. Am J Transplant 7:741-747. 

 
 


