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biopsy material as a source of mesenchymal stromal cells
for regenerative medicine in traumatology
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Objective. The use of infrapatellar fat pad (IPFP) as the source
of mesenchymal stem cells (MSCs), show an age-independent
proliferation and differentiation potential. In addition, the pro-
nounced chondrogenic potential of IPFP-ASCs makes them
promising candidates for research for use in other methods
of regenerative therapy. Methods. A direct immunohistochemi-
cal study was carried out in serial paraffin sections of the biopsy
material of Hoffa's fat pad and subcutaneus fat tissue, using
monoclonal antibodies. The minimum criteria established by
the International Society for Cell Therapy to ensure the iden-
tity of MSCs use CD73 and CDI0S5 as positive markers and
CD34, CD31, CD45 as a negative. Results. According to the re-
sults of histological, immunohistochemical, morphometric and
statistical studies, it was found that in the biopsy of both tissues
the relative number of cells with an immunoprofile CDI105+,
CD73+, CD34—, CD31-, CD45— in the standard field of view
(x200) was: 7.25 (5.42; 8.89 ) %, and 11.11 (8.46; 13.45) %,
no statistically significant difference was found between com-
parison groups (p > 0,05). Conclusion. The therapeutic effect
of mesenchymal stem cells of subcutaneous adipose tissue has
been proven, thus the identification of similar cells in the biopsy
material and relatively similar density in the Hoffa body makes
it an important source of adipose-derived stem cells that can be
used for regenerative engineering tissue.

Mema. Bukopucmanus ingpanamensipnoco sacuposoeo miid,
AK O0dlcependa Me3eHXIMAnbHUX CMOoGOYpOGUX KIIMuH OemMon-
cmpye He3anexcHull 8i0 6iKy nomenyian nponigepayii ma ou-
Gepenyiayii. Kpim moeo, supasicenuil XoHOpo2eHHUll nNomeHyian
CcmosOyposux KaimuH scuposozo minvys I ogpghpa pobums ix nepc-
NeKMUBHUMU KaHOUOamamu 0 O0CAIONCeHH Md SUKOPUC-
MAaHHA 8 PI3HUX Memooax pecenepamusHoi mepanii. Memoou.
Ilposodunu npame iMyHO2ICMOXIMIUHE OOCTIONCEHHS CePIliHUX
napaghinogux 3pizie OIONCIIHO2O MAMEPIANY HCUPOBO2O MINbYsL
Toghpa ma niowKipHoI Hcupo8oi KIIMKOBUHU 3 UKOPUCTIAHHSM
MOHOKIOHANbHUX anmumin. Minimanvui kpumepii, gcmanosieni
Miscnapoonum mosapucmeom kaimunnoi mepanii 015 3a0e3-
neyeHHs I0eHMUYHOCMI Me3eHXIMANbHUX CIMOBOYPOBUX KAIMUH,
suxopucmogyiomo CD73 i CDI05 sax nozumueni mapxepu ma
CD34, CD31, CD45 ax neeamusni. Pe3ynomamu. 3a pe3yioma-
mamu 2iCmon02iYHUX, IMYHOLICIMOXIMIYHUX, MOPHOMEMPUUHUX
ma cmamucmuyHux OOCHIONCeHb 6CIMAHOBIEHO, WO 6 Oionma-
mi 060X MKAHUH BIOHOCHA KINbKICMYb KIIMUH 3 iMyHOnpogiiem
CDI105+, CD73+, CD34—, CD31-, CD45—y cmanoapmuomy noii
sopy (%200) oyna: 7,25 (5,42; 8,89) % ma 11,11 (8,46; 13,45) %,
CMamucmu4Ho 3HA4YYWoi PI3HUYI MIdHC SPYNamu He BUSETIeHO
(p > 0,05). Bucnosok. Tepanesmuunuii epexm me3zeHximaib-
HUX CMo8OYPOGUX KAIMUH RIOWKIPHOI JHCUPOBOT KAIMKOGUHU
006e0ero, momy ioenmu@ikayis nodibHux Kiimun y OiOnCilHo-
My mamepiani ma y 6iOHOCHO OOHAKOGIU WINbHIOCMI 6 MibYi
Topgha pobume tioco easiciugum ddxicepenrom cmogoyposux Kii-
MUH JICUPOBO2O NOXOOICEHHS, AKI MOJICHA BUKOPUCHIOBYEAMU
ons peeenepayii ma mxanunHoi inowcenepii. Kiwouosi crosa.
CmpomanvHa 8ACKYIAPHA PPAKyis, Me3eHXIMANbHI CIMPOMATbHI
KAIMUHU, 0OCmeozeHne3, XOHOPO2eHe3.
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Introduction

In young patients, joint cartilage damage typi-
cally occurs due to injuries and early degenerative
processes, which can lead to pain syndrome and sig-
nificant structural changes, as seen in the terminal
stage of arthritis. This significantly affects all aspects
of the patient's activities. Joint cartilage defects are
incapable of self-renewal, and when they reach a crit-
ical level, irreversible changes occur [1]. The ideal
treatment for such patients would be the regeneration
of hyaline cartilage using tissue engineering.

Adipose-derived stem cells (ADSCs) are utilized
in the treatment of joint cartilage injuries because
they are easily collected and possess a high rege-
nerative potential for cartilage restoration. Sources
of ADSCs include the infrapatellar fat pad (IPFP)
and subcutaneous fat (SCF), which act as reservoirs
of mesenchymal stem cells (MSCs). The IPFP is
a rich source of MSCs. A large amount of adipose
tissue can also be obtained from subcutaneous fat
removed via liposuction. Mesenchymal stem cells
from the infrapatellar fat pad (IPFP-MSCs) are a type
of ADSC [2].

The infrapatellar fat pad (IFP), also known as
Hoffa’s fat pad, is the intracapsular/extrasynovial tis-
sue in the anterior compartment of the knee, which
is densely innervated and has a well-developed vas-
cular network [3]. Primarily serving a biomechanical
function, it acts as a pressure cushion during knee
articulation. Additionally, the relatively high density
of nerves in the IFP may indicate its role as a mecha-
noreceptor/proprioceptor [4].

The primary advantage of IPFP-ASCs compared
to other sources of MSCs is that these cells demon-
strate age-independent potential for proliferation
and differentiation, whereas others typically exhibit
age-related declines in these properties [5].

The objective of this study is to compare the ex-
pression of markers used to identify stromal stem
cells in the obtained biopsy material of the infrapa-
tellar fat pad and abdominal subcutaneous adipose
tissue to determine their characteristics.

Materials and methods

The materials of the study were reviewed and ap-
proved by the Bioethics Committee at Zaporizhzhia
State Medical University (Protocol No. 8 dated De-
cember 26, 2022). All patients involved in the study
were informed about the surgical intervention plan
and signed informed consent forms.

For the study, data analysis was conducted on
30 patients (both male and female) who underwent
surgical or combined treatment for knee osteoarthri-

tis. A histological examination of the biopsy material
from Hoffa’s fat pad and abdominal subcutaneous
tissue was conducted. Macroscopic examination and
standard tissue processing with hematoxylin-eosin
staining were performed. Microscopy was conducted
using a Carl Zeiss Scope.Al microscope (Germany)
with a Progres Gryphax Jenoptik 60N-C1"1.0x426114
camera (Germany), connected to a computer. The digi-
tal analysis program Progres Gryphax 1.1.4.2 (Jenop-
tik Optical System, Germany) was used for obtaining
microphotographs and further image analysis.

Immunohistochemical analysis was performed
on serial paraffin sections of biopsy material from
Hoffa’s fat pad (n = 15) and abdominal subcutaneous
tissue (n = 15), using monoclonal antibodies: CD105
(105 Endoglin, clone EP274 («Bio SB», USA)), CD31
(Mo a-Hu CD31 Endothelial Cell Marker Ab-1, clone
JC/70A («DAKO», Denmark)), CD73 (Ecto-5-nucleo-
tidase (NT5E) clone RM431 («Bio SBy», USA)), CD34
(clone QBEND/10 («Thermo scientificy, USA)), CD45
(Leucocyte common antigen, clone PD7/26/16 + 2BI11
(«Thermo scientificy, USA)).

For immunohistochemical analysis, paraffin
blocks containing tissue fragments were sliced into
4um sections, deparaffinized, and rehydrated. High-
temperature antigen retrieval was performed by heat-
ing in Tris-EDTA buffer (pH = 9.0) on a water bath
to unmask antigens. Endogenous peroxidase activity
was suppressed with a 3 % hydrogen peroxide solu-
tion, and a blocking serum was applied. Incubation
with primary antibodies was conducted according
to the instructions provided by the manufacturers.
DAKO EnVisiontSystem detection systems with
diaminobenzidine (DAB) (DAKO, USA) were used
for visualizing the IHC reaction. Afterward, sections
were counterstained with Mayer’s hematoxylin, dehy-
drated, and mounted with a Canadian balsam.

Mesenchymal stem cell populations were identi-
fied using parallel determination of multiple positive
and negative markers, considering minimal criteria
established by the International Society for Cellular
Therapy to ensure MSC identity [6], and taking into
account the characteristics of adipose tissue-derived
MSCs, which are typically classified as CD34-nega-
tive [7]. Evaluation was performed in 5 standardized
fields of view using a Carl Zeiss Scope.Al micro-
scope (Germany) with a Progres Gryphax Jenoptik
60N-C1"1.0x426114 camera (Germany) at a magni-
fication of x200 in each case under investigation.
Digital images of microscopic specimens were ob-
tained, and the relative quantity (%) of cells express-
ing CDI105, CD73, CD34, CD31, and CD45, as well
as cells with the immunophenotype CD105+, CD73+,
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CD34—, CD31—, CD45—, was calculated in each stan-
dard field of view (x200 magnification).
Non-parametric statistical analysis parameters
were used. The Shapiro-Wilk test was applied to
check the hypothesis of normal distribution of the in-
vestigated parameters. The results of immunohis-
tochemical analysis are presented as medians and
interquartile range Me (Q1; Q3). The non-parametric
Mann-Whitney U-test was used to compare two in-
dependent groups. Differences were considered sig-
nificant at p < 0.05. Statistical analysis was performed
using the Statistica® for Windows 13.0 software
(StatSoft Inc., license NeJPZ8041382130ARCN10-J).

Results and their discussion

Microscopically, the infrapatellar fat pad consists
of lobular type white adipose tissue, with an average
diameter of (1.15 + 0.11) mm, characterized by thin
connective septa. Adipocytes in the infrapatellar fat
pad have significantly smaller cell volumes compared
to subcutaneous adipose tissue [8]. Additionally,
a considerable number of fibroblasts responsible for
producing extracellular matrix, as well as immune
cells such as macrophages, adipocytes, and lympho-
cytes, are present [9]. Typically, this type of adipose
tissue, characterized by a significant prevalence
of collagenous stroma, is typical for areas subjected
to considerable mechanical stress [10].

Adipocytes in adipose abdominal tissue are
formed in the process of differentiation of multi-
potent progenitor cells (mesenchymal stem cells —
MSC) [11] these cells are key regulators of adipose
tissue. They are involved in tissue homeostasis due
to their powerful ability to differentiate into adipo-
genesis and angiogenesis. In addition, ASCs coor-
dinate and maintain the local and systemic environ-
ment through immunomodulation and damage repair
through their paracrine signaling and direct intercel-
lular interactions [12, 13]. These cells are considered

useful for applications in regenerative medicine due
to their availability and diverse functions in tissue
remodeling and homeostasis [14].

According to the results of the study, it was found
that the relative number of CD31+ cells in the biopsy
material of IPFP was 30.84 (26.45; 36.99) %, subcuta-
neous fat tissue — 31.62 (25.39; 46.48) % (Table), no
statistically significant difference was found (p > 0,05).

The relative number of CD105+ cells in the biopsy
material of IPFP is 39.12 (29.73; 48.64) %, in the bi-
opsy material of the subcutaneous adipose tissue —
34.57 (29.41; 40.00) % (Table), no statistically signifi-
cant difference was found (p > 0,05).

The relative number of CD73+ cells in the biopsy
material of IPFP was determined at the level of 62.91
(53.40, 74.14) %, which is statistically significant in
1.23 times more than in the biopsy material of sub-
cutaneous fat tissue — 51.26 ( 36.05; 63.24) % (Table),
(p <0,05).

The relative number of CD45+ cells in the biopsy
material of IPFP was determined at the level of 33.44
(27.59; 36.29) %, in the biopsy material of subcutane-
ous fat tissue — 26.05 (21.37; 31.00) % (Table), which
is 1.28 times less than in the Hoff’s fat body biopsy
material, the difference is statistically significant.
(p <0,05).

The relative number of CD34+ cells in the bi-
opsy material of I[PFP was 73.86 (61.54; 85.48) %, in
the biopsy material of subcutaneous adipose tissue —
88.52 (80.88; 89.92) % (Table), which is 1.2 times
more, a statistically significant difference (p < 0.05).

According to the results of the study, it was found
that in the biopsy material of Hoff's fat body and sub-
cutaneous adipose tissue, the relative number of cells
with an immunoprofile CD105+, CD73+, CD34-,
CD31—, CD45- in the standard field of view (x200)
was 7.25 (5.42; 8.89 ) %, and 11.11 (8.46; 13.45) %
(Table, fig. 1-3), no statistically significant difference
was found (p > 0,05).

Table

The relative number of cells expressing CD105+, CD31—-, CD73+, CD34—, CD45-
and cells with an immunohistochemical profile of CD105+, CD73+, CD34—, CD31-, CD45-
in the biopsy material of IPFP (Biopsy Hoffa) and abdominal subcutaneous fat tissue (Biopsy Abd)

CD marker Biopsy Hoffa Biopsy Abd
CD31- 30,84 (26,45; 36,99) 31,62 (25,39; 46,48)
CDI105+ 39,12 (29,73; 48,64) 34,57 (29,41; 40,00)
CD73+ 62,91 (53,40; 74,14) 51,26 (36,05; 63,24)*
CD45- 33,44 (27,59; 36,29) 26,05 (21,37; 31,00)*
CD34— 73,86 (61,54; 85,48) 88,52 (80,88; 89,92)*
CDI105+, CD73+, CD34—, CD31-, CD45— 7,25 (5,42; 8,89) 11,11 (8,46; 13,45)

Note. * — statistically significant difference (p < 0,05).
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Fig. 1. Expression of CD31, CD105, CD73, CD45, CD34 in the biopsy material of Hoff's infrapatellar fat body in the standard field
of view (X200 magnification)

o

Fig. 2. Expression
of CD31, CDI05,
CD73, CD45, CD34
in the biopsy ma-
terial of subcutane-
ous adipose tissue
in the standard field
of view (x200 mag-
nification)
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Fig. 3. Comparison of the relative number of cells with the pro-
file CD105+, CD73+, CD34—, CD31—, CD45- in the standard
field of view (x200) in the biopsy material of IPFP (Biopsy
Hoffa) and abdominal subcutaneous fat tissue (Biopsy Abd)

According to the conducted histological, immuno-
histochemical and statistical research, IFP, like SC,
is characterized by almost the same relative number
of CD31- and CDI105+ cells, which indicates a very
well-developed vascular system of both tissues. Al-
though the relative number of cells with immunophe-
notype CD105+, CD73+, CD34—, CD31—, CD45— was
lower in the biopsy material of Hoff's infrapatellar
adipose body than in the biopsy material of subcuta-

neous adipose tissue, this difference was not statisti-
cally significant.

A statistically significant difference (p < 0,05)
was established in the relative number of CD73+ and
CD45— immunopositive cells in the biopsy material
of Hoff's infrapatellar fat body, which is explained
by the greater diversity of the cellular composition
in the IPFP and the greater number of inflammatory
cells, due to various traumatic and non-traumatic
changes in the knee joints of donors. In the biopsy
material of subcutaneous adipose tissue, a statisti-
cally significant (p < 0,05) higher relative number
of CD34- cells was determined, reflecting a higher
number of adipocytes in SCF compared to IPFP.

The structure and content of adipose tissue varies
depending on its location [15], as does the regene-
rative potential of collected MSCs [16]. In previous
studies, IPFP demonstrated increased chondrogenic
potential compared to subcutaneous abdominal fat in
matched patient samples [17]. IPFP also differs in that
when it is collected, the synovial membrane also en-
ters the sample. Previous studies revealed significant
MSC activity of IPFP-derived cells even in patients
with severe osteoarthritis [18]. Taking into account
the data listed above, it can be argued that Hoff's
infrapatellar fat pad is an important and promising
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source of stem cells for the restoration of cartilage
tissue.

Several studies investigating the potential of stem
cells isolated from Hoff's infrapatellar fat pad have
concluded that the anatomical region where the cells
are isolated influences the characteristics of ASCs,
and the level of chondrogenic differentiation poten-
tial of IPFP-ASCs is higher due to the close contact
of IPFPs with the synovial membrane and fluid, sug-
gesting that IPFP can be considered as a high-quality
resource for restorative therapy.

Conclusions

The number of mesenchymal stem cells with an
immunohistochemical profile of CD105+, CD73+,
CD34—, CD31-, CD45— in the biopsy material
of Hoff's fat body and the biopsy material of abdomi-
nal subcutaneous adipose tissue does not differ statis-
tically significantly (p > 0.05).

The relative number of CD73+ and CD45— immu-
nopositive cells in the biopsy material of Hoff's infra-
patellar fat body is statistically significant (p < 0.05)
and in 1.23 and 1.28 times higher, respectively, com-
pared to the biopsy material of abdominal subcutane-
ous fat tissue.

Biopsy material of IPFP is an important source
of adipose-derived stem cells that can be used for re-
generative tissue engineering.

Conflict of interest. The authors declare no conflict
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