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ABSTRACT
Autologous chondrocyte implantation (ACI) is a method of cartilage repair. To improve the quality
of regenerated tissue by ACI, it is essential to identify surface marker expression correlated with the
differentiation status of monolayer expanded human articular chondrocytes and to define the index for
discriminating dedifferentiated cells from monolayer expanded human articular chondrocytes. Normal human
articular chondrocytes were cultured in monolayer until passage 4. At each passage, mRNA expression of
collagen type I, II, and X and aggrecan was analyzed by real-time quantitative PCR, and the surface marker
expression of CD14, CD26, CD44, CD49a, CD49c, CD54, and CD151 was analyzed by fluorescenceactivated cell sorting (FACS). The ratios of mRNA levels of collagen type II to I (Col II/Col I) represented
the differentiation status of chondrocytes more appropriately during monolayer culture. The surface marker
expression of CD44, CD49c, and CD151 was upregulated according to the dedifferentiation status, whereas
that of CD14, CD49a, and CD54 was downregulated. The most appropriate combination of the ratio of Col
II/Col I was CD54 and CD44. Cell sorting was performed using a magnetic cell sorting system (MACS)
according to CD54 and CD44, and real-time quantitative PCR was performed for the cell subpopulations
before and after cell sorting. The expression of collagen type II and aggrecan of the chondrocytes after
MACS was higher than that before sorting, but not significantly. The mean fluorescence intensity (MFI)
ratio of CD54 to CD44 could be an adequate candidate as the index of the differentiation status.
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INTRODUCTION
The treatment of cartilage defects in younger patients is a major challenge for surgeons because
articular cartilage has limited potential of intrinsic repair.1) Two strategies have been considered
for the restoration of the joint surface. The first approach is to enhance the intrinsic healing
capacity of both the cartilage and subchondral bone through the release of mesenchymal stem
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cells involving procedures such as subchondral drilling,2) microfracture,3) abrasion arthroplasty,4,5)
electrical stimulation,6) and laser stimulation.7) These methods have generally led to the formation
of fibrocartilage, which has limited functionality than hyaline articular cartilage. An alternative
approach is to repair the hyaline articular cartilage, particularly suited to younger patients. This
approach involves the use of tissue engineering strategies to elicit a biological repair that has
long-term functionality. Meanwhile, cartilage tissue engineering relies on in vitro expansion of
primary chondrocytes. Monolayer expansion of primary chondrocytes from small biopsies is
very important in cartilage repair strategies such as autologous chondrocyte implantation (ACI).
There have been many reports of successful cartilage defect repair by ACI.8-11) In the US and
Europe, variants of ACI have also been tried in approximately 10,000 patients.12) This method
requires an in vitro cell expansion process to obtain a large number of transplantable chondrocytes
for fulfilling the cartilage defect. However, cell expansion using monolayer cell culture causes
chondrocytes to lose their phenotype, e.g., switching their gene expression from the cartilagespecific collagen type II to collagen type I13) or decreasing the production of proteoglycans such
as aggrecan.14) Normal adult hyaline articular cartilage usually does not contain collagen type X,
markers of chondrocyte hypertrophy15); however, the expression of collagen type X is observed
during monolayer culture.16) In addition, it is thought that during monolayer expansion, human
articular chondrocytes change with respect to their cell surface marker expression.17) Human
articular chondrocytes reportedly express surface molecules belonging to different categories
such as integrins, other adhesion molecules, tetraspanins, receptors, and ectoenzymes that induce
changes in the expression levels during monolayer expansion.17) Otherwise, graft hypertrophy is
a major complication observed in ACI.18) It has been strongly suggested that dedifferentiation of
chondrocytes affects the quality of the cartilage regenerated by ACI. Although midterm clinical
results of ACI are satisfactory, hyaline cartilage that should be related to long-term results is
not regenerated thoroughly till date. To improve the quality of the regenerated tissue by ACI, it
could be essential to discriminate dedifferentiated cells from monolayer expanded human articular
chondrocytes by using some index related to the surface markers.
On the other hand, the technique of cell sorting using antibodies to cell surface markers can
be reportedly used in various fields of medicine.19-21) However, the technique of sorting was hardly
put for the practical use in the field of the cartilage tissue regeneration till date.22)
This study aimed to identify surface marker expression correlated with the differentiation status
of monolayer expanded human articular chondrocytes and to define the index for discriminating
dedifferentiated cells from monolayer expanded human articular chondrocytes.

MATERIALS AND METHODS
Cell culture
Human articular cartilage (HAC) samples were obtained at the time of joint surgery for loose
body removal from patients who suffered from osteochondritis dissecans or notchplasty of the
intercondylar roof of the femur from patients who underwent anterior cruciate ligament reconstruction. The patients included three women and two men, with a mean age of 29.4 years (range
17–40 years). None of them showed any symptoms related to osteoarthritis. These experiments
were conducted in accordance with a protocol approved by the Ethics Committee of Nagoya
University, and all the patients gave written consent for the use of their tissues for this research.
Cartilage samples were minced and digested at 37°C with trypsin–EDTA solution (Sigma,
MO, USA) for 15 min, with collagenase type XI (2 mg/ml) (Sigma) in F-12 nutrient mixture
medium (Gibco-BRL, Belgium) for 12 h, filtered through a 70-μm nylon mesh, and washed
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extensively. Following this, the isolated chondrocytes were seeded in 75-cm2 culture flasks and
were incubated in F-12 nutrient mixture medium containing 10% fetal bovine serum, penicillin
(100 units/ml), streptomycin (100 mg/ml), amphotericin B (2.5 mg/ml), and ascorbic acid (0.2
mM) at 37°C under an atmosphere of 5% CO2. The medium was changed every second day.
At 80% confluence, the cells [considered passage zero (P0) cells] were detached and expanded
in monolayer culture by replating the cells in a 10-cm tissue culture dish with culture medium.
The cells were passaged at subconfluence until passage 4 (P4). The cells from each passage
were used in subsequent experiments.
Real-time quantitative polymerase chain reaction
Total RNA was extracted using the RNeasy Kit (Qiagen, Hilden, Germany) in accordance with
the manufacturer’s instructions. RNA was converted to cDNA using the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). Real-time polymerase
chain reaction (PCR) was performed in a LightCycler (Roche, Basel, Switzerland) using the
FastStart DNA MasterPLUS SYBR Green Kit (Roche). The primers used are listed in Table
1. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an endogenous control.
Standard samples were prepared from the PCR amplicon extracted using the QIAquick Gel
Extraction Kit (Qiagen Inc.). The standard curve was imported to each PCR run by the software
to determine the concentration of the samples. All data were normalized, and the value for the
sample at P0 was 100%.
Immunofluorescence staining of chondrocytes and fluorescence-activated cell sorting
All monoclonal antibodies (mAbs) used in this study (Table 2) were directly conjugated
antibodies to fluorescein isothiocyanate (mAb-FITC) or to phycoerythrin (mAb-PE).
The cells were analyzed on a fluorescence-activated cell sorter, FACSCalibur flow cytometer
(Becton-Dickinson, San Jose, CA, USA). Data analysis was performed with CellQuest software
(Becton-Dickinson).
The level of expression of each marker was the analyzed geometric mean fluorescence intensity
(MFI) of sample cells. To determine changes in surface markers during monolayer culture, fold
changes of the levels of expression of a marker at different time points (P1–P4) were calculated
in relation to P0 (beginning of the culture), and a two-tailed, unpaired Student’s t-test was
performed for the same data. A significant change in expression was defined as a fold change

Table 1 Primer sequence
(GAPDH, glyceraldehyde-3-phosphate dehydrogenase)

GAPDH
collagen type I
collagen type II
aggrecan
collagen type X

Sense

5′-TGCACCACCAACTGCTTAGC-3′

Antisense

5′-GGCATGGACTGTGGTCATGAG-3′

Sense

5′-CCTCAAGGGCTCCAACGAG-3′

Antisense

5′-TCAATCACTGTCTTGCCCCA-3′

Sense

5′-TGGAGACTGGCGAGACTT-3′

Antisense

5′-TGGGAGCCAGATTGTCATC-3′

Sense

5′-CCAGGAGGTATGTGAGGA-3′

Antisense

5′-CGATCCACTGGTAGTCTTG-3′

Sense

5′-ATGCATATGGAGGTAGGCT-3′

Antisense

5′-AGAGAGGCTTCACATACGTT-3′
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Table 2

Specificity

Isotype

Antibodys used in the present study

cat.#

Fluochrome

Source

CD14

IgG2a

555397 FITC

BD Pharmingen

CD26

IgG2a′

340426 FITC

BD Pharmingen

CD44

IgG1

CD49a

IgG1

ab27285

FITC

559596 PE

abcam
BD Pharmingen

CD49c

IgG1

556025 PE

BD Pharmingen

CD54

IgG1

555511 PE

BD Pharmingen

CD151

IgG1

556057 PE

BD Pharmingen

of greater than two with a P value < 0.05.
Cell sorting
Cell sorting was performed using a magnetic cell sorting system (MACS) according to the
manufacturer’s instructions (Miltenyi Biotech, Bergisch Gladbach, Germany).
P2 monolayer expanded human articular chondrocytes were prepared as single-cell suspensions.
To obtain CD44−CD54+ cells, the suspensions were incubated with FITC-anti-CD44 (Abcam,
Tokyo, Japan), followed by incubation with anti-FITC microbeads (Miltenyi Biotec). CD44− cells
were negatively selected using MACS. The flow-through cells (considered CD44− cells) were secondary incubated with PE-anti-CD54 antibodies (BD Pharmingen, San Jose, CA, USA), followed
by incubation with anti-PE microbeads (Miltenyi Biotec). Subsequently, CD44−CD54+ cells were
positively selected using MACS. Purity of the isolated fraction was verified by FACS analysis.

RESULTS
The ratios of mRNA levels of collagen type II to I (Col II/Col I) represented the differentiation
status of chondrocytes more appropriately during monolayer culture
To investigate the change in the phenotype of human articular chondrocytes, real-time quantitative PCR was performed at each time point during monolayer culture.
The expression of collagen type II and aggrecan decreased in a passage-dependent manner
(Figure 1a, b). In contrast, the expression of collagen type I increased (Figure 1c). However,
a significant change was not observed in the expression of collagen type X (Figure 1d). To
examine which combination of changes in gene expression of the extracellular matrix components
will represent the differentiation status of HAC more clearly, we calculated the ratios of mRNA
levels of collagen type II to I (Col II/Col I) and of aggrecan to collagen type I (Agg/Col I)
(Figure 2). These results showed that the ratio of collagen type II to type I seemed to represent
the dedifferentiation status of chondrocytes more appropriately than that of aggrecan to collagen
type I as an extracellular matrix-based differentiation index. It was also revealed that the ratio
of Col II/Col I showed the maximum change at the beginning of the culture period (P0–P1).
Immunophenotyping of HAC during monolayer culture
To investigate changes in cell surface markers during chondrocyte monolayer culture, we
analyzed cell surface molecule expression levels at different time points by flow cytometry.
CD44, CD49c, and CD151 were up-regulated according to the dedifferentiation status, whereas
CD14, CD49a, and CD54 were down-regulated. Most surface markers showed major changes at
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Fig. 1 Chondrocyte mRNA levels for collagen type II (a), aggrecan (b), collagen type I (c) and collagen
type X (d) at different time points in monolayer culture, as measured by real-time, quantitative
RT-PCR. Values are expressed as fold differences compared to levels in P0. The results are shown
as mean ± SEM (error bars) from three donors for each passage. Differences when compared
to P0 considered statistically significant (P < 0.05) are indicated (*).

Fig. 2 Ratios for collagen type II to I (Col II/Col I) and aggrecan to collagen type I (Agg/Col I)
were obtained from chondrocyte mRNA levels at different time points in monolayer culture as
measured by real-time, quantitative RT-PCR (qRT-PCR). The results are shown as mean ± SEM
(error bars) from three donors for each passage. Differences when compared to P0 considered
statistically significant (P < 0.05) are indicated (*).
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Fig. 3 Chondrocyte surface marker expressions. MFI levels for CD44 (a), CD49c (b), CD151 (c), CD14 (d),
CD49a (e), CD54 (f) and CD26 (g) at different time points in monolayer culture. The results are shown
as mean ± SEM (error bars) from three donors for each passage. Differences when compared to P0
considered statistically significant (P < 0.05) are indicated (*).

the beginning of the culture period (P0–P1), with small variations for the remaining time course.
No significant change was observed in the expression of CD26 (Figure 3a-g).
Interrelationship between gene expression and surface marker expression
To correlate changes in gene expression of the extracellular matrix components with the
established changes in cell surface markers during chondrocyte monolayer culture, we calculated
the MFI ratio of each down-regulated cell surface marker (CD14, CD49a, and CD54) to each
up-regulated marker (CD44, CD49c, and CD151). Subsequently, we compared the extracellular
matrix-based differentiation index (Col II/Col I) with a differentiation index based on the cell
surface markers. As a result, the most appropriate combination of the ratio of Col II/Col I was
CD54 and CD44 (CD54/CD44) (Figure 4).
The results revealed dramatic changes occurring as early as the first passage. The Col II/Col
I ratio steadily declined until the end of the culture. A similar pattern was observed for the ratio
of CD54/CD44. Therefore, it was suggested that a positive interrelationship was present between
the expression of surface markers (CD54/CD44) and the dedifferentiation status of monolayer
expanded human articular chondrocytes.
Flow cytometric analysis of HAC sorted by MACS
Next, we conducted cell sorting experiments according to CD54 and CD44 using MACS.
Figure 5a, b and Figure c, d show the results of flow cytometry of the chondrocytes after MACS
according to CD54 and CD44, respectively. Purity of isolated CD54+CD44− fraction was 79.9%.
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Fig. 4 Interrelationship between the gene expressions and the surface marker expressions. The results
are shown as mean ± SEM (error bars) from three donors for each passage.
Differences when compared to P0 considered statistically significant (P < 0.05) are indicated (*).

Fig. 5 Flow cytometric analysis of HAC sorted by MACS technology. (a) Dot plot before sorting according to CD54. (b) CD54 positive fraction after sorting. (c) Dot plot before sorting according
to CD44. (d) CD44 negative fraction after sorting.
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Fig. 6 Chondrocyte mRNA levels for collagen type II, aggrecan and collagen type I, before and after cell sorting,
as measured by real-time, quantitative RT-PCR. Values are expressed as fold differences compared to
levels before sorting. The results are shown as mean ± SEM (error bars) from three donors for each
passage. No significant differences are observed, respectively.

These results indicated the possibility of discriminating the CD54+CD44− cell subpopulations
from monolayer expanded human articular chondrocytes using MACS.
Gene expression analysis of HAC comparing before and after cell sorting
To confirm whether the distinguished chondrocytes could have a more advantaged phenotype
for forming neo-cartilage tissue, we performed real-time quantitative PCR for the cell subpopulations before and after cell sorting. The expression of collagen type II and aggrecan of the
chondrocytes after MACS tended to be higher than that before sorting, but not significantly
(Figure 6).

DISCUSSION
Articular cartilage consists of only one cell type: round chondrocytes characterized by their
ability to produce the main constituents of the hyaline extracellular matrix, namely collagen types
II, IX, and XI and proteoglycans.23) Chondrocytes can be released from cartilage by enzymatic
digestion and be expanded in culture, an important step for their clinical application in cellbased cartilage repair therapies.24,25) However, during serial monolayer culture, the chondrocyte
phenotype is lost, and cells alter their morphology and metabolism in a process termed dedifferentiation.13,26) While a clear link between chondrocyte dedifferentiation and the differential
production of extracellular matrix components has been established, the cell surface protein
composition of chondrocytes during the dedifferentiation process remains poorly understood.
Uncovering chondrocyte surface proteins are attractive because some of these proteins could be
used as markers to discriminate between differentiated and dedifferentiated cells or even different stages of dedifferentiation.27) The identification of new markers to characterize chondrocyte
differentiation status based on cell surface marker expression would contribute to cartilage tissue
engineering, from quality control for cell expansion to the optimization of culture conditions.
Further validation of these surface molecules as markers of the differentiation status will require
determination of whether the profile of cell surface proteins induced by monolayer culture can
be reversed using redifferentiation procedures.
Therefore, in this study, we investigated changes in gene expression and surface marker expression correlated with the dedifferentiation of monolayer expanded human articular chondrocytes
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to define the index for cell sorting related to the surface markers.
We compared the extracellular matrix-based differentiation index (Col II/Col I) with a differentiation index based on the cell surface markers. As a result, it was suggested that single
surface marker expression is not appropriate as the index of differentiation because of insufficiency in the amplitude of changes, whereas the ratio of CD54 to CD44 demonstrates the state
of differentiation more clearly.
Hyaluronan (HA) is a large glycosaminoglycan composed of repeating disaccharides of Dglucuronic acid and N-acetyl-glucosamine. Articular chondrocytes constitutively express CD4428)
and ICAM-1,29) two specific HA receptors.30) There is evidence that those HA receptors biologically mediate the effects of HA. In contrast, CD44 reportedly has multiple functions beside the
HA receptor, such as HA endocytosis, cell proliferation, or migration. 31-33) While the principal
HA receptor is CD44,34) ICAM-1 is induced during the inflammatory response and by cytokines
such as IL-1.35) ICAM-1 is a glycosylated protein of 80–114 KDa with a core polypeptide
of 55 KDa, and it has an important role in leukocyte trafficking and cell–cell adherence in
immunological response.36,37) We speculated that the switching of HA receptors on monolayer
cultured chondrocytes continues along the line of the dedifferentiation status. During monolayer
culture, it is speculated that chondrocytes tend to be more proliferative instead of losing their
specific phenotype, resulting in the increased expression of CD44. Simultaneously, the expression
of ICAM-1 is decreased because the chondrocytes are spreading out to advance their cell–cell
contact. Consequently, the ratio of ICAM-1 (CD54) and CD44 could be decreased in the dedifferentiation status during monolayer culture.
Then, we performed the cell sorting according to CD54 and CD44 using MACS. In our
results of real-time quantitative PCR, the expression of collagen type II and aggrecan of the
chondrocytes after MACS tended to be higher than that before sorting, but not significantly. It
is speculated that in the cell subpopulations before and after cell sorting that were cultured by
the technique of redifferentiation such as pellet culture or the other three dimensional culture,
significant differences could be observed in the expression of the chondrocyte-specific phenotype.
We are studying whether the distinguished cells from monolayer expanded chondrocytes could
form better regenerated cartilage tissue in pellet culture or in vivo experiments and by the ACI
procedure.
There are three problems of cell sorting using MACS technology. First, the number of chondrocytes is decreased in comparison after sorting using MACS. Second, whether the magnetic
beads used in MACS may affect the human body during the ACI procedure remains unknown.
Third, purity of isolated fraction is not so high. There might be nonspecific binding, because we
performed the cell sorting in indirect method. Therefore, purity might become relatively low. It
is necessary to establish the techniques to obtain a higher recovery rate and purity, and further
experiments are required to investigate the influence of the magnetic beads on the human body
in vivo.
There are some limitations in this study. Because it is difficult to obtain normal human
cartilage in Japan mainly on account of religious reasons, the number of samples is small and
the amount of cartilage tissue is very small. Therefore, we could not conduct sufficient experiments. We speculated that the small number of samples (n = 3) was one of the reasons why
no significant difference was observed in this experiment (Figure 6). If the number of samples
would increase, a significant difference could be observed.
In summary, the present study indicates that the ratio of mRNA expression of collagen type
II to type I represented the differentiation status of human articular chondrocytes. Surface marker
expression also changed according to the differentiation status. The MFI ratio of CD54 to CD44
could be an adequate candidate as the index of the differentiation status. Further studies are
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required to evaluate distinguished chondrocytes could form better cartilage tissue and to confirm
the usefulness for the ACI procedure.

ACKNOWLEDGMENT
This work was Supported by the Japan Society for the Promotion of Science KAKENHI
22659271 (Grant-in-Aid for Challenging Exploratory Research), the MEISEIKAI fund.
Declaration of Interest: The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of this article.

REFERENCES
1)
2)
3)
4)

5)
6)
7)
8)
9)
10)
11)

12)

13)
14)

15)
16)
17)

18)

Buckwalter JA, Mankin HJ. Articular cartilage. Part II: degeneration and osteoarthritis, repair, regeneration
and transplantation. J Bone Joint Surg Am. 1997; 79-A: 612–32.
Insall JN. Intra-articular surgery for degenerative arthritis of the knee: a report of the work of the late K.
H. Pridie. J Bone Joint Surg Br. 1967; 49-B: 211–28.
Steadman JR, Briggs KK, Rodrigo JJ. Outcomes of microfracture for traumatic chondral defects of the
knee: average 11-year follow-up. Arthroscopy. 2003; 19: 477–84.
Bert JM, Maschka K. The arthroscopic treatment of unicompartmental gonarthrosis: a five-year follow-up
study of abrasion arthroplasty plus arthroscopic debridement and arthroscopic debridement alone. Arthroscopy. 1989; 5: 25–32.
Friedman MJ, Berasi CC, Fox JM, Del Pizzo W, Snyder SJ, Ferkel RD. Preliminary results with abrasion
arthroplasty in the osteoarthritic knee. Clin Orthop Relat Res. 1984; 182: 200–5.
Lippiello L, Chakkalakal D, Connolly JF. Pulsing direct current-induced repair of articular cartilage in rabbit
osteochondral defects. J Orthop Res. 1990; 8: 266–75.
Hardie EM, Carlson CS, Richardson DC. Effect of Nd: YAG laser energy on articular cartilage healing in
the dog. Lasers Surg Med. 1989; 9: 595–601.
Heywood HK, Lee DA. Low oxygen reduces the modulation to an oxidative phenotype in monolayerexpanded chondrocytes. J Cell Physiol. 2010; 222: 248–53.
Lin Z, Fitzgerald JB, Xu J, Willers C, Wood D, Grodzinsky AJ, Zheng MH. Gene expression profiles of
human chondrocytes during passaged monolayer cultivation. J Orthop Res. 2008; 26: 1230–7.
Takahashi T, Ogasawara T, Asawa Y, Mori Y, Uchinuma E, Takato T, Hoshi K. Three-dimensional microenvironments retain chondrocyte phenotypes during proliferation culture. Tissue Eng. 2007; 13: 1583–92.
Vinatier C, Gauthier O, Fatimi A, Merceron C, Masson M, Moreau A, Moreau F, Fellah B, Weiss P,
Guicheux J. An injectable cellulose-based hydrogel for the transfer of autologous nasal chondrocytes in
articular cartilage defects. Biotechnol Bioeng. 2009; 102: 1259–67.
Brittberg M, Peterson L, Sjögren-Jansson E, Tallheden T, Lindahl A. Articular Cartilage Engineering with
Autologous Chondrocyte Transplantation: A Review of Recent Developments. J Bone Joint Surg Am. 2003;
85-A S3: 109–15.
Benya PD, Shaffer JD. Dedifferentiated chondrocytes reexpress the differentiated collagen phenotype when
cultured in agarose gels. Cell. 1982; 30: 215–24.
Binette F, McQuaid DP, Haudenschild DR, Yaeger PC, McPherson JM, Tubo R. Expression of a stable
articular cartilage phenotype without evidence of hypertrophy by adult human articular chondrocytes in
vitro. J Orthop Res. 1998; 16: 207–16.
Walker GD, Fischer M, Gannon J, Thompson RC Jr, Oegema TR Jr. Expression of type-X collagen in
osteoarthritis. J Orthop Res. 1995; 13: 4–12.
Tallheden T, Karlsson C, Brunner A, Van Der Lee J, Hagg R, Tommasini R, Lindahl A. Gene expression
during redifferentiation of human articular chondrocytes. Osteoarthritis Cartilage. 2004; 12: 525–35.
Diaz-Romero J, Gaillard JP, Grogan SP, Nesic D, Trub T, Mainil-Varlet P. Immunophenotypic analysis
of human articular chondrocytes: changes in surface markers associated with cell expansion in monolayer
culture. J Cell Physiol. 2005; 202: 731–42.
Kreuz PC, Steinwachs M, Erggelet C, Krause SJ, Ossendorf C, Maier D, Ghanem N, Uhl M, Haag M.

111
SURFACE MARKERS ON HUMAN CHONDROCYTES

19)

20)

21)

22)

23)
24)
25)
26)

27)
28)
29)
30)

31)
32)

33)

34)
35)

36)
37)

Classification of graft hypertrophy after autologous chondrocyte implantation of full-thickness chondral
defects in the knee. Osteoarthritis Cartilage. 2007; 15: 1339–47.
Kuçi S, Wessels JT, Bühring HJ, Schilbach K, Schumm M, Seitz G, Löffler J, Bader P, Schlegel PG,
Niethammer D, Handgretinger R. Identification of a novel class of human adherent CD34- stem cells that
give rise to SCID-repopulating cells. Blood. 2003; 101: 869–76.
Vasa M, Fichtlscherer S, Adler K, Aicher A, Martin H, Zeiher AM, Dimmeler S. Increase in circulating
endothelial progenitor cells by statin therapy in patients with stable coronary artery disease. Circulation.
2001; 103: 2885–90.
Matsuzaki-Moriya C, Tu L, Ishida H, Imai T, Suzue K, Hirai M, Tetsutani K, Hamano S, Shimokawa C,
Hisaeda H. A critical role for phagocytosis in resistance to malaria in iron-deficient mice. Eur J Immunol.
2011; 41: 1365–75.
Grogan SP, Barbero A, Diaz-Romero J, Cleton-Jansen AM, Soeder S, Whiteside R, Hogendoom PC, Farhadi
J, Aigner T, Martin I, Mainil-Varlet P. Identification of markers to characterize and sort human articular
chondrocytes with enhanced in vitro chondrogenic capacity. Arthritis Rheum. 2007; 56: 586–95
Poole AR, Kojima T, Yasuda T, Mwale F, Kobayashi M, Laverty S. Composition and structure of articular
cartilage: A template for tissue repair. Clin Orthop Relat Res. 2001; 391: S26–33.
Brittberg M. Autologous chondrocyte transplantation. Clin Orthop Relat Res. 1999; 367: S147–55.
Marlovits S, Zeller P, Singer P, Resinger C, Vecsei V. Cartilage repair: Generations of autologous chondrocyte
transplantation. Eur J Radiol. 2006; 57: 24–31.
Schnabel M, Marlovits S, Eckhoff G, Fichtel I, Gotzen L, Vecsei V, Schlegel J. Dedifferentiation-associated
changes in morphology and gene expression in primary human articular chondrocytes in cell culture.
Osteoarthritis Cartilage. 2002; 10: 62–70.
van Osch GJ, van der Veen SW, Marijnissen WJ, Verhaar JA. Monoclonal antibody 11-fibrau: A useful
marker to characterize chondrocyte differentiation stage. Biochem Biophys Res Commun. 2001; 280: 806–12.
Salter DM, Godolphin JL, Gourlay MS, Lawson MF, Hughes DE, Dunne E. Analysis of human articular
chondrocyte CD44 isoform expression and function in health and disease. J Pathol. 1996; 179: 396–402.
Davies ME, Dingle JT, Pigott R, Power C, Sharma H. Expression of intercellular adhesion molecule 1
(ICAM-1) on human articular cartilage chondrocytes. Connect Tissue Res. 1991; 26: 207–16.
Lisignoli G, Grassi F, Zini N, Toneguzzi S, Piacentini A, Guidolin D, Bevilacqua C, Facchini A. AntiFas-induced apoptosis in chondrocytes reduced by hyaluronan: evidence for CD44 and CD54 (intercellular
adhesion molecule 1) involvement. Arthritis Rheum. 2001; 44: 1800–7.
Knudson CB, Knudson W. Hyaluronan and CD44: modulators of chondrocyte metabolism. Clin Orthop
Relat Res. 2004; 427S: S152–62.
Tanimoto K, Nakatani Y, Tanaka N, Ueki M, Yanagida T, Kitamura R, Tanne Y, Lin YY, Kunimatsu R,
Tanne K. Inhibition of the proliferation of human periodontal ligament fibroblasts by hyaluronidase. Arch
Oral Biol. 2008; 53: 330–6.
Albrecht C, Schlegel W, Eckl P, Jagersberger T, Sadeghi K, Berger A, Vécsei V, Marlovits S. Alterations in
CD44 isoforms and HAS expression in human articular chondrocytes during the de- and re-differentiation
processes. Int J Mol Med. 2009; 23: 253–9.
Aruffo A, Stamenkovic I, Melnick M, Underhill CB, Seed B. CD44 is the principal cell surface receptor
for hyaluronate. Cell. 1990; 61: 1303–13.
Dustin ML, Rothlein R, Bhan AK, Dinarello CA, Springer TA. Induction by IL-1 and interferon-γ: tissue
distribution, biochemistry, and function of a natural adherence molecule (ICAM-1). J Immunol. 1986; 137:
245–54.
Springer TA. Adhesion receptors of the immune system. Nature. 1990; 346: 425–34.
Hopkins AM, Baird AW, Nusrat A. ICAM-1: targeted docking for exogenous as well as endogenous ligands.
Adv Drug Deliv Rev. 2004; 56: 763–78.

