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Breast cancer is one of the most prevalent dis-
eases in our society and the most common 
cancer seen in women, constituting 13 to 

35 percent of all female cancers.1,2 The continued 
development of reconstructive surgery, together 
with progress in breast conservative surgery3,4 and 
advances in oncologic diagnosis and treatment, 
have provided the opportunity to use autologous 
human adipose tissue transplants for repairing 
defects after breast cancer surgery. The possibility of 
performing breast reconstruction using adipose tis-
sue from patients themselves to correct these small 

contour defects is a very satisfactory alternative. It 
is a simple surgical technique with a low compli-
cation rate and requires minimal additional costs. 
Furthermore, it can be performed at the same time 
when the tumor is surgically removed or whenever 
we wish, with little discomfort to the patient, in case 
some overcorrecting is needed.5 Because the use of 
fat grafting has become an object of study, it has 
been found that this tissue is metabolically much 
more active than at first might have been thought 
because it contains a large number of undifferenti-
ated stem cells. These cell types have the ability to 
differentiate into mature fat cells, but it seems that 
their true function and biological significance is to 
produce different factors involved in proliferation 
and tissue regeneration.6,7
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Background: Isolated adipose stem cells have been reported to encourage 
migration and early metastasis of breast cancer. Mimicking a surgical situa-
tion, the authors developed a human breast cancer model to evaluate in vivo 
whether human adipose tissue promotes tumor growth and invasion.
Methods: Human adipose tissue was obtained from four patients. The MDA-
MB-468 cell line was cultured with a lentiviral vector encoding a puromycin 
resistance gene and mCherry fluorescent protein. Virus-infected cells were se-
lected. Animals were injected in the left renal capsule and divided into three 
experimental groups: group A, MDA-MB-468 cells (n = 4); group B, MDA-
MB-468 cells/human adipose tissue (n = 4); and group C, Dulbecco’s Modified 
Eagle Medium/F-12 medium (negative control, n = 4). Metastatic development 
was monitored using an in vivo imaging system. Small breast epithelial mucin 
(SBEM), human hypoxanthine-guanine phosphoribosyltransferase (HPRTh), 
and murine hypoxanthine-guanine phosphoribosyltransferase (HPRTm) ex-
pression were analyzed by real-time polymerase chain reaction to detect mul-
tifocal metastases in right/left renal capsule, liver, spleen, and pancreas.
Results: Metastasis was observed between postinjection days 37 and 44. No 
significant differences were found in survival rates between groups (group A, 
157 ± 42.60 days; group B, 169 ± 40.17 days). All samples expressed HPRTm. 
HPRTh and SBEM were expressed in left renal capsules from all group A and 
B mice, whereas in spleen, liver, pancreas, and right renal capsule the HPRTm 
and SBEM expression was not constant in all samples of group A and B mice. 
Differences were found between groups in HPRTh and SBEM expression but 
were not statistically significant.
Conclusion: Human adipose tissue used to restore breast defects after oncolog-
ic resection did not increase metastasis development risk when there were re-
sidual breast cancer cells in proximity. (Plast. Reconstr. Surg. 139: 1119, 2017.)
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Reconstructive surgeons must not forget 
that the reconstructive process can never be det-
rimental to the safety of oncologic treatment; 
thus, the evidence that we are transplanting a tis-
sue with high metabolic activity has highlighted 
the need to know exactly the potential risks to 
patients when undergoing breast reconstruction 
with human adipose tissue. The main concern 
for surgeons who perform this type of surgery is 
the interaction of these adipose cells—extracted 
by liposuction—with potential cancer cells that 
might have remained in the breast tissue and the 
way they would behave in contact with human 
adipose tissue. This concern has increased, as the 
results of studies published in recent years show 
that isolated adipose stromal cells, cultured in 
vitro and co-injected with breast cancer cells, stim-
ulated breast cancer cell growth and migration.8,9 
It has been observed that, when tumor cells are 
cultured with adipose stromal cells, a series of 
processes are triggered that are closely associated 
with metastatic development, such as anomalous 
growth (“tumorsphere” formation), develop-
ment of filopodia, the capacity by which an active 
vesicular exchange is established between both 
cell types, an increase of cytokine secretion and 
expression of different genes associated with a 
bad prognosis, mesenchymal transformation of 
tumor cells, and loss of the epithelial cell adhe-
sion molecule.8,9 The in vitro studies carried out 
by Rowan et al.10 showed an increase in metastases 
in kidney, lung, and spleen when tumor cells were 
injected together with isolated and cultured adi-
pose stromal cells in mice; however, these results 
move away from clinical practice, as in breast 
reconstruction grafts are simply composed by adi-
pose tissue extracted by means of the Coleman 
technique. To mimic a surgical situation as realis-
tically as possible, and to achieve results that can 
be extrapolated to our clinical practice, the aim 
of this study was to develop a human metastatic 
breast cancer model to evaluate in vivo whether 
human adipose tissue from abdominal lipoaspi-
rates promotes tumor growth and invasion.

PATIENTS AND METHODS
This study was approved by the Institutional 

Review Board of the Hospital Universitario y Poli-
técnico La Fe (La Fe University Hospital), Valen-
cia, Spain. Patients included in the study were 
fully informed and signed written consent forms. 
All procedures in the Patients and Methods sec-
tion were compliant with ethical guidelines (i.e., 
approved by the ethical committee).

Model of Metastatic Breast Cancer
To mimic a surgical situation as realistically as 

possible, we developed a model of human meta-
static breast cancer to evaluate in vivo whether 
human adipose tissue from abdominal lipoaspi-
rates promotes tumor growth and invasion. The 
breast cancer cell line MDA-MB-468 mixed with 
human adipose tissue was injected into animals, 
and metastatic progression was followed by means 
of an in vivo imaging system.

Cells were injected into the left renal cap-
sule of nude mice, which were divided into three 
experimental groups: group A, MDA-MB-468 
cells (n = 6, positive control, 500,000 cells/50 μl); 
group B, MDA-MB-468 cells/human adipose tis-
sue (n = 6, 500,000 MB-468 cells/25 μl mixed with 
25 μl of human adipose tissue); and group C, Dul-
becco’s Modified Eagle Medium/F-12 medium 
(n = 6, negative control, 50 μl). Human adipose 
tissue samples from each individual donor were 
used in two animals of experimental group B. The 
number of MDA-MB-468 injected cells per animal 
to obtain appropriate metastatic development 
and to assess the effect of adipose tissue on it was 
calculated based on previous studies on the ani-
mal model.11

Adipose Tissue Samples
Six adult white women (aged 23 to 57 years) 

who had no major systemic metabolic diseases, 
lipid disorders, or active tumors were included 
in this study. Patients with a history of cytostatic, 
corticoid, or immunosuppressive treatment were 
excluded. Informed consent was obtained before 
adipose tissue collection. Although names were 
kept confidential, patient age and medication his-
tory were made available.

Twenty-milliliter fat grafts were harvested 
from the lower abdomen of each patient through 
an atraumatic technique using a blunt liposuction 
cannula connected to a 10-ml syringe, and follow-
ing the principles of the Coleman technique.12–14 
This lipoaspirate was centrifuged at 1000 rpm for 
3 minutes. After removing the serum and the oily 
fraction, a clean fat sample was obtained and used 
for in vivo animal study.

Breast Cancer Cell-Line Culture
The breast cancer cell line MDA-MB-468 

(ATCC, Manassas, Va.), which was previously 
used in mouse models of breast cancer metastasis 
because of its metastatic potential,15,16 was used for 
this experiment. Cells were infected with lentiviral 
stock encoding the fluorescent protein mCherry 
and puromycin resistance. Cells were incubated 
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in Dulbecco’s Modified Eagle Medium/F-12 plus 
GlutaMAX-1 (ThermoFisher Scientific, Waltham, 
Mass.) supplemented with 10% fetal bovine serum 
without antibiotics in the presence of AdmCherry 
(1 × 108 plaque-forming units/ml) overnight at 
37°C in 5% carbon dioxide. After incubation, the 
medium containing lentivirus was removed and 
Dulbecco’s Modified Eagle Medium/F-12 plus 
GlutaMAX-1 supplemented with 10% fetal bovine 
serum, 1% penicillin/streptomycin, and 1% Fun-
gizone (1 μg/ml) (Gibco, Paisley, Strathclyde, 
United Kingdom) was added to each well. Five 
hours later, puromycin (1 μg/1 μl) (Gibco) was 
added. Cells infected with the lentivirus were 
mCherry- and puromycin-resistant; thus, after 
the puromycin culture, only the infected cells 
survived, and we were able to select the MDA-MB-
468-mCherry to be injected in the animals and 
thus follow their progression in an objective way. 
Fluorescent expression was observed in the red 
channel by inverted phase-contrast microscopy 
(Eclipse TS100; Nikon, Tokyo, Japan) 48 to 72 
hours later.

Animals
Eighteen female nude mice (Hsd:Athymic 

Nude-nu) aged 6 weeks (Charles River Laborato-
ries International, Inc., Wilmington, Mass.) were 
housed individually in autoclaved cages and main-
tained in pathogen-free aseptic rooms at 21°C with 
a 12-hour light/dark cycle and fed ad libitum with 
autoclaved food pellets and water. A 2% mixture 
of isoflurane associated with butorphanol (4 mg/
ml Torphasol; Animalcare Ltd., York, United 
Kingdom) for analgesia were used before invasive 
procedures. These animals are human leukocyte 
antigen immunocompromised; thus, they had the 
ability to use human cells for experimentation 
(injection) without turning on the human leuko-
cyte antigen antibody system. The guidelines for 
animal welfare were approved by the Committee 
on Animal Research of the University of Valencia.

In Vivo Metastatic Development Study
An IVIS Spectrum Preclinical In Vivo Imag-

ing System (SC BioScience Corp., Tokyo, Japan) 
was used for detection of in situ fluorescence sig-
nal without the requirement for killing the mice. 
Animals were anesthetized with 3% isoflurane 
(B. Braun, Melsungen, Germany). The immuno-
fluorescence images from the mice were acquired 
using the appropriate filters for mCherry (peak 
absorption and emission at 587 nm and 610 nm, 
respectively). Fluorescence was measured once 
a week, beginning the day after surgery until 7 

months later, when the animals were killed by car-
bon dioxide exposure. The tumors from right/left 
kidney, liver, pancreas, and spleen were extracted; 
inspected visually; and divided into two fragments 
(one fragment for histologic and immunohisto-
chemical studies and another one for molecular 
studies).

TaqMan Polymerase Chain Reaction Assays in a 
Model of Metastatic Breast Cancer

Human origin micrometastasis was detected in 
organs from the different experimental groups by the 
analyses of small breast epithelial mucin (SBEM)-1 
human gene expression, a metastatic molecular 
marker. Samples were transferred to vials ice-cold 
in RNAlater (Ambion, Austin, Texas) for real-time 
quantitative polymerase chain reaction analysis.

To characterize putative human malignant 
cells in mice tissues, SBEM gene expression, a 
putative breast-specific gene,17–19 was analyzed. 
Because the MDA-MB-468 tumor cell line derives 
from human and not from mouse cells, two addi-
tional markers [human hypoxanthine-guanine 
phosphoribosyltransferase (HPRTh) and murine 
hypoxanthine-guanine phosphoribosyltransferase 
(HPRTm)] were included in the molecular panel 
with the purpose of differentiating the human and 
murine cells, respectively. These additional mark-
ers allowed us to differentiate whether the SBEM-1 
expression found in the animals corresponded to 
MDA-MB-468 tumor cells from human origin or 
to mouse cells that turned malignant.

Total RNA extracted from murine tissues was 
purified using a RNA purification kit (Qiagen, 
Düsseldorf, Germany), including a DNase I treat-
ment of the sample. Triplicate Taqman Real-Time 
PCR Assays (Applied Biosystems, Life Technolo-
gies, Inc., Gaithersburg, Md.) for each gene tar-
get were performed on cDNA samples for SBEM 
(Hs00536495_m1), HPRTh (Hs02800695_m1), 
and HPRTm (Mm01545399_m1) in addition 
to the housekeeping gene 18S ribosomal RNA 
(Hs99999901_s1), which was used to normalize 
the target gene cycle threshold values. A pool of 
MDA-MB-468 cells was used as a positive control. 
For negative controls, polymerase chain reaction 
was carried out without cDNA. The polymerase 
chain reaction conditions and expression of final 
results were as described previously.20

Light Microscopic and Immunohistochemistry 
Study

Samples were fixed in 4% formaldehyde embed-
ded in paraffin wax, and cut into 4-μm sections from 
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the entire specimen. The sections were stained 
with Harris hematoxylin and eosin (Sigma Chemi-
cal Co., St. Louis, Mo.) and examined under light 
microscopy. A rabbit polyclonal anti-human SBEM 
at dilution 1:50 (Abcam, Cambridge, United King-
dom) was incubated for 60 minutes at room tem-
perature. Biotin/streptavidin reaction was used for 
secondary antibody incubation (EnVision method; 
Dako Denmark A/S, Glostrup, Denmark) followed 
by detection with diaminobenzidine. In negative 
controls, primary antibody was omitted. As a posi-
tive control, a section of breast-infiltrating ductal 
carcinoma was used.

Statistical Analysis
All data are presented as mean ± SEM. SPSS 

software (IBM Corp., Armonk, N.Y.) was used for 
statistical analysis. Values of p < 0.05 were consid-
ered to be statistically significant.

RESULTS

Survival Rate
Only the negative control mice (group C) 

reached the 7-month post–cell inoculation time 

point and were killed. Group A had the shortest sur-
vival rate (153.2 ± 22.6 days), but no significant differ-
ences were obtained compared to group B (162.0 ± 
23.4 days). No relationship was observed between the 
length of survival of the three experimental groups 
and the donor from whom the tissue came (Fig. 1).

After the animal’s death or sacrifice, a mac-
roscopic study was carried out to assess possible 
visceral alterations (Fig. 2). Mice from groups A 
(Fig. 2, above) and B showed a prominent abdomi-
nal inflammation, caused by the presence of 
tumor on the left kidney where metastatic cells 
(group A) and a mixture of metastatic cells with 
human adipose tissue had been injected (group 
B) (Fig. 2, below, right). The left kidney in these 
groups was completely invaded by the tumor mass 
(Fig. 2, below, right). No significant differences in 
tumor diameter were observed between groups A 
(2.2 ± 0.2 mm) and B (2.1 ± 0.2 mm). Most of the 
animals from groups A and B presented macro-
scopic morphologic lesions such as inflammation 
and/or altered color in liver, spleen, left kidney, 
and pancreas. However, control mice (group C) 
that had received only the inoculation medium 
showed no morphologically abnormal findings or 
tumor growth (Fig. 2, below, left).

Fig. 1. Survival rate. Graphic representative of the survival (in days) of animals depending on the experi-
mental group and human adipose tissue donor. HAT, human adipose tissue; DMEM, Dulbecco’s modified 
Eagle medium.
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In Vivo Metastatic Development Study
The start of the metastatic process was 

observed after postinjection day 37 in group A 
and after postinjection day 44 in group B, show-
ing signs of bilateral metastasis after postinjec-
tion days 104 (group A) and 111 (group B). No 
significant differences between metastasis onset 
and extension were found when comparing both 
groups (Fig. 3).

Micrometastasis Detection by Molecular Study
The human breast cancer cell line MDA-

MB-468 presented SBEM-1 and HPRTh expres-
sion, being negative for HPRTm (Table 1). These 
results confirmed the MDA-MB-468 as char-
acteristic of the breast cancer cell line and its 
human origin, respectively. Human adipose tissue 

samples from six human donors used in this study 
expressed only HPRTh, which showed the human 
origin and the absence of cancer characteristics 
(Table 1).

Animals from group A showed HPRTh and 
SBEM-1–positive expression in spleen (50 per-
cent), liver (33.3 percent), pancreas (16.7 per-
cent), right kidney (66.7 percent), and tumor 
mass that had engulfed the left kidney (100 per-
cent). One hundred percent of the analyzed tis-
sues expressed HPRTm (Table 1).

Animals from group B presented HPRTh 
and SBEM-1–positive expression in spleen (66.7 
percent), liver (33.3 percent), right kidney (50 
percent), and tumor mass from left kidney (100 
percent); however, there was no expression in 
pancreas (Table 1). The different analyzed organs 
from group C mice (negative control) only 
expressed HPRTm (Table 1). None of the sam-
ples analyzed showed positive expression of both 
HPRTh and HPRTm and negative expression of 
SBEM-1 at the same time (Table 1), confirming 
that there had been no migration of fat cells to 
other tissues.

Micrometastasis Confirmation by Protein 
Expression Study

The SBEM-1 expression as a breast cancer 
marker was also analyzed at the protein level 
(Fig. 4). The results corroborated the molecular 
studies carried out previously. Positive immunos-
taining was observed in spleen (three of mice) 
(Fig. 4, above, left), liver (two of six mice) (Fig. 4, 
above, center), pancreas (two of six mice) (Fig. 4, 
above, right), right kidney (four of six mice) 
(Fig. 4, second row, left), and tumor mass of the 
left kidney (six of six mice) (Fig. 4, second row, 
center and right) of the animals from group A. 
Mice from group B showed positive immunos-
taining in spleen (four of six mice) (Fig. 4, third 
row, left), liver (two of six mice) (Fig. 4, third row, 
center), right kidney (three of six mice) (Fig. 4, 
third row, right), and left kidney tumor mass (six 
of six mice) (Fig. 4, below, left), but the staining 
was negative in the pancreas of mice from this 
group (Fig. 4, below, center). No immunolabeling 
was observed in the tissues from group C (Fig. 4, 
below, right).

DISCUSSION
This is the first in vivo study regarding the 

effect of adipose tissue on metastatic breast can-
cer cells using human fat graft extracted and 
handled in the same way as is routinely done in 

Fig. 2. macroscopic study to assess possible visceral alterations. 
a mouse injected with the mDa-mB-468 cell line presented an 
abdominal inflammation (above, left) and tumor development 
(above, right and below, left). the left kidney completely invaded 
by the tumor mass in a mouse injected with a mixture of the 
mDa-mB-468 cell line and human adipose tissue (below, right).
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clinical practice. The reported studies to date are 
based on in vitro studies using stem cells isolated 
from adipose tissue.8,9

Previous studies in this field observed that adi-
pose stromal cells, although they have no effect 
on the growth of cells from a tumor cell breast 
cancer line, MDA-MB-231, stimulated the migra-
tion cell line10 in conditioned medium. When 
these cells were inoculated into animals along 
with adipose stromal cells, visible metastases were 
observed in lung, liver, and spleen that were not 

observed when the cell line was inoculated in iso-
lated fashion.

In these studies, the animal sacrifice was car-
ried out after postinoculation day 40, a much 
shorter time than that applied in the present 
study. This is most likely because the metastatic 
development was much faster because of inoc-
ulation of the cell line with isolated stem cells 
from adipose tissue, thereby enhancing their 
development and minimizing the animal sur-
vival time.

Fig. 3. in vivo metastatic development. HAT, human adipose tissue; DMEMF12, Dulbecco’s modi-
fied Eagle medium/F-12.
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Many of these cells, whose biological charac-
teristics differ from those of adult adipose tissue 
used in clinical practice, are secreting factors and 
mediators of inflammation that express different 
genes from those of normal tissue and have an 
ability of biological interaction that is not found 
in normal adipocytes. This is the reason why the 
reaction of these cells with any other cell type, 
either cancerous or not, will be unusual in biolog-
ical terms. The experimental design was carried 
out meticulously, in quantitative and qualitative 
terms, because of the relevance of the clinical 
implications for breast cancer patients, which may 
involve the use of fat grafting in the reactivation of 
residual cancer cells after a breast reconstruction.

Recent advances in diagnosis of breast cancer 
have allowed us to include more innovative tech-
niques, such as molecular techniques that show 
higher sensibility and sensitivity with regard to 
classic histologic and immunohistochemical tech-
niques.21,22 It has been demonstrated that, in some 
cases, genes are up-regulated but the protein is 
not detected because of posttranscriptional reg-
ulation mechanisms.23 Recently, studies in ovar-
ian cortex from breast cancer patients24,25 have 
supported the need for the development of an 
improved diagnostic tool based on specific breast 
cancer metastatic molecular markers and more 
sensitive molecular techniques. For this reason, 
we decided to complement the proteomic tech-
nique and the in vivo animal model with the use 
of SBEM genomic analysis.

The selection of the breast cancer cell line 
MDA-MB-468 to perform this in vivo study was 
because it is a cell line with high metastatic poten-
tial.15,16,26 It presents an extraordinarily fast growth 
in low-enriched culture mediums, partly by an 
autocrine regulation from cell growth factors. 
This cell line is also present in SBEM expression,11 
a new breast cancer metastasis–associated mol-
ecule whose gene and protein expression is corre-
lated with metastases.27 This characteristic allows 
us to detect the minimal residual metastatic cells 
in the tissues when performing molecular analy-
ses, which are much more sensitive than histologic 
techniques. It is reported that over 90 percent 
of invasive ductal carcinoma expressed SBEM, 
and its expression is associated with histopatho-
logic detection of metastases in lymph nodes.18 
Although expression of SBEM is independent of 
the receptor status and tumor grade,17,18,28 it has 
been observed that its expression is increased in 
high-grade breast tumors and estrogen receptor–
negative tumors.29,30 This fact suggests that SBEM 
is strongly associated with markers of poor prog-
nosis and may be useful as an independent marker 
for patients diagnosed with breast cancer at risk of 
higher rates of metastasis or recurrence.31 It has 
been shown that expression of SBEM can serve as 
a marker for the detection of bone marrow micro-
metastases in patients with breast cancer28 and 
hematologic micrometastases.29

In this study, we considered that it was not nec-
essary to include an additional control group in 

Table 1. Gene Expression Analysis in Different Experimental Groups

Tissue

HPRTm HPRTh SBEM-1

% R. Expression (ΔCt) % R. Expression (ΔCt) % R. Expression (ΔCt)

MDA-MB-468 cells 0 1.00 100 4.13 ± 0.41 100 20.16 ± 0.63
HAT (6 donors) 0 1.00 100 20.44 ± 2.75 0 1.00
Group A       
  Spleen 100 11.15 ± 2.54 50 19.92 ± 2.64 50 7.36 ± 2.82
  Liver 100 15.03 ± 2.17 33.3 16.49 ± 2.35 33.3 15.1 ± 10.64
  Pancreas 100 13.79 ± 2.62 16.7 12.35 ± 0.3 16.7 7.37 ± 1.36
  Right kidney 100 13.30 ± 1.66 66.7 17.66 ± 1.92 66.7 8.32 ± 5.09
  Left kidney/tumor 100 12.16 ± 2.25 100 18.36 ± 2.03 100 15.39 ± 3.04
Group B       
  Spleen 100 12.30 ± 2.29 66.7 19.25 ± 1.61 66.7 7.99 ± 3.62
  Liver 100 14.84 ± 3.04 33.3 20.11 ± 1.06 33.3 12.93 ± 0.71
  Pancreas 100 14.15 ± 2.26 0 1.00 0 1.00
  Right kidney 100 12.44 ± 3.42 50 15.76 ± 2.43 50 11.98 ± 0.52
  Left kidney/tumor 100 13.26 ± 2.70 100 16.91 ± 2.70 100 14.82 ± 5.43
Group C       
  Spleen 100 12.48 ± 2.36 0 1.00 0 1.00
  Liver 100 14.82 ± 2.53 0 1.00 0 1.00
  Pancreas 100 14.17 ± 2.27 0 1.00 0 1.00
  Right kidney 100 13.05 ± 2.41 0 1.00 0 1.00
  Left kidney/tumor 100 13.35 ± 2.12 0 1.00 0 1.00
HPRTm, murine hypoxanthine-guanine phosphoribosyltransferase; HPRTh, human hypoxanthine-guanine phosphoribosyltransferase; R, rela-
tive; Ct, cycle threshold; HAT, human adipose tissue. 
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which the mice were injected only with human adi-
pose tissue because it is known that adipose tissue 
has a limited proliferation potential without migra-
tory capacity, a fact that is demonstrated in our 
gene expression results when we observe that none 

of the mice present, in any organ analyzed, had 
the SBEM/HPRTh–positive condition that would 
be indicative of cells from human adipose tissue 
without metastatic capacity, which had migrated 
from the left renal capsule to other organs.

Fig. 4. micrometastasis confirmation by SBEm protein expression. a mouse from group a with micro-
metastasis and SBEm-positive immunostaining in spleen (above, left; original magnification, ×40), liver 
(above, center; original magnification, ×40), pancreatic tumor infiltration (above, right; original magnifi-
cation, ×40), and right kidney (second row, left; original magnification, ×20). SBEm-positive tumor mass 
developed in the left kidney where cancer cells were inoculated (second row, center and right; original 
magnification, × 20). a mouse from group B presented micrometastases in which SBEm immunostaining 
was positive in spleen (third row, left; original magnification, × 40), liver (third row, center, original mag-
nification, × 20), right kidney (third row, right; original magnification, × 40), and left kidney tumor mass 
(below, left; original magnification, × 20) but no immunostaining was observed at the pancreatic level 
(below, center; original magnification, × 10). left kidney from a mouse in group C (below, right; original 
magnification, × 20; SBEm-negative).
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When we compared animals injected with 
MDA-MB-468/human adipose tissue versus ani-
mals injected with MDA-MB-468, although no sig-
nificant differences were obtained, the mice from 
the MDA-MB-468/human adipose tissue group 
had a somewhat later onset of metastatic process 
and a higher survival rate, despite both groups 
having received the same metastatic cell concen-
tration at the beginning of the experiment.

The images obtained by the in vivo metastatic 
development study showed no significant differ-
ences between the two study groups in terms of 
metastasis location. However, gene and protein 
expression studies of metastatic marker SBEM-1 
allowed us to distinguish the affected organs, 
resulting in a lower level of effect of the pancreas 
and right kidney from MDA-MB-468/human adi-
pose tissue animals. These results suggest that the 
human adipose tissue processed and used as clini-
cal practice for breast reconstruction does not 
increase metastasis development.

The fact that the animals that were injected 
with human adipose tissue had a better evolution 
than the others does not mean that reconstruc-
tion with autologous fat may entail some benefit 
for the patient in terms of cancer. However, nei-
ther does conducting a breast reconstruction with 
human adipose tissue entail an additional haz-
ard in case there are remaining cancer cells after 
mastectomy.

Our previous clinical study was approved and 
supported by the multidisciplinary expert com-
mittee of the Breast Pathology Functional Unit 
and by the Clinical Research Ethics Committee. 
All of the patients were chosen following special 
criteria. We designed a technique of immediate 
reconstruction after breast conserving surgery, 
attempting to ensure absolute oncologic safety: 
the cavity created after tumor resection is closed 
meticulously, causing some major deformities 
and distortions on the surface of the breast, dis-
tant from the tumor bed. The fat infiltration is 
performed on these deformed areas and never in 
the tumor bed. No tumor recurrences have been 
observed in our patients so far.5

This in vivo study is supplementary to our 
previous clinical one and supports our surgical 
technique. The main limitations are the small 
sample size and that it was developed in an animal 
model. The lack of radiation therapy is another 
limitation, as all patients with malignant lesions 
included in our previous clinical study received 
radiation therapy after surgery, according to the 
breast-conserving surgery protocol of our unit.5 
Nevertheless, in our in vivo study, we attempted 

to select the most aggressive conditions and the 
worst situations. The use of radiation therapy 
would have decreased the tumor cell viability and 
the metastatic potential.

CONCLUSIONS
The main purpose that has led us to develop 

this study was our own need to check the safety 
of using human adipose tissue for breast recon-
struction. These results show that autologous fat 
tissue does not worsen the prognosis or the course 
of the disease in local terms or in relation to the 
metastatic progression of the disease when the 
technique is conducted by using human fat graft 
that is extracted and handled in the same way as is 
done routinely in clinical practice.
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