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Early results of intra-articular
micro-fragmented lipoaspirate
treatment in patients with late
stages knee osteoarthritis: a
prospective study

Aim To analyze clinical and functional effects of intra-ar-
ticular injection of autologous micro-fragmented lipoaspi-
rate (MLA) in patients with late stage knee osteoarthritis
(KOA). Secondary aims included classifying cell types con-
tributing to the treatment effect, performing detailed MRI-
based classification of KOA, and elucidating the predictors
for functional outcomes.

Methods This prospective, non-randomized study was
conducted from June 2016 to February 2018 and enrolled
20 patients with late stage symptomatic KOA (Kellgren
Lawrence grade lll, n=4; and IV, n=16) who received an
intra-articular injection of autologous MLA in the index
knee joint. At baseline radiological KOA grade and MRI
were assessed in order to classify the morphology of KOA
changes. Stromal vascular fraction cells obtained from
MLA samples were stained with antibodies specific for cell
surface markers. Patients were evaluated at baseline and
12-months after treatment with visual analog scale (VAS),
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), and Knee Injury and Osteoarthritis Out-
come Score (KOOS).

Results Three patients (15%) received a total knee replace-
ment and were not followed up completely. Seventeen
patients (85%) showed a substantial pattern of KOOS and
WOMAC improvement, significant in all accounts. KOOS
score improved from 46 to 176% when compared with
baseline, WOMAC decreased from 40 to 45%, while VAS rat-
ing decreased from 54% to 82% (all P values were <0.001).
MLA contained endothelial progenitor cells, pericytes, and
supra-adventitial adipose stromal cells as most abundant
cell phenotypes.

Conclusion This study is among the first to show a posi-
tive effect of MLA on patients with late stages KOA.

ISRCTN registration ID: ISRCTN13337022.
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Knee osteoarthritis (KOA) is a disabling disease affecting
around 250 million people worldwide. Risk factors that
can facilitate KOA include age, genes, environment, and
local trauma (1,2). Osteoarthritis involves deterioration of
cartilage, subchondral bone, joint deformities, ligament
and menisci damage, and surrounding muscle atrophy.
Magnetic resonance imaging (MRI) enables detecting
structural changes of KOA. It helps classify KOA according
to the International Cartilage Repair Society scale in five
stages, depending on the severity of the chondral lesion
and surrounding subchondral bone. Runhaar et al (3) have
demonstrated that MRI can be a valid tool for semiquan-
titative scoring of KOA. Magnetic Resonance Imaging Os-
teoarthritis Knee Score (MOAKS) can be used to quantify
disease status. The gold standard in the diagnosis of KOA
is the Kellgren-Lawrence classification. However, there
are new paradigms in the KOA classification. Dell'lsola et
al (4) presented a new KOA classification with regard to
the phenotype. He allocated patients into groups char-
acterized by specific disease mechanisms and analyzed
their relation with demographic and health outcomes. In
their study, 599 patients were selected and matched for
six phenotypes: Minimal Joint Disease, Malaligned Bio-
mechanical, Chronic Pain, Inflammatory, Metabolic Syn-
drome, and Bone and Cartilage Metabolism. The results
showed that phenotype classification had an effect on
WOMAC pain and physical function, which could mean
that selecting patients by phenotype could give us bet-
ter therapy outcomes (4). The complexity of KOA makes
treatment difficult and partially unpredictable. Conser-
vative approach of KOA treatment deploys non-steroidal
anti-inflammatory drugs (NSAIDS), intra-articular steroid
injections, hyaluronic acid, platelet rich plasma, and physi-
cal therapy. Surgical methods include joint preserving sur-
gery for early KOA stages and knee replacement surgery
for late stages (5-11). Current treatment strategies are a
form of palliation and are aimed at providing symptomat-
ic pain relief, failing to prevent the disease and/or improve
tissue structure. However, recent reports on the outcomes
of cell based therapies show that there is a potential to
structurally remodel knee joint at a biochemical level,
contributing to anabolic effects in tissues like bone and
cartilage rather than to anti-inflammatory mechanisms
(11-14). Adult mesenchymal stem cells (MSCs) have been
in the last decade brought under the spotlight for various
regenerative purposes. Their paracrine activity is thought
to be one of the major mechanisms by which MSCs in-
hibit ischemia-caused apoptosis, scar formations, stimu-
late angiogenesis, and mediate anti-inflammatory and
wound healing properties. Biological mediators se-
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creted by MSCs provoke complex interaction when they
regulate various regeneration processes. Pericytes, cells
present on the micro vessels and capillaries in various tis-
sues, are in vivo precursors of MSCs. Pericytes become ac-
tivated during tissue injury and detach to become MSCs.
Healing process is a site of busy cell action and interaction,
initiated by MSCs signaling (15-18).

The application of MSCs in the treatment of early stages
KOA can bring pain relief, improve knee joint function, and
influence cartilage status while remaining safe (18-21). The
aim of this study was to evaluate clinical and functional
results of an intra-articular injection of autologous micro-
fragmented lipoaspirate (MLA) in patients with severe KOA
12 months after the treatment. Secondary aims included
classifying and determining cell types contained in the
MLA, performing detailed MRI based classification of KOA,
elucidating predictors for functional outcomes, and de-
termining complication rates. We hypothesized that MLA
treatment would improve clinical outcomes in patients
with late stage KOA thus postponing TKR surgery.

PATIENTS AND METHODS

This prospective, non-randomized, interventional, single-
center, open-label clinical trial involved patients with pri-
mary late stage KOA who received a single intra-articular
injection of autologous MLA. Inclusion and exclusion cri-
teria and data collection procedure were the same as in
our previous study (18). Briefly, the study enrolled patients
with primary KOA from one center (to which all primary
KOA patients were referred) who met the inclusion criteria
(radiological Kellgren Lawrence grade Ill and IV; onset of
symptoms of the index knee at six or more months ago;
ability to follow the study instructions; age 40-85). The
exclusion criteria were age <40 years or >85 years; chon-
dromatosis or villonodular synovitis of the knee; recent
trauma (<3 months) of the symptomatic knee; infectious
joint disease; malignancy; pregnancy; anticoagulant ther-
apy with prothrombin time (<0.70) or thrombocytopenia
and/or coagulation disorder; and hypersensitivity to local
anesthetics. Participants underwent detailed clinical histo-
ry-taking, complete physical examination, and radiologi-
cal assessment including plain x-rays (AP standing and LL
knee projections), full-length weight bearing x-ray in the
standing position in order to measure limb alignment, and
MRI. Clinical and functional assessment included the visual
analog scale (VAS), Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC), and Knee Injury and
Osteoarthritis Outcome Score (KOOS) pain scale at base-
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line and at 12-months follow-up. Twenty patients were
enrolled and 20 knees were assessed. Eleven screened pa-
tients were not included because they did not meet enroll-
ment criteria. No patients were excluded from the study.
After having received detailed written and oral informa-
tion about the study protocol, all patients gave informed
consent. Each patient who entered the trial received a
unigue anonymous code. Data were collected in the data
logbook. At baseline, we collected data on primary diag-
noses and medical history, as well as patient demographic
data (18). The recruitment period lasted from June 2016 to
February 2017, with the follow-up period ending in Feb-
ruary 2018. All procedures were standardized and imple-
mented according to the standard operating procedure
protocol. Primary outcome measure was avoiding TKR sur-
gery. Secondary outcome measures were VAS, KOOS, and
WOMAC results. The study protocol was approved by the
local Institutional Review Board (IRB authorization No: EP
001/2016). All the patients were enrolled after IRB approval
had been obtained and some of them before finalization
of the ISCRTN registration (February 24, 2017).

KOA radiological classification

The Kellgren-Lawrence grading system classifies the sever-
ity of KOA on standard weight-bearing knee radiographs
in two planes using five grades: grade 0 — no radiographic
features of KOA are present; grade 1 — doubtful joint space
narrowing (JSN) and possible osteophytic lipping; grade
2 — definite osteophytes and possible JSN on anteropos-
terior weight-bearing radiograph; grade 3 — multiple os-
teophytes, definite JSN, sclerosis, possible bony deformity;
grade 4 - large osteophytes, marked JSN, severe sclerosis,
and definitive bony deformity.

The severity of KOA in the study cohort was characterized
on MRI by an experienced musculoskeletal radiologist (IB)
using scoring system introduced by International Cartilage
Research Society based on modified Outerbridge system
divided in 5 stages according to cartilage lesions size and
depth, as well as the appearance of the surrounding sub-
chondral bone: grade 0 — normal cartilage; grade 1 - signal
intensity alterations with an intact surface of the articular
cartilage compared with the surrounding normal cartilage;
grade 2 — partial thickness defect of the cartilage with fis-
sures on the surface that do not reach subchondral bone
or exceed 1.5 cm in diameter; grade 3 - fissuring of the
cartilage to the level of the subchondral bone in an area
with a diameter more than 1.5 cm; and grade 4 — exposed
subchondral bone.

The MR images were performed on a 1.5T magnet (Avanto;
Siemens, Erlangen, Germany) using a dedicated knee coil
(Siemens, Erlangen, Germany). Proton density sequenc-
es with fat suppression [TR=2700 ms; TE=28 ms; Band-
width=326Hz; FOV=170 mm; Matrix=384x384; voxel
size=0.4x04x3mm; NEX=2] in three planes were used
to evaluate femoral, tibial, and patellar articular cartilage.

The status of cartilage was analyzed on seven different ar-
ticular facets: medial and lateral femoral condyle, femoral
trochlea, medial and lateral tibial condyle, and both patel-
lar facets.

The presence of meniscal tears was analyzed in three dif-
ferent locations of each meniscus: anterior horn, corpus,
and posterior horn. Meniscal tear was defined as linear sig-
nal intensity changes that reach meniscal surfaces at least
2 consecutive MR slices (slice thickness of 3 mm).

Associated subchondral bone marrow edema and joint ef-
fusion were analyzed as a reactive change with knee OA.
Subchondral bone marrow edema was defined as an ab-
normal fluid signal seen within the bone marrow and joint
effusion as a fluid signal intensity collection within the
knee joint space on MRI.

Transplantation and processing of micro-fragmented
lipoaspirate

The patients were referred to the day surgery unit with
an average admission of 3 h. The surgical part of the pro-
cedure was set in an operating theater and performed as
described in our previous study (18). Briefly, patients were
placedin asupine position; the abdominal skin was treated
with Dermoguard® antiseptic lotion (Antiseptica, Pulheim,
Germany), rinsed with Aqua pro injection solution (HZTM,
Zagreb, Croatia), and dried out and disinfected with Skin-
Des® solution (Antiseptica, Pulheim, Germany). The mini-
mal invasive surgical procedure included an infiltration
step, in which a total of 250 mL of saline solution pre-
pared with a 40 mL of a 2% lidocaine solution (Lidokain®,
Belupo, Koprivnica, Croatia) and 1 mL epinephrinhydro-
chloride (1mg/mL) (Suprarenin®, Sanofi-Aventis, Berlin,
Germany) was injected in the abdominal subcutaneous
adipose tissue. In the aspiration step, a standard lipoaspi-
ration technique was performed, and the harvested fat
was introduced into the Lipogems® ortho kit (Lipogems
International SpA, Milan, Italy) according to the manu-
facturer’s instructions. The collected and processed fi-

nal micro-fragmented adipose tissue product was
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transferred to 10 mL syringes and injected intra-articularly
(5 mL) into the index knee.

Stromal vascular fraction (SVF) isolation

Micro-fragmented lipoaspirate (MLA) specimens were
stored overnight at room temperature (RT) protected from
light. Samples were then digested with 0.1% collagenase
type lin DMEM (both from Sigma-Aldrich, Saint Louis, MO,
USA) in a shaking bath at 37°C for 45 minutes. After a 1:2
sample dilution with 2% fetal bovine serum (Biosera, Nu-
aille, France) in DMEM, the samples were filtered through a
100 pm cell strainer (BD Falcon, Corning, NY, USA) and cen-
trifuged at 300 g for 10 minutes at RT. Supernatants were
discarded and cell pellet was resuspended in 1 mL of the
Versalyse solution (Beckman Coulter, Miami, FL, USA). After
10 minutes, the samples were filtered through a 40 um cell
strainer (BD Falcon), centrifuged at 300 g for 10 minutes at
RT, and the pellet was resuspended in DMEM. Cells were
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counted on the Sysmex XT1800 counter (Sysmex, Kobe,
Japan).

Flow cytometry

SVF cells obtained from MLA samples of KOA patients were
stained with antibodies specific for the cell surface mark-
ers: CD31, CD34, CD45, CD73, CD90, CD105, CD146, la-
beled with PB, ECD, APC-AF750, PE, FITC, CD45-PC7, PC5.5
fluorochromes, respectively (kindly provided by Beckman
Coulter). In parallel, dead cells were stained with Live/Dead
Yellow Fixable Stain (ThermoFisher, Waltham, MA, USA). Af-
ter 20 minutes, samples were fixed with 2% paraformalde-
hyde (Electron Microscopy Sciences, Hatfield, PA, USA) in
PBS (Sigma-Aldrich), washed, and permeabilized with Per-
mWash (BD Biosciences, San Jose, CA, USA). The cell nuclei
were stained with the DRAQ7 dye (BioStatus, Shepshed,
UK). The FlowLogic software (Inivai Technologies, Mentone,
Australia) was used for the analysis of the FCS data files.

TABLE 1.The initial comparison of all Knee Injury and Osteoarthritis Outcome Score (KOOS) and Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) related variables between baseline and 12-months follow up (mean + standard deviation)

Clinical score

KOOS Pain_1

KOOS Symptom_1

KOOS ADL_1

KOOS Sport/Rec_1
KOOS QOL_1

WOMAC PAIN_1
WOMAC STIFFNESS_1
WOMAC PHYSICAL FUNCTION_1
WOMAC TOTAL SCORE_1
VAS resting_1

VAS movement_]1

Baseline 12-months follow up P (paired) Average percent change
38.69+17.34 64.57+1538 <0.001 +66.9
4776+17.88 69.84+1591 <0.001 +46.2
39.6+19.5 64.25+17.84 <0.001 +62.2
16.25+£15.55 34.69+20.85 0.003 +113.5
13.28+12.68 36.7+£19.24 <0.001 +176.4
11.88£3.76 6.5+3.35 <0.001 -453

431+1.89 256+146 0.001 -40.6
3919+14.2 23.19+10.85 <0.001 -40.8
55.38+18.83 32.25+£14.62 <0.001 -41.8

4.06+2.35 0.75£1.65 <0.001 -81.5

738+ 141 3.38+1.89 <0.001 -54.2

TABLE 2. Forward regression models predicting the extent of change of Knee Injury and Osteoarthritis Outcome Score (KOOS) and
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores for pain

KOOS pain
Model 1
Model 2

Model 3

Model 4

WOMAC pain

Predictor
meniscus injury, lateral meniscus, corpus
meniscus injury, lateral meniscus, corpus
meniscus injury, medial meniscus, horn
meniscus injury, lateral meniscus, corpus
meniscus injury, medial meniscus, horn
regular use of NSAID*
meniscus injury, lateral meniscus, corpus
meniscus injury, medial meniscus, horn
regular use of NSAID
bone marrow edema, patellofemoral joint
bone marrow edema, patellofemoral joint

*NSAID - nonsteroidal anti-inflammatory drugs.
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Beta P
-0.578 0.038
-0.780 <0.001
-0.709 0.001
-0.844 <0.001
-0.792 <0.001
-0.332 0.014
-0.746 <0.001
-0.855 <0.001
-0.369 0.001
-0.295 0.003
-0.668 0.013
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Statistical analysis

Descriptive and analytic methods were used. The normali-
ty of distribution was tested by the Shapiro-Wilks test. Data
are presented as mean and standard deviation. Paired data
were analyzed using paired t test. We also used a forward
model of linear regression, where all available clinical pre-
dictors were entered, in an attempt to identify the ones
that were the most predictive for the outcome variable, in
this case the change of the KOOS and WOMAC scores. The
data were analyzed in R (www.r-project.org), with the level
of significance set at P<0.05.

RESULTS
Patients’ characteristics

The study enrolled 20 patients who met the inclusion cri-
teria (15 men). Body mass index values were <30 in 13 pa-

tients, 30-35 in 5 patients, and >35 in 2 patients. In 19 pa-
tients, previous treatments (physical therapy, oral NSAIDs,
or intra-articular injection of hyaluronic acid or steroids)
had failed to relieve symptoms.

The pattern, distribution, and severity of cartilage tissue
deterioration, bone marrow edema, effusion, and align-
ment as assessed by x-rays and MRI varied substantially
at the baseline. Out of 20 knees, in 15 we observed varus
deformities (>5° malalignment), one valgus knee with (>5°
malalignment), and 5 knees with good alignment.

Safety of intra-articular injection of autologous micro-
fragmented lipoaspirate

No adverse events (AE) were observed in association with
lipoaspiration or intra-articular injection. No infectious AEs
related to intra-articular injection occurred during the fol-
low-up.

SVF

—— Nucleated CD45 cells

EMC (CD31*CD34)

EPC (CD31*CD34)

Pericytes (CD31-CD34:CD146%)

SA-ASC (CD31-CD34:CD146*)

A

Other CD45 nucleated cell

(fibroblasts, erythroid precursors, smooth muscule cells)

_4

N I g A

-

Nucleated CD45*cells

Haematopoietic lineage
Stem and progenitor cell
Lymphocytes Monocytes /
Macrophages Granulocytes

_4

FIGURE 1. Summarized results of main imunophenotypes in the stromal vascular fraction (SVF) nucleated cell populations from mi-
crofragmented adipose tissue isolated from 20 osteoarthritic patients. EMC — endothelial mature cells, EPC — endothelial progenitor

cells, SA-ASC - supra-adventitial adipose stromal cells.
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Clinical outcome

Out of 20 patients, 3 underwent TKA before the end of one-
year period due to persistent high level of symptoms. The
remaining 17 patients (85%) were analyzed in detail. The
overall results showed a substantial and universal pattern
of KOOS and WOMAC improvement, which was significant
in all accounts (Table 1). In general, KOOS score improved
by at least half, while WOMAC yielded a similar magnitude
of decrease (Table 1).

The use of the forward regression model for the KOOS and
WOMAGC, with a number of clinically relevant predictors re-
sulted in a total of five significant models, four for KOOS pain
and one for WOMAC pain (Table 2). Notably, these two mod-
els overlapped in the bone marrow edema of the anterior
part of the knee joint between trochlea and patella (Table 2).

Immunophenotyping analysis of stromal vascular
fraction from micro-fragmented lipoaspirate samples by
polychromatic flow cytometry

The viability of nucleated CD45 and CD457 cells in SVF from
MLA was 95% = 3.6. Four main CD45" subpopulations were

(

1 DGF
Soluble Factors

After Trauma 4

\ ~ FGF-b
- <« -

Endothelial Progenitor
Cells

.+ * Anti-Scarring
.. KGF,SDF-1,
L% MIP-1a& 16

.« % Anti-Apoptotic
et STC-1,SFRP2,

- =, TGF-B1,VEGF,
HGF, MMP-9

+* Angiogenic
* **" VEGF TGF-B1,
Pl

.=+ Mitogenic
Released / o oo TGFq, TGF-B

<3 HGF, IGF-1,
Vg %e’s FGF2,EGF,

IL-6, IL-8, IL-10

. ** . IL1RA,PGE2,IDO,
Activated 7t TGE-P1, HGF,

MsC .
MSC or Tt . TSG6, STNF-R
Free \ I “* NO,SHLA-G5
Pericyte .

0 .. 37,100
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CD31CD34CD146" pericytes, CD31'CD34*CD146 supra-
adventitial adipose stromal cells (SA-ASC), CD31*CD34*
endothelial progenitor cells (EPC), and CD31°CD34 ma-
ture endothelial cells (EM) (Figure 1). The determined sub-
populations showed variable levels of the mesenchymal
markers CD73, CD90, and CD105 (Polancec et al, unpub-
lished data).

DISCUSSION

In this study, we reported the results for 20 patients with
late stages KOA receiving intra-articular micro-fragmented
autologous fat tissue transplantation. Patients included in
the study had grade Ill and IV KOA with high level of symp-
toms and pain at the baseline. Before study enrollment, all
the patients had been candidates for a TKR surgery. Our
study showed that MLA treatment relieved pain and clinical
symptoms in 85% of patients with late stages KOA for one
year.We should emphasize that there are only a few studies
that showed a positive effect of adipose tissue-originated
mesenchymal stem cells (Ad-MSCs) on patients with high
grade KOA. The results of our study are in line with the re-
sults of some previous studies. Koh et al (22) found that Ad-
MSCs exhibited effects on cartilage healing, reduced pain,

Re-establishment of
Microenvironment

TROPHIC
EFFECTS

IMMUNO-
MODULATORY
EFFECTS

ANTI-MICROBIAL
EFFECTS

FIGURE 2. Pericytes are stimulated by soluble growth factors and chemokines to become activated mesenchymal stem cells (MSCs),
and probably in interaction with endothelial progenitors both cell types respond to the microenvironment by secreting trophic
(mitogenic, angiogenic, anti-apoptotic, or scar reduction), immunomodulatory or antimicrobial factors. After the microenvironment
is re-established, MSCs return to their native pericyte state attached to blood vessels. SVF — stromal vascular fraction. Murphy BM,
Moncivais K and Caplan IA. Mesenchymal stem cells: environmentally responsive therapeutics for regenerative medicine. Experimen-
tal and Molecular Medicine (2013) 45, e54; doi:10.1038/emm.2013.94 (Used and adapted with permission of Prof. Arnold | Caplan

and publisher’s permission).
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and improved function in KOA patients evaluated by sec-
ond look arthroscopy and clinical outcome scores. Jo et al
(23) concluded that intra-articular injections of Ad-MSCs in
KOA improved function and reduced cartilage defects. The
study of Yokota et al (24) involved 13 patients (11 OA grade
IV and 2 OA grade Il according Kellgren-Lawrence scale).
Based on the VAS, Japanese Knee Osteoarthritis Measure,
and WOMAC score they found a significant improvement
in the first month after the procedure and a small numeri-
cal improvement after six months. The results obtained in
our study provide a good basis for prospective randomized
controlled clinical trials with the aim to evaluate the use
of autologous MLA containing Ad-MSCs in the treatment
of higher-grade KOA. Before adipose tissue microfragmen-
tation was established, mechanical procedures had been
considered as low-yield methods for obtaining SVF com-
pared with enzymatic methods (25). However, MLA is rich
in SVF cells with high regenerative capacity, as confirmed
in our study.

Our study suggests that application of autologuos micro-
fragmented adipose tissue with SVF in patients with KOA
increases GAG levels in hyaline cartilage, consequently re-
ducing pain and improving movement abilities (18). SVF
from adipose tissue contains SA-ASC, pericytes, EPC, EMC,
and leukocytes. There are at least two possible mechanisms
through which MSCs exert their effect and that might ex-
plain the success of SVF-treatment of KOA. The first one as-
sumes that MSCs differentiate into chondrocytes, while the
second one suggests that MSCs stimulate chondrocytes
by paracrine secretion of bioactive factors. As our results
revealed that SVF contained a respectable ratio of EPC (Po-
lancec et al, unpublished data), this sheds a new light on
the MSC-mediated cartilage tissue repair and regeneration
that assumes cooperation with EPC. EPC represent impor-
tant players implicated in vascularization as a prerequisite
for wound repair and tissue regeneration (26,27). Several
in vitro and in vivo studies have demonstrated proliferative,
proangiogenic, and vasculogenic effects of MSC-EPC in-
teractions (28-31), as well as differentiation commitment
(32,33). A crosstalk between MSC-EPC, which can involve
both paracrine mechanism and/or cell-cell contact (via
PDGF-PDGFR and Notch-signaling) (29,34), seems to occur
in different conditions of tissue inflammation (35), suggest-
ing their interplay and beneficial effects also in cartilage
tissue repair and regeneration. The fact that in our study
EPCs outnumber MSCs indicates their inevitable involve-
ment in the observed effect of the SVF-mediated cartilage
treatment. Therefore, we hypothesize that a plethora of cy-
tokines, chemokines, and growth factors, ie, bioactive mol-

ecules hitherto ascribed to the activated MSC, acting as
medicinal signaling cells (36), perhaps stem from a syner-
gistic effect of pericyte-MSC-EPC interactions (Figure 2).

Osteoarthritis primarily affects cartilage tissue, which is
best diagnosed and described by MRI. However, radiogra-
phy with standard x-rays is limited when it comes to rec-
ognizing early degenerative changes. The delayed gad-
olinium-enhanced MRI of cartilage technique assessing
proteoglycan content has shown potential in evaluating
the macromolecular status of normal, degenerated, and
regenerated articular cartilage (18). Runhaar et al showed
that MRI imaging can be a valid tool for semiquantitative
scoring of KOA. MOAKS is primarily applicable to quantify
disease status, which could lead to better treatment out-
comes (3). Five Kellgren-Lawrence stages based on AP
weight bearing x-rays merely describe pathological chang-
es that a joint undergoes over time but do not provide a
sufficient insight into treatment allocation. Dell'lsola et al
(4) suggested a new classification based on phenotypes.
All patients (599) were classified into predefined groups
characterized by specific variables and assigned pheno-
type. At baseline and after 24 months WOMAC score was
assessed. Both, WOMAC pain and physical function have
been influenced by KOA phenotype. Assigning a pheno-
type to patients could improve clinical decision making
and optimal treatment strategies (4). In our study, we used
MRI to describe KOA morphology by assessing cartilage
damage, bone marrow edema appearance and distribu-
tion, joint effusion, and location of the meniscus rupture. In
our attempt to define KOA phenotype more accurately, we
showed an association between baseline parameters and
treatment results. Bone marrow edema noted on the knee
MRI scans at baseline was shown to be a good predictor
at both KOOS and WOMAC subscales for pain in terms of
improvement after one year. In our previous study, appli-
cation of MLA increased GAG content (18,37,38), implicat-
ing an effect on patellofemoral joint that bears high shear
force loads. It has been shown that lipoaspirate with MSCs
along with platelet-rich plasma has a positive effect in an
early stage patellofemoral joint OA (39). Paracrine effect of
cells from micro-fragmented fat tissue on chondrocytes to
produce extracellular matrix might influence the quality of
subchondral bone in patellofemoral joint, thus relieving
pain captured by WOMAC and KOOS pain subscales. Re-
cent results have shown that MLA has a long-lasting anti-
inflammatory property, most likely influenced by a com-
bination of cytokines secreted by SVF cells, primarily by
MSCs (40). MLA is not a mechanically obtained SVF, it
can serve as a natural scaffold for drug delivery (41).
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Even though we presented significant results, it has to be
acknowledged that our study has certain limitations par-
ticularly due to a lack of a control group.

In conclusion, the present prospective study suggests that
intra-articular injection of micro-fragmented fat tissue de-
creases clinical symptoms in patients with late stage KOA,
without observed AE. Additional randomized clinical stud-
ies are warranted to improve clinical practice especially re-
lated to different KOA phenotypes.

In accordance with the ICMJE recommendations (http://www.icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-trial-
registration.html), the authors provided an explanation for retrospective
registration. Furthermore, ethical approval was given by an authorized com-
mittee before patients’ recruitment, and none ethical concerns were pres-
ent. Having all this in mind, the CMJ editors decided that the “failure to ap-
propriately register a clinical trial”was not “intended to or resulted in biased
reporting”and the manuscript was deemed acceptable for publication.

Oxford Centre for Evidence-based Medicine level of evidence: 4
Funding None.

Ethical approval given by the local Institutional Review Board under autho-
rization No: EP 001/2016.

Declaration of authorship DH, OP, and DP conceived and designed the
study; DH, IB, ER, ZJ, BK, TV, MP, AS, DPo, and LZ acquired the data; DH, IB,
OP, MP, DPo, L.Z, and DP analyzed and interpreted the data; DH, ER, ZJ, BK,
AS, DPo, and LZ drafted the manuscript; OP, DPo, LZ and DP critically revised
the manuscript for important intellectual content; DH, ZJ, OP, MP, and DP
gave approval of the version to be submitted; DH, 7J, and DP agree to be
accountable for all aspects of the work.

Competing interests OP is a member of the Croatian Medical Journal’s Edi-
torial Board. To ensure that any possible conflict of interest relevant to the
journal has been addressed, this article was reviewed according to best
practice guidelines of international editorial organizations. All authors have
completed the Unified Competing Interest form at www.icmje.org/coi_dis-
closure.pdf (available on request from the corresponding author) and de-
clare: no support from any organization for the submitted work; no financial
relationships with any organizations that might have an interest in the sub-
mitted work in the previous 3 years; no other relationships or activities that
could appear to have influenced the submitted work.

References

1 Mora JC, Przkora R, Cruz-Almeida Y. Knee osteoarthritis:
pathophysiology and current treatment modalities. J Pain Res.
2018;11:2189-96. Medline:30323653 doi:10.2147/JPR.S154002

2 Bannuru RR, Schmid CH, Kent DM, Vaysbrot EE, Wong JB,
Mcalindon TE. Comparative effectiveness of pharmacologic
interventions for knee osteoarthritis: a systematic review
and network meta-analysis. Ann Intern Med. 2015;162:46-54.
Medline:25560713 doi:10.7326/M14-1231

3 Runhaar J, Schiphof D, van Meer B, Reijman M, Bierma-Zeinstra
SMA, Oei EHG. How to define subregional osteoarthritis
progression using semi-quantitative MRI Osteoarthritis Knee
Score (MOAKS). Osteoarthritis Cartilage. 2014;22:1533-6.
Medline:25278062 doi:10.1016/j.joca.2014.06.022

4 Dell'lsola A, Steultjens M. Classification of patients with knee

osteoarthritis in clinical phenotypes: Data from the osteoarthritis

www.cmj.hr

Croat Med J. 2019;60:227-36

initiative. PLoS One. 2018;13:e0191045. Medline:29329325
doi:10.1371/journal.pone.0191045

Plecko M, Hudetz D, Primorac D. Novel cell-based techniques

in management of osteoarthritis. Nov Tech Arthritis Bone Res.
2018;2:1-4.

Hudetz D, Jelec Z, Rod E, Boric |, Plecko M, Primorac D. The future
of cartilage repair. In: Bodiroga-Vukobrat N, Rukavina D, Paveli¢

K, Sander GG, editors. Personalized medicine: a new medical and
social challenge. Springer (In Press).

Heidari B. Knee osteoarthritis prevalence, risk factors, pathogenesis
and features: Part I. Caspian J Intern Med. 2011;2:205-12.
Medline:24024017

Nguyen C, Lef¢vre-Colau MM, Poiraudeau S, Rannou F. Evidence
and recommendations for use of intra-articular injections for

knee osteoarthritis. Ann Phys Rehabil Med. 2016;59:184-9.
Medline:27103055 doi:10.1016/j.rehab.2016.02.008

Law TY, Nguyen C, Frank RM, Rosas S, McCormick F. Current
concepts on the use of corticosteroid injections for knee
osteoarthritis. Phys Sportsmed. 2015;43:269-73. Medline:25703264
doi:10.1080/00913847.2015.1017440

Jang SJ, Do Kim J, Cha SS. Platelet-rich plasma (PRP) injections

as an effective treatment for early osteoarthritis. Eur J Orthop

Surg Traumatol. 2013;23:573-80. Medline:23412170 doi:10.1007/
s00590-012-1037-5

Richards MM, Maxwell JS, Weng L, Angelos MG, Golzarian J. Intra-
articular treatment of knee osteoarthritis: from anti-inflammatories
to products of regenerative medicine. Phys Sportsmed.
2016;44:101-8. Medline:26985986 doi:10.1080/00913847.2016.116
8272

Gibbs N, Diamond R, Sekyere E, Thomas W. Management of knee
osteoarthritis by combined stromal vascular fraction cell therapy,
platelet-rich plasma, and musculoskeletal exercises: a case series. J
Pain Res. 2015:799. Medline:26609244 doi:10.2147/JPR.592090
Wei X, Yang X, Han ZP, Qu FF, Shao L, Shi YF. Mesenchymal stem
cells: a new trend for cell therapy. Acta Pharmacol Sin. 2013;34:747-
54. Medline:23736003 doi:10.1038/aps.2013.50

Damia E, Chicharro D, Lopez S, Cuervo B, Rubio M, Sopena J, et

al. Adipose-derived mesenchymal stem cells: are they a good
therapeutic strategy for osteoarthritis? Int J Mol Sci. 2018;19:1926.
Medline:29966351 doi:10.3390/ijms19071926

Caplan Al. Adult mesenchymal stem cells: when, where,

and how. Stem Cells Int. 2015;2015:1-6. Medline:26273305
doi:10.1155/2015/628767

Bansal H, Comella K, Leon J, Verma P, Agrawal D, Koka P, et al.
Intra-articular injection in the knee of adipose derived stromal
cells (stromal vascular fraction) and platelet rich plasma

for osteoarthritis. J Transl Med. 2017;15. Medline:28629466
doi:10.1186/512967-017-1242-4

Murphy MB, Moncivais K, Caplan Al. Mesenchymal stem cells:

environmentally responsive therapeutics for regenerative


http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
www.icmje.org/coi_disclosure.pdf
www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30323653&dopt=Abstract
https://doi.org/10.2147/JPR.S154002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25560713&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25560713&dopt=Abstract
https://doi.org/10.7326/M14-1231
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25278062&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25278062&dopt=Abstract
https://doi.org/10.1016/j.joca.2014.06.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29329325&dopt=Abstract
https://doi.org/10.1371/journal.pone.0191045
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24024017&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24024017&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27103055&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27103055&dopt=Abstract
https://doi.org/10.1016/j.rehab.2016.02.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25703264&dopt=Abstract
https://doi.org/10.1080/00913847.2015.1017440
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23412170&dopt=Abstract
https://doi.org/10.1007/s00590-012-1037-5
https://doi.org/10.1007/s00590-012-1037-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26985986&dopt=Abstract
https://doi.org/10.1080/00913847.2016.1168272
https://doi.org/10.1080/00913847.2016.1168272
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26609244&dopt=Abstract
https://doi.org/10.2147/JPR.S92090
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23736003&dopt=Abstract
https://doi.org/10.1038/aps.2013.50
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29966351&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29966351&dopt=Abstract
https://doi.org/10.3390/ijms19071926
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26273305&dopt=Abstract
https://doi.org/10.1155/2015/628767
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28629466&dopt=Abstract
https://doi.org/10.1186/s12967-017-1242-4

Hudetz et al: Intra-articular micro-fragmented lipoaspirate treatment in patients with late stages knee osteoarthritis

18

19

20

21

22

23

24

25

26

27

28

medicine. Exp Mol Med. 2013;45:e54. Medline:24232253
doi:10.1038/emm.2013.94

Hudetz D, Bori¢ |, Rod E, Jele¢ Z, Radi¢ A, Vrdoljak T, et al. The
effect of intra-articular injection of autologous microfragmented
fat tissue on proteoglycan synthesis in patients with knee
osteoarthritis. Genes (Basel). 2017;8:270. Medline:29027984
doi:10.3390/genes8100270

Spasovski D, Spasovski V, Bascarevic Z, Stojiljkovic M, Vreca 30
M, Andelkovic M, et al. Intra-articular injection of autologous

adipose-derived mesenchymal stem cells in the treatment of knee
osteoarthritis. J Gene Med. 2018;20:3002. Medline:29243283
doi:10.1002/jgm.3002 31
Jo CH, Chai JW, Jeong EC, Oh S, Shin JS, Shim H, et al. Intra-

articular injection of mesenchymal stem cells for the

treatment of osteoarthritis of the knee: a 2-year follow-up

study. Am J Sports Med. 2017;45:2774-83. Med|ine:28746812
doi:10.1177/0363546517716641 32
Koh YG, Jo SB, Kwon OR, Suh DS, Lee SW, Park SH, et al.

Mesenchymal stem cell injections improve symptoms of knee

osteoarthritis. Arthroscopy. 2013;29:748-55. Medline:23375182
doi:10.1016/j.arthro.2012.11.017 33
Koh YG, Choi YJ, Kwon SK, Kim YS, Yeo JE. Clinical results and
second-look arthroscopic findings after treatment with adipose-
derived stem cells for knee osteoarthritis. Knee Surg Sports
Traumatol Arthrosc. 2015;23:1308-16. Medline:24326779
doi:10.1007/s00167-013-2807-2

Jo CH, Lee YG, Shin WH, Kim H, Chai JW, Jeong EC, et al. Intra-

articular injection of mesenchymal stem cells for the treatment of

34

osteoarthritis of the knee: a proof-of-concept clinical trial. Stem

Cells. 2014;32:1254-66. Medline:24449146 doi:10.1002/stem.1634 35
Yokota N, Yamakawa M, Shirata T, Kimura T, Kaneshima H. Clinical
results following intra-articular injection of adipose-derived
stromal vascular fraction cells in patients with osteoarthritis 36
of the knee. Regen Ther. 2017;19:108-12. Medline:30271845
doi:10.1016/j.reth.2017.04.002

Aronowitz JA, Lockhart RA, Hakakian CS. Mechanical versus 37
enzymatic isolation of stromal vascular fraction cells from adipose
tissue. Springerplus. 2015;4:713. Medline:26636001 doi:10.1186/
540064-015-1509-2

Peplow P. Growth factor- and cytokine-stimulated endothelial
progenitor cells in post-ischemic cerebral neovascularization.
Neural Regen Res. 2014;9:1425-9. Medline:25317152
doi:10.4103/1673-5374.139457

38

Yang Z, von Ballmoos MW, Faessler D. Paracrine factors

secreted by endothelial progenitor cells prevent oxidative
stress-induced apoptosis of mature endothelial cells.
Atherosclerosis. 2010;211:103-9. Medline:20227693 doi:10.1016/j.
atherosclerosis.2010.02.022 39
Kolbe M, Xiang Z, Dohle E. Paracrine effects influenced by

cell culture medium and consequences on microvessel-

235

CM)

like structures in cocultures of mesenchymal stem cells and
outgrowth endothelial cells. Tissue Eng Part A. 2011;17:2199-212.
Medline:21529248 doi:10.1089/ten.tea.2010.0474

Liang T, Zhu L, Gao W. Coculture of endothelial progenitor cells
and mesenchymal stem cells enhanced their proliferation and
angiogenesis through PDGF and Notch signaling. FEBS Open Bio.
2017;7:1722-36. Medline:29123981 doi:10.1002/2211-5463.12317
Duttenhoefer F, Lara de Freitas R, Meury T. 3D scaffolds co-seeded
with human endothelial progenitor and mesenchymal stem

cells: evidence of prevascularisation within 7 days. Eur Cell Mater.
2013;26:49-64, discussion 64-5. Medline:23986333

Seebach C, Henrich D, Wilhelm K. Endothelial progenitor

cells improve directly and indirectly early vascularization of
mesenchymal stem cell-driven bone regeneration in a critical bone
defect in rats. Cell Transplant. 2012;21:1667-77. Medline:22507568
doi:10.3727/096368912X638937

Loibl M, Binder A, Herrmann M. Direct cell-cell contact between
mesenchymal stem cells and endothelial progenitor cells

induces a pericyte-like phenotype in vitro. BioMed Res Int.
2014;2014:395781. Medline:24563864 doi:10.1155/2014/395781
Ge Q, Zhang H, Hou J. VEGF secreted by mesenchymal stem

cells mediates the differentiation of endothelial progenitor cells
into endothelial cells via paracrine mechanisms. Mol Med Rep.
2018;17:1667-75. Medline:29138837

Aguirre A, Planell JA, Engel E. Dynamics of bone marrow-derived
endothelial progenitor cell/mesenchymal stem cell interaction in
co-culture and its implications in angiogenesis. Biochem Biophys
Res Commun. 2010;400:284-91. Medline:20732306 doi:10.1016/j.
bbrc.2010.08.073

Melchiorri AJ, Nguyen BN, Fisher JP. Mesenchymal stem cells:
roles and relationships in vascularization. Tissue Eng Part B Rev.
2014;20:218-28. Medline:24410463 doi:10.1089/ten.teb.2013.0541
Caplan Al. Mesenchymal Stem Cells: Time to change the name!
Stem Cells Transl Med. 2017;6:1445-51. Medline:28452204
doi:10.1002/sctm.17-0051

Rod E, Plecko M, Sliskovic AM, Boric |, Hudetz D, Jel Z, et al.
Primjena mikrofragmentiranog masnog tkiva sa stromalnom
vaskularnom frakcijom u lije¢enju ostecenja zglobne hrskavice:
Iskustva lije¢nika Specijalne bolnice Sv. Katarina. In: Molekularna
genetika: novosti u dijagnostici i terapiji: Urednici. Sertic J, Gamulin
S, Sedlic F. Zagreb: Medicinska naklada; 2018.

Hudetz D, Bori¢ |, Rod E, Jele¢ Z, Radi¢ A, Vrdoljak T, et al.

A year follow-up study of AdMSC therapy in patients with

knee osteoarthritis. 10th ISABS Conference of Forensic

and Anthropological Genetics and Mayo Clinic Lectures in
Individualized Medicine, Book of abstracts; 2017 June 19-24;
Dubrovnik, Croatia. p. 203.

Pintat J, Silvestre A, Magalon G, Gadeau AP, Pesquer L, Perozziello
A, et al. Intra-articular injection of mesenchymal stem cells

and platelet-rich plasma to treat patellofemoral osteoarthritis:

www.cmj.hr


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24232253&dopt=Abstract
https://doi.org/10.1038/emm.2013.94
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29027984&dopt=Abstract
https://doi.org/10.3390/genes8100270
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29243283&dopt=Abstract
https://doi.org/10.1002/jgm.3002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28746812&dopt=Abstract
https://doi.org/10.1177/0363546517716641
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23375182&dopt=Abstract
https://doi.org/10.1016/j.arthro.2012.11.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24326779&dopt=Abstract
https://doi.org/10.1007/s00167-013-2807-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24449146&dopt=Abstract
https://doi.org/10.1002/stem.1634
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30271845&dopt=Abstract
https://doi.org/10.1016/j.reth.2017.04.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26636001&dopt=Abstract
https://doi.org/10.1186/s40064-015-1509-2
https://doi.org/10.1186/s40064-015-1509-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25317152&dopt=Abstract
https://doi.org/10.4103/1673-5374.139457
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20227693&dopt=Abstract
https://doi.org/10.1016/j.atherosclerosis.2010.02.022
https://doi.org/10.1016/j.atherosclerosis.2010.02.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21529248&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21529248&dopt=Abstract
https://doi.org/10.1089/ten.tea.2010.0474
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29123981&dopt=Abstract
https://doi.org/10.1002/2211-5463.12317
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23986333&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22507568&dopt=Abstract
https://doi.org/10.3727/096368912X638937
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24563864&dopt=Abstract
https://doi.org/10.1155/2014/395781
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29138837&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20732306&dopt=Abstract
https://doi.org/10.1016/j.bbrc.2010.08.073
https://doi.org/10.1016/j.bbrc.2010.08.073
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24410463&dopt=Abstract
https://doi.org/10.1089/ten.teb.2013.0541
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28452204&dopt=Abstract
https://doi.org/10.1002/sctm.17-0051

236

11th ISABS CONFERENCE

preliminary results of a long-term pilot study. J Vasc Interv Radiol.

2017;28:1708-13. Medline:29031987 doi:10.1016/j.jvir.2017.08.004
40 Nava S, SordiV, Pascucci L, Tremolada C, Ciusani E, Zeira

O, et al. Long-lasting anti-inflammatory activity of human

microfragmented adipose tissue. Stem Cells Int. 2019:5901479.

Medline:30915125

www.cmj.hr

41

Croat Med J. 2019;60:227-36

Alessandri G, Cocc¢ V, Pastorino F, Paroni R, Dei Cas M, Restelli F,
et al. Microfragmented human fat tissue is a natural scaffold for
drug delivery: Potential application in cancer chemotherapy. J
Control Release. 2019;302:2-18. Medline:30890444 doi:10.1016/j.
jconrel.2019.03.016


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29031987&dopt=Abstract
https://doi.org/10.1016/j.jvir.2017.08.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30915125&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30915125&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30890444&dopt=Abstract
https://doi.org/10.1016/j.jconrel.2019.03.016
https://doi.org/10.1016/j.jconrel.2019.03.016

