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A B S T R A C T

0/G1 phase compared to BMSCs,
showing that the isolates were non-tumorigenic.
Conclusions: The presence of MSCs within the human ACL was confirmed via ISCT criteria, paving
the way for their potential use for future ACL reconstructions. Although BMSCs have been the choice for
regenerative purposes, making use of MSCs derived from ACL ligament will cut down the burden of trauma
one has to undergo to obtain the Bone Marrow. Moreover, it is more convenient to harvest MSCs from
otherwise discarded ACL. Finally, MSCs derived from the target tissue are believed to better differentiate
to the ligament tissue than the bone derived MSCs.
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Background: The anterior cruciate ligament (ACL) has poor healing capabilities and is the most commonly
injured knee ligament. Although ACL repair is being highly studied, the current treatment involves
reconstructive surgery utilizing autografts or allografts, which have limitations. The use of Mesenchymal
Stem Cells (MSCs) as a possible therapeutic option has grown. ACL-derived MSCs are likely to be the best
source because studies have shown that target tissue derived stem cells will better differentiate into the target
tissue than the stem cells derived from non-target ones. However, the existing literature discusses only the
isolation of a mixed population of MSCs. Here we present the isolation, differentiation and characterization
of human ACL-derived MSCs according to the International Society for Cellular Therapy (ISCT) criteria.
Materials and Methods: The ACL tissue was enzymatically digested. Separation of MSCs from the crude
mixture of cells was then performed by fluorescence activated cell sorting (FACS) analysis. The isolated
population were passaged in specific induction medium to differentiate them into adipocyte, osteocytes
and chondrocytes. The cells were then further characterized with respect to their growth curve, population
doubling time, colony forming ability, anchorage independent growth, and cell surface markers. The cells
were finally examined for their tumorigenic potential by cell cycle analysis.
Results: Immunoprofiling via FACSs showed an average isolation rate for cells carrying MSCs markers
of 5.5%. Cells exhibited spindle-shaped morphology, and immunocytochemistry confirmed the expression
of appropriate cell surface markers. The growth curve showed distinct lag and log phase. Over agar assay
demonstrated no anchorage independent growth, but clonogenic potential was observed post-culture on
plastic Petri dishes. The cells showed a population doubling time of about 1.5 days. Oil Red O, Alizarin
Red S, and Alcian Blue staining confirmed adipogenic, osteogenic and chondrogenic differentiation,
respectively. Cell cycle analysis displayed more ACL-derived MSCs in G
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1. Background

The anterior cruciate ligament (ACL) is the most commonly
injured ligament in the knee1 at a rate of 1 in 3000
individuals in the United States annually.2–4 The ACL
exhibits a poor self-healing ability attributed partly to
its intrinsic nature (impediment to cell migration) and
partly to the environmental niche in which it lies
(synovial fluid, poor blood supply, and clot formation).2,5–10

Although some authors have resurrected arthroscopic repair
techniques,11 reconstructive surgery utilizing autografts
and/or allograft have traditionally been utilized to treat
ACL injuries, with around 100,000 procedures performed
annually within the United States.1,3–9,12–15 However, graft-
based approaches have limitations including graft rejection,
disease transmission, lack of adequate blood supply, donor
site morbidity, and limited availability.3,4,14,16–23

Recently, the use of mesenchymal stem cells (MSCs)in
this field has been proposed2,5,11,14–16,24–27. MSCs
can differentiate towards adipogenic, osteogenic and
chondrogenic lineages, have fibroblast like morphology,
are able to self-renew, and give rise to tissues/organs such
as brain, muscle, liver, and kidney.2,5,10,28–35 MSCs have
been obtained from sources such as bone marrow and
adipose tissue, existing virtually in all tissues within the
perivascular niches. They have also been successfully
isolated from various tissues such as trabecular bone,
teeth, skin, muscle, synovial fluid, peripheral blood,
heart, lungs, spleen, kidney, intestine, trachea, prostate,
nasal mucosa, umbilical cord blood, placenta, amniotic
fluid, and Wharton’s jelly.2,14,25,28–30,36–39 MSCs are
expandable, immunosuppressive and do not stimulate
an immediate immune response: they are thus popular
candidates for regenerative medicine and cell therapy
applications.40,41 MSCs have the potential to regenerate the
ACL, thanks to their ability to self-renew, differentiate and
secrete cytokines, growth factors and extracellular matrix
components including collagen5,42. MSCs are also reported
to have the ability to regenerate torn ACL, meniscus and
cartilage following intraarticular administration2. Although
both BMSCs and ACL derived MSCs could be induced
to ligament specific fibroblasts, the latter expressed higher
levels of mRNAs for collagen types I and III.14

Cellular therapies utilizing MSCs are based on isolation
of unselected autologous cells from the bone marrow or
isolation of specific sub-populations.40–44 One of the most
essential properties for isolation and purification of MSCs
is plastic adherence.45 Several techniques have been used
for isolation and enrichment of MSCs such as antibody-
based cell sorting, density-based culture techniques, positive
and negative selection methods.46–51 Irrespective of the
isolation methodology and the heterogenous nature of
the MSCs, isolated MSCs should satisfy specific criteria.

* Corresponding author.
E-mail address: ashim6786@gmail.com (A. Gupta).

In 2006, the International Society for Cellular Therapy
(ISCT) Mesenchymal and Tissue Stem Cell Committee
proposed the specific criteria to define human MSCs
that include: plastic adherence; positive for CD73/5’-
Nucleotidase, CD90/Thy1, andCD105/Endoglin; negative
for hematopoietic markers including CD34, CD45, CD11b,
CD14, CD79 alpha or CD19 and HLA- DR surface
molecules; and the ability to differentiate to osteoblasts and
adipocytes in vitro.30,34,36,38,40,52–54

Currently, there is limited literature demonstrating the
isolation of MSCs from ACL as well as a lack of
adequate isolation methodology with proper adherence to
ISCT criteria.2,14,55 Thus, the goal of this study was to
isolate and characterize MSCs from ACL adhering to
the aforementioned ISCT criteria. We believe that the
experimental variability and contradiction in data using
various different methods to isolate, culture, differentiate,
and define mesenchymal stem cells (MSCs) can be
minimized when adhering to the criteria defined by the
International Society for Cellular Therapy (ISCT) in 2006.
Based on these criteria, we hypothesize that we can harvest
MSCs from hACL that can be used for reconstruction of
ACL. To test this hypothesis, we will isolate MSCs from
hACL based on markers defined by ISCT in 2006; validate
the isolated cells are in fact MSCs by various differentiation
and clonogenic studies; and characterize the isolated MSCs
in terms of their phenotypic characteristics.

2. Materials and Methods

2.1. Isolation and expansion of MSCs

Two discarded ACL tissue samples were procured from
patients undergoing total knee reconstruction at the
Memorial Medical Center (Springfield, IL, USA). The
patients’ age, sex and name were kept anonymous. Since
the tissue was a medical waste, exemption of approval
was granted by the Institutional Review Board at Southern
Illinois University School of Medicine (Springfield, IL,
USA). The samples were transported to the laboratory in
refrigerated normal saline. Upon reaching the laboratory,
the tissues were minced and digested with 0.1% (w/v)
Collagenase-I (Sigma-Aldrich, St. Louis, MO, USA) for
16h in α-MEM medium containing 10% FBS and 1% Pen-
Strep overnight at 370C under humid condition with 5%
CO2. After incubation, cells were centrifuged at 1500rpm
for 5min and suspended in the same medium. Cells were
then recovered via 70µm nylon mesh cell strainer (MIDSCI,
St. Louis, MO, USA) and washed twice with the same
medium. The cells isolated from FACS were plated in α-
MEM medium containing 10% FBS and 1% Pen-Strep
overnight at 370C under humid condition with 5% CO2.
When approaching confluency, cell morphology was studied
at light microscopy.

mailto:ashim6786@gmail.com
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2.2. Immuno profiling

The cells were then prepared for fluorescence activated cell
sorting (FACS) analysis based on the standard antibodies
used for identification of MSCs as defined by the
ISCT following manufacturer instructions (R&D systems,
Minneapolis, MN, USA; Cat. FMC020). Briefly, about
4ml of cell suspension was pelleted by centrifugation at
1500rpm for 5min and suspended in 2ml of staining buffer
from the kit. The test tube was then centrifuged at 300g for
5min, decanted and suspended in 1ml of the aforementioned
buffer. The cells were then counted by hemocytometry
and diluted to the density of 105cells /100µl of staining
buffer in a series of seven tubes, each containing a) CD90-
APC (10µl) b) CD73-CFS (10µl) c) CD105-PerCP (10µl)
d) Negative (PE) marker cocktail (10µl) (Hematopoietic
markers including CD34, CD45, CD11b and CD14; CD79
alpha and CD19 alpha; and HLA Class II) e) all three
positive Isotype control (10µl) f) CD90 (10µl) + CD73
(10µl) + CD105 (10µl) + Negative marker cocktail (µl) and
a tube containing only 105cells /100 µl of staining buffer
was used as a background control. The tubes were then
incubated for 30-45min at room temperature (RT) in the
dark. After incubation, excess antibodies were washed by
adding 2ml of staining buffer and centrifuging at 1500rpm
for 5min. The cells were then suspended in 400µl of staining
buffer and transported to the core facility for FACS by
using Becton-Dickinson FACSAriaII high-speed cell sorter
(Franklin Lakes, NJ, USA).

2.3. Immunocytochemistry

P-3 cells were grown in three wells of a 48 well plate
(Corning Inc., Corning, NY, USA) and confirmed for the
presence of MSCs using universal CD271marker. For this,
the cells were washed twice with 1ml phosphate buffer
saline (PBS) and fixed with 0.2ml of 4% paraformaldehyde
in PBS for 20min at RT. The cells were then washed three
times with 0.2ml of 1% bovine serum albumin (BSA) in
PBS for 5min followed by subsequent permeabilization and
blocking with 0.2ml of 0.3% Triton X-100, 1% BSA and
10% normal donkey serum in PBS at RT for 45min. After
blocking, the cells were incubated with 100µl/well of mouse
Mab CD271(R & D Systems, Minneapolis, MN, USA; Cat.
No: MAB367) prepared in PBS containing 0.3% Triton X-
100, 1% BSA and 10% normal donkey serum to a final
concentration of 20µg /ml overnight at 2-80C. A negative
control was run using PBS containing 0.03% Triton X-100,
1% BSA and 10% normal donkey serum with no primary
antibody. The cells were washed three times with 0.2ml
of 1% BSA in PBS for 5min followed by incubation with
100-300µl/well secondary goat anti-mouse Alexa Fluor
488 (Cell Signaling, Danvers, MA, USA; Cat.no. 4408S)
antibody prepared in 1% BSA in PBS at 1: 1000 dilution,
and incubated in dark for 60min at RT. The cells were then

washed three times with 0.2ml of 1% BSA in PBS for 5min.
Afterwards, incubation with nuclear stain DAPI (Molecular
probes, Life technologies, Carlsbad, CA, USA) for 2minutes
was performed followed by washing with PBS for three
times, 5min each. The cells were then covered with 0.5ml
of PBS and visualized under fluorescence microscopy.

2.4. Population characteristics

2.4.1. Growth curve
P-2 cells plated in all wells of a 12 well plate at the seeding
density of 5 × 103cells/well were allowed to become
confluent. The medium was changed every third day. Three
wells were then trypsinized every third day and counted.
The growth curve was then plotted using the counting data.

2.4.2. Over agar assay
A modification of soft agar assay known as “over agar”
assay was used to verify anchorage independent growth
of the MSCs2. Briefly,10000 P-2cells in 2ml of complete
growth medium were plated on top of pre-hardened 1%
agarose (0.5 ml) in three wells of a six well plate. The plates
were then incubated at 370C in a humidified atmosphere of
5% CO2 and 95% air for 14 days. The medium was changed
every third day. Colonies were verified using an inverted
phase contrast microscope.

2.4.3. Colony forming assay
For colony forming assays, about 100 P-2 cells were plated
in triplicates in 100mm tissue culture dishes (Corning Inc.,
Corning, NY, USA) in complete culture medium. Cells were
maintained in complete medium for 14d at 370C in 5%
humidified CO2, with media changes every fourth day. On
day 14, the cells were washed with PBS and fixed in 4%
formaldehyde for 15min at RT, followed by incubation for
5min at RT in 0.5% Trypan blue solution in ethanol. The
plates were then washed twice with distilled water, dried,
and the resulting colony forming units were counted under
light microscopy.

2.4.4. Population doubling (PD)
Three wells of a six well plate were seeded with 10000 P-
2cells/well and grown to confluence with medium changes
every third day. The cells were then trypsinized and counted
every fifth day. Subsequent sub-culture was performed at
the same seeding density of 10000 cells/well in triplicate.
Passaging was performed to the sixth passage (P-6). First,
the population doubling number (PDN) was determined
with the following formula: PDN =log (N/N0) x 3.31;
where PDN = the population doubling number, N = cell
number at the end of the culture period (five days), N0=
the initial number of cells (1.5 x 105 cells); second, the
population doubling time (PDT) was calculated with the
help of formula: PDT = CT/PDN; where PDT = population
doubling time, CT = the duration of culture (5 days).
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2.5. Lineage differentiation assays

2.5.1. Adipogenic, Osteogenic and Chondrogenic Potential
The multipotency of the isolated cells was determined
by inducing the cells towards osteoblast, adipocyte
and chondrocyte lineages. P3-cells in 6200cells/well for
osteoblast lineage, and 42,000cells/well for chondrocyte
and adipocyte lineage were seeded in 24-well plates. Cells
were allowed to grow overnight for the osteoblasts or
until cells were confluent for chondrocytes and adipocytes
(approximately 3-5 days with media changes every 2 days)
in an incubator at 37◦C with 5% CO2 overnight. When
the cells were ready for induction, plates were divided
into 2 groups. Group 1 continued to receive the regular
culture medium and group 2 received the osteo-, chondro-
and adipo-induction medium (Lonza, USA). The medium
was changed according to the manufacturer’s instructions
in both groups until the cells showed signs of induction.
Alizarin Red (Sigma-Aldrich, St. Louis, MO), Oil Red
O (Sigma-Aldrich, St. Louis, MO) and Alcian Blue (Sigma-
Aldrich, St. Louis, MO) stains were used according to
manufacturer’s instructions to confirm osteo-, adipo- and
chondro-inductions, respectively.

2.6. Cell cycle analysis

FACS tubes each containing 1x105h bone marrow- derived
MSCs (BMSCs) at P-11 or 1x105ACL-MSCs at P-3 in
triplicates were placed on ice prior to fixation. The cells
were then washed with cold PBS and then suspended in 1ml
of 80% ice-cold ethanol while pipetting up and down. The
tubes were then incubated for 30min and washed twice with
cold PBS. After incubation, the cells were suspended in 1ml
of DAPI (1 µg/ml)/TX-100(0.1%) solution and incubated
at RT for another 30min. Finally, cells were analyzed
employing FACS by using Becton-Dickinson FACS Aria
II high-speed cell sorter. The excitation used was 355nm
whereas the emission was measured using a filter 450/50
nm.

2.7. Statistical analysis

A total of two biological replicates and three technical
replicates were used in all experiments. One-way ANOVA
(Analysis of Variance) and Student’s paired t-test were
used for the comparison of means. p< 0.05 was considered
significant. The analysis was performed using GraphPad
Prism (version 6.01).

3. Results

3.1. Phenotypic profile of isolated MSCs

The results from the FACS analysis showed that the isolated
cells were MSCs with the following immunoprofiling. The
cells stained positive (≥95%) for i) CD73; CD90; CD105

and negative (≤2%) for following Hematopoietic markers:
i) CD34, CD45, CD11b and CD14; CD79 alpha and CD19
alpha and HLA Class II. The average rate of isolation of
ACL-MSC following our protocol was 5.5% (i.e., these cells
expressed MSCs phenotypic markers) (Figure 1).

3.2. Phenotypic validation of FACS isolated MSCs

The isolated cells showed spindle shaped morphology
under light microscopy (Figure 2a). Further
immunocytochemistry results of these cells stained
with CD271 cell surface marker indicates the potential
MSC origin of the isolated cells (Figure 2b).

3.3. Population characteristics

The growth behavior of the P3-MSCs which was followed
for up to a period of 9 days showed a normal lag phase
and a log phase. The over agar assay which is based on
the principle to detect the anchorage independent growth
of the cells failed to reveal growth of any distinct colony.
However, some colonies could be seen on the plastic Petri
dishes during the colony forming assay demonstrating the
clonogenic potential of these isolated MSCs. PD study
showed that the cells were rapidly dividing during the P-
4 passage with PDT value of ~1.5 day, although the PDT
values during the various passages were not statistically
significant (One way ANOVA, p= 0.294) (Figure 3).

3.4. Adipogenic, Osteogenic and Chondrogenic
potential

The multipotency of the isolated cells was demonstrated
by their successful induction towards osteo-, adipo- and
chondro- lineages. Alizarin Red, Oil Red O and Alcian Blue
staining images demonstrated successful induction towards
Osteo-, Adipo- and Chondro- lineages at Day 26, 12 and 21
respectively (Figure 4).

3.5. Cell cycle analysis

Results of the cell cycle analysis showed that there were
no pre-apoptotic cells and significantly higher percentage
of cells were found in G0/G1 for ACL-derived MSCs
(Student’s paired t-test, p=0.0245) compared to hBMSCs.
On the other hand, for the S phase, the reverse held
true (Student’s paired t-test, p= 0.0067). For the G2/M
phase, no statistically significant difference was found in
the percentage of cells between the two groups (Student’s
paired t-test, p=0.2911) (Figure 5).

4. Discussion

The ACL is one of the most commonly injured ligaments
of the knee.55,56 An injured ACL has a poor prognosis, as it
fails to regenerate itself from lack of adequate blood supply
and continuous contact with synovial fluid.3,5,57,58 Thus,
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Fig. 1: Representative immunophenotype of ACL-derived MSCs based on ISCT criteria. a)Isotype controls used for the FACS isolation.
b) Control showing total cell population positive for specific CD markers. c) Sample showing CD 73, CD 90, CD 105 positive and
hematopoietic markers (PE) negative cells which are supposed to be MSCs after series of gating (n=2).

Fig. 2: Phenotypic confirmation MSCs isolated from ACL. a) P3-cells under light microscope (20X). b)Immunostaining for MSC marker,
CD271 and nuclear stain, DAPI of the isolated P3-MSCs (20X). Results are shown as representative of triplicates.

despite some advocates of direct end to end repair, ACL
reconstruction is one of the few options, unless cell therapy
is considered3,57. MSCs have intrinsic properties to self-
renew, differentiate into various lineages, and proliferate
indefinitely, and their use for tissue based regeneration
and repair seems promising56. In fact, they have been
used successfully in the regeneration of bone, cartilage,
and cardiovascular and neural tissues2,5,25,38,59,60.MSCs
can be isolated from two main sources: adult tissues such
as bone marrow, adipose tissue, peripheral blood; and
fetal tissues such as placenta, umbilical cord, umbilical
cord blood, amniotic fluid.61 MSCs which are found

within the adult organs are the remnants of prenatal cells
which originally derived from the mesodermal layer of the
embryo giving rise to bone, cartilage, tendon, fat, muscle
and marrow stroma.60 The tissue protective, reparative
and regenerative abilities of MSCs are attributed mainly
to their paracrine secretion of several trophic factors
including, cytokines, chemokines and growth factors,
whose actions can be realized locally or far from the
actual site of injection.25,30,43,58 The mechanisms by which
these factors act include targeting neighboring cells to
produce functionally active mediators or directly altering
the intracellular signaling in the injured tissues. This
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Fig. 3: Population characteristics of ACL-derived P3-MSCs. a) Growth curve b) Over agar assay c) Colony forming assay d)Population
doubling time and e) Population doubling. Results are shown as representative of triplicates.

Fig. 4: Differentiation towards three lineages confirmed multipotency of isolated cells. Alizarin Red, Oil Red O and Alcian Blue staining
images (Scale: 100µm) demonstrated osteo-, adipo- and chondro-induction at days 26, 12 and 21, respectively.
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Fig. 5: Results of cell cycle analysis by FACS. Histogram plot for a) hBMSCs and b) ACL-MSCs. c) Table showing percentage of cell
numbers between two samples in their corresponding cell cycle stages. Results are shown as representative of triplicates; standard error
of mean; level of significance, p<0.05

paves the way for the use of MSCs for cellular therapy
by injecting them locally or systemically. In fact, local
injection of adipose derived stem cells in the knee joint of
mice showed promising results with inhibition of synovial
activation and formation of chondrophyte/osteophyte
together with inhibition of cartilage destruction possibly
by suppressing synovial macrophage activation.29,59,60 In
addition, MSCs possess immunomodulatory properties
from modifications in the secretome profile of the immune
cells such as dendritic cells, natural killer cells and
effector T cells and suppression of CD4+/CD8+ T–cell
proliferation.16,25,30,34,38,52,53 Furthermore, given the low
expression of MHC-I, and the lack of MHC-II as well as
costimulatory molecules (CD40, CD40L, CD80 and CD86),
MSCs do not cause significant T-cell proliferation and
essentially escape an immune response themselves.61–63

Most of what is known of MSCs arises from
studies using BMSCs. BMSCs which were the first
MSCs to be isolated, expanded and differentiated, have
traditionally been used to compare to other MSCs from
different lineages. Tissue specific MSCs all possess
the characteristic immunomodulatory and regenerative
capabilities of BMSCs, as well as being more geared
towards differentiating towards their lineage2,14,29,33,34.
Although both BMSCs and ACL-derived MSCs could
be induced to ligament specific fibroblasts, the latter
expressed higher levels of mRNAs for Collagen types
I and III.14 A recent study demonstrated that BMSCs
differentiated better into bone whereas synovium-derived
MSCs (Syn-MSCs) differentiated better into adipogenic and
chondrogenic lineages, emphasizing the notion that it is
better to use MSCs from the target tissue which needs
repairing.32 Given the high rate of proliferation and collagen
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production, researchers have started to consider MSCs for
repair of the ACL.53 MSCs can accelerate and improve
tendon healing both in vivo and in vitro64 by directly
differentiating into tendon cells and secreting cytokines to
modulate inflammation and tissue healing.65 Yu et al. have
shown that the exosome secreted by bone marrow MSCs
promote tendon repair by proliferating and recruiting of
endogenous tendon stem cells.66–68

MSCs isolated based on plastic adherence possess a
mixture of heterogeneous populations differing both in
phenotypes and functions, thus stressing the need to isolate
MSCs based on ISCT criteria37,52. Although the current
criteria for isolation of MSCs help to isolate a well-defined
population of cells from a heterogeneous mixture of cells,
the definition lacks discriminatory power to discern MSCs
from fibroblasts.53 MSCs are relatively rare in the bone
marrow, with a prevalence of 0.001-0.01% of nucleated
cells.37 In the present study, we were able to expand the
number of cells with MSCs markers to 5.5% using an
original enrichment technique. We acknowledge that may
still be a mixture of stem cells and fibroblasts, but our
subsequent experiments with MSCs specific marker (please
see below) and differentiation into different lineages showed
that at least the majority of the isolates were MSCs in nature.
Flores-Torales et al. identified CD271 as a key marker
that could define MSCs.69 Our results are in accordance
with this report and indicate the presence of CD271 in
our isolated cells, confirmed via immunocytochemistry
(Figure 2b). The cells also showed spindle shaped fibroblast
morphology at light microscopy (Figure 2a). The growth
curve of the isolated MSCs showed distinct lag phase and
log phase. However, we could not see a stationary phase
during the culture period of 9 days (Figure 3a). The over
agar assay, a modification of soft agar assay, is used to
detect malignant transformation of cells since cells which
can grow in an anchorage independent manner (such as
tumor cells)are only able to form colonies.33,37,38,70 In our
experiments, the isolated MSCs did not form any significant
colonies suggesting they were not transformed (Figure 3b).
However, the isolated cells were able to form colonies on
plastic culture dish, implicating their clonogenic potential, a
characteristic feature of stem cells (Figure 3c). In this study,
the PDTs in general for P2-P6 cells were approximately
at or below 2 days (Figure 3d,e). Umbilical cord-derived
MSCs (UC-MSCs) up to sixth passage (P6) had the PDT
of 24h, in contrast, BMSCs had PDT of 40h for same
passage number.30,71,72 Similarly, PDTs of 45.2h or adipose
derived MSCs (ASCs) and 61.2h for BMSCs have also
been reported30. Our differentiation studies also showed
that the MSCs were able to differentiate into adipocytes
shown by positive Oil Red O stain (Figure 4). The isolated
MSCs in our study were also able to differentiate into
osteoblasts as demonstrated by positive Alizarin Red S
staining (Figure 4), indicative of Ca++ mineralization.16

For chondrogenic differentiation, cells were grown under
induction medium: these cells were capable of producing
proteoglycan rich extracellular matrices as revealed by
positive Alcian blue staining (Figure 4). The analysis of cell
cycle pattern (Figure 5) between the two cell lines, namely
hBMSCs (P11) and ACL-derived MSCs (P3), suggested
that the former cells were more proliferative than the latter
since we used exactly the same number of cells for each case
(105 cells). Therefore, it seems that ACL-MSCs spend most
of their time in G0/G1 phase, unwilling to proliferate, giving
rise to significantly higher number of cells at this phase of
cell cycle.

Despite some promising preliminary data, our study is
not without limitations. The number of samples evaluated
was small. The BMSCs used were present at a later passage
(P11) and might have lost their phenotypic characteristics.
Furthermore, although the ACL samples were collected
under ice, some possibility of tissue degradation could have
occurred in the meantime, which we will attempt to avoid in
the future studies. The immunocytochemistry analysis lacks
analysis of other stem cell markers and negative control for
CD271 marker. In the present study we did not isolate highly
purified and single stem cells. In future studies, we intend to
perform immunocytochemistry for other stem cell markers
including CD271 negative control and attempt to isolate
purified single stem cells. In addition, kinetic/mechanistic
experiments along with in vivo studies to assess regenerative
potential such as angiogenesis and immune tolerance are
warranted to obtain robust confirmation regarding the
reparative potential of the isolated cells.

5. Conclusion

In summary, the preliminary results from our experiments
demonstrate that MSCs as defined by the ISCT criteria do
exist in the ACL tissue. In addition, as ACLs are normally
discarded during total knee reconstruction, collection of
this discarded tissue to isolate MSCs offers less ethical
concerns . With those reasons in mind along with studies
suggesting that MSCs from a tissue specific lineage can lead
to better differentiation into that target tissue, ACL-MSCs
can be a potentially powerful source of MSC for future ACL
reconstruction and regeneration when injected in the torn
ligament of the knee after suitable expansion in-vitro. Given
the small number of biological replicates used in this study,
a future study involving larger sample size is warranted.

6. Key Messages

1. MSCs are present in human ACL and fulfil the criteria
for stemness of the ISCT.

2. Tissue specific lineage may lead to better
differentiation into that target tissue. Thus, ACL-
derived MSCs can be a powerful source for future
ACL reconstruction and regeneration.
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