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Abstract: The role of extracellular vesicles (EVs) as mediators of cell-to-cell communication in cancer 

progression is widely recognized. In vitro studies are routinely performed on 2D culture models, 

but recent studies suggest that 3D cultures could represent a more valid model. Human ovarian 

cancer cells CABA I were cultured by the hanging drop method to form tumor spheroids, that were 

moved to low adhesion supports to observe their morphology by Scanning Electron Microscopy 

(SEM) and to isolate the EVs. EVs release was verified by SEM and their identity confirmed by 

morphology (Transmission Electron Microscopy, TEM), size distribution (Nanoparticles Tracking 

Analysis), and markers (CD63, CD9, TSG-101, Calnexin). CABA I form spheroids with a clinically 

relevant size, above 400 μm; they release EVs on their external surface and also trap “inner” EVs. 

They also produce vasculogenic mimicry-like tubules, that bulge from the spheroid and are 

composed of a hollow lumen delimited by tumor cells. CABA I can be grown as multicellular 

spheroids to easily isolate EVs. The presence of features typical of in vivo tumors (inner entrapped 

EVs and vasculogenic mimicry) suggests their use as faithful experimental models to screen 

therapeutic drugs targeting these pro-tumorigenic processes. 
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1. Introduction 

The term “extracellular vesicles” (EVs) refers to a group of heterogeneous spherical 

particles surrounded by a phospholipid bilayer; depending on their biogenesis and 

dimensions, the EVs are commonly classified as exosomes or small EVs (30–150 nm), 

microvesicles or large EVs (100–1000 nm) and apoptotic bodies (50–5000 nm) [1]. 

Exosomes are formed from the endolysosomal pathways because of the inward budding 

of the plasma membrane to form early endosomes; the subsequent maturation and the 

invagination of the endosomal membrane leads to the formation of multivesicular bodies 

which lastly, by fusing with the cell membrane, release into extracellular space the small 

vesicles that constitute exosomes. Microvesicles, in contrast, are directly released by the 

outward budding of the plasma membrane. Finally, apoptotic bodies are formed from a 

cytoskeletal rearrangement induced by apoptosis [1,2]. Exosomes and microvesicles have 

long been known to be specifically involved in intercellular communication. Although 

EVs were initially thought to be cellular waste material, it has been demonstrated that, 

depending on their composition and cellular derivation, the cells can use EVs as a 

regulatory mechanism for several physiological cellular processes, such as immune 

response [3–5], myelin biogenesis [6] and melanogenesis [7], cellular waste management 

[8], neuroprotection [9] and homeostasis in general [10–12]. Nowadays, the main role 
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ascribed to EVs concerns intercellular communication, since they are released from 

parental cells and interact with target cells by several mechanisms such as contact with 

surface receptors or by releasing their cargo via fusion; this function is carried out in both 

physiological and pathological processes, including cancer [13,14]. 

Tumor-derived extracellular vesicles (tEVs) are involved in the multiple processes 

which ultimately sustain tumor progression and dissemination [15,16] such as: (i) 

induction of angiogenesis, since the formation of vessels de novo is an important 

mechanism for tumor growth and sustenance [17,18]; (ii) evasion and/or suppression of 

the immune response [19]; (iii) promotion of invasion and metastasis as the tEVs, leaving 

the primary tumor, can move through biological fluids and enhance a supportive 

environment for the tumor in other sites of the organism, inducing the formation of pre-

metastatic niches and of metastases [20]; (iv) modulation of the tumor microenvironment, 

where tEVs can stimulate a pro-tumorigenic phenotype and behavior on normal cells [21]. 

Due to their multiple implications in cancer, EVs are considered potential tools not only 

to understand the underlying mechanisms of cancer, but also for clinical approaches in 

terms of early diagnosis, prognosis, and development of targeted therapies. 

The 2D model (monolayer) is the routine in vitro method to culture cells and isolate 

EVs; this choice is mainly supported by its simplicity, reproducibility, and low costs. 

Nonetheless, several studies have suggested that the 2D model fails to accurately mimic 

the architecture and features of three-dimensional (3D) in vivo solid tumors. This is the 

reason why, in recent years, alternative 3D culture models are being developed. In cancer 

research, 3D models are considered as an intermediate model between 2D cultures and in 

vivo experiments, being able to represent more truthfully some characteristics of in vivo 

tumors, in terms of cell-to-cell and cell-to-extracellular matrix (ECM) contacts, cellular 

layered assembling, hypoxia, and gradients of nutrient, oxygen, and pH [22–24]. 

Several 3D models are currently available; in some of them cells are grown on 

exogenous 3D structures (scaffold-based models) and in some others they are not 

(scaffold-free models) [24,25]. In the scaffold-free cultures, cells produce and deposit their 

own ECM similarly to what happens in vivo and grow as aggregates named “multicellular 

tumor spheroids” or, simply, “spheroids”. Spheroids seem to be able to reproduce quite 

faithfully some structural and biological features of tumors: in addition to ECM 

deposition, which allows the cell-cell and ECM-cell interactions to happen, they also have 

a necrotic center and peripheral layers of senescent and proliferating cells (from center to 

periphery), gradients of oxygen, nutrients, and pH (decreasing from periphery to center), 

and a peculiar growth kinetic (an exponential growth followed by a plateau) [22,25,26]. 

Spheroids can be generated by several techniques [27], including the growth of cell 

suspension as a “hanging drop”: the surface tension and gravitational force allow the cells 

to form homogenous and multicellular spheroid at the concavity of the drop. The cells, 

that initially generate loose aggregates, after a few days form closer contacts by N-

cadherin-E-cadherin interactions generating compact structures [26–28]. 

Along with several advantages of this method (adjustable size of a spheroid 

modifying the cell number, no requirement of professional expensive equipment, 

possibility to generate a huge number of homogeneous spheroids, reproducible size) 

[23,27], some issues have also been reported with this method, such as difficulty in drug 

addition or media replacement [24]. 

As media replacement is mandatory for EVs collection, only a few studies concerning 

EVs rely on 3D models, and still no protocols have been standardized for EVs isolation 

from 3D cultures. 

Since it has been observed in vivo that ovarian cancers often tend to grow in ascites 

as cell clusters (spheroids) having the potential to metastasize [29–31], the spheroid model 

could be particularly relevant to study, in vitro, the ovarian cancer biology and how EVs 

contribute to cancer progression, taking advantage of an approach that is more consistent 

with in vivo situation. Indeed, several studies on ovarian cancer have already suggested 
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that the culture model choice can impact, for example, sensitivity to chemotherapeutic 

agents [24,32]. 

The aim of this study was to set up an easy protocol to isolate EVs from tumor cells 

grown as 3D multicellular spheroids, generating a cell model that better mimics the tumor 

architecture in terms of cell-to-cell and cell-to-extracellular matrix contacts, hypoxia, and 

gradients and that can be used as an intermediate model between 2D culture models and 

in vivo experiments in the study of EV biology. 

We found that human ovarian cancer cells CABA I can be grown as multicellular 

spheroids and that the implementation of a simple protocol allows easy isolation of the 

EVs for subsequent studies. This culture model traps “inner” EVs similarly to in vivo 

tissues and produces tube-like structures typical of vasculogenic mimicry, suggesting it 

could be useful as an experimental model closely resembling in vivo tumors. 

2. Results 

2.1. CABA I Cells Generate Compact Spheroids 

The scheme followed to isolate EVs from CABA I cells cultured by the “hanging 

drop” is reported in Figure 1; EVs were isolated both from supernatants collected from 

day 3 to day 10 (d3-d10) (EVsEXT) and following the spheroids’ disaggregation on d10 

(EVsINT). 

 

Figure 1. Experimental scheme. Spheroids were formed by “hanging drop” from day −3 to day 0 (d 

−3–d0) then transferred into low adhesion Petri dishes on d0. Spheroids were left to compact for 72 

h (d0–d3) and from d3 to d10 EVsEXT were collected. On d10, spheroids were disaggregated as 

described in Methods and EVsINT were isolated. “Day 0” was chosen to signify the day spheroids 

were moved from drop to Petri; from day zero (d0) the previous 3 days (as d −1, d −2, d −3) and the 

following 10 (d1–d10) were considered. 

When cultured according to the scheme in Figure 1, CABA I cells generated 

multicellular spheroids (Figure 2). These spheroids are a compact bunch of cells, which 

tend to proliferate in the peripheral layers, but not in the center, as suggested by the Ki67 

staining, that stains brownish the proliferating cells’ nuclei (Figure 2a). 
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Figure 2. Morphology and size of a CABA I representative spheroid. a: Ki67 staining of a repre-

sentative spheroid (conventional immunohistochemical staining procedure). 20× magnification for 

the left image, 40× magnification for the right image; b: images of a representative CABA I spheroid 

at d0, d3–d7 from the transfer onto low attachment surface; the size bar is 100 μm. c: graph reporting 

the mean size (mean of two repeated measures of diameter) of the representative spheroid at days 

0–7 (mean ± SD) (* p < 0.05; ** p < 0.01). d: SEM image of a representative CABA I spheroid; the size 

bar is 100 μm. 

On day 0, the spheroid periphery cells were still not compacted but in about 72 h the 

spheroid became compact and further compacted in the following days (Figure 2b); in 

fact, the average size of spheroid diameter went from 662.3 ± 31.9 μm on d0, to 502.9 ± 38.5 

μm on d3, 462.6 ± 40.3 μm on d4, 444.9 ± 25.5 μm on d5, 428.9 ± 18.9 μm on d6, 425.3 ± 40.5 

μm on d7 (Figure 2c); from d3 to d7, the average size was significantly decreased com-

pared to d0. When observed with Scanning Electron Microscopy, the compact and spher-

ical shape of the spheroid was confirmed (Figure 2d). 

The trend to compacting has been confirmed in a population of 14 and 35 spheroids 

(Figure 3a,b, respectively). 
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Figure 3. Size trend over days of CABA I spheroids. (a): mean ± SD of 14 spheroids observed on d0, 

d1 and d5. (b): mean ± SD of 35 spheroids observed on d0-d10. Kruskal–Wallis test followed by 

Dunn’s post-hoc test (** p < 0.01; ***: p < 0.005; **** p < 0.001). In each graph, asterisks on horizontal 

bars represents the statistical significance between the two values selected. In b, all values, starting 

from d3 are statistically significant compared to d0 (**** p < 0.001; only d3 ** p < 0.01). 

Figure 3a shows that the mean size significantly decreases in d1 and d5 compared to 

d0 (651 ± 63 μm at d0, 471.6 ± 59.9 μm at d1, 421.4 ± 22.2 μm at d5). 

To better define the kinetics of compaction, a representative population of 35 sphe-

roids was observed from d0 to d10. Figure 3b displays their mean size, highlighting that 

there is a significantly decrease in their diameter every 72 h. It also highlights that, be-

tween d0 and d7, every 24 h the spheroids compact by about 2–6.5% compared to the 

previous day. On days d7 to d10 the size remains essentially constant. Minimum, maxi-

mum, and mean size are reported in Table 1. 

Table 1. Minimum, maximum and mean size of 34 spheroids population for each day. 

 Minimum Size (µM) Maximum Size (µM) Mean Size (µM) 

d0 400,0 ± 21.2 573.2 ± 19.8 500.6 ± 43.0 

d1 402.2 ± 34.5 522.0 ± 20.9 468.1 ± 38.3 

d2 383.4 ± 23.7 509.1 ± 39.9 449.5 ± 34.2 

d3 370.1 ± 42.6 494.6 ± 31.5 419.6 ± 34.7 

d4 347.1 ± 39.4 481.9 ± 30 408.4 ± 32.3 

d6 331.4 ± 22.6 425.3 ± 7.4 375.8 ± 21.7 

d7 324.0 ± 24.6 427.5 ± 8.0 365.4 ± 23.8 

d8 313.4 ± 22.0 432.1 ± 13.2 364.5 ± 27.6 

d9 312.6 ± 14.2 416.1 ± 17.5 367.1 ± 27.9 

d10 311.0 ± 8.7 424.9 ± 25.8 371.6 ± 30.6 

d stands for day. 

2.2. CABA I Spheroids Release EVs and Contain “Inner” EVs 

The SEM images show the release of heterogeneous size EVs from the outer surface 

of a representative spheroid (Figure 4a). The TEM ultrastructural analysis confirms the 

presence of intact and rounded EVs, enclosed in a lipidic bilayer (appearing as a thin white 

filament), both released in the supernatant (Figure 4b) and entrapped inside the spheroids 

(Figure 4c); the evaluation by Western blot of positive (CD63, TSG101, CD9) and negative 

(calnexin, CNX) markers specific for EVs identification further confirms that the samples 

isolated by ultracentrifugation consist of EVs (Figure 4d). The size distribution assayed by 

nanoparticle tracking analysis (NTA) highlights that EVsEXT are rather homogeneous in 

size, and mainly of mean size <200 nm (particles <200 nm: 95,59 ± 1.26 %); normalized on 

100 spheroids, the mean release of particles in EVsEXT sample is 1.57*109 ± 4.92*108 (Figure 

4e). EVsINT sample, instead, contains particles more heterogeneous in size; (particles <200 
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nm: 80.57 ± 10.51 %); normalized on 100 spheroids, the mean release of particles in EVsINT 

sample is 1.76*109 ± 3.26*108 (Figure 4f). 

 

Figure 4. Spheroids release of EVsEXT and EVsINT. a: SEM images, representative of several observa-

tions, showing EVs release from the spheroid surface. Each red rectangle encloses the microscope 

field shown, in higher magnification, on the image on the right. The lower magnification on the left 

shows the outer surface of spheroid; higher magnifications highlight the release of EVs from cell 

surface. Size bar is 10 μm in the image on the left, 1 μm on other images. b: ultrastructural TEM 

image of EVEXT; the size bar is 100 nm. c: ultrastructural TEM image of EVINT; the size bar is 100 nm. 

In b and c the arrows point to EVs. d: Western blots of CD63, TSG101, CD9 and calnexin (CNX) on 

EVsEXT and EVsINT samples. For CNX, that must be negative in EVs, total cell proteins are showed 

as positive control. e: Representative NTA profile of EVsEXT. f: Representative NTA profile of EVsINT. 

The TEM analysis highlighted that EVsINT can be surrounded by long fibers (Figure 

5a) that are part of the extracellular matrix necessary to compact the spheroid and which 

we believe to be, at least partly, collagen as confirmed by the Western blot of EVsINT sam-

ples; indeed, the samples of EVsINT revealed the presence of several fragments of collagen 

ranging in size between 170–290 kDa (Figure 5b); the Masson trichrome stain, too, most 

likely shows the presence of connective tissue (Figure 5c). 
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Figure 5. Collagen in EVsINT sample. (a): ultrastructural TEM image of EVINT sample highlighting 

the presence of fibers; the size bar is 200 nm. (b): Western blotting of collagen in EVsINT sample. (c): 

Masson trichrome stain (conventional staining procedure) most likely showing, in blue/purple, the 

presence of connective tissue; image 60×. 

2.3. CABA I Spheroids Exhibit a Vasculogenic Mimicry-Like Process 

The presence of long prolongations bulging out from CABA I spheroids was fre-

quently observed (Figure 6): in each batch at least from 3–8% of spheroids exhibit these 

prolongations. In some cases, they appear intensely colored pink (Figure 6a, left image), 

suggesting that they contain medium and, therefore, are hollow within. The analysis by 

SEM confirmed that the spheroids can generate these prolongations, which come out from 

the mass of the spheroid (Figure 6b) and whose tip could be closed, as in the one showed 

as representative (Figure 6c). 

 

Figure 6. Vasculogenic mimicry-like phenomenon. (a): images of some representative spheroids 

containing tubules observed by optical microscopy; the size bar is 100 μm. (b,c): SEM images of 
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representative spheroids presenting tubules: (b) shows the tubule exiting from the spheroid; (c) 

shows the tip of the tubule; each red rectangle encloses the microscope field shown, in higher mag-

nification, on the image on the right, highlighting the cavity of the tubule. The size bar is 10 μm in 

(b), 100 and 3 μm in (c), in order from the left to the right image. 

SEM observation not only confirmed that these protrusions are hollow inside (Figure 

7a), but also indicated that these tubule-like structures are defined by cellular elements as 

further highlighted by TEM. In fact, TEM observation of a sagittal section of tubule shows 

that its central lumen is hollow and enclosed by cells (Figure 7b); cells delimiting the lu-

men are held together by tight junctions, which can be identified as dense lines, and des-

mosomes, which can be identified as dense plaques with converging filaments on their 

cytoplasmic side (Figure 7c). 

 

Figure 7. Lumen inside the vasculogenic mimicry-like tubules. (a): SEM images highlighting the 

tubule lumen; each red rectangle encloses the microscope field shown, in higher magnification, on 

the image on the right, highlighting the cavity of the tubule. The size bar is 20, 2 and 1 μm, in order 

from the left to the right image. (b): TEM image of a sagittal section of the tubule, highlighting the 

hollow lumen delimited by cells. The size bar is 5 μm. (c): representative TEM image showing the 

cellular junctions: the arrows point to tight junctions, the arrowhead points to desmosome. The size 

bar is 500 nm. 

3. Discussion 

Ovarian cancer (OC) is one of the most frequently diagnosed tumors and a leading 

cause of tumor death in women [24,33]; since specific symptoms are lacking and effective 

early screening is not available, the diagnosis is often late and most commonly occurs 

when most women already are in an advanced stage and have abdominal metastases and 

ascites [34–36]. This lowers the 5-years survival rate, and most of the deaths occur within 

2 years from diagnosis [35]. 

In OC, similarly to what happens for other tumors, the tumor growth and progres-

sion depend on interactions between cancer cells and their microenvironment, and EVs 

have been widely demonstrated to be mediators of such intercellular communication: EV 

signaling, in vivo and in vitro, modulates the proliferation and motility/invasiveness of 

tumor cells, the angiogenesis, the immune response, the activation of fibroblasts in cancer-

associated fibroblasts, and the pre-metastatic niche formation [21,37–43]. 

Even if EV study has often relied on 2D culture models, emerging evidence suggests 

that 3D approaches represent a more reliable model to study EVs biology in OC, in order 

to fully understand their contribution to tumor progression and improve clinical transla-

tional outcomes [24]. 
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Nevertheless, studies focused on EVs conducted on 3D models are very few and a 

protocol for the isolation of EVs from 3D models has not yet been standardized [44]. Here 

we propose a protocol to easily isolate EVs from human OC cells grown as spheroids and 

demonstrate for the first time that this culture model not only allows the collection of EVs 

released into the culture medium, but also contains entrapped “inner” EVs. 

The CABA I spheroids were generated by the “hanging drop” method, optimizing 

the number of cells and the culture time in the drop, as described. Subsequently, to pro-

ceed with the isolation of the EVs, the spheroids were moved to supports coated with an 

anti-adhesion solution; this solution allowed to cultivate the spheroids for further 10 days, 

preventing their adhesion on the plate, as well as the adhesion of any cells detached from 

the spheroids. The daily change of medium, performed to collect EVs, did not affect the 

low-adhesion surface generated by the coating solution. 

The generated spheroids are compact multicellular 3D structures, with an outer pro-

liferative layer of cells, and not proliferating cells in the inner mass, as described in the 

literature [45]. 

At d0 the dimensions of the spheroids were greater than in the following days, in 

which progressive compaction occurred. Although in the various preparations at d0 the 

spheroids’ dimensions were found to be variable (from 530.1 ± 37.1 μM up to 744.5 ± 73.7 

μM), as their compaction proceeded, they tended to become more uniform: on d4-d5 the 

mean size was between 408.43 ± 32.3 μM and 445 ± 18.9 μM; this could suggest that, alt-

hough the cells can aggregate in a more or less loose way when in the drop, once compac-

tion has started, the final dimensions reached are substantially dictated by the number of 

cells contained in the spheroid. 

To verify if this culture model could allow for EVs isolation, their release was first 

evaluated and confirmed by SEM observation. Thus, EVs released into the culture me-

dium from d3 to d10 were collected as described; it is to note that, on the days when EVs 

were collected (d3–d10), a large part of the spheroids had a clinically relevant size: an 

estimated diameter of about 400 μm should ensure the generation of spheroids that mimic 

some features of in vivo solid tumor, such as the formation of a necrotic core and gradients 

generation for nutrients and oxygen (the diffusion for them both is about 100 μm in depth) 

[24,28,46]. 

We wondered if, similarly to what has been described for human tumor tissues 

[47,48], spheroids could trap “inner” EVs. So, on d10 spheroids were disaggregated by 

hydrolyzing the ECM deposited by cells, confirming that some EVs are entrapped inside 

the multicellular spheroid. The identity of these “inner” EVs (EVsINT), as well as that of 

EVsEXT, has been fully confirmed as suggested by the International Society for Extracellu-

lar Vesicles (ISEV) [49] by means of TEM observation, NTA, and markers analysis. 

The NTA population analysis of the EVsINT sample showed a remarkable dimen-

sional heterogeneity in this sample if compared to the EVsEXT sample; given that it is ob-

tained following the digestion of collagen deposited by the cells, we hypothesized that it 

could contain collagen fragments. We confirmed this hypothesis both by TEM observa-

tions, that highlight the presence of fibers in the sample, and by Western blot analysis, 

which shows that collagen fragments of different sizes are contained in the sample. This 

suggests optimizing the digestion of the ECM to obtain a pure population of EVsINT before 

proceeding with further studies. 

Despite this, to the best of our knowledge, this is the first time it has been shown that 

in vitro 3D culture models may contain “inner” EVs entrapped within; it is possible to 

hypothesize that these EVs, being released from a more prohibitive environment (in terms 

of hypoxia and low nutrient levels), could have different molecular and functional char-

acteristics. It will be necessary, therefore, to deepen this aspect to understand whether it 

is mandatory to isolate those “inner” EVs to have a more representative EV population of 

the whole tumor mass. 

Finally, we have observed that quite often spheroids produce some extensions; gen-

erally, they are found singularly, but occasionally we have also observed more than one 
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per spheroid (data not shown). Although, commonly, these prolongations appeared trans-

lucent, on a few occasions they had an intense pink color, as if they contained some culture 

medium. We, therefore, hypothesized that they could be tube-like structures, generated 

by a vasculogenic mimicry process. This is a process whereby cancer cells organize them-

selves into vascular-like structures to catch oxygen and nutrients, in order to become in-

dependent from endothelial cells’ presence, assuring supplies by normal blood vessels or 

angiogenesis [50]. 

SEM observation of the spheroids confirmed that these prolongations come out from 

the internal mass of the spheroid and that, indeed, they are hollow inside. TEM observa-

tion further shows that these prolongations consist of a hollow space delimited by few 

tumor cells held together by tight junctions and desmosomes. The tip, on the contrary, is 

closed; this evidence led us to think that the observed protrusions are formed with a mech-

anism similar to that with which new vessels are generated during angiogenesis, that is 

with an endothelial cell converting into a “tip cell” that precedes and paves the way for 

the endothelial cells behind, that follow the tip as a “stalk” and then organize themselves 

in a hollow structure that will constitute the new vessel lumen [51,52]. 

It has been observed that vasculogenic mimicry is usually associated with poor prog-

nosis and survival in cancer, being related to high tumor grade and increased ability in 

progression, invasion, and metastasis [53,54]. Hence, molecular pathways responsible for 

vasculogenic mimicry are considered as promising novel therapeutic targets in anti-can-

cer therapy [55]. 

It is not the first time vasculogenic mimicry has been observed in human ovarian 

cancer [56–59] but, as far as we know, this is the first time it is observed that multicellular 

spheroids produce hollow tube-like structures. The possibility for human ovarian cancer 

spheroids to make tube-like structures by vasculogenic mimicry underlines even more 

how this culture model is strongly representative of what happens in in vivo settings, 

suggesting that 3D spheroids could bridge the gap between 2D and in vivo models and 

be useful, for example, in the screening for the drugs designed to inhibit vasculogenic 

mimicry. 

Moreover, the possibility to culture these spheroids in low adhesion conditions for 

several days and to repeatedly replace the culture medium also suggests this culture 

model could be befitting when it comes to EVs isolation and study from a more repre-

sentative model. 

4. Materials and Methods 

4.1. Cell Culture 

2D culture. CABA I is a human ovarian cancer cell line established from the ascitic 

fluid of an ovarian carcinoma patient not undergoing drug treatment (33); CABA I cell 

line had been characterized by means of short tandem repeats profiling and cytogenetic 

analysis (34). Cells were cultured as monolayers in RPMI-1640 with 5% of FBS (Fetal Bo-

vine Serum) heat-inactivated. The medium was also supplemented with 1X penicil-

lin/streptomycin and 2 mM L-glutamine. CABA I cells were tested for the absence of my-

coplasma and cultured at 37 °C in a humidified atmosphere, 5% CO2. 

FBS, RPMI-1640, glutamine, penicillin, and streptomycin were all purchased from 

Euroclone (Euroclone SpA, Milan, Italy). 

3D culture. The 3D spheroids were generated by the hanging drop method, using a 

cell suspension of 1,500,000 cells/mL cultured in suspended drops of 20 μL placed on the 

inverted lid of a 35 mm Petri dish (Euroclone SpA, Milan, Italy). To prevent the drops 

from drying out due to evaporation problems, RPMI was placed at the bottom of the dish. 

CABA I spheroids were cultured in drop form for 72 h in the same medium as the 2D 

cultures (from d −3 to d0; Figure 1). Afterwards, on d0 the spheroids were transferred into 

Petri dishes coated with the commercially available anti-adhesion solution Bio Flat Flex 
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Coating Solution (faCellitate, Mannheim, Germany) and cultured in complete medium for 

further 72 h to allow for their compaction (d0–d3; Figure 1). 

4.2. EVs Collection 

For EVs isolation, the complete medium was replaced by RPMI-1640 supplemented 

with 5% of EVs-free FBS HyClone (GE Healthcare Life Sciences, Boston, United States of 

America), 1 mL/10 spheroids. The medium was collected from 3D culture daily for one 

week (d3–d10; Figure 1), centrifuged at 600× g for 15 min and 1500× g for 30 min to remove 

cells and large debris, respectively, and stored at 4 °C. 

On d10, the spheroids were disaggregated according to a protocol modified by 

Crescitelli et al. (35) to collect “inner” EVs: collagenase D and DNase I (Merck Life Sciences 

S.r.l., Taufkirchen, Germany) were added in RPMI-1640 at the final concentration of 2 

mg/mL and 40 U/mL, respectively; then the spheroids were incubated at 37 °C until com-

plete breakage (30–45 min), pipetting them every 5 min to ensure enzymatic efficacy. The 

resulting cell suspension was centrifuged to remove cells and the supernatant treated as 

previously described, to obtain the “inner” EVs enriched supernatant. 

To collect EVs, supernatants underwent ultracentrifugation (100,000× g, 90 min, 4 °C, 

Rotor 70Ti, Quick-Seal Ultra-Clear tubes, kadj 221, brake 9) in an Optima XPN-110 Ultra-

centrifuge (Beckman Coulter, Brea, California, United States of America) (36). 

Pelleted EVs were resuspended in Dulbecco’s phosphate-buffered saline (EuroClone, 

Milan, Italy). Bradford method was performed to quantify the protein levels associated 

with isolated EVs and BSA (Bovine Serum Albumin; Merck Life Sciences S.r.l., Taufkir-

chen, Germany) was used as standard. 

4.3. Electron Microscopy 

Scanning electron microscopy. Spheroids were explored for their structure and EVs 

release by scanning electron microscopy (SEM): for this purpose, they were placed on 

Poly-L-Lysine-coated coverslips (Merck Life Sciences S.r.l., Taufkirchen, Germany), fixed 

with 2% glutaraldehyde (Electron Microscopy Sciences, Hatfield, PA, USA) in PBS over-

night at 4 °C, gradually dehydrated with ethanol series (30–100%) and dried through a 

graduated series of ethanol:HMDS mixtures (2:1 ethanol:HMDS and 1:2 ethanol:HMDS 

respectively), until pure HMDS (Hexamethyldisilazane, Electron Microscopy Sciences, 

Hatfield, Pennsylvania, United States of America); finally, samples were glued onto stubs, 

chromium-coated in a Q 150T ES Sputter coater (Quorum Technologies, Laughton, United 

Kingdom), and detected with a Zeiss GeminiSEM 500 (Zeiss, Oberkochen, Germany). 

Transmission electron microscopy. The ultrastructure of isolated EVs and of tubule 

was analyzed by transmission electron microscopy (TEM). 

As for EVs, after being properly diluted, the samples were placed on 300 mesh car-

bon-coated copper grids (Electron Microscopy Sciences, Hatfield, Pennsylvania, United 

States of America) in a humidified chamber at room temperature for 15 min; then they 

were fixed in 2% glutaraldehyde in PBS for 10 min and rinsed with Milli-Q water three 

times, each one for 3 min. Finally, negative staining was performed using a 2% solution 

of pH 7 phosphotungstic acid. 

As for tubules, a spheroid was fixed in a 2% Gluteraldehyde solution. The sample 

was then washed firstly in PBS and then in 0.1 M Sodium Cacodylate buffer; a post-fixa-

tion with 1% Osmium Oxide and a staining with 1% Uranyl Acetate were performed. The 

sample was then dehydrated in a graded scale of ethanol (30–100%), embedded with resin 

and polymerized in an oven at 60 °C for approximately 72 h. Ultrathin sections of the 

tubule were cut with a Reichert-Jung Ultracut E ultramicrotome, stained with 20% uranyl 

acetate and lead citrate solution and observed by TEM. 

Grids were examined with a Philips CM 100 TEM 80 kV transmission electron micro-

scope and the images were captured by a Kodak digital camera. 
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4.4. Nanoparticle Tracking Analysis 

Particles contained in EVs samples were analyzed, in terms of concentration and size, 

by nanoparticle tracking analysis (NTA), using a NanoSight NS300 (NanoSight Ltd., 

Amesbury, United Kingdom). Briefly, EV-enriched pellets were resuspended in sterile, 

filtered PBS to generate a dilution in which 20–120 particles/frame were tracked and, for 

each sample, 5 recordings of 60 s (camera level 15–16) were performed examining 1498 

frames in total, that were captured and analyzed by applying optimized settings. Data 

were analyzed with the NTA software, which provided the concentration measurements 

(particles/mL) and size distribution profiles for the particles in the solution. 

4.5. Western Blot 

For Western blots, 8 μg of EVs and 30 μg of cell extracts were resolved by 10% sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under different condi-

tions, depending on the primary antibody used (non-reducing conditions and with heat-

ing for CD63; reducing conditions and with heating for both CD9 and TSG101; non-re-

ducing conditions and without heating for CANX and collagen I) and transferred to ni-

trocellulose membranes (GE Healthcare Life Sciences, Boston, United States of America) 

Non-specific binding sites were blocked for 90 min in 10% non-fat dry milk in TBS con-

taining 0.5% Tween-20 (TBS-T), under agitation at RT. The nitrocellulose membranes were 

then incubated at 4 °C ON with the following primary antibodies: mouse monoclonal anti-

CD63 (dilution 1:400; sc-59286), mouse monoclonal anti-CD9 (dilution 1:400; sc-13118) 

(both from Santa Cruz Biotechnology, Inc., Dallas, Texas, United States of America)), rab-

bit polyclonal anti-TSG101 (dilution 1:2000; ab83881), rabbit polyclonal anti-CANX (dilu-

tion 1:1000; ab81541) and rabbit polyclonal Anti-collagen I (dilution 1:1000; ab-34710) (Im-

munological Sciences,Rome, Italy). 

After several washes in TBS-T, the membranes were incubated with an appropriate 

peroxidase-conjugated secondary antibody: goat anti-mouse IgG-HRP (dilution 1:10000; 

sc-2005), or goat anti-rabbit IgG-HRP (dilution 1:7500; sc-2004) (both Santa Cruz Biotech-

nology Inc. Dallas, Texas United States of America) for 1 h. All antibodies were diluted in 

TBS-T containing 1% non-fat dry milk. 

Finally, after washing in TBS-T, the reactive bands on the membranes were detected 

and acquired as images with the documentation system on gel Alliance LD2 (UVItec, 

Cambridge, United Kingdom ), using a chemiluminescence detection kit (SuperSignal 

West Pico Chemiluminescent Substrate; Merck Life Sciences S.r.l., Taufkirchen, Ger-

many). 

4.6. Statistical Analysis 

Data shown are from at least three independent experiments and are presented as 

mean ± SD. Statistical significance was determined using the Kruskal–Wallis test followed 

by Dunn’s test. Calculations were performed using GraphPad Prism 4 software 

(GraphPad, San Diego, CA, USA); results were considered statistically significant when p 

< 0.05 (*), p < 0.01 (**), p < 0.005 (***), p < 0.001 (****). 

5. Conclusions 

Human ovarian cancer cells can be grown as multicellular spheroids to easily isolate 

EVs. This culture model traps “inner” EVs similarly to in vivo tissues and produce tube-

like structures typical of vasculogenic mimicry. This approach could be useful as an ex-

perimental model closing resembling in vivo tumors. 
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