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ABSTRACT 

Kaposi’s sarcoma (KS) is characterized by hyperproliferation of spindle cells that have an 

endothelial origin and assume their characteristic features upon infection with human 

herpesvirus-8 (HHV8), the causative agent for KS. The multifocal nature of KS suggests that 

spindle cells derive from circulating HHV8-infected precursors that yet lack identification. 

We investigated whether ECFCs obtained from KS patients may be putative precursors of 

spindle cells, by assessing whether their in vitro behavior may evoke the in vivo behavior of 

KS spindle cells. We isolated and cultured ECFCs from the blood of 83 patients with classic 

KS (cKS) and compared them with ECFCs obtained from 86 healthy donors. ECFCs were 

highly increased in the blood of cKS patients; they showed higher proliferative and 

vasculogenic potential and higher production of interleukin-6 than control ECFCs. Similarly 

to spindle cells in KS lesions, a variable proportion of cells within each ECFC colony 

expressed the HHV8 latency-associated nuclear antigen. All together, ECFCs obtained from 

cKS patients evoked KS spindle cell behavior, thus supporting the hypothesis that ECFCs 

may be putative precursors of spindle cells. ECFCs can therefore represent a non-invasive 

tool for studying KS and screening drug activity, thus possibly guiding personalized care for 

KS patients. 
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INTRODUCTION 

Kaposi’s sarcoma (KS) is an angioproliferative disease of the skin and mucosa characterized 

by hyperproliferation of spindle-shaped cells, angiogenesis and inflammation. Spindle cells, 

which represent the typical and predominant cells of KS lesions, have an endothelial origin 

and undergo typical changes in their morphology, growth rate, life span, and gene expression 

upon infection with human herpesvirus-8 (HHV8), the etiological agent of KS (Moses et al., 

1999; Ciufo et al., 2001; Gramolelli et al., 2015). Notably, HHV8 infection is necessary but 

not sufficient for the development of KS. Indeed, genetic, immunological and environmental 

factors are needed and differentially contribute to the development of the four different 

clinical and epidemiological forms of the disease consisting of classic, epidemic (AIDS-

associated), iatrogenic and African endemic KS. Cofactors can contribute to KS development 

by many different mechanisms. They can act as HHV8 activators by promoting viral lytic 

replication, as is the case of HIV coinfection in epidemic KS or by hypoxia in classic KS 

(cKS) (Harrington et al., 1997; Davis et al., 2001). They can act as vasoactive agents by 

promoting angiogenesis, as suggested for ACE inhibitors in cKS and iatrogenic KS (Bilen et 

al., 2002). Finally, they can act by affecting the immune system, either by causing 

immunosuppression or immunodeficiency, as it occurs in epidemic and iatrogenic KS, or by 

promoting inflammation that is a key feature of KS lesions (Ganem, 2010). 

The pathogenetic relevance of cofactors acting in the local microenvironment is strongly 

supported by the observation that KS lesions preferentially develop at sites of local hypoxia, 

as occurring in the presence of venous insufficiency of the lower extremities in cKS, or at 

sites of previous trauma or inflammation, as occurring in Koebner phenomenon (Ruocco et 

al., 2013). Therefore, although it is possible that KS spindle cells originate from mature 

endothelial cells that acquire HHV8 infection at the site of the lesion, it seems more likely 

that KS lesions may derive from the seeding of previously infected circulating endothelial 

progenitor cells that, upon localization in peripheral tissues, may differentiate into the typical 
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spindle cells and undergo intense proliferation and angiogenesis under the effects of the above 

described cofactors. The multiclonal origin of KS lesions, which has been demonstrated not 

only in multifocal disseminated tumors in the same patient, but even within each single 

advanced KS lesion (Duprez et al.,2007), seems to strongly support this latter hypothesis. 

Other lines of evidence supporting the involvement of HHV8-infected endothelial progenitors 

in the pathogenesis of KS include the evidence of uninfected endothelial progenitor cells in 

KS biopsies (Pyakurel et al., 2006), clearly indicating that these cells can be recruited in KS 

lesions. Because HHV8 infection can be detected in the bone marrow of patients with KS 

(Corbellino et al., 1996), the possibility that bone marrow-derived endothelial progenitors 

acquire HHV8 infection in the bone marrow before seeding in peripheral tissues seems quite 

conceivable. Accordingly, in a previous study we demonstrated that endothelial colony-

forming cells (ECFCs) obtained from the blood of cKS patients are HHV8-infected as they 

harbor HHV8-genomes and can support viral lytic replication (Della Bella et al., 2008).  

All together, these observations strongly support the hypothesis that ECFCs may represent 

potential virus reservoirs and putative precursors of KS spindle cells. In this study we add a 

further piece of evidence in favor of this hypothesis. In fact, we isolated and characterized 

ECFCs from cKS patients and demonstrated that their frequency in the peripheral blood was 

considerably higher compared with healthy donors and that they showed an in vitro behavior, 

in terms of proliferative and vasculogenic potential, cytokine production and HHV8 infection, 

that may evoke the in vivo behavior of KS spindle cells. 

 

 

RESULTS 

The frequency of circulating ECFCs is highly increased in patients with cKS 
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To assess whether the number of ECFCs in the peripheral blood may be altered in patients 

with cKS, we compared the appearance of ECFC colonies obtained after seeding peripheral 

blood mononuclear cells (PBMCs) isolated from 83 cKS patients and 86 healthy donors on 

fibronectin-coated plates, by applying a method recently optimized in our lab (Colombo et al., 

2013). The proportion of donors giving rise to at least one ECFC colony was similar in cKS 

patients and controls (81 and 73%, respectively). However, as shown in Figure 1a, the 

frequency of ECFCs in PBMCs was strikingly higher in cKS patients than controls. 

Moreover, ECFC colonies isolated from cKS patients appeared some days earlier than those 

from healthy donors (Figure 1b).  

   Within the group of cKS patients, the increased frequency of ECFC colonies was more 

pronounced in patients with rapidly evolving (all stages B, n=52) than slowly evolving (all 

stages A, n=15) disease (Figure 1c). No correlation between the frequency of ECFC colonies 

and KS clinical stage (I, II, III, IV) was observed.     

   In order to assess whether the use of collagen rather than fibronectin used for coating plastic 

plates may differently affect the efficiency of ECFC colony isolation from cKS patients, in 

few experiments we compared the appearance of ECFC colonies obtained after seeding 

PBMCs from cKS on either substrate. To this aim, the PBMCs obtained from 3 cKS patients 

were divided into portions, with half of them seeded on fibronectin-coated plates and the rest 

seeded on collagen-coated plates. Similarly to our previous observation in healthy donors 

(Colombo et al., 2013), also ECFCs from cKS patients were isolated more efficiently when 

fibronectin was used, as ECFC colonies appeared some days later when PBMCs were seeded 

on collagen instead of fibronectin (mean±SEM, collagen vs fibronectin: 19.1±2.7 vs 15.1±2.0 

days, P<0.05).  
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ECFCs isolated from cKS patients are endowed with higher proliferative and 

vasculogenic potential 

In order to assess whether ECFCs obtained from cKS patients may have an in vitro behavior 

that may evoke the in vivo behavior of KS spindle cells, we first evaluated the proliferative 

potential of ECFC colonies obtained from cKS and healthy donors. To this aim, we analyzed 

and compared 45 ECFC colonies obtained from each group. As shown in Figure 2a, ECFCs 

from cKS patients displayed at the end of the culture more than tenfold higher cell yield than 

ECFCs obtained from healthy donors, indicating that ECFCs from cKS patients were 

endowed with higher proliferative activity. As shown in Figure 2b, the higher proliferative 

activity of ECFCs from cKS patients was evident from the initial phases of cell culture, as 

ECFCs obtained from cKS patients gave rise to a significantly higher number of cells than 

control ECFCs starting from the first week of culture. Within the group of cKS patients, the 

proliferative activity of ECFCs did not differ significantly according to clinical features, 

although it tended to be higher in patients with rapidly evolving (n=24) than slowly evolving 

(n=21) disease (Figure 2c). 

   Notably, similar to ECFCs obtained from healthy donors, those obtained from cKS patients 

maintained stable endothelial morphology and exhibited features of primary cells by 

ultimately becoming senescent after long-term culture. ECFCs from cKS patients and healthy 

donors could be passaged in some cases up to passage 13 and 11, respectively, with ECFCs 

from cKS patients achieving an overall slightly higher number of passages compared with 

control ECFCs (mean±SEM, cKS vs controls: 8.0±0.4 vs 6.8±0.4, P<0.05).  

Next, we evaluated the vasculogenic activity of ECFCs by assessing the ability of ECFCs to 

form tubules when seeded in Matrigel matrix, the most standard in vitro angiogenesis assay 

(Moore et al., 2015). As shown in Figure 2d, ECFCs from both cKS patients and healthy 

donors gave rise to tubular networks when assayed in Matrigel. However, ECFCs isolated 
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from cKS patients (n=32) showed a higher vasculogenic activity than ECFCs isolated from 

healthy donors (n=27), as they formed a significantly higher number of tubules (Figure 2e), 

thus confirming their higher vasculogenic activity compared with ECFCs obtained from 

healthy donors.  

 

ECFCs isolated from cKS patients produce higher levels of IL-6 

We next investigated whether ECFCs obtained from cKS patients were endowed with 

increased production of angiogenic cyokines that have been suggested to play a role in the 

development of KS lesions (reviewed in Mesri et al., 2010). In particular, because in a 

previous study we demonstrated that IL-6 and IL-8 are produced by ECFCs and sustain the 

proliferation of ECFCs (Colombo et al., 2013), and both cytokines are produced by 

endothelial cells upon HHV8 infection and sustain KS pathogenesis by supporting spindle 

cell growth (An et al., 2002; Masood et al., 2001), we investigated whether ECFCs obtained 

from cKS patients may produce higher levels of these proangiogenic cytokines than ECFCs 

obtained from healthy donors. To this aim, we measured the levels of IL-6 and IL-8 in the 

supernatants of ECFC colonies obtained from both groups and recovered from each ECFC 

culture just before cell passaging. As shown in Figure 3a, the concentration of IL-6 increased 

with culture progression in both patients and controls and was higher in cultures obtained 

from cKS patients from the initial phases of cell culture. The comparison of the maximum 

levels of IL-6 reached in the supernatants during ECFC culture further indicated that the 

levels of IL-6 were higher in ECFC cultures obtained from cKS patients (n=34) than healthy 

donors (n=34) (Figure 3b). Within the group of cKS patients, the levels of IL-6 did not differ 

significantly according to clinical features, although they tended to be higher in patients with 

rapidly evolving (n=17) than slowly evolving (n=17) disease (Figure 3c). The levels of IL-8 

were similar in ECFCs obtained from cKS patients and healthy donors (mean±SEM, cKS vs 
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controls: 14924±2054 vs 10707±1158, P=n.s.). Other proangiogenic cytokines that may play 

a role in KS lesions, namely CXCL-1, angiopoietin-2 (ANGPT2) and platelet-derived growth 

factor (PDGF), did not differ significantly between ECFCs from cKS patients and controls 

(CXCL-1: 16184±2734 vs 8924±1151, P=n.s.; ANGPT2: 22207±2555 vs 28534±4292, 

P=n.s.; PDGF: 330±93 vs 269±76, P=n.s.). Vascular-endothelial growth factor (VEGF) was 

undetectable in most ECFC cultures from both patients and controls, according to previous 

reports by us and others in healthy donors (Colombo et al., 2013; Hur et al., 2004). 

 

ECFCs isolated from cKS patients are latently infected by HHV8 

In a previous study we demonstrated that ECFC colonies obtained from cKS patients are 

HHV8-infected, as they harbor viral DNA (Della Bella et al., 2008). However, because we 

evaluated HHV8-infection by performing PCR on bulk cultures, in that study we could not 

assess the proportion of infected cells within each ECFC colony. In the present study we 

assessed HHV8 infection of ECFCs as expression of latency-associated nuclear antigen-1 

(LANA-1), a nuclear antigen typically expressed during the latent phase of HHV8 infection. 

As shown in Figure 4a, LANA-1 immunofluorescence assay performed on body-cavity-based 

lymphoma cell line-1 (BCBL-1) cells, used as a positive control, showed a speckled pattern of 

nuclear reactivity on the majority of the cells, as expected (Dupin et al., 1999). The same 

immunofluorescence assay applied to our ECFC cultures showed the expression of LANA-1 

in all the analyzed ECFC colonies obtained from cKS patients (n=6). Notably, within each 

ECFC colony the expression of LANA-1 was limited to a small proportion of cells, ranging 

from 5% to 15% ECFCs (mean±SEM, 8.7±1.5). As expected, all the screened ECFC colonies 

isolated from HHV-8 seronegative healthy donors (n=6) were negative for LANA-1 

expression. Representative images of LANA-1 immunofluorescence assay applied to ECFCs 

from healthy and cKS donors are shown in Figures 4b and 4c, respectively. 
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DISCUSSION 

The term endothelial progenitor cells is a generic term that is largely used to describe many 

different cell types endowed with proangiogenic activity. Indeed, there is by now general 

consensus that only ECFCs, a unique endothelial stem cell population that can be isolated and 

cultured from the blood, are true endothelial progenitor cells. In fact, they contain a complete 

hierarchy endowed with typical endothelial morphology, expression of endothelial but not 

hematopoietic markers, clonal proliferative potential, ability to migrate to vascular 

chemokines and ability to perform angiogenesis and vasculogenesis in vivo (Mund and Case, 

2011; Moschetta et al., 2014). For this reason, the demonstration in the present study that 

patients with cKS have a markedly higher frequency of ECFCs compared with healthy 

donors, and that patients with rapidly evolving disease have higher levels of circulating 

ECFCs than patients with slower evolving disease, is particularly relevant for exploiting the 

potential of ECFCs as putative precursors of KS spindle cells. By contrast, other cell 

populations that have been labeled as endothelial progenitor cells but are not functionally 

integrated into the blood vessels may contribute only with an ancillary role to the 

development of KS lesions, just by providing proangiogenic factors. This may be the case of 

CD45dim/CD34+/KDR+ cells, that we previously reported to be increased in cKS patients 

(Taddeo et al., 2008), and are by now considered a main population of hematopoietic 

precursors that contribute to angiogenesis by secreting proangiogenic paracrine factors 

(Moschetta et al., 2014). 

In this study, we further demonstrated that ECFCs obtained from cKS patients are endowed 

with a higher proliferative and vasculogenic potential than healthy donors. This finding is 

highly relevant to the possible role of ECFCs in KS pathogenesis. In fact, while in other types 

of cancer ECFCs are thought to support the tumor growth just by contributing to tumor 
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vascularization (Moccia et al., 2015), in KS - because of the endothelial origin of KS - ECFCs 

may participate to the tumor growth likely by acting as the precursors of the tumor cells 

themselves. Notably, the higher proliferative activity of ECFCs from cKS patients was likely 

independent from the substrate used for cell culture, as in a previous study aimed at validating 

the use of synchrotron microtomography for the analysis of cell proliferation on bioscaffolds, 

an ECFC colony obtained from a cKS patient similarly showed a higher proliferation rate 

than a control ECFC (Giuliani et al., 2014). Our observation that ECFCs isolated and cultured 

from KS patients underwent cell senescence, albeit slightly delayed compared with control 

ECFCs, is in accordance with the notion that the majority of spindle cells isolated from 

primary KS lesions are not immortalized (Ganem, 2010). Accordingly, KS spindle cells 

injected alone in nude mice are unable to produce persistent tumors (Salahuddin et al., 1988).  

The increased proliferative activity of ECFCs observed in cKS patients, likely reflected in the 

increased frequency of ECFCs isolated from the peripheral blood, may be sustained by HHV8 

infection. In fact, a number of HHV8 gene products expressed during latent viral infection, 

which predominates in KS lesions, can promote cell proliferation (Klass et al., 2005). They 

include LANA-1, kaposin A and v-cyclin (Klass et al., 2005). Indeed, we demonstrated in a 

previous study that ECFC colonies obtained from cKS patients are consistently infected by 

HHV8, as they contain viral DNA (Della Bella et al., 2008). By performing an 

immunofluorescence assay of LANA-1 expression, in this study we could further assess the 

proportion of latently infected cells within each ECFC colony, and observed that HHV8 

infection was confined to a small proportion of cells, ranging between 5 and 15% of ECFCs. 

This finding is in accordance with a previous study on AIDS-related and African KS patients 

reporting that LANA-1, considered a pathognomonic marker for KS, was expressed in all KS 

lesions though on variable percentages of spindle cells, ranging from 18 to 56% in cutaneous 

lesions (Pak et al., 2007). This observation suggested that non-infected cells may be recruited 
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during KS development and that HHV8-infection may affect cell behavior with paracrine 

mechanisms, as well, in a model that has been coined paracrine neoplasia (Cesarman et al., 

2000). It is likely that the low proportion of HHV8-infected cells observed in our ECFC 

cultures may be related to the type of KS patients selected for this study. In fact, we analyzed 

ECFCs in patients with the classic variant of KS, in order to avoid the confounding effects of 

HIV co-infection or immunosuppressive therapy that are present in AIDS-associated or 

iatrogenic KS. Compared with those clinical variants, cKS is typically an indolent disorder 

characterized by a poorly aggressive course and a relatively low viral load (Antman and 

Chang, 2000; Pellet et al., 2006). Notably, the low percentage of LANA-1 positive ECFCs in 

our patients was not unexpected for us, as it could be predicted by the detection of moderate 

amounts of viral genomes in ECFCs from cKS patients that we reported in our previous study 

(Della Bella et al., 2008). 

HHV8 may also affect ECFC behavior through the expression of other viral gene products 

that can subvert host signaling pathways leading to the expression and secretion of 

angiogenic, inflammatory and proliferative factors (Mesri et al., 2010). 

Our observation that ECFCs obtained from KS patients are endowed with higher IL-6 

production than ECFCs obtained from healthy donors may suggest that the increased 

proliferative activity showed by ECFCs of KS patients may be supported at least in part by 

HHV8-induced production of IL-6. In fact, in a previous study we demonstrated that IL-6 

autocrinally promote ECFC proliferation (Colombo et al., 2013). Notably, the increased 

production of IL-6 observed in ECFCs of cKS patients may be particularly relevant to our 

comprehension of KS pathogenesis. Beyond being a prototypical inflammatory cytokine, IL-6 

is a major tumor-promoting cytokine endowed with potent pro-angiogenic activity 

(Gopinathan et al., 2015). In particular in KS, IL-6 has a prominent pathogenic role. Increased 

IL-6 expression is a hallmark indication of HHV8 infection and used for clinical diagnosis 
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and therapeutic targeting (Polizzotto et al., 2013; Robey and Bower, 2015). Increased IL-6 

levels contribute to the inflammatory and pro-angiogenic environment that characterizes KS 

lesions (Ganem, 2010). More importantly, IL-6 is highly expressed by KS spindle cells and, 

by acting as an autocrine growth factor on these cells, it fosters spindle cell proliferation 

(Miles et al., 1990). The observation that ECFCs from cKS patients share this same property 

with KS spindle cells may support our hypothesis that ECFCs may be precursors of spindle 

cells. Further corroborating this hypothesis, we observed that ECFCs obtained from cKS 

patients, similarly to control cells, express CXCR4 (data not shown). Because the 

CXCR4/SDF-1 axis has been demonstrated to be crucial in recruiting HHV8-infected cells 

into the extravascular cutaneous space and in dictating the preferential localization of KS 

lesions in the skin (Yao et al., 2003; Desnoyer et al., 2016), CXCR4 expression may render 

ECFCs favourite candidates as putative precursors of spindle cells.  

In conclusion, in this study we demonstrated that patients with cKS have increased frequency 

of circulating ECFCs that are endowed with latent HHV8-infection, increased proliferative 

and vasculogenic potential, and increased production of IL-6. All these features are shared 

with KS spindle cells and are crucial to the ability of the spindle cells to sustain KS 

development. Therefore, the results of this study provide important insights into the 

comprehension of the possible contribution of endothelial progenitor cells to KS 

development, and further support the hypothesis that ECFCs are HHV8-infected circulating 

precursors of KS spindle cells. As important translational implication of this study, ECFCs 

can represent a non-invasive tool for studying KS. Used for screening drug activity and 

optimizing drug combinations, ECFCs may predict cellular responses and therefore be used 

for guiding personalized treatment plans for KS patients.	 

 

MATERIALS AND METHODS 
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Study population 

Eighty-three cKS patients were included in the study. All patients had histologically 

confirmed diagnosis of KS, were positive for anti- HHV-8 antibody and negative for HIV. 

Staging was performed in accordance with our classification that takes into account the 

prevalent type of lesions, localization, clinical behavior, evolutive pattern (A and B, 

indicating slowly and rapidly evolving disease, respectively) and presence of complications 

(Brambilla et al., 2003; Della Bella et al., 2006; Cappelletti et al., 2012). Patients in systemic 

chemotherapy were excluded. Isolation and culture of ECFCs was performed at a single time 

point on fresh peripheral blood samples; staging at this time is reported in Table 1. Eighty-six 

healthy HHV-8-seronegative donors were included as controls. None of the subjects had 

suffered from chronic inflammatory, autoimmune and cancer disease other than KS, nor they 

had clinically evident infections. None of the subjects were under treatment with drugs that 

have been reported to affect the number and function of endothelial progenitor cells. Ethics 

approval was obtained from the Ethics Committee of Fondazione IRCCS Ca’ Granda - 

Ospedale Maggiore Policlinico, and written informed consent was provided by all participants 

prior to inclusion in the study. Peripheral blood samples were obtained by venipuncture and 

collected into heparin Vacutainer tubes (BD Biosciences, San Jose, CA).  

 

Isolation and culture of ECFCs 

ECFCs were isolated and cultured from PBMCs obtained from cKS and healthy donors 

according to methods described in Supplementary Materials and Methods. 

 

In vitro tube formation assay 

The ability of ECFCs to form tubes in vitro was assessed using Matrigel, using protocols 

described in Supplementary Materials and Methods. 



	 14	

Measurement of angiogenic cytokines in ECFC supernatants 

The amount of IL-6, IL-8, CXCL-1, ANGPT2, PDGF and VEGF in culture supernatants were 

determined by DuoSet ELISA kits (R&D Systems). All individual steps were performed 

according to the manufacturer’s instructions. 

 

Assessment of HHV8 latent infection of ECFCs 

HHV8 latent infection of ECFC colonies was assessed as expression of LANA-1 by using an 

immunofluorescence assay described in Supplementary Materials and Methods. 

 

Statistical analysis 

Data were shown as mean ± SEM. The Mann-Whitney U-test was used for comparisons 

between samples. All statistical analyses assumed a 2-sided significance level of 0.05. Data 

analyses were performed with Openstat software. 
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Table 1. Clinical characteristics of controls and cKS patients 
    
Characteristics Controls Overall patients Evolutive pattern 
No. of patients 86 83     
Age, yrA 23-80 49-93     
Sex, no.         
  Male 55 68     
  Female 31 15     
KS stageB, no.         
        A (slow) B (rapid) 
  I: maculo-nodular     12 19 
  II: infiltrative     3 21 
  III: florid     2 16 
  IV: disseminated     1 9 
Total     18 65 
  
A Range 
  
BcKS patients were classified according to our classification that takes into account the 
prevalent type of lesions, localization, clinical behaviour, evolutive pattern and 
presence of complications. 
  
A indicates slow evolution; B, rapid evolution; rapid denotes an increase in the total 
number of nodules/plaques or in the total area of plaques in the three months following 
the last examination 
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FIGURE LEGENDS 

 

Figure 1. The frequency of circulating ECFCs is highly increased in patients with cKS. 

(a) The number of ECFC colonies isolated from the peripheral blood was much higher in cKS 

patients (n=86) than healthy controls (n=83). (b) ECFC colonies isolated from cKS patients 

appeared some days earlier than those from healthy donors. (c) Within the group of cKS 

patients, the increased frequency of ECFC colonies was more pronounced in patients with 

rapidly evolving (cKS B, n=52) than slowly evolving (cKS A, n=15) disease. Data presented 

as mean ± SEM. P values calculated by the Mann-Whitney U-test. 

 

Figure 2. ECFCs isolated from cKS patients are endowed with higher proliferative and 

vasculogenic potential. (a) ECFCs from cKS patients (n=45) displayed at the end of the 

culture more than tenfold higher cell yield than ECFCs obtained from healthy donors (n=45). 

(b) The higher cell yield of ECFCs from cKS patients was evident from the initial phases of 

cell culture, as ECFCs obtained from cKS patients gave rise to a higher number of cells than 

control ECFCs starting from the first week of culture. (c) Within the group of cKS patients, 

the cell yield of ECFCs tended to be higher in patients with rapidly evolving (cKS B, n=24) 

than slowly evolving (cKS A, n=21) disease. (d) Representative photographs of tubules 

formed in Matrigel matrix by ECFCs obtained from one healthy donor and one cKS patient 

(original magnification x4, scale bar = 500 µm). (e) ECFCs isolated from cKS patients (n=32) 

formed a significantly higher number of tubules than healthy donors (n=27). Data presented 

as mean ± SEM. P values calculated by the Mann-Whitney U-test. 

 

 



	 22	

Figure 3. ECFCs isolated from cKS patients produce higher levels of IL-6. (a) 

Representative curves from one healthy donor and one cKS patient are presented, showing 

that the levels of IL-6 in ECFC supernatants increase progressively along with culture 

progression. (b) ECFC cultures obtained from cKS patients (n=34) reached higher levels of 

IL-6 than ECFCs obtained from healthy donors (n=34). (c) Within the group of cKS patients, 

the levels of IL-6 tended to be higher in patients with rapidly evolving (cKS B, n=17) than 

slowly evolving (cKS A, n=17) disease (P=0.24). Data presented as mean ± SEM. P values 

calculated by the Mann-Whitney U-test.  

 

Figure 4. ECFCs isolated from cKS patients are latently infected by HHV8. Photographs 

of LANA-1 staining observed in: (a) the body-cavity-based lymphoma cell line BCBL-1 

latently infected by HHV8, used as positive control (magnification, x120); (b) ECFCs 

obtained from one representative of six healthy HHV8-seronegative donor (magnification 

x120); (c) ECFCs obtained from three representative of six different cKS patients, showing 

positive LANA-1 expression in a small proportion of cells in each colony (magnification 

x120, scale bar = 10 µm). Insets for cKS patients shown at higher magnification 

(magnification, x240). Arrows indicate the localization of LANA-1 staining in ECFCs. 
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MATERIALS AND METHODS 

Isolation and culture of ECFCs 

ECFCs were isolated and cultured from PBMCs obtained from cKS and healthy 

donors according to methods previously described (Colombo et al., 2013). Briefly, 

PBMCs obtained by Ficoll density gradient centrifugation (Cedarlane, Hornby, 

Canada) were resuspended in EGM-2 medium (Lonza Inc, Allendale, NJ) and seeded 

onto 24-well tissue culture plates previously coated with human fibronectin (Sigma- 

Aldrich, St. Louis, MO). Nonadherent cells and debris were aspirated after one day of 

culture; adherent cells were washed and cultured in EGM-2 medium that was changed 

every 2 days until the first passage. Culture plates underwent daily inspection using 

an inverted microscope. The appearance of visible colonies was identified as clearly 

circumscribed monolayers of cobblestone-like cells; the first day of ECFC colony 

appearance was recorded. The frequency of ECFC colonies was determined by 

measuring the number of colonies in primary cultures within 30 days after PBMC 

seeding. ECFC colonies were released from the original tissue culture plates by 

trypsinization (Euroclone, Wetherby, UK). Cells were resuspended in EGM-2 
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medium and plated onto 6-well tissue culture plates previously coated with type-I 

collagen (Corning Inc., Corning, NY). Subconfluent cells were further subpassaged in 

flasks and expanded until cell senescence. Cell senescence was assessed by 

morphology changes, decrease in proliferation, and positive staining for senescenceassociated 

ß-galactosidase (Millipore, Billerica, MA) (Colombo et al., 2013; Thill et 

al., 2008). Cell count and viability was assessed at each passage. Cell-free culture 

supernatants were filtered and stored at –20°C until use. 

3 

In vitro tube formation assay 

The ability of ECFCs to form tubes in vitro was assessed using Matrigel, as 

previously described (Della Bella et al., 2008; Colombo et al., 2013). Briefly, multiwell 

dishes were coated with 70 mL of Matrigel (BD Biosciences) for 45 minutes at 

37°C. ECFCs were seeded in triplicate at a density of 15x103 per well in EGM-2 

medium. Cells were cultured for 24 hours, and inverted phase-contrast microscopy 

was used to assess the number of endothelial tube-like structures (Arnaoutova and 

Kleinman, 2010). Five photographs from 5 different microscopic fields were taken for 

each well. Images were analyzed with FIJI ImageJ (NIH) software (Alonso et al., 

2016). 

Assessment of HHV8 latent infection of ECFCs 

In order to determine the proportion of HHV8 latently-infected cells in ECFC 

colonies, the expression of latency-associated nuclear antigen-1 (LANA-1) was 

analyzed by LANA immunofluorescence assay (Paudel et al., 2012). Briefly, cells 

cultured on collagen-coated coverslips were fixed with 4% formaldehyde and 

permeabilized with 0,3% Triton X-100 for 20 minutes. The cells were blocked with 

2% bovine serum albumin and 5% normal goat serum in PBS for 20 minutes followed 
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by incubation with a rat anti-LANA-1 primary antibody (Advanced Biotechnologies 

Inc, Eldersburg, MD) at 4°C overnight. Specific signal was detected by incubating the 

cells with a secondary AlexaFluor488-conjugated goat-anti-rat antibody (Invitrogen, 

Carlsbad, CA) for 1 hour at RT. Coverslips were mounted in anti-fading mounting 

media containing DAPI and analysed on the confocal microscope. Fifteen casual 

microscopic fields (60x magnification) were acquired and analyzed for each sample. 

Body-cavity-based lymphoma cell line-1 (BCBL-1) was used as positive control; 

4 

BCBL-1 were kindly provided by Dr. Roberta Mancuso (Don C. Gnocchi Foundation, 

Milan, Italy) and used from up to passage 6. 
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