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Chapter I 

Introduction 
 

 Cells of the myeloid lineage; such as monocytes, macrophages, dendritic cells and 

neutrophils, play an important role as first line defense against pathogens, inflammation-

related diseases and also provide a critical contribution to tissue homeostasis and repair [1, 2]. 

In peculiar, the macrophages are highly heterogeneous, versatile and plastic cells. It has been 

proposed in 2000’s years that murine macrophages acquire distinct functional phenotypes in 

response to environmental signals; such as bacterial lipopolysaccharide (LPS), microbial 

stimuli and cytokines [1, 3, 4]. They may undergo classical (known as M1) activation under 

stimulation by Toll-like receptor (TLR) ligands and/or interferon (IFN)-γ) or alternative 

(known as M2 activation) under stimulation by interleukin (IL)-4/IL-13 or glucocorticoids [1, 

4]. M1 and M2 macrophages differ in terms of receptors, cytokine and chemokine expression, 

and effector functions. The M1 macrophages express receptors such as TLR2, TLR4, Fc 

receptors [1, 5], release inflammatory cytokines including TNF [1], produce reactive nitrogen 

and oxygen intermediates, and are highly microbicidal and tumoricidal [1, 4]. In contrast, the 

M2 macrophages express receptors such as mannose receptors, release immunoregulator 

cytokines such as IL-10, and are considered to be involved in parasite containment, promotion 

of tissue remodeling, tumor progression through their immunoregulatory functions [6, 7]. 

Unfortunately, the description of macrophage polarization with few canonical molecules does 

not account for the complexity of macrophage activation. In addition, whether the concept of 

M1/M2 polarization may be used to define the functional properties of human macrophages 

has only in part studied [4]. Hence, the validity of a concept defined in mice (M1/M2) is not 

demonstrated in humans. 
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 An important question raised by the concept of the M1/M2 polarization of 

macrophages is the following: is this concept applicable to clinical situations? We reviewed 

the recent literature to reconsider macrophage polarization in human bacterial infections in 

light of the new high-throughput methods (Chapter II).  We found that in vivo and in vitro 

data are often contradictory. For example, it has been demonstrated that Mycobacterium 

tuberculosis induces an M2 response in isolated macrophages but that the macrophages from 

patients with active tuberculosis infection are of M1 type. In addition, only monocytes, not 

tissue macrophages, are easily accessible in clinical investigations, and it is not known if the 

concept of macrophage polarization is applicable to monocytes. These reasons led us to 

examine whether the concept of macrophage polarization is applicable to circulating 

monocytes. For that purpose, we screened the transcripts by a global approach through whole 

genome microarrays and confirmed the expression of selected markers through quantitative 

real-time RT-PCR (qRT-PCR). When monocytes were stimulated for 6 hours, they exhibited 

early responses to IFN-γ and IL-4 that were not reducible to M1/M2 polarization. After 18 

hours, the monocyte response was no longer polarized, and a late response signature was 

identified. We also tempted to use this new kinetic model to evaluate patients with acute Q 

fever or Q fever endocarditis. By selecting early- and late-related genes from each monocyte 

signature, we showed that specific biomarkers could be used to distinguish acute Q fever and 

Q fever endocarditis. These results suggest that a kinetic model of monocyte activation is 

relevant in the study of patients with infectious diseases (Chapter III).  

 Q fever is a disease caused by Coxiella burnetii, an obligate intracellular bacterium. 

Acute Q fever is spontaneously resolutive and is characterized by an efficient immune 

response. In contrast, chronic Q fever is characterized by dysregulated immune response, as 

demonstrated by the failure of C. burnetii to induce lymphoproliferation and the lack of 

granulomas  [8-11]. The clinical expression of Q fever is affected by various host factors, 
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including gender and age. The male-to-female ratio of patients admitted to the hospital is 

about 2.5 in adults. In parallel, the rate of Q fever-related complications is higher in males 

than in females. Men represent 75% of the patients diagnosed with Q fever endocarditis, the 

major manifestation of chronic Q fever [8, 10]. On the other hand, it has been shown in mice 

that sex hormones play a role in the severity of C. burnetii infection [12] and that genes 

involved in the circadian rhythm are modulated in female mice, not in males [13]. Circadian 

fluctuations have also been reported in Haematopoietic stem cells (HSCs) in mice which were 

associated with the expression of the chemokine CXCL12 in the bone marrow 

microenvironment [14]. 

 We hypothesized that circadian genes are differently modulated in men and women 

with Q fever. We showed that the transcriptional expression Per2 gene was up-regulated in 

men with acute Q fever, not in women. In contrast to the expression of the Per2 gene, the 

expression of the Clock and Arntl genes was not affected in men or women with Q fever 

compared with healthy volunteers. We conclude that circadian rhythm and immune response 

are associated in a gender-dependent manner in patients with Q fever (Chapter IV).  

 It has been recently demonstrated that the ligands of Numb proteins X1 and X2 

(LNX1 and LNX2), when they are co-expressed in heterologous mammalian cell lines, 

regulate the level of the T-cell co-receptor CD8, which plays an essential role in T-cell-

mediated immune response [15]. The importance of T CD8+ cell response in C. burnetii 

infection has been recently reported [16]. Nude and SCID mice are highly sensitive to C. 

burnetii infection, whereas wild-type mice are resistant. We investigated the expression of 

LNX genes in blood from human patients with Q fever. We found a high level of LNX1 and 

LNX2 mRNAs in Q fever endocarditis, but not in acute Q fever. Our data suggest that LNXs 

may be used as complementary biomarkers for the prognosis of chronic Q fever (Chapter V). 
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 Hepatitis E infection is generally an acute disease but it has been recently described as 

chronic in patients with kidney graft [17]. We found that chronic hepatitis E infection is 

specifically associated with an interferon-related transcriptional program (Chapter VI). 
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Chapter II 

Macrophage polarization and bacterial infections 

 

 Macrophages are antigen-presenting cells that also play important roles as sentinels for 

first line alerts or as mediators that guide the adaptive immune response [1, 18]. They are 

heterogeneous cells owing to different mechanisms governing their differentiation, tissue 

distribution, and responsiveness to stimuli [1, 3, 19]. Mirroring Th1/Th2 activation, murine 

macrophages are functionally polarized into two broad groups: Classical or M1 and alternate 

or M2 macrophages. Early studies described M1 as responsive to type 1 inflammatory 

cytokines and microbial products such as LPS [20]. Their inflammatory repertoire is 

characterized by the secretion of proinflammatory mediators and the release of reactive 

oxygen and nitrogen intermediates (ROI and RNI, respectively). In contrast, alternative 

activation of macrophages (M2) covers a continuum of functional states classified as M2a, 

induced by IL-4/IL-13, M2b, induced by immune complexes and some TLR agonists, and 

M2c, induced by IL-10 and glucocorticoid hormones [1, 21] (Figure 1). Recently, M2 

macrophages have been characterized by the expression of alternative activation markers [3, 

4, 6, 7]. M1 and M2 macrophages are distinguished by their receptors, cytokine and 

chemokine expression, and effector functions (Figure 1). The M1 macrophages are highly 

microbicidal and inflammatory, while M2 macrophages are immunomodulators (M2a and 

M2c) and are considered poorly microbicidal. Thus, macrophage activation can be either pro-

inflammatory or anti-inflammatory. However, these extreme and simplified polarization states 

(M1 vs. M2) actually describe a complex process delineating a continuum of functional states. 

It has been reported recently that macrophage activation is plastic, rapid, and fully reversible, 

suggesting that macrophage populations are dynamic and may first take part in inflammation 
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and then participate in its resolution [22]. Consequently, macrophages display progressive 

functional changes resulting from changes in the microenvironment [23]. The model of 

M1/M2 polarization or continuum has been essentially established using murine macrophages 

and it is believed that it is applicable to human macrophages. In this review, we aimed to 

understand the role of macrophage polarization in human infectious diseases through 

reappraisal of macrophage polarization by high-throughput methods.  

 We described that the M1 polarization program is associated with gastrointestinal 

infections (e.g. typhoid fever and Helicobacter pylori gastritis) and active tuberculosis. On the 

other hand, an M2 signature is observed in lepromatous leprosy, Whipple’s disease, and 

localized infections (keratitis, chronic rhinosinusitis). However, these findings could not be 

predicted from the analysis of the M1/M2 programs of macrophages stimulated in vitro. The 

reappraisal of macrophage polarization by high-throughput methods is critical to 

understanding the role of macrophage polarization in infectious diseases.  
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Figure 1. General concepts and properties of polarized macrophages, see [1] 

 

 

 
Figure taken from reference No. 1: Benoit M, Desnues B, Mege JL. Macrophage polarization in bacterial 
infections. J. Immunol. 2008, 181:3733-3739. 
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Chapter III 

Monocyte responses in the context of Q fever: from a static 

polarized model to a kinetic model of activation 

  

 The concept of M1/M2 polarization describes the responsiveness of macrophages to 

specific stimuli such as IFN-γ with or without LPS, IL-4 and immune complexes [1]. This 

concept is frequently used to describe the responsiveness of monocytes to diverse stimuli but 

we ignore if this concept is applicable to the stimulation of monocytes. In addition, M1/M2 

polarization has been essentially based on in vitro experiments [4]. The in vivo relevance of 

this concept remains hypothetical. We created a transcriptional database of M1/M2 monocyte-

derived macrophages through whole genome microarrays and qRT-PCR. Since macrophages 

are not easily accessible owing to being fixed in tissues and a biopsy is required in clinical 

situation, we extended our study to monocytes which are circulating cells and are easily 

accessible. We isolated CD14+ monocytes from blood donor buffy coats and stimulated these 

cells with the cytokines IFN- γ and IL-4 for 6 and 18 hours. Then, we extracted total RNA 

from these cells and we ran whole genome microarrays to monitor the transcriptional profile. 

Selected genes were analyzed by using qRT-PCRs to validate the microarray data. On the 

other hand, we obtained whole blood of acute and chronic Q fever patients in PAXgene tubes, 

and then we extracted total RNA from these samples and measured the expression of selected 

genes by using qRT-PCRs. Monocytes exhibited early (6-hour stimulation) patterns of 

activation specific to IFN-γ or IL-4 and a late (18-hour stimulation) pattern of activation 

common to both agonists. Because these responses were not reducible to M1/M2 polarization, 

we selected biomarkers associated with early and late responses of monocytes and tested the 
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relevance of these biomarkers in Q fever patients. We also carried out a follow-up study on 

most of the patients from the initial cohort. The early genes NLRC5, RTP4, and RHOH, which 

were modulated in response to IFN-γ, were up-regulated in patients with acute Q fever, and 

the expression levels of the ALOX15, CLECSF1, CCL13, and CCL23 genes, which were 

associated with the late signature, were specifically increased in patients with Q fever 

endocarditis. In addition, we found that the RHOH and ALOX15 genes were associated with 

the activity of acute Q fever and Q fever endocarditis, respectively. Our results show that the 

kinetic model of monocyte activation enables a dynamic approach for the evaluation of Q 

fever patients. 
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Figure 1 
 

  
 
 
 
 
 

D 



 38 

Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure S1. Expression of M1 and M2 genes in patients with Q fever 
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Figure S2. Expression of biomarkers in different pathologies 
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Chapter IV  
 

 

Overexpression of the Per2 gene in male patients 

with acute Q fever 

 

 

Mehraj V., Textoris J., Capo C., Raoult D., Leone M., Mege J.L. 

J. Infect. Dis. 2012; 206(11):1768-1770. 
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Chapter IV 

Overexpression of the Per2 gene in male patients with 

acute Q fever 
 

 Gender, age and various other host factors are well known to affect the clinical 

expression of Q fever, a worldwide zoonosis due to Coxiella burnetii [24]. Among human 

adult patients hospitalized primarily with Q fever, the number of males is about 2.5 times the 

number of females (7-9, 23). Similarly, the males are more likely to suffer from Q fever-

related complications than females [8-10, 24]. Men represent 75% of the patients diagnosed 

with C. burnetii endocarditis, the major manifestation of chronic Q fever. It has been 

previously shown that sex hormones play a role in the pathophysiology of C. burnetii 

infection in mice. In females, the bacterial load is increased in ovariectomized mice, reaching 

levels found in males, and 17-β estradiol administration restores the bacterial load to levels 

found in intact females [12]. It has been also reported that 80% of modulated genes were 

differently modulated in males and females [13]: among these genes, major components of 

the circadian rhythm pathway are affected by C. burnetii infection in females but not in males. 

Indeed, the transcriptional expression of Clock and Arntl genes was down-regulated, whereas 

that of Per2 gene was up-regulated in females (12). 

 Circadian rhythms maintain homeostasis by coordinating the action of physiological 

systems. They are associated with physiological changes over a course of time [25]. Circadian 

rhythms are therefore important to control the behavior of organisms related to environmental 

changes [26, 27]. Alterations of circadian rhythms have been observed in many diseases such 

as cardiovascular disorders (diabetes, hypertension, …), cancers, neurological disorders 

(learning and memory dysfunctions), and psychiatric disorders (depression, bipolar disease) 

[28, 29]. A number of genes are known to regulate the circadian rhythm [30, 31]. This 
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includes CLOCK, ARNTL (also known as BMAL1) and PER2. These genes are an important 

part of the peripheral molecular clock complex that regulates the circadian expression of 

many genes (Figure 2). 

 To our knowledge, the circadian rhythm is involved in a great number of biological 

phenomena (figure 3, [32]) but had never been described in human infectious diseases. In 

mice, haematopoietic stem cells (HSCs) and their progenitors are reported to follow a 

circadian pattern, peaking 5 h after the initiation of light and reaching a nadir 5 h after 

darkness [14]. While in the bone marrow microenvironment, these cells fluctuate in antiphase 

with the expression of the chemokine CXCL12. The cyclical release of HSCs and expression 

of Cxcl12 are regulated by core genes of the molecular clock through circadian noradrenaline 

secretion by the sympathetic nervous system [14]. Although the circadian rhythm is inversed 

in mice and humans, we hypothesized that circadian genes are differently modulated in men 

and women with Q fever. We showed that the expression of the Per2 gene was specifically 

increased in men with acute Q fever. This result may indicate for the first time that a gene 

involved in the circadian clock is differentially modulated in men and women infected with a 

bacterial pathogen such as C. burnetii.  

Figure 2. Schematic representation of the negative feedback loop that controls the rhythmic 

circadian expression of the peripheral molecular clock components. CRG: Clock-Regulated 

Genes. 
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Figure 3. Representation of circadian rhythm over 24-hour human daily activities. 

 

 

 

Reference: [32] Smolensky M, Lamberg L. The Body Clock Guide to Better Health: How to 

Use Your Body's Natural Clock to Fight Illness and Achieve Maximum Health. Henry Holt 

and Company, May 1, 2001.
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Chapter V 

 

The ligands of Numb proteins X1 and X2 are 

specific markers for chronic Q fever 

 

Mehraj V, Boucherit N, Ben Amara A, Capo C, Bonatti S, Mege JL, 

Mottola G, Ghigo E. FEMS Immunol. Med. Microbiol.  

2012; 64(1):98-100 
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Chapter V 

The ligands of Numb proteins X1 and X2 are specific 

markers for chronic Q fever 
 

 The enzymes E3 ubiquitin ligases give specificity to the ubiquitination process, which 

results in protein degradation [33, 34]. From the recently published data in the last few years, 

it has been reported that these enzymes play an important function in regulating immune 

response [35-37]. Two of E3 ubiquitin ligases are the ligands of Numb proteins X1 and X2 

(LNX1 and LNX2), which have been described as interactors and regulators of the T-cell co-

receptor CD8 by promoting its ubiquitination and endocytosis [15]. The ligands of Numb 

proteins are reported to regulate the ubiquitination and endocytosis of T-cell co-receptor CD8, 

which plays an essential role in T-cell-mediated immune response. CD8 has been reported to 

be expressed on the surface of many cells including intestinal T cells, γδ T cells, NK cells 

etc... [38, 39]. CD8 is also required for the activation of cytotoxic T lymphocytes by 

stabilizing the interaction between T cell receptors (TCR) and class II major 

histocompatibility complex present on antigen-presenting cells [40]. The importance of CD8+ 

T cell response in C. burnetii infection has been recently reported [16]. Nude and SCID mice 

are highly sensitive to C. burnetii infection, whereas wild type mice are resistant. The 

reconstitution of SCID mice with CD4+ T cells or CD8+ T cells is sufficient to control 

infection but, surprisingly, CD8+ T cells play a more significant role in controlling 

splenomegaly.  

In this study, we investigated the expression of LNX genes in patients with Q fever to tempt to 

identify specific biomarkers. We show a high level of LNX1 and LNX2 transcripts in Q fever 

endocarditis, but not in acute Q fever, suggesting that they may be used as specific markers of 

Q fever endocarditis. 
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associated with an interferon-related 

transcriptional program  

 

Moal V, Textoris J, Ben Amara A, Mehraj V, Berland Y, Colson P, 

Mege JL. J. Infect. Dis. 2013; 207(1):125-32. 
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Chapter VI 

Chronic hepatitis E infection is specifically associated with 

an interferon-related transcriptional program 

 

 Hepatitis E virus (HEV) is a small non-enveloped RNA virus, which is the leading 

cause of waterborne acute hepatitis in adults in developing countries [41, 42]. It is an 

emerging causative agent of autochthonous acute hepatitis in humans in European countries 

[41, 42]. In most of the cases HEV hepatitis is an acute, self-limiting infection. In some cases 

the disease exhibits a severity that may lead to fulminant hepatitis. Recent studies suggest 

HEV as a new causative agent of chronic hepatitis in solid organ transplant recipients 

throughout the world [43-47]. The incidence of HEV infection after kidney transplantation 

has been estimated to be 2.7 cases/100 person-years [48], and half of the kidney transplant 

recipients infected with HEV develop chronic HEV infection (CHE) [17]. Rapid progression 

to cirrhosis, liver transplantation, and death has also been reported [43, 45, 49]. Clinical 

studies [50-52] suggest that the occurrence and persistence of chronic HEV infection are 

related to the immunological status of patients. 

 In this prospective study, the transcriptional profiles of whole blood from kidney 

transplant recipients with CHE and matched kidney transplant recipients without viral 

infection were compared. Microarray studies demonstrated that patients with CHE exhibited a 

specific peripheral signature including 30 up-regulated genes, 25 of which are annotated 

interferon-stimulated genes (ISGs). The up-regulation of 5 type I ISGs selected from the CHE 

signature was confirmed by qRT-PCR. Interestingly, the expression level of these genes was 

associated with the persistence of HEV infection. These results suggest that the persistence of 

HEV infection is related to increased expression of ISGs and that studying the peripheral 
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transcriptional signature may be useful in understanding the chronic evolution of HEV 

infection in kidney transplant recipients. 
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Conclusions and Perspectives 

 Transcriptional studies using high-throughput methods, such as whole genome 

microarrays, coupled with conventional approaches, such as quantitative real-time RT-PCR 

(qRT-PCR), are highly useful to re-evaluate the concept of macrophage polarization in 

infectious diseases [4]. The available literature on patients reveals that macrophage activation 

could not be predicted from the results of typical pathogen-macrophage interactions. The 

reappraisal of macrophage polarization by high-throughput methods is critical to 

understanding the role of macrophage polarization in infectious diseases. Only the 

identification of individual profiles will support promising therapeutic approaches based on 

target determination.  

 Our studies used the responses of monocytes to IFN-γ and IL-4 to guide the analysis 

of whole blood from patients with Q fever. First, we used microarray to compare monocytes 

and monocyte-derived macrophages. We found that the response of macrophages to IFN-γ 

and IL-4 was polarized while the responsiveness of monocytes was completely different from 

that of macrophages. The analysis of monocyte responses revealed two phases: an early phase 

(6 hour-stimulation) and a late phase (18 hour-stimulation). The response of the early phase 

was dependent on the agonist (IFN-γ and IL-4), suggesting that it may be related to the 

M1/M2 polarization observed in macrophages. We therefore tested this hypothesis using a 

panel of genes considered as specific of M1 and M2 macrophages. We found that 587 genes 

were modulated in IFN-γ- or IL-4-stimulated monocytes compared with unstimulated 

monocytes. We also studied the genes that were specifically modulated in the early response 

of monocytes to IFN-γ and IL-4: 46 and 39 genes were up-regulated, respectively. Among 

these up-regulated genes, only 16 M1 and 10 M2 genes were up-regulated, highlighting that 

the apparent polarization of monocytes was not similar to the M1/M2 polarization of 
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macrophages. The second phase of monocyte activation that was common to IFN-γ and IL-4 

consisted of 57 up-regulated genes. It is noteworthy that macrophages are fully polarized into 

M1 or M2 macrophages when they are stimulated with IFN-γ and IL-4 for 18 hours (Martinez 

[4] and our results), demonstrating that the responsiveness of monocytes was completely 

different from that of macrophages. Second, we took advantage of these monocyte signatures 

to identify putative Q fever biomarkers. We selected 4 genes specific of the early IFN-γ 

signature (NLRC5, RTP4, C1S, GCH1), 4 genes specific of the early IL-4 signature (ITGB3, 

TREM1, NEDD4L, RHOH), and 4 genes specific of the late signature (ALOX15, CLEC4F, 

CCL13, CCL23) of monocytes, and we tested their modulation in the blood of patients with Q 

fever using qRT-PCR. The NLRC5, RTP4 and RHOH genes present in the early signature 

were up-regulated in acute Q fever, but not in Q fever endocarditis. Conversely, the ALOX15, 

CLEC4F, CCL13, and CCL23 genes present in the late signature of monocytes were 

specifically associated with Q fever endocarditis. Interestingly, the follow-up of patients 

showed that the expression of NLRC5 and RTP4 genes remained up-regulated 5 months after 

the initial inclusion in patients with acute Q fever whereas the expression of RHOH gene was 

similar to controls after 5 months. The modulation of CCL23, CLECF4, ALOX15, and CCL13 

genes was assessed in patients with Q fever endocarditis 16 months after the inclusion. The 

expression of CCL13 and CCL23 genes remained unchanged. By contrast, the expression of 

ALOX15 and CLECF4 genes decreased with time but only the expression of ALOX15 gene 

returned to control levels. These results suggest that some biomarkers, namely RHOH and 

ALOX15 genes, were associated with the activity of acute Q fever and Q fever endocarditis, 

respectively. Since our study was conducted on a small group of patients with limited clinical 

information and follow up data, well designed prospective studies on a larger cohort of 

patients will be set up to further explore the relevance of the present biomarker series for their 

potential in clinical use. 
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 The microarray results obtained on monocytes open new perspectives in infectious 

diseases. Hence, we explored only a small part of genes from the early IFN-γ signature and 

genes from the late signature of monocytes by qRT-PCR. The other up-regulated (or down-

modulated) genes may also be useful to define new biomarkers. We can hypothesize that 

some of the markers from the early response may allow clinicians to assess the 

pathophysiological responses to acute inflammatory diseases whereas the biomarkers from the 

late monocyte signature may be useful for analyzing chronic inflammatory and infectious 

pathologies. An adaptive therapeutic approach based on studies on monocyte signature could 

improve the prognosis of patients in a number of diseases. Additional developments aimed at 

limiting the pathogenic effect of an uncontrolled microbicidal M1 response may be also 

promising. We proposed the early and late response genes to be used as biomarkers, but have 

to be confirmed in a larger prospective cohort of patients with Q fever or in patients suffering 

from other infectious diseases. 

 It is known that gender plays an important role in the clinical expression of Q fever. 

Males are at a higher risk and the rate of Q fever-related complications is also higher in males 

than in females. It has been previously shown that major components of the circadian rhythm 

pathway are affected by C. burnetii infection in mice and these changes were controlled by 

sex hormones. We analyzed three genes (Per2, ARNTL, and CLOCK) involved in the 

circadian pathway in patients with Q fever. We showed that the expression of the Per2 gene 

was specifically increased in men with acute Q fever compared with healthy volunteers. In 

contrast, the expression of Clock and ARNTL genes was not affected in men or women with Q 

fever compared with healthy volunteers. The relationship between the specific over-

expression of Per2 gene in men with acute Q fever and the higher incidence and severity of Q 

fever in men than in women needs further investigations. Nevertheless, to our knowledge it is 

the first time that it is demonstrated that a gene involved in circadian rhythm (over-expression 
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of PER2 gene) is modulated in an infectious disease. This opens new perspectives in the 

understanding of infectious diseases. Further studies are required to determine which 

infectious diseases are associated with the modulation of the circadian cycle and how the 

circadian rhythm is affected in these diseases.  

 The enzymes E3 ubiquitin ligases including LNX1 and LNX2 degrade proteins and 

are known to regulate immune response. Particulary, LNX1 and LNX2 interact with CD8, 

which is expressed on a variety of cells including intestinal T cells, thymic T-cell precursors, 

NK cells, thymocytes and peripheral T cells. We found that LNX1 and LNX2 genes were over-

expressed in Q fever endocarditis but not in acute Q fever. Although the direct evidence that 

LNX1 and LNX2 regulate the expression of CD8 protein in lymphocytes is still lacking [15], 

our results strongly support this hypothesis and suggest that LNX1 and LNX2 over-

expression might reflect an alteration in CD8 level and might explain the imbalance of 

immune response in chronic Q fever through their action on T CD8+ cells. Future prospective 

clinical studies with larger sample size are proposed to monitor LNX genes expression over 

the course of the disease. 

In developing countries one of the leading causes of waterborne acute hepatitis is infection 

with hepatitis E virus (HEV). In European countries, HEV is an emerging causative agent of 

autochthonous acute hepatitis. In most of the cases, HEV hepatitis is an acute, self-limiting 

infection but, in some cases, the disease exhibits a severity varying from unapparent infection 

to fulminant hepatitis. In 2008 chronic HEV infections (CHE) were described in solid organ 

transplant recipients. This emerging disease is defined as a persistent viral infection, with 

hepatitis lasting for at least 6 months. The incidence of HEV infection after kidney 

transplantation has been estimated to be 2.7 cases/100 person-years and half of the kidney 

transplant recipients infected with HEV develop CHE. In severe cases, rapid progression of 

HEV disease to cirrhosis, liver transplantation, and death has also been reported. No curative 
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treatment for HEV hepatitis is currently recommended. Both pegylated interferon and 

ribavirin were effective in treating CHE in few patients, but interferon is contraindicated in 

kidney transplant recipients. Current literature coming from clinical studies suggests that the 

occurrence and persistence of CHE are related to the immunological status of patients. We 

compared the transcriptional profiles of whole blood from eight kidney transplant recipients 

with CHE and eight kidney transplant recipients without viral infection by microarray. 

Patients with CHE exhibited a specific peripheral signature including 30 up-regulated genes, 

25 of which are annotated interferon-stimulated genes (ISGs). We then studied the expression 

levels of 5 genes involved in the type I interferon response (ISG15, IFIT1, IFI44L, RSAD2, 

and EPSTI1) by qRT-PCR. We found that the blood of kidney transplant recipients with CHE 

exhibited a specific transcriptional signature associated with a dysregulated interferon 

response that is related to persistent HEV infection. These results open new ways to explore 

the mechanisms of chronic HEV infection in kidney transplant recipients and to improve the 

monitoring of these patients. 
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Annexure I 

Blood leukocytes and macrophages of various phenotypes 

have distinct abilities to form podosomes and to migrate in 

3D environments 
 

 Leukocytes migrate through most tissues in the body, a process which takes place in 

3D environments. It has been previously shown [53, 54] that macrophages use the amoeboid 

migration mode in porous matrices such as fibrillar collagen I and the mesenchymal mode 

involving podosomes and matrix proteolysis in dense matrices such as Matrigel. Whether 

such plasticity may apply to other leukocytes and to all subsets of macrophages is unknown. 

This study is a comparative analysis of the in vitro 3D migration modes adopted by primary 

human leukocytes. Blood-derived monocytes, neutrophils, and T lymphocytes were found to 

use the amoeboid mode in a porous fibrillar collagen I matrix but were unable to infiltrate 

dense Matrigel and to form podosomes. M2-polarized macrophages and elicited peritoneal 

macrophages formed podosome rosettes, degraded the ECM and infiltrated both matrices. In 

contrast, M1 macrophages were motionless in 2D and 3D environments, whilst resident 

macrophages, devoid of podosomes, were only able to use the amoeboid mode. In conclusion, 

we demonstrate that leukocytes use the amoeboid mode to migrate through porous matrices 

and that the macrophages may adopt the mesenchymal mode that permits migration through 

dense matrices. 
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Annexure II 

Modulation of key circadian cycle genes among trauma 

patients in ICU 

 

 Circadian rhythm is known to play an important role in physiological functions 

including the immune system biology [25-27]. The variations in many biological parameters 

dependent on time have been reported to play a fundamental role in disease processes [28]. 

Our previous study on Q fever patients showed that genes of the peripheral molecular clock 

were modulated in a gender-dependent manner. Circadian rhythms affect many variables in 

healthy individuals: heart rate, blood pressure, body temperature and hormone levels (such as 

melatonin, cortisol). This is a key feature of the biological pathways which are under 

circadian control and regulate the immune response [55, 56]. Indeed, many components of the 

inflammatory response (leukocytes, cytokines, hormones) follow diurnal patterns [57, 58], 

and clock-related genes exhibit circadian patterns in neutrophils [31]. These observations 

support the hypothesis that the time of day can affect the patient outcomes in specific diseases 

[59-61]. 

In this study, we included severe trauma patients on the first day after admission in intensive 

care units because intensive care unit patients, and particularly those with brain injury, exhibit 

abolished or desynchronized patterns across daytime. The whole blood expression of the 

molecular clock components ARNTL, CLOCK and PER2 genes was assessed in male and 

female healthy volunteers or patients with trauma using qRT-PCR. We observed a significant 

over-expression of ARNTL and CLOCK genes in male trauma patients compared with healthy 

volunteers. ARNTL was also significantly up regulated in male trauma patients as compared to 

female trauma patients. We report for the first time a gender-related modulation of molecular 
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clock genes in blood after severe trauma. These results emphasize the role of circadian rhythm 

in the immune response in trauma patients. 
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ABSTRACT 

Macrophages are functionally polarized into inflammatory and microbicidal (M1) and 
immunoregulatory (M2) cells. If circulating monocytes may be polarized is not known. We 
determined the transcriptional signatures of human monocytes stimulated with IFN-γ and IL-
4, known to induce the polarization of macrophages into M1 and M2 cells, respectively, using 
microarrays and real-time RT-PCR. We found that monocytes exhibited an early pattern of 
activation specific to IFN-γ or IL-4 and a late pattern of activation common to both agonists. 
The selected biomarkers of early and late responses were tested in patients with Q fever. We 
showed that the kinetic model of monocyte activation enables a dynamic approach for the 
evaluation of patients with acute Q fever or Q fever endocarditis. On the other hand, it is 
known that the prevalence of Q fever is related to sex and is higher in men than in women. 
Based on previous studies on an experimental model of infection by Coxiella burnetii, the 
agent of Q fever, we hypothesized that circadian genes are differently modulated in men and 
women with Q fever. We showed that the expression of the Per2 gene was significantly 
increased in males with acute Q fever compared with healthy volunteers but did not differ in 
females with Q fever and healthy females. These results suggest that that the modulation of 
circadian genes is associated with a human infectious disease. We also found that the 
expression of LNX1 and LNX2 genes that encode two enzymes involved in protein 
degradation is increased in Q fever endocarditis but not in acute Q fever.  
 
Key words: monocytes, polarization, Q fever, endocarditis, circadian genes. 
 
 
 
RESUME 
 
Les macrophages sont fonctionnellement polarisés en macrophages inflammatoires et 
microbicides (M1) ou immunorégulateurs (M2). Que les monocytes circulants soient 
polarisables n’est pas démontré. Nous avons étudié la signature transcriptionnelle par 
microarray et RT-PCR en temps réel de monocytes humains stimulés par l’IFN-γ, un 
inducteur des macrophages M1 et l’IL-4, un inducteur des macrophages M2. Leur profil de 
réponse précoce est dépendent de l’agoniste alors que la réponse tardive des monocytes est 
similaire qu’ils soient stimulés par l’IFN-γ ou l’IL-4. Cette approche dynamique de la réponse 
monocytaire permet probablement une étude bien plus pertinente des patients atteints d’une 
fièvre Q que le modèle de polarisation macrophagique. Par ailleurs, la prévalence de la fièvre 
Q est plus importante chez l’homme que chez la femme. Comme il a été montré que des gènes 
associés au cycle circadien sont modulés chez les souris infectées par Coxiella burnetii, la 
bactérie responsable de la fièvre Q, nous avons étudié ces gènes au cours de la fièvre Q. C’est 
ainsi que le gène Per2 est fortement exprimé chez les hommes atteints d’une fièvre Q aiguë. 
Ces résultats suggèrent donc que la modulation de gènes circadiens est associée à une maladie 
infectieuse chez l’homme. L’expression des gènes LNX1 and LNX2, qui codent deux enzymes 
impliquées dans le catabolisme des protéines, est accrue dans l’endocardite de la fièvre Q 
mais pas dans la fièvre Q aiguë.  
 
Mots clés: monocytes, polarisation, fièvre Q, endocardite, gènes circadiens. 


