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Articular chondrocytes from osteoarthritic knee joints of elderly,
in vitro expanded in thermo-reversible gelation polymer (TGP),
exhibiting higher UEA-1 expression in lectin microarray
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Autologous chondrocytes in vitro expanded, are used as tools of regenerative therapies for cartilage in-
juries. However, inability to maintain the hyaline phenotype both in vitro and post in vivo trans-
plantation, remains one of the major hurdles for long term efficacy under clinical settings. We have
reported earlier, hyaline phenotype maintenance of both human and rabbit chondrocytes for a long
duration both in vitro when cultured conditions using a Thermo-reversible Gelation Polymer (TGP)
scaffold-based methodology and in vivo post-transplantation animal model of cartilage damage. Having
intrigued by such encouraging outcome, we in this study, analysed the similar TGP culture environment
whether would be able to allow in vitro expansion of severe osteoarthritis affected cartilage tissue from
elderly patients and evaluated the cells using lectin microarray characterization for pluripotency.
Cartilage tissue were obtained from patients (n ¼ 7; age: 60e85 years) undergoing total knee arthro-
plasty for severe osteoarthritis. Chondrocytes were isolated and cultured in two groups: i. conventional
culture without scaffold (2D) and ii. using a TGP scaffold-based culture (3D) up to 18 weeks. In addition
to earlier reported findings such as maintenance of hyaline phenotype having been confirmed in this
study as well, surface glycoprotein analysis by lectin microarray demonstrated that the a1-2 Fuc
recognition lectin (UEA-1) (marker reported in literature for pluripotent stem cells) was found to be
more highly expressed in 3D culture compared to 2D culture and even increased over time in 3D culture.
We have developed an environment where osteoarthritis affected chondrocytes from the elderly could
be cultured up to 18 weeks in vitro using TGP scaffold which express pluripotent cell associated surface
glycoproteins compared to the conventional methodology.
© 2020, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Autologous chondrocyte implantation (ACI) and matrix-
associated chondrocyte implantation (MACI) have long been used
as regenerative therapies for cartilage damage, and several clinical
trials have been conducted to establish the safety of these methods.
However, the clinical outcome of these methods has yet to be eluci-
dated; the transplanted articular chondrocytes have been reported
to revert back to a fibroblast phenotype in vitro and in vivo, leading
to complications [1,2]. Our earlier work examining chondrocytes
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and their subsequent transplantation resulted in the following out-
comes (which we consider vital in overcoming the aforementioned
hurdles).

i. Bovine chondrocytes can be expanded for up to 16 weeks
without growth factors while glycosaminoglycan and hy-
droxyproline contents increase as a function of time [3].

ii. Human chondrocytes from non-weight bearing cartilage of
young donors can be expanded for 16 weeks while main-
taining the hyaline phenotype throughout the culture [4].

iii. Rabbit chondrocytes can be grown in vitrowhile maintaining
the hyaline phenotype for 10 weeks [5].

iv. In vitro cultured rabbit chondrocytes 6 months post trans-
plantation maintained the hyaline phenotype in biopsy [5].

Due to the abovementioned findings, we examine cells cultured
in a TGP-based environment and transplanted, and we aimed to
determine whether the same environment could also be nurturing
multipotent or pluripotent cells among the chondrocytes cultured.
To evaluate the pluripotency of the cells, we chose lectinmicroarray
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as a tool because lectins or cell surface glycans are rightly named as
“cell signatures”; any process a cell undergoes, such as activation,
differentiation, malignant transformation or inflammation, is re-
flected in these glycans. A study conducted by Tateno et al. [6] on
114 cell types of induced pluripotent stem cells (iPSC) and nine
cell types of embryonic stem cells (ESCs) revealed that iPSCs that
initially carried the glycome signature of the somatic cell from
which they were derived expressed increased levels of a2e6-
sialylation, a1e2-fucosylation, and type 1 LacNAc and decreased
levels of a2e3-sialylation and tetra-antennary N-glycans upon
the induction of pluripotency. This phenomenon was similar to
the glycan signature of ESCs.

In this study, we determined the glycan signature of chondro-
cytes isolated from the diseased articular cartilage of elderly donors
(age > 60 years) grown without a scaffold (termed two-
dimensional (2D) culture) and TGP-based culture (termed three-
dimensional (3D) culture) using lectin microarray.

2. Materials and methods

This research has been approved by the IRB of the authors' affil-
iated institutions. The cartilage specimens were collected from the
articular defect of seven (n ¼ 7) patients aged between 60 and 85
years old. Based on the guidance and recommendations of the
IRB, informed consent was obtained from all the patients. Human
cartilage biopsies were obtained from these patients who under-
went total knee arthroplasty for severe osteoarthritis. The tissue
samples were collected in sterile phosphate-buffered saline (PBS)
with antibiotics and transported in cool conditions to the labora-
tory for processing. The harvested cartilage tissue in each patient
Fig. 1. A- Cells de-differentiated to fibroblast morphology in 2D culture, B- Cells migrated
aggregation in 3D; D, E� H & E staining showing hyaline phenotype, Arrows show individu
Immunohistochemistry staining showing positivity for CD 44, Arrows show individual cell
parison of UEA-I expression in 2D Vs 3D cultures in Lectin microarray; I- Time course of expr
cultured and the number after 2D or 3D indicates the number of days in culture.
was weighed and then washed with 10 ml of PBS and subjected
to digestion with 0.25% Trypsin for 30 min in an orbital shaker at
150 rpm at 37 �C. The tissues were then subjected to 2 mg/ml colla-
genase digestion for 12e18 h in a 5% carbon dioxide (CO2) incubator
at 37 �C on top of an orbital shaker. After digestion, D-MEM con-
taining autologous plasma processed from blood that was collected
from the patients at time of cartilage biopsy collectionwas added to
arrest enzyme activity. The digested suspension was filtered with a
70-mm nylon mesh; undigested tissues were discarded, and the
filtrate was centrifuged at 1000 rpm for 10 min. The cell pellets
were washed with PBS, and the cell population was counted by
the trypan blue dye exclusion method. For 6 out of 7 samples, the
cells were first seededwithout a scaffold (2D culture) in media con-
taining low glucose D-MEM, 10% autologous plasma, 1% Penicillin
Streptomycin, 50 mg/ml Gentamicin, and 0.25 mg/ml amphotericin
B L-ascorbic acid (50 mg/ml) for 2 weeks at 37 �C with 5% CO2. After
2 weeks, the cells were cultured with a 3D-TGP scaffold [3e5] using
the same media composition. For the seventh sample, the cells
were seeded in both 2D and 3D cultures simultaneously after diges-
tion. At the end of the culture period (up to 31 days for 2D cultures
and up to 18 weeks for 3D cultures), the cells were counted, and a
portion of the cells were stored for characterization using H & E
staining, immunohistochemistry and glycan analysis by lectin
microarray. Routine protocols were employed for H & E staining
and immunohistochemistry. Immunohistochemistry staining was
against a CD 44 antibody. Differential profiling of cell glycoproteins
based on lectin microarray was conducted using the protocol of
Kuno et al. [7]. Briefly, the cells from both 2D and 3D cultures
were labeled with the fluorescent dye Cy3, subjected to gel filtra-
tion, applied to a LecChip™ to initiate the reaction between lectin
out of TGP scaffold showing rounded morphology even after 10 weeks; C- Tissue like
al cell morphology in 2D culture (D) and tissue like aggregation in 3D culture (E); F, G-
morphology in 2D culture (F) and tissue like aggregation in 3D culture (G); H - Com-
ession of UEA-1 in 3D cultures. 2D or 3D in the x-axis of Figure H & I refers to the group
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and glycan, and scanned with a GlycoStation ™ Reader 1200. The
results were analyzed using Glycostation™ ToolsPro Suite 1.5.

3. Results

The cells in 2D culture grew as individual cells and cells showed
fibroblast-like reversal of morphology by day 31 (Fig. 1A), while the
cells in the periphery migrated out of the tissue-like aggregate in
the 3D -TGP scaffold and were found to have rounded morphology,
indicating an undifferentiated state even at 10 weeks of culture
(Fig. 1B). Tissue-like aggregation of cells in 3D culture can be
observed from Fig. 1C. In H & E (Fig. 1D and E)& CD 44 immunohis-
tochemistry staining (Fig. 1F, G), a hyaline phenotype and tissue-
like morphology was apparent in the 3D culture in comparison to
loosely arranged cells that are observed in the 2D culture. Surface
glycoprotein analysis by lectin microarray demonstrated that the
a1-2 Fuc recognition lectin (UEA-1) was found to be more highly
expressed in 3D culture compared to 2D culture (Fig. 1H) and
even increased over time in 3D culture (Fig. 1I). The UEA-1 lectin
has already been established as a biomarker for human pluripotent
stem cells (hPSCs) [8].

4. Discussion

In the present study, the cartilage tissue was not obtained from
the non-weight bearing relatively healthy portion of the knee but
rather the osteoarthritic, diseased portion from the subjects. This
is in contrast with conventional ACI procedures [9]. In this study,
we were able to confirm our earlier finding of the hyaline pheno-
type being maintained due to the utilization of TGP, even at the
longer expansion time point of 18 weeks, while chondrocytes
reverted to the fibroblast phenotype in 2D culture. There was
higher UEA-1 lectin expression in the 3D culture group, a known
characteristic of hPSCs [8]. The fucose-specific lectin UEA-I has
been reported to be a potential tool for isolating viable hPSCs
with sustained pluripotency from heterogeneous populations [8].
In the present study, UEA-1 not only is expressed more in 3D cul-
tures but also increases over time in the 3D cultures (Fig. 1H and
I). This important finding further suggests that our culture method-
ology of employing TGP results in maintaining an undifferentiated
phenotype for a longer period of time in vitro [3]. Further research
should examine whether multipotent or pluripotent stem cells are
present in the native cartilage tissue itself [10], which gets
expanded under in vitro 3D conditions, or that the 3D culture envi-
ronment provides cues for reprogramming adult chondrocytes to a
more potent stem cell state.

5. Conclusion

TGP scaffold provides an environment where osteoarthritis-
affected cartilage tissue-derived chondrocytes can be cultured up
to 18 weeks in vitro while maintaining functionality, as shown by
the expression of pluripotent cell-associated surface glycoproteins.
This outcome suggests that researcher should examine future ap-
plications for TGP being transplanted along with in vitro cultured
cells, thereby making the post-transplant environment favorable
for pluripotent cell expansion in vivo to enhance the repair of
damaged cartilage.
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