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Abstract

Puropose. Osteoarthritis (OA) is characterized by articular cartilage degeneration and subchondral
bone sclerosis. OA can benefit of non-surgical treatments with collagenase-isolated Stromal
Vascular Fraction (SVF) or cultured-expanded mesenchymal stem cells (ASCs). To avoid high
manipulation of the lipoaspirate needed to obtain ASCs and SVF, we investigated whether articular
infusions of autologous concentrated adipose tissue is an effective treatment for knee OA patients.
Methods. The knee of 20 OA patients was intra-articularly injected with autologous concentrated
adipose tissue, obtained after centrifugation of lipoaspirate. Patients’ articular functionality and pain
were evaluated by VAS and WOMAC scores ate 3, 6, 18 months from infusion. The osteogenic and
chondrogenic ability of ASCs contained in the injected adipose tissue was studied in in vitro
primary osteoblast and chondrocyte cell cultures, also plated on 3D-bone scaffold. Knee articular
biopsies of patients previously treated with adipose tissue were analyzed. Immunohistochemistry
(IHC) and Scanning Electron Microscopy (SEM) were performed to detect cell differentiation and
tissue regeneration. Results. The treatment resulted safe, and all patients reported an improvement
in terms of pain reduction and increase of function. According to the osteogenic or chondrogenic
stimulation, ASCs expressed alkaline phosphatase or aggrecan, respectively. The presence of a
layer of newly formed tissue was visualized by IHC staining and SEM. The biopsy of previously
treated-knee joints showed new tissue formation, starting from the bone side of the osteochondral
lesion. Conclusions. Overall our data indicate that adipose tissue infusion stimulates tissue

regeneration and might be considered a safe treatment for knee OA.

Introduction

Osteoarthritis (OA) of the knee is a degenerative process of the cartilage leading to pain, stiffness
and loss of joint mobility [1]. OA often starts with a focal chondral or osteochondral lesion,
spreading further over the rest of the joint [2]. Common non-surgical treatments for OA are

represented by pain management using corticosteroids to reduce inflammation, injection of



hyaluronic acid or physiotherapy. However, none of these forms of palliative treatments is able to
totally repair or revert the damage [3], and eventually patients are subjected to joint replacement.
Many efforts have been spent to study effective ways to repair focal surface lesions, in order to
spare the joint from further degeneration and recover pain free movement.

Regenerative medicine based on autologous mesenchymal stem cells (MSCs) is a promising frontier
for OA treatment to switch off inflammation and promote the healing process [4]. MSCs can be
retrieved from multiple tissues and adipose tissue is considered their largest source [5]. Adipose
tissue-derived stem cells (ASCs) are considered ideal for application in regenerative therapies since
they show multilineage differentiation ability and hence they can form bone and cartilage [6-7].
ASCs reside in the stromal vascular fraction (SVF) of adipose tissue, which can be considered the
non-cultured form of ASCs. Since cultured-expanded ASCs need high manipulation in laboratory
setting, while SVF can be more easily harvested after collagenase treatment, SVF has been more
commonly used for orthopaedic clinical settings. Nevertheless, it is crucial to deeply wash SVF
after collagenase treatment to eliminate any collagenase trace before reinjection.

In this study, patients affected by arthritis of knee underwent arthroscopy and were treated with
injection of autologous adipose tissue to promote healing of the joint lesion. We evaluated safety,

feasibility and effectiveness of intra-articular delivery of adipose tissue.

Materials and Methods

Study inclusion/exclusion criteria

The main characteristics of patients are reported in Table 1. Inclusion criteria were men and
women, with body mass index (BMI) >20 kg/m?, regular renal and coagulation conditions, and
classified according to the Kellgren-Lawrence Grading Scale for the Radiographic Osteoarthritis
Classification (1 to 4 scale, with 1 for beginning signs of OA and 4 for end stages of OA). The
majority of the population (11/20 patients) had grade II knee OA, 6/20 patients were grade III and

3/20 patients grade 1. Exclusion criteria were end stage patients (grade IV) OA, (BMI) >39 kg/m?;



patients who underwent surgical procedures other than diagnostic arthroscopy (such as
meniscectomy or anterior cruciate ligament reconstruction, synoviectomy etc.); patients with
osteochondral focal lesions which we further treated with microfractures or nanotunneling (Mitek
DePuy Synthes USA) or with clinically relevant axial defects, outcome of articular fractures;
patients currently treated with corticosteroids and hyaluronic acid injection to the affected knee
joint, within the previous 6 months. All patients underwent the surgical procedure after signing
informed consent, according to the Local Independent Ethics Committee permission (IRB)

Surgical procedure

The selected patients underwent spinal anesthesia and intra-operative antibiotic prophylaxis with a
2nd generation cephalosporin. The procedure involves subcutaneous abdominal liposuction,
diagnostic knee arthroscopy an intra-articular injection of adipose tissue prepared according to a
modified Coleman technique (see below).

Adipose tissue harvesting

Patients underwent liposuction of the sub-abdominal adipose tissue. Patients were infused with
adrenaline (Img/ml) in 500 ml of NaCl 0.9% solution to mobilize adipose tissue through a mini
sovra-pubic access. Low-pressure liposuction with fenestrated blunt cannula was used to harvest
adipose tissue, according to Coleman technique [8-9]. The lipoaspirates were centrifuged at 3000
rpm for 3 minutes to collect the fat phase: a mean volume of 35 ml of this processed adipose tissue,
containing ASCs, was obtained.

Knee arthroscopy and infusion

The knee diagnostic arthroscopy was performed through antero-lateral and antero-medial portals
with pneumatic tourniquet positioned at the root of the thigh. This procedure allowed to confirm the
grading of the chondral damage as previously determined using MRI. During the arthroscopy we
further assessed the presence of associated lesions like meniscal tears, cruciate ligament lesions,
synovitis, focal osteochondral lesions, loose bodies etc. Before the suture of the portals, using intra-

articular view, a drainage tube was positioned and secured. At the end of the procedure 35 ml of



processed adipose tissue containing ASC was injected intra-articularly through the drainage tube
which was further removed.

Post-operative treatment

All patients were discharged in the first post-operative day. Weight bearing was avoided, and the
leg was immobilized for 10 days post-operatively. In this period, only isometric exercises for the
quadriceps were allowed. Patients were further sent to physiotherapy to recover full articulation of
the joint, muscular tone and the correct gait pattern.

Assessment of pain and mobility

Knee pain and function were evaluated using the Western Ontario and McMaster Universities
Arthritis Index (WOMAC) questionnaire. It consists of 24 questions on pain, stiffness and daily
activity, and patients’ answers were converted to numeric value.
Patients were also subjected to a VAS (Visual Analogue Scale) pain scale questionnaire, values
ranging from 0 (no pain) and 10 (worst possible pain). WOMAC and VAS were evaluated before
and after treatment at intervals of 3, 6, and 18 months.

X-ray and Magnetic Resonance Imaging

Each patient underwent preoperative X-ray by weight-bearing antero-posterior and lateral
radiographs of the knee. Results were graded according to the Kellgren-Lawrence System.
Moreover, before surgery and at 18 months from the adipose tissue injection, each patient
underwent 1.5 T MRI examination of the knee. MRI images were reviewed by radiologist before
surgery and were considered suitable for the Outerbridge grading system (1 to 4 scale, with 1 for
softening of articular cartilage and 4 corresponding to exposed bone). The MRI protocol provided
qualitative morphological sequences (sagittal T1 FSE, sagittal 3D Cube, axial T2 and coronal T2
MERGE for evaluation of chondropathy and for any morphological assessment). A functional
compositional evaluation of cartilages was done by axial and sagittal T2 mapping. The post-

processing was done on Advantage Workstation 4.6 (General Electric).



SVF isolation from adipose tissue

To perform in vitro experiments, SVF was isolated as previously described [7]. Briefly, 10 ml of
lipoaspirates were subjected to enzymatic digestion with Collagenase NB4 (0,3 U/ml, (Serva
Electrophoresis) using a tube rotator for 40 minutes at 37°C. The activity of the enzyme was
neutralized by the addition of DMEM low glucose + 10% FBS (Aurogene). SVF pellet was then
passed through cell strainers, washed by saline solution, collected and counted.

Analysis of ASCs phenotype

Samples from SVF were stained for mesenchymal markers to analyse the ASCs phenotype. The
following staining procedure was performed with monoclonal antibodies (moAb) fluorocrome-
coniugated and isotypic controls: human CD105 PE (Invitrogen), CD73 FITC (kindly provided by
Prof. Malavasi, University of Turin), CD44 FITC, CD45 PerCP, CD271 APC, IgG1 PE, IgG1 APC
and IgG2a PerCP (Miltenyi Biotech), CD90 PerCP (Biolegend), IgG1 FITC (Immunostep). About
10° events/sample were used for capture with CellQuest software. All data were analysed with
Flowlogic software (Miltenyi Biotec).

Evaluation of chondrogenic potential of ASCs in vitro

SVF cells were seeded in T25 flasks and cultured in DMEM low glucose with 10% FBS, 2mM
Glutamine, 1% antibiotics (Gibco, Life Technologies) to obtain a pure population of ASCs. Next,
ASCs were cultured with StemPro Chondrogenesis Differentiation kit (Gibco, Life technologies) to
study their chondrogenic ability, according to the manifacturers’ instructions. After 60 days, cells
were stained for aggrecan. As negative control ASCs were maintained in DMEM. By Scanning
Electron Microscopy (SEM) analysis, according to previously published protocol (Roato et al. Stem
Cells Int, In Press), we tested the ability of ASCs and SVF to create cartilage on SmartBone®, a
commercially available composite xenohybrid bone scaffold [10].

Staining procedures

Immunofluorescence staining with moAb Aggrecan (Clone 969D4DI11 Invitrogen; 1:25) was

performed using appropriate Rodamin (Chemicon 1:100) conjugated isotype-specific secondary



antibody. Slides were examined; microphotographs were taken using a DMLA Leica microscope
equipped with a digital camera (Leica DFC 425C). Images were acquired using LAS software
(Leica Application Suite).

Alcyan Blue staining was performed to highlight generic glycosaminoglycans in cyan.
Immunohistochemistry was performed on new formed tissue on SmartBone® and knee joint biopsy:
tissue sections were incubated with the following primary mouse moAbs from Abcam: COLL-1
(ab34710, 1:400 dilution), OCN (ab93876, 1:250 dilution), TGF-p (ab92486, 1:150 dilution). The
endogenous peroxidase activity was inhibited by the addition of ultraView Universal DAB
Detection Kit (Ventana). All samples were counter-stained with Mayer’s hematoxylin solution
(Roche) and mounted with a Kaiser’s glycerol gelatin. Slides were examined double blind and

microphotographs were taken using an Olympus BX51 microscope equipped with a digital camera

(Nikon DCS E995).
Results

Concentrated adipose tissue injection is effective in pain control

Eighteen patients completed the clinical follow up at 18 months, whereas 2 patients left the study
and underwent total knee replacement surgery respectively after 12 and 14 months from the
treatment with adipose tissue. Overall, all patients reported an improvement of the VAS and the
WOMAC scores, including the patients who subsequently decided to undergo arthroplasty. At pre-
operative time the mean VAS score was significantly reduced (7.053 + 0.4) compared to the 3 post-
operative time points examined: 3.321 + 0.49; 3.011 £ 0.5 and 3.337 £+ 0.6, p<0.0001 (Fig.1A).
Similarly, the mean WOMAC score was also significantly reduced from pre-operative time (45.91
+ 2.8) to the 3 post-operative points examined: 27.47 + 3.02, 15.84 + 2.5, 12.97 £ 2.3, p<0.0001
(Fig.1B). The 2 patients who left the study were 65 and 67 y.o. females with BMI respectively of 37
and 38, borderline to exclusion criteria. Both patients did not performed a correct physiotherapy

post-operatively due to poor compliance.



Radiological evaluation analysis

Regarding morphological assessment of chondropathy, there was no change between the
Outerbridge grade assigned to each patient before and after infusion of adipose tissue in the MRI
studies at 18 months post-operation. In 10 patients the T2 mapping was performed on the medial
femoral-tibial compartment and the lateral compartment was investigated in 5 patients. T2 mapping
evaluations were kept independent in all compartments. The images analyses were performed on the
compartment where most of the cartilage damage was documented. At 18 months, the 2 patients
who underwent knee arthroplasty did not perform MRI.

Adverse events

Most patients reported the feeling of a “tied knee”, unable to move freely, but this symptom
progressively waned one month after the operation. One patient complained of the appearance of an
indolent swelling in suprapatellar area two months after surgery. Ultrasounds showed a thickening
of synovial layer of suprapatellar recess, surrounded by a thick rim of adipose tissue that
progressively reduced at further ultrasound controls performed 3 and 6 months later. No cases of
infection, thrombo-embolism, adverse reaction at knee level and worsening of the arthritic
symptoms have been reported. Two patients decided to undergo knee replacement and abandoned
the study 12 and 14 months after the concentrated adipose tissue infusion, due to persistent albeit
decreased pain, as previously described.

ASCs and SVF show osteochondral differentiation ability in vitro

The number of ASCs contained in the adipose SVF can vary widely, as previously reported [11-12].
We obtained nucleated cells ranging from 560.000 to 3.000.000 cells per gram of adipose tissue
(Supplementary Table 1). Infusions in OA knee were performed with 35 ml of concentrated adipose
tissue, containing a mean number of SVF cells of 31.220.000 + 268.426, with a mean ASC
percentage of 14,2% (range: 2,7 to 18%), expressing CD105, CD44, CD90, CD73, CD271
expression and CD45 negative (Fig. 2A-F). These cells showed in vitro ability to differentiate into

osteoblasts (Obs) and chondrocytes, according to the different stimuli received. Indeed, after 15



days of culture in osteogenic medium, ASCs differentiated into Obs, expressing ALP (Fig.2G), and
were able to mineralize after 60 days (Fig.2H). ASCs cultured with chondrogenic medium,
differentiated into aggrecan positive chondrocytes (Fig. 2I). SVF cells were also able to form
cartilage when plated on SmartBone ® (Fig. 3A), which was positive for Alcian Blue and TGF
staining (Fig. 3B-C). The presence of newly formed tissue was also confirmed by SEM analysis
(Fig. 3D).

Immunohistochemical analyses of knee joint biopsies

The knee joints of the 2 patients who underwent knee prosthesis procedure after adipose tissue
infusion were collected, histologically studied and compared with those of OA patients (matched
for age, sex and OA grading) subjected to arthroplasty alone. In both the joints previously treated
with adipose tissue infusion, we detected the presence of new tissue formation starting from the
bone side of the osteochondral lesion (Fig. 4A), whereas this type of neo-tissue formation was not
detectable in joints of untreated cases (Fig. 4B). Looking at the bone compartment of the joint, we
showed a strong bone remodeling (Fig. 5A): the active cells were Obs expressing TGF-$ and OCN,
and negative for Collagen I (Fig. 5B-D).

Discussion

Many recent studies had demonstrated the safety and efficacy of the use of autologous adipose-
derived SVF and ASCs for treatment of OA [13-14]. Those therapeutic approaches significantly
improved the cartilage and subchondral bone formation, protecting against arthritic processes [11-
12]. Since isolation of both SVF and ASCs requires sample manipulation, as collagenase treatment
or in vitro cell expansion, we decided to investigate the safety and efficacy of knee OA treatment
with infusion of lightly manipulated adipose tissue. This procedure requires a centrifugation of the
lipoaspirate according to the principles of the Coleman technique, reducing the possible
disadvantages correlated to any further manipulation of samples. To date, adipose tissue transfer is
commonly used in plastic surgery, particularly for mammary augmentation or tissue reconstruction

[15-17]. In this study we report that patients treated with concentrated adipose tissue injection



showed a significant improvement of VAS and WOMAC scores, with a significant pain reduction
and increased mobility at 3, 6 and 12 months from the infusion. No cases of infection, thrombo-
embolism, adverse reaction at knee level and worsening of the arthritic symptoms have been
reported.

All the patients enrolled in the study underwent diagnostic arthroscopy to identify lesions known or
undiagnosed at previous imaging examinations and eventually amenable to further treatment. There
is a relevant amount of studies regarding the placebo effect of arthroscopy alone in patients affected
by knee OA, reporting a decrease in the pain score of average 10%, while the functional results do
not improve over 10% in most grading system used [18-19]. Furthermore, our unpublished
observations show that the arthroscopic thorough articular wash allows a complete removal of
inflammatory synovial fluid, which strongly interferes with ASC adhesion in vitro. Based on the
reported parameters of pain and function, we consider the obtained results, albeit preliminary, a
positive input for further insights.

Regarding morphological assessment of chondropathy, we did not observe any increase in the
thickness of cartilage after 18 months from infusion. T2 mapping was largely applied to evaluate
the response to regenerative treatment of knee chondropathy, including ASC infusion. However,
there is a lack of general agreement about when the regenerative chondral response becomes
appreciable at morphological or compositional MRI evaluation. Indeed, some authors refer that it
would be appreciable at least 24 months after the treatment [20-21], unless studied by miniaturized
MRI equipment [22].

We isolated and characterized SVF from the patients’ adipose tissue samples, reporting a variable
number of ASCs. One of the reasons for such variation is represented by the individual differences:
physiologically, patients have different adipose texture and density. Thus, equal to the same volume
of adipose tissue infused, the number of ASCs may vary, suggesting that the regeneration does not
correlate directly with the number of ASCs, but it might depend on interaction between cells and

factors in the adipose tissue and local precursors present in the joints [23]. Moreover, a visco-elastic



effect of the infused adipose extract was previously discussed [24]. Indeed, we envision a simple
feeder layer activity of the extra-cellular components for the vitality of ASCs after infusion.

A fundamental barrier for the restoration of cartilage integrity is its low intrinsic repair capacity,
which depends on poor vascularization, low cellularity in adult tissue, and the presence of a dense
hydrated extracellular matrix hindering cell migration to and from the injury site. Moreover, in OA
patients, MSCs’ differentiative and proliferative potential decreases [25]. Thus, in an early phase,
the adipose tissue infusion can disrupt this OA “vicious circle” boosting the local precursors and
inhibiting the local inflammation through its immunomodulatory effects. We previously showed
that SVF cells can differentiate into Obs [26] and now we reported their chondro-differentiation
ability, responding to the different conditioned medium. To further confirm the ability of ASCs to
form new cartilage, we plated them on a bone surface with chondrogenic medium, showing the
formation of new cartilaginous tissue, as demonstrated by different staining. This result supports the
histological data derived from the knee joint intra-operative biopsy. Indeed, in knee joints
previously treated with concentrated adipose tissue infusion, we detected the presence of new tissue
formation starting from the bone side of the osteochondral lesion, with the presence of a strong
bone remodeling, whereas in joint of untreated cases, this neo-tissue formation was not evident.
These data suggest an initial healing process which could be followed by reconstruction of the
chondroid matrix. This process is slow, and it is detectable with the normal imaging techniques only
after 24 months, as reported by literature data. Therefore, our study is still unable to clarify it, and it
requires further future analyses. The availability to examine adipose tissue-treated knee joint was
unexpected and occurred for 2 patients only, thus the observations reported must be considered as
descriptive, suggesting, at most, a healing effect when compared to untreated patients.

In conclusion, treatment of knee OA with concentrated adipose tissue infusion resulted safe as a
diagnostic arthroscopy and led to an improvement both in terms of pain and function in all patients

of this study.
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Figure legends

Age, mean + SD, years 39,6 £ 10,5 Figure 1. Pre-operative
BMI, mean + SD, Kg/m? 25,1 +3.8

Female/Male 11/9 VAS (A) and WOMAC
Kellgren-Lawrence Score, 29+0,5

mean + SD scores (B) are

significantly reduced at

3-6-18-month postoperative, * p<0.0001.

Figure 2. In SVF the presence of ASCs was analysed by flow cytometry, ASCs expressed CD105,
CD44, CD90, CD73, CD271 and were CD45 negative (A-F). These ASCs showed ability to
differentiate into Obs, expressing ALP, after culture in osteogenic medium (G) and mineralize (H,
Von Kossa staining). ASCs cultured with chondrogenic medium, differentiated into Aggrecan

positive chondrocytes as shown by immunofluorescence (I, red for Aggrecan and blue for DAPI).

Figure 3. SVF cells, plated on SmartBone ® were also able to form cartilage (A), which was
positive for Alcian Blue (B) and TGF staining (C). SEM analysis confirmed the presence of new

formed tissue (D).

Figure 4. H&E staining showed the presence of new tissue formations in knee biopsy of patient
previously treated with concentrated adipose tissue injection (A). Neo-tissue formation was not

evident in joint of untreated patients (B).

Figure 5. A strong bone remodeling is present in the bone compartment of the joint (A). A deep
magnification of the indicated area showed the presence of active Obs expressing TGF- (B) and

OCN (C) and negative for Collagen I (D).



Table 1. Patients’ main characteristics

Age, mean + SD, years 59,6 £ 10,5
BMI, mean + SD, Kg/m? 25,1+3,8
Female/Male 11/9
Kellgren-Lawrence Score, 2,9+0,5

mean £+ SD




Fig. 1
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Fig. 5




