
Results 

3.5.5.1 Expression of RIG-I in HEL cells 

The RIG-I protein, a cytoplasmic PRR sensing viral RNA, is stimulated by hantaviral 

RNA (Lee et al., unpublished data). Moreover, it was shown that the viral glycoprotein 

G1 (NYV) has an inhibitory effect on RIG-I signalling (Alff et al., 2006; Alff et al., 

2008) suggesting that pathogenic hantaviruses try to subvert RIG-I function. Hence, we 

analysed RIG-I expression in HEL cells after infection with HTNV by immunoblot 

(figure 21). 

 

 

Figure 21: Expression of RIG-I in HEL cells.  

Mock- and HTNV-infected HEL cells were treated with 10 nM PMA (+PMA) or left untreated (-PMA), 

harvested at 1-4 days pi as indicated, and analysed for RIG-I expression by immunoblot. β-actin was used 

as a loading control. One representative experiment out of three is shown. 

 

HTNV infection did not influence RIG-I expression. Surprisingly, a decreased 

expression of RIG-I was seen after stimulation of HEL cells with PMA irrespective of 

whether cells were mock-infected or HTNV-infected. These data suggest that PMA 

interferes with RIG-I expression in megakaryocytic cells.  

 

3.5.5.2 Expression of antiviral protein MxA in HEL cells 
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 The antiviral protein MxA, an interferon stimulated gene, inhibits replication of 

hantaviruses in cell culture (Frese et al., 1996; Kanerva et al., 1996). In addition Kraus 

et al. showed that MxA expression is decelerated in human umbilical vein endothelial 

cells (HUVECs) infected with highly virulent HTNV in contrast to HUVECs infected 

with the rather non-pathogenic TULV (Kraus et al., 2004). Therefore we decided to 

analyse MxA expression in HEL cells after infection with HTNV. First, we tested 

whether HEL cells are capable of expressing MxA and included TF-1 cells in this type 

of analysis. For this purpose cells were stimulated with IFN-α (figure 22).  
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Figure 22: Expression of antiviral protein MxA in IFN-α stimulated HEL and TF-1 cells.  

HEL and TF-1 cells were stimulated with IFN-α (2000U/ml) over night. Cells were harvested and 

analysed by immunoblot for MxA expression. As positive control Huh7 cells stimulated with IFN-α 

(2,000 U/ml) were used. β-actin was used as a loading control. Lane 1: IFN-α stimulated HEL cells; lane 

2: IFN-α stimulated TF-1 cells; lane 3: IFN-α stimulated Huh7 cells (positive control, pc). One, out of 

two independent experiments is shown. 

 

Both HEL and TF-1 cells expressed MxA, although to a much weaker extend than 

Huh7 cells. TF-1 cells, as they showed less IFN-α induced MxA expression than HEL 

cells, were excluded from further analysis. Next, HEL cells were infected with HTNV 

and expression of MxA was analysed by immunoblot technique (figure 23). 

 

 

Figure 23: Expression of antiviral MxA in mock- and HTNV-infected HEL cells.  

Mock-infected and HTNV-infected (MOI 1.5) HEL cells were treated with 10 nM PMA (+PMA) or left 

untreated (-PMA), harvested at 1-4 days pi as indicated, and analysed for expression of MxA and viral N-

protein by immunoblot. As a positive control (pc) Huh7 cells, stimulated with IFN-α (2,000 U/ml) over 

night, were used. β-actin served as a loading control. One representative out of three independent 

experiments is shown. 

 

Although capable of expressing MxA after stimulation with IFN-α, no MxA 

expression was detected after HTNV infection at any time point analysed. The same 

result was obtained with PMA-treated HEL cells despite of HTNV high-level 

replication in these cells. Altogether these results suggest that the antiviral MxA protein 

is not induced in HEL cells after infection with HTNV.  
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3.8.2 HTNV-driven differentiation of monocytes  

Having established that HTNV-infection allows human monocytes to survive they were 

analysed by flow cytometry for expression of typical markers of monocytes and 

dendritic cells. However, as monocytes die off soon after a short period of culturing 

mock-infected monocytes were analysed right after isolation for comparison. The 

following proteins were analysed as marker molecules: CD14, a GPI-anchored 356 

aa glycoprotein expressed on monocytes and macrophages; CD83, a single-chain type-1 

glycoprotein expressed on mature myeloid DCs; CD86, a protein belonging to the 

immunoglobulin family, constitutively expressed on DCs and in low levels on 

monocytes; and DC-SIGN, a 404 aa glycoprotein that is predominantly expressed on 

dendritic cells. Results are shown in figure 34.  

 
Figure 34: Flow cytometric analysis of uninfected and HTNV-infected monocytes.  

(A) Monocytes were infected with HTNV (MOI 1) and analysed three days pi by flow cytometry for 

CD14, CD83, CD86 and DC-SIGN (red open curves). For comparison surface expression of uninfected 

monocytes (d0) is shown (blue open curves). Grey filled curves represent isotype controls. The x-axis 

shows staining with specific antibody, the y-axis indicates cell count. One representative experiment out 

of three is shown. (B) Box-Whisker plot of statistical analysis of expression of CD83 and DC-SIGN on 

mock-infected and HTNV-infected monocytes. ∗ = p<0.05, n= 3. 
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Flow cytometric analysis of monocytes showed that HTNV-infected monocytes 

lose their classical monocytic expression profile. Expression of CD14 hardly changed, 

but upregulation of macrophage/dendritic cell markers CD83, CD86, and DC-SIGN was 

detected. Upregulation of CD83 and DC-SIGN was shown to be significant. 

Collectively, these data demonstrate that HTNV induces differentiation of infected 

monocytes towards a cell type resembling macrophages/DCs. 
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4  Discussion 

In order to understand the mechanisms of hantaviral pathogenesis, until now research 

was focused on mechanisms which directly damage the endothelial barrier resulting in 

haemorrhages. However, in a healthy person microvascular lesions occur daily, but 

remain undetected as long as enough and fully functional platelets are available. Thus 

bleedings are prevented. As soon as platelets are defect and/or platelet count is too low, 

lesions cannot be sealed anymore and haemorrhages may appear. During hantavirus 

infection not only damage of the endothelial barrier but reduced platelet count and 

platelet dysfunction play a pivotal role (Cosgriff, 1991b). This suggests an involvement 

of cells of the haemostatic system in hantavirus pathogenesis. In this thesis the 

hantavirus-induced mechanisms leading to acute thrombocytopenia and platelet 

dysfunction were analysed. Moreover, the interactions of hantaviruses with cells of the 

human immune system were investigated as there is evidence that the immune system 

itself contributes to hantavirus-associated pathogenesis (immunopathogenesis). 

 

4.1 Megakaryocytic cells as a tool for studying megakaryopoiesis 

Megakaryopoiesis is the development of a haematopoietic stem cell into mature 

megakaryocytes. This process takes place via several steps of maturation and 

differentiation in the bone marrow. The percentage of megakaryocytes ranges from 

0.03% to 0.06% of all nucleated cells in the bone marrow (Saito, 1997), hence isolation 

of a large number for biochemical analysis is hardly possible. Furthermore ex vivo 

differentiation of CD34+ cells, isolated from umbilical cord blood, is very complex and 

difficult. Cells require special cytokine cocktails (e.g. TPO, stem cell factor, interleukin 

(IL) 1) to survive and developing megakaryocytes react sensitively to any change of 

condition (e.g. temperature, medium concentration) (Maurer et al., 2000). Thus working 

with primary megakaryocytes is complex, expensive and the yield of cells is usually 

very low. 

Therefore megakaryocytic cell lines, established from blood or bone marrow of 

patients with leukemia represent a precious alternative for analysing features of 

megakaryocytic cells. Cells are easy to maintain in culture and can be expanded to the 

desired number. They have no or little variation and are not as cost-intensive as primary 

cells. However one has to keep in mind that many megakaryocytic cell lines share 
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multilineage features, holding characteristics of erythroid, myeloid and megakaryocytic 

cells. Nevertheless these cell lines represent an excellent tool for studying 

megakaryopoiesis (Saito, 1997). 

 

4.2 Hantaviruses and megakaryocytic cells 

4.2.1 Susceptibility of megakaryocytic cells to hantavirus infection  

In this thesis, established megakaryocytic cell lines were tested whether they can be 

infected with hantaviruses. For the first time, we showed that pathogenic but not 

apathogenic hantaviruses target megakaryocytic cells. HTNV infected TF-1 and HEL 

cells in contrast to apathogenic PHV and TULV. Further human megakaryocytic cell 

lines (K562, Meg-01) and a murine megakaryocytic cell line (L8057) could not be 

infected with any hantavirus tested. TF-1 cells represent very undifferentiated cells 

(Kitamura et al., 1989). K562 and HEL cells are early megakaryoblast-like cells 

(Gewirtz et al., 1982; Papayannopoulou et al., 1988; Papayannopoulou et al., 1983; 

Saito, 1997), whereas HEL cells express more typical megakaryocytic markers. K562 

cells only commit towards the megakaryocytic lineage after stimulation with PMA and 

hold less megakaryocytic characteristics than HEL cells. Meg-01 cells represent a later 

stage, approximately the late megakaryoblast (Ogura et al., 1985; Takeuchi et al., 1991). 

Altogether, it seems that HTNV only infects cells of the early stage of 

megakaryopoiesis. 

Infection of megakaryocytic cells in the bone marrow of humans could influence 

megakaryopoiesis at different stages. This could result in defective megakaryocytes, 

less platelet production or “abnormal” platelets that have lost their functions. Several 

viruses are known to infect megakaryocytes and thus cause decreased platelet 

formation, e.g. human immunodeficiency virus (HIV) (Scaradavou, 2002; Zucker-

Franklin & Cao, 1989) and dengue virus (Basu et al., 2008). For HIV it is known that 

both reduced platelet production due to bone marrow suppression and the production of 

anti-platelet antibodies in peripheral blood contribute to virus-associated 

thrombocytopenia (Scaradavou, 2002). Thrombocytopenia is an important event in 

hantavirus-induced pathogenesis. Reduced platelet count may develop by decreased 

formation of platelets and/or increased elimination of platelets. Thus interaction of 
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hantaviruses with megakaryocytes and/or platelets could explain hantavirus-associated 

thrombocytopenia.  

 

4.2.2 Expression of hantavirus receptors on megakaryocytic cells 

The megakaryocytic cell lines TF-1, HEL, K562 and Meg-01 cells express β1-integrin 

(CD29), β3-integrin (CD61) and CD55/DAF, which facilitate hantavirus entry 

(Gavrilovskaya et al., 1999; Gavrilovskaya et al., 1998; Krautkramer & Zeier, 2008). 

However, we could hardly detect surface expression of gC1qR, which has been reported 

to enhance entry of HTNV infection into human lung epithelial A549 cells (Choi et al., 

2008), on any cell line analysed. Thus, except of unstimulated K562 cells, which do not 

express surface β3, all cell lines analysed were equipped with canonical hantavirus 

receptors, but only TF-1 and HEL cells were infectable. This observation suggests that 

besides the known surface receptors, hantavirus infection is dependent on additional 

factors. Possibly a hitherto unknown coreceptor is required for infection with 

apathogenic and/or pathogenic hantaviruses that is missing on some of the cells 

analysed. Alternatively, as integrins exist in various splice variants, it is possible that 

hantaviruses only use one special variant of the integrin, not expressed on all cell lines 

tested in this thesis (Fornaro & Languino, 1997; Svineng et al., 1998). HTNV only 

enters the cell when β3 is expressed in its inactive (bent) conformation (Raymond et al., 

2005). Thus, infection can only happen when β3 is not activated. Moreover, it is 

possible that viral particles enter the cells but do not replicate because the cellular 

milieu lacks certain proteins that are necessary to start the replication process. Finally, it 

has to be considered that a cell autonomous defence mechanism actively blocks viral 

replication.  

In summary, productive infection relies on several conditions that might not be 

given in all megakaryocytic cell lines tested and the fact that highly pathogenic HTNV 

but not less pathogenic TULV and PHV could establish infection in megakaryocytic 

cells, points towards an important role of this cell type in HFRS and possibly HCPS.  
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4.2.3 Switch to High level hantavirus replication after PMA treatment 

Stimulation of HEL cells with PMA increased hantavirus titers up to two logs. Although 

hantavirus receptor (β3) surface expression is increased after stimulation, the PMA-

induced upregulation does not explain increased titers, as stimulation with PMA before 

and after infection resulted in similar titers. It is possible that stimulated HEL cells 

provide better conditions for virus growth, such as increased availability of the ER-

Golgi intermediate compartment, which is required for hantaviruses replication 

(Ramanathan et al., 2007), or an enhanced nucleotide metabolism. However, PMA 

stimulation of HTNV-infected VeroE6 cells did not increase virus titers suggesting that 

PMA stimulates a pathway that is not affected or absent in these cells. For example 

PMA could have an inhibitory effect on induction of type I IFN or type I IFN signalling 

which is not obvious in VeroE6 cells that lack IFN type I genes (Diaz et al., 1988). 

Hantaviruses trigger IFN I and thereby the innate immune response. Thus, increased 

viral replication due to stimulation with PMA could be caused by an indirect effect: a 

diminished innate immune response. This finding is supported by the fact that 

expression of innate cytoplasmic sensor RIG-I is decreased after stimulation with PMA 

(figure 21, p. 51). It was shown that RIG-I senses viral N-protein encoding hantaviral 

RNA (Lee et al., unpublished data) and is a target of hantaviral immune evasion 

mechanisms (Alff et al., 2006). Type I IFN is triggered through RIG-I signalling, which 

binds to type I IFN receptor. Subsequently the receptor-associated tyrosine kinases janus 

protein tyrosine kinase 1 (JAK1) and tyrosine kinase 2 (TYK2) are activated resulting in 

posphorylation of signal transducer of activation and transcription (STAT1) and STAT2. 

These dimerize and translocate into the nucleus inducing transcription of multifarious 

genes, which subsequently induce transcription of a multitude of IFN-stimulated genes 

encoding antiviral effector components (Sadler & Williams, 2008) e.g. double-stranded 

RNA-dependent protein kinase (PKR) (Stark et al., 1998). 

Previously PMA has been shown to target components of the innate immune 

system. Inhibition of IFN-α stimulated tyrosine phosphorylation of transcription factors 

STAT1α, STAT2, STAT3 and TYK2 was shown after treatment of primary monocytes 

with PMA. Hence, PMA stimulation of monocytes resulted in inhibition of JAK/STAT 

pathway (Petricoin et al., 1996). Furthermore, PMA is known to activate the 

RAS/MAPK (mitogen-activated protein kinases) pathway (Marquardt et al., 1994), 

which controls many biological processes. For example, activated RAS inactivates 
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PKR, an important player of the antiviral innate immune response (Mundschau & 

Faller, 1992). For vesicular stomatitis virus (VSV) (Battcock et al., 2006), reovirus 

(ReoV) (Strong et al., 1998), herpes simplex virus type 1 (HSV1) (Farassati et al., 

2001) and ebola virus (EBOV) (Strong et al., 2008) it was demonstrated that virus 

growth is enhanced in RAS-transformed fibroblasts, showing that downregulation of 

antiviral innate immune responses induced by type I IFN increases viral replication. 

Altogether, PMA could enhance replication of hantaviruses through modulation of 

several key pathways including the RIG-I pathway, the JAK/STAT pathway and the 

RAS/MAPK pathway, which are shown in figure 35. 

 

 

Figure 35: Simplified schemes of cellular pathways influenced after PMA stimulation.  

(A) RIG-I pathway, (B) JAK/STAT pathway and (C) RAS/MAPK pathway 

 

Intriguingly, the PMA-associated effects could also be relevant in vivo as 

thrombopoietin, the central regulator for megakaryopoiesis in vivo, activates 

RAS/MAPK signalling (Kirito & Kaushansky, 2006). Thus, TPO-induced 

megakaryocyte differentiation in vivo could be linked to enhanced replication of 

hantaviruses in megakaryocytic cells (figure 37, p. 77).  
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4.2.4 Unaltered phenotypic and functional differentiation of HTNV-infected 

megakaryocytic cells despite high-level HTNV replication 

PMA-treated HEL cells represent a well-established model system of megakaryocyte 

differentiation. After PMA-treatment HEL cells stop proliferating and further 

differentiate into cells resembling more mature megakaryocytes, indicated by an 

increase in cytoplasm, ploidy and upregulation of megakaryocyte/platelet proteins 

(Long et al., 1990). Therefore, we analysed in detail whether the switch to high-level 

HTNV replication in HEL cells interfered with their differentiation. Only a slight but 

not significant reduction in proliferation of unstimulated HTNV-infected HEL cells was 

observed. Importantly, independent of whether HEL cells were HTNV-infected or 

mock-infected, PMA stimulation yielded in arrest of proliferation, begin of 

differentiation and initiation of endoreplication, an important step in megakaryocyte 

development. In addition no signs of HTNV-induced cell death, neither by analysis of 

DNA strand brakes, nor by staining with AnnexinV were seen.  

Adhesion of megakaryocytes to the extracellular matrix and among each other is 

an essential process during megakaryopoiesis. When cells were analysed for expression 

of adhesion molecule ICAM-I and for adhesion to components of the extracellular 

matrix, no differences were detected between mock and HTNV-infected cells. Integrin-

dependent migration and adhesion is closely connected to integrin recycling (Caswell & 

Norman, 2006) and disturbance in integrin trafficking could influence megakaryocyte 

development and function. Therefore, internalisation capacities of β1 and β3 were 

analysed. However, no significant differences were found between mock and HTNV 

infected HEL cells. Taken together, high level replication of HTNV did not interfere 

with proliferation, viability, adhesion and endoreplication of megakaryocytic cells. 

Megakaryocyte differentiation is accompanied by consecutive upregulation of 

surface expression of key markers CD41 (IIb integrin), CD61 (β3 integrin) and CD42. 

After HTNV infection no differences were observed in surface expression of these 

differentiation markers as compared to mock-infected cells. Intriguingly, 

immunofluorescence analysis localized HTNV preferably in HEL cells with low or no 

β3 expression. In contrast, cells with strong β3 expression were mostly uninfected. 

Thus, it was possible that HTNV downregulates β3 expression. To further examine this 

aspect we performed immunoblot analysis of β3 integrin 1-4 dpi. We found that overall 
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expression of CD61 was only slightly decreased over time in PMA-stimulated HEL 

cells after infection. This indicates that HTNV has only a weak influence on overall 

cellular β3 expression. It appears unlikely that HTNV “masks” the β3 integrin, e.g. by 

changing the conformation recognized by the anti-β3 antibody, as FACS analyses of 

HTNV-infected cell cultures using the same reagent revealed unaltered β3 surface 

expression. It is more likely that HTNV preferably infects cells with lower CD61 

expression, which represent more early stages of megakaryocyte differentiation. 

Supporting this view, HTNV infects TF-1 and HEL cells, but not Meg-01 cells. 

Moreover, upregulating β3 on HEL cells before infection by PMA treatment did not 

further increase viral replication as compared to cells that were treated with PMA 1 h 

after infection. In conclusion, HTNV seems to target early stages of megakaryocytes 

without causing any alteration in their further differentiation. 

 

4.2.5 Unaltered cytoskeleton in megakaryocytic cells after HTNV infection 

For BCCV colocalization of viral N-protein and F-actin in VeroE6 cells was detected 

and a role of actin in viral assembley was assumed (Ravkov et al., 1998). In contrast, for 

HTNV, it was shown that N-protein associates with microtubules, but not with actin in 

VeroE6 cells (Ramanathan et al., 2007). After analysis of F-actin and HTNV 

nucleoprotein in HEL cells by immunohistochemistry no alterations in cellular F-actin 

structures and no strong colocalization could be shown. This finding further supports 

the view that HTNV does not interfere with cytoskeletal structures of megakaryocytes 

and, as an intact cytoskeleton is essential for megakaryopoiesis and platelet formation, 

with megakaryopoiesis.  

 

4.2.6 Immunological aspects of HTNV infection of megakaryocytic cells 

The hantaviral N-protein is the most abundant viral protein and a strong immune 

response is directed against it in humans. It induces early IgM response and is known to 

interact with several cellular proteins (Kaukinen et al., 2005), e.g. actin filaments 

(Ravkov et al., 1998), the death-domain associated protein Daxx, a protein that 

interferes with various further cellular proteins (Li et al., 2002; Salomoni & Khelifi, 

2006), ubiquitin-like modifier-1 (SUMO-1) (Maeda et al., 2003), and antiviral MxA 

(Khaiboullina et al., 2005). Differentiating megakaryocytes could contribute to the 
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induction of a strong immune response against HTNV by releasing high numbers of 

virions containing protein.  

No expression of MxA was detected in unstimulated or PMA-stimulated HTNV-

infected HEL cells. Possibly, HTNV subverted the type I IFN-induced immune response 

in unstimulated HEL cells. Alternatively, low-level replication in unstimulated HEL 

cells was not able to trigger type I IFN production. In contrast, lack of MxA expression 

in PMA-stimulated HEL cells might be due to general inhibition of the type I interferon 

pathway by PMA.  

No cytopathic effect, even after stimulation of high-level replication, was found in 

HTNV-infected megakaryocytic cells. This suggests that thrombocytopenia occurs 

partly due to elimination of megakaryocytic cells by CTLs. In line with this view the 

density of human leukocyte antigen (HLA) class I molecules on HTNV-infected cells is 

upregulated (Pritesh Lalwani, personal communication) thereby most likely increasing 

the vulnerability to antiviral CTL attack. The aspect is supported by the fact that the 

frequency of virus-specific CTLs correlates with the severity of disease in HCPS 

patients (Kilpatrick et al., 2004). This implicates that more widespread infection of 

megakaryocytes renders more megakaryocytes susceptible to CTL attack resulting in a 

more drastic drop in platelet count. Indeed, analysis of blood showed that in patients 

suffering from NE or HCPS high viral loads correlate with low platelet count 

(Kilpatrick et al., 2004; Rasche et al., 2004; Terajima et al., 1999). Moreover, it was 

observed that immunosuppressive corticosteroid therapy, which suppresses CTL 

responses, increases platelet count in NE patients (Dunst et al., 1998; Seitsonen et al., 

2006) and in patients suffering from less severe HFRS a high frequency of virus-

specific T-cells producing IFN-γ has been observed (Wang et al., 2009). IFN-γ controls 

viral spread through non-cytolytic clearance avoiding excessive elimination of infected 

cells (Guidotti & Chisari, 2001). Altogether it seems that the immune system and not 

inhibition of megakaryopoiesis after infection contributes to thrombocytopenia. 

 

4.3 Interaction with platelets 

Besides a dramatic decrease in platelet count at the beginning of vascular leakage and 

the hypotensive phase, platelet dysfunction has been reported in patients with 

hantavirus-associated syndromes (Cosgriff, 1991a; Cosgriff et al., 1991b; Lee, 1987; 
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Lee et al., 1983). The hantavirus receptor β3 is expressed at a high density on platelets, 

where it has essential functions in processes like adhesion, migration and signalling 

(Shattil, 1995). On unactivated, circulating platelets β3 is expressed in its bent 

conformation, the conformation that pathogenic hantaviruses use for cell entry 

(Raymond et al., 2005).  

We could not detect HTNV infection of platelets in vitro, but recently it was 

detected that pathogenic hantaviruses bind to quiescent platelets (Gavrilovskaya et al., 

2010). Susceptibility of platelets to HTNV infection is unlikely anyway as hantavirus 

growth requires the ER-Golgi intermediate compartment (Ramanathan et al., 2007). In 

addition, no activation of platelets via P-selectin (CD62P) was seen after exposure of 

platelets to HTNV. However, surface markers CD61, CD41, and CD42 were 

downregulated 24 h after exposure of platelets to HTNV. This suggests that after contact 

of HTNV with integrin receptors on platelets signalling is induced, resulting in 

downregulation of adhesion markers. This implies loss of platelet function and reduced 

clotting capacities. Though, it is difficult to prove loss of coagulation capacities, due to 

experimental limitations in L3 biosafety level. Supporting our finding, Cho et al. found 

that expression of van Willebrand receptor (CD42) is reduced up to 86 % after HTNV 

infection of human umbilical vein endothelial cells possibly delaying coagulation (Cho 

et al., 2007).  

Patients who develop hemorrhagic fever suffer from bleedings, thrombocytopenia, 

coagulopathy and disseminated intravascular coagulation (Lee et al., 1989; Lee et al., 

1983). These bleedings resemble those found in Glanzmann’s disease, an inherited 

bleeding disorder, suggesting common causes (Gavrilovskaya et al., 2008; Raymond et 

al., 2005). On platelets of those patients αIIbβ3 is absent or dysfunctional, caused by 

mutations in genes of respective proteins. This leads to decreased ability of platelets to 

aggregate and thereby to defects in primary haemostasis (Nurden, 2006). We found 

decreased CD61 expression on platelets exposed to HTNV, which could substantially 

contribute to platelet dysfunction observed in patients with HFRS (Cosgriff, 1991a; 

Cosgriff et al., 1991b; Lee, 1987; Lee et al., 1983). In Glanzmann’s thrombasthenia 

patients who suffer from acute bleedings are treated with platelet transfusions (Bellucci 

& Caen, 2002). This therapy could help to prevent strong decrease in platelet count in 

patients with severe symptoms after hantavirus infection (Dietl et al., 2008; Kim et al., 

2003) and thus avert further fatal symptoms. 
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4.4 Interference of pathogenic Hantaviruses with the haemostatic system 

HTNV infects cells that are early stages of megakaryopoiesis. Furthermore HTNV 

interacts with platelets without infecting these cells. This Interaction leads to decreased 

expression of adhesion markers CD61, CD41 and CD42 on the platelet surface. 

 

 

Figure 36: Cells of the haemostatic system as targets for HTNV.  

Thin arrows demonstrate sites of interaction between virus and cells. Pathogenic HTNV infects the early 

megakaryoblast and interacts with platelets in humans. 

 

Taken together, our data provide evidence for two different mechanisms by which 

pathogenic hantaviruses interfere with haemostasis and exploit megakaryopoiesis to 

produce virions (figure 36). Firstly, HTNV infects megakaryocytic cells that resemble 

early megakaryoblasts without causing any obvious cytopathic effect. Infected 

megakaryocytic cells present hantaviral antigens in the context of HLA class I 

molecules, which are likely targets for CTLs. This could lead to reduced platelet 

production and acute thrombocytopenia. As a compensatory response the bone marrow 

increases megakaryopoiesis to counteract the low platelet count. In this way the pool of 

megakaryocytic cells susceptible to virus infection is enlarged, further enhancing the 
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virus load. The process is demonstrated in figure 37. In humans the virus is finally 

eliminated by a strong immune response. 

 

 

Figure 37: Regulation of megakaryopoiesis in a healthy and a HTNV-infected person.  

In a healthy person TPO expression is constant and regulates formation of megakaryocytes and platelets. 

An autoregulatory loop controls this process. In a hantavirus-infected person numbers of platelets are 

decreased. Via signals of the autoregulatory loop TPO serum levels become slightly increased. Thus 

megakaryocyte formation is enhanced to ensure physiologic platelet count. Thereby more virus producing 

cells are available, increasing overall amount of viral particles. 

 

Secondly, hantaviruses can interact with human platelets without productively infecting 

them. Expression of important adhesion molecules is reduced on platelets exposed to 

HTNV, indicating reduced platelet function.  
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