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Abstract: Background: Malignant pleural mesothelioma is a pathology with no effective therapy and 
a poor prognosis. Our previous study demonstrated an in vitro inhibitory effect on mesothelioma cell 
lines of both the lysate and secretome of adipose tissue-derived Mesenchymal Stromal Cells. The in-
hibitory activity on tumor growth has been demonstrated also in vivo: five million Mesenchymal Stro-
mal Cells, injected “in situ”, produced a significant therapeutic efficacy against MSTO-211H xenograft 
equivalent to that observed after the systemic administration of paclitaxel.  
Objective: The objective of this study is to evaluate the efficacy of less (half a million) Mesenchymal 
Stromal Cells and micro-fragmented adipose tissues (the biological tissue from which the Mesenchy-
mal Stromal Cells were isolated) on mesothelioma cells growth. 
Methods: Tumor cells growth inhibition was evaluated in vitro and in a xenograft model of mesotheli-
oma. 
Results: The inhibitory effect of micro-fragmented fat from adipose-tissue has been firstly confirmed 
in vitro on MSTO-211H cell growth. Then the efficacy against the growth of mesothelioma xenografts 
in mice of both micro-fragmented fat and low amount of Mesenchymal Stromal Cells has been evalu-
ated. Our results confirmed that both Mesenchymal Stromal Cells and micro-fragmented fat, injected 
“in situ”, did not stimulate mesothelioma cell growth. By contrast, micro-fragmented fat produced a 
significant inhibition of tumor growth and progression, comparable to that observed by the treatment 
with paclitaxel. Low amount of Mesenchymal Stromal Cells exerted only a little anticancer activity.  
Conclusion: Micro-fragmented fat inhibited mesothelioma cell proliferation in vitro and exerted a sig-
nificant control of the mesothelioma xenograft growth in vivo. 
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1. INTRODUCTION 

The Malignant Pleural Mesothelioma (MPM) is a tumor 
related to asbestos exposure that, till now, has no effective 
therapy and has a poor prognosis [1, 2]. Due to the mesen-
chymal origin of MPM pathology, it may be important to 
understand the relationships between cancer and mesenchy-
mal stromal cells (MSCs). In fact, it has been reported that 
the MSCs can exert both a tumor-promoting function, prob-
ably due to their paracrine effects [3], or display antitumor 
activity, as demonstrated in many different types of cancers 
[4]. Regarding MPM, a significant tumor-inhibiting effect in  
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vitro has been described by conditioned medium (CM) from 
human lung MSCs [5]. Moreover, our previous studies 
demonstrated that both lysates and CM from adipose tissue-
derived MSCs (AT-MSCs) inhibited mesothelioma cell line 
proliferation. The in vivo study on MPM xenograft mouse 
model confirmed that a loco-regional treatment with high 
amounts (five millions) of AT-MSCs resulted in a dramatic 
inhibition of tumor growth, comparable with that produced 
by systemic administration of paclitaxel [6]. In the present 
study we report the in vivo effect exerted on MPM xeno-
grafts by micro-fragmented fat (MFAT) and “low amount” 
(half a million) of AT-MSCs. Our results confirmed that 
both MFAT and MSCs did not stimulate tumor growth, and 
that MFAT locally injected exerted a remarkable therapeutic 
efficacy, comparable to that produced by paclitaxel injected 
intraperitoneally. 
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2. MATERIALS AND METHODS 

2.1. Tumor Cell Lines  

The human mesothelioma cell line MSTO-211H [7] was 
obtained from ATCC (Manassas, VA, USA), which authen-
ticates the phenotype of the cell line on a regular basis. Cells 
were cultured in RPMI-1640 supplemented with 10% Fetal 
Bovine Serum (FBS, Euroclone, Milan, Italy) and main-
tained at 37° C in a water-saturated atmosphere of 5% CO2 
in air. The cell line was routinely tested for mycoplasma 
contamination.  

2.2. Micro-fragmented Adipose Tissue and MSCs 

Adipose tissue lipoaspirates from adult donors were col-
lected after written informed consent in accordance with the 
Declaration of Helsinki. The approval of the collection was 
obtained from the Institutional Ethical Committee of IRCCS 
Cà Granda Ospedale Maggiore Policlinico of Milan (#978) 
and concerned redundant biological material to use for the 
research that was otherwise discarded. MFAT was prepared 
as previously described [8] starting from lipoaspirates that 
were micro-fragmented using an appropriate device (Li-
pogems® International, Milan, Italy). The final MFAT was 
stored at -20°C until use. From the same lipoaspirate, the 
MSCs were obtained as previously described [9]. Briefly, 
lipoaspirate was treated by enzymatic digestion with type I 
collagenase (Life technologies, USA) and after centrifuga-
tion (1000xg, 15 min), the floating fraction was discarded, 
and cellular pellet was collected. Cellular pellet was plated 
on 25cm2 flask (Euroclone, Italy) and expanded in DMEM 
low glucose medium (Euroclone, Milan, Italy) supplemented 
with 5% platelet lysate Stemulate (Cook Reagent, USA) and 
2 mM L-glutamine (Euroclone, Italy) by incubation at 37°C, 
5% CO2. Primary cultures were analyzed for their prolifera-
tion rate (Population doubling time), clonogenicity (CFU-F 
assay), the expression of the typical mesenchymal stem cell 
markers and multi-differentiate ability towards mesodermal 
lineages (osteogenic, adipogenic and chondrogenic differen-
tiation) as previous described [6].  

2.3. Analysis of Cell Proliferation 

The effect of MFAT on MSTO-211H cell proliferation 
was analyzed using transwell inserts. MSTO-211H (6x103 

cells) were seeded in a 24-well plate (diameter 1.9 cm2), 
while aliquots of MFAT (50, 100, 200 µl) were seeded into 
the insert (5 µm pore size; Costar, Corning). After 4 days of 
incubation (37°C, 5% CO2), the inserts were removed and 
the cells in the well were stained with 0.25% crystal violet 
(Sigma Aldrich, St Louis, MO) for 10 min, washed with PBS 
buffer and eluted with 0.3 ml of 33% glacial acetic acid. The 
absorbance of the eluted dye was measured at 550 nm. Ali-
quots of PBS 1x (50, 100, 200 µl) were used in inserts as 
negative controls.  

2.4. In Vivo Experiments 

The study was performed in a subcutaneous mouse 
xenograft model as previously described (6). Briefly Balb/c-
Nude female mice (Charles River Laboratories, Calco, Italy) 
were subcutaneously injected with 106 human MPM MSTO-
211H cells suspended in 200 µl of Matrigel (BD Bioscienc-

es, Erembodegem, Belgium)/PBS (1:1). The mesothelioma 
bearing mice were then randomized in 4 groups: control 
(CTRL, n=4), paclitaxel (PTX, n=5), mesenchymal cells 
(MSC, n=5) and microfragmented fat (MFAT, n=6). Once a 
week, vehicle alone (control group) or paclitaxel (20mg/kg) 
was administered intraperitoneally and a total of 5 x 105 of 
MSCs in 200 µL of Matrigel and PBS (1:1) or 200µl of 
MFAT were subcutaneously injected very close to the tumor. 
After three treatments at days 0, 7, 14, the PTX, MFAT and 
MSCs administration was suspended for further 6 days to 
evaluate tumor mass growth after the last treatment. Tumor 
xenografts were measured twice a week using a digital cali-
per and tumor volume was determined using the formula: 
(length x width2)/2 as previously described [10]. At day 20, 
mice were euthanized and the tumor nodules were collected 
for further analyses. All experiments involving animals and 
their care were performed with the approval of the Local 
Ethical Committee of the University of Parma (Organismo 
per la Protezione e il Benessere degli Animali, OPBA) and 
the Italian Ministry of Health, in accordance with the institu-
tional guidelines that are in compliance with national (D. 
Lgs. 26/2014) and international (Directive 2010/63/EU) laws 
and policies. As previously described [11], the tumor 
masses, excised, formalin fixed and paraffin embedded were 
processed for histochemical analysis. Briefly, the morpho-
metric evaluation of xenograft composition was performed 
on Masson’s trichrome-stained sections to evaluate neo-
plastic, fibrotic and necrotic tissue. These evaluations were 
performed on the entire section of each tumor sample using 
an optical microscope (200X final magnification).  

2.5. Statistical Analysis 

Data are expressed as the mean ± standard error (SE). For 
statistics, one-way analysis of variance (ANOVA) followed 
by Bonferroni’s post hoc test (to adjust for pairs 
comparisons) was performed by using GraphPadINSTAT 
program (GraphPad Software Inc., San Diego, CA, USA). p 
values < 0.05 were considered statistically significant.   

3. RESULTS 

3.1. In Vitro Effects of MFAT on Proliferation of MSTO-
211H Cells 

As first we evaluated the MFAT effect on MPM cell 
growth. As shown in (Fig. 1), the exposure of MSTO-211H 
cells to MFAT produced inhibition of cell proliferation, as 
shown by the percent of growth inhibition versus untreated 
control cells. The inhibition of cell proliferation was dose 
dependent: 50 ul of MFAT did not affect the cell growth, 
100 ul produced a 30 % of inhibition (even if it was not sta-
tistically significant), and 200 µl of MFAT produced a 70 % 
significant (p<0.05) inhibition of MSTO-211H proliferation. 
On the contrary, exposure to the same volumes of PBS did 
not produce any significant effect on cell growth (as shown 
in Fig. 1A).  

3.2. In Vivo Effects of MFAT and MSCs in a MSTO-
211H Xenograft Model 

We then investigated the efficacy against the growth of 
mesothelioma xenografts in mice of both MFAT and low 
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amount (half a million) of MSCs isolated by the same donor 
of lipoaspirate. The effect on neoplastic growth, expressed as 
volume of growing tumor mass (Fig. 2) clearly indicates that 
the in situ treatment with MFAT (at days 0, 7, 14) produced 
the same inhibition pattern of the neoplastic progression as 
observed by treating mice with PTX intraperitoneally at 10 
mg/kg. At day 14 when the mice received the third treat-
ment, a significant (p<0.05) lower volume of tumor was de-
tected with PTX and MFAT. On the contrary, we did not 
observe a significant effect on tumor volume reduction with 
low doses of MSCs, differently from our previous findings 
using large amounts (5 x 106) of MSC. Interestingly, after 3 
and 6 days from the last treatment, tumor volume did not 
show a significant increase in mice treated with MFAT, 
whereas we observed a reduction in tumor progression in 
mice treated with PTX or MSCs, even if not statistically sig- 
 

 
Fig. (2). Effects of loco-regional treatment of MSTO-211H xeno-
graft with MSCs and MFAT compared to PTX. The graph repre-
sents the tumor volume expressed in mm3 (y axis) after treatment at 
days 0, 7, 14 (arrows, x-axis), versus untreated control (CTRL) 
animals. Values are expressed as mean ± standard error (SE); 
**p<0.01. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 

nificative (Fig. 3A). The greater reduction in tumor volume 
in mice treated with MFAT was highlighted more clearly by 
plotting the difference between the tumor volume mean at 
day 20 and 14 (Fig. 3B). It is worth noting that the tumors of 
mice treated with MFAT presented an abundant adipose 
component (as shown in Fig. 3C), indicating that the meas-
ure of these tumor volume might be overestimated. The 
morphometric evaluation of xenograft composition did not 
show significant differences among groups. Indeed, the neo-
plastic, fibrotic and necrotic tissue fraction was not influ-
enced by the treatment performed for each experimental 
group (Fig. 4). 

4. DISCUSSION 

Our preliminary in vitro study evidenced a clear trend of 
inhibition of MPM cell proliferation exerted by increasing 
amounts of MFAT. Based on this observation we verified if 
this effect was also exerted on the growth of this mesotheli-
oma cell line in mice xenografts. As expected, the in vivo 
experiments demonstrated that the different treatments did 
not completely block the tumor growth progression. In par-
ticular, tumor volume increases were also observed after the 
treatment with PTX, confirming the high aggressiveness of 
this type of tumor. Our present study shows that even very 
low amounts of adipose derived MSCs (5x105 cells, corre-
sponding to 5x107 MSC/kg) exert, although poor, a little 
inhibition of tumor progression. This is in agreement with 
our previous report demonstrating that ten times higher 
amounts of MSCs (5x106 cells, corresponding to 5x108 
MSCs/kg) were effective in producing a significant inhibi-
tion of mesothelioma growth [6] and very importantly, this 
confirmed that MSCs do not exert any stimulation on meso-
thelioma growth. A more interesting observation was that 
MFAT alone (the biological tissue from which the MSCs 
were isolated) produced “per se” an effect on the tumor 
growth equivalent to that exerted by PTX administered sys-
tematically. Moreover, after the last treatment, the tumor 
progression in mice treated with MFAT was slower than that 
found in mice treated with PTX. Although it is necessary to 
better understand the mechanism to explain this effect, our 

 
Fig. (1). Inhibitory effect of MFAT on proliferation in mesothelioma cells. A) Representative image of 24 wells plate with MSTO-211H cells 
stained with crystal violet after 4 days of PBS or MFAT exposition (50, 100, 200 µl) in transwell inserts (pore size 5µm). B) The histogram 
reports the MSTO-211H proliferation expressed as % vs CTRL after crystal violet elution with acetic acid (mean ± standard error (SE) of 15 
replicates) (*p<0.05). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Fig. (3). A) MSTO-211H xenograft growth at days 14, 17 and 20 corresponding to 3 and 6 days after the last treatment. The histogram repre-
sents the tumor volume expressed in mm3 (y axis) on day 14, 17, 20, compared to the untreated control animals. B) Increased tumor volume 6 
days after the last treatment. The increment is expressed as a difference (∆) between the tumor volumes at day 20 and 14 day. Values are ex-
pressed as mean ± standard error (SE); *p <0.05. C: Representative images of tumors. Black arrow indicates the adipose component. (A high-
er resolution / colour version of this figure is available in the electronic copy of the article). 

 

 
Fig. (4). Macrophotographs of Masson’s Trichrome stained sections 
of subcutaneous MPM. MSTO-211H-induced tumor nodules from 
untreated (CTRL), PTX-treated, MSCs- and MFAT- injected ani-
mals. Scale bars = 2 mm. At higher magnification A) collagen dep-
osition (greenish) between neoplastic cells (purple) is apparent. 
Black asterisks indicate necrotic areas and black arrows point to 
adnexa and skin. Scale bar = 500 µm. (CTRL) animals. Values are 
expressed as mean ± standard error (SE); **p<0.01. (A higher reso-
lution / colour version of this figure is available in the electronic 
copy of the article). 

observation is in agreement with data reported by other au-
thors indicating the important biological role of both adipo-
cytes and lipid droplets in controlling cancer progression 
[12, 13]. In particular, some reports pointed out that fatty 
acid, sphingolipids, ceramides and diglycerols (of which 
MFAT is rich) have different proven anticancer activities 
[14-18]. Furthermore, adipocyte, lipid droplets and some 
fatty acids may act by increasing tissue selectivity to the 
drugs, making chemotherapy potentially more effective and 
less toxic [19]. These observations suggest that MFAT could 
be considered a biocompatible vehicle to deliver anticancer 
drugs [8, 20, 21]. Of course, our results open some queries 
that need to be answered by further studies but at the same 
time they allow to reach some preliminary interesting con-
clusions: as first, both adipose tissue and MSCs isolated 
from that do not promote the growth of subcutaneous xeno-
grafts of mesothelioma; second, MFAT “per se” inhibit the 
mesothelioma proliferation in vitro and can exert a signifi-
cant control of the mesothelioma xenograft growth in mice.  

CONCLUSION 

Micro-fragmented adipose tissue obtained by lipoaspirate 
exerted anti-cancer activity against malignant pleural meso-
thelioma cells, both in vitro in and in vivo in a mouse xeno-
graft model. 

LIST OF ABBREVIATIONS 

MFAT = Micro-Fragmented Fat  
MPM = Malignant Pleural Mesothelioma  
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MSCs = Mesenchymal Stromal Cells  
CM = Conditioned Medium  
AT-MSCs = Adipose Tissue-derived Mesenchymal Stro-

mal Cells  
PTX = Paclitaxel 
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