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DCC is expressed in a CD166-positive subpopulation of
chondrocytes in human osteoarthritic cartilage
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Abstract: Objective: In a recent study we determined a strong differential expression of DCC in OA compared to
normal chondrocytes and a strong impact of the DCC receptor on cellular mobility triggered by its ligand Netrin-1.
Migration of chondrocytes or their progenitor cells may play a role in remodeling of cartilage and pathological condi-
tions. The purpose of this study is to identify subsets of chondrocytes expressing DCC and to understand signaling
pathways used by DCC in chondrocytes. Methods: Immunofluorescent histology of human cartilage was used to
determine the expression pattern of CD166, DCC and p-CREB. Cell culture of chondrocytes and SW1353, transient
transfection, siRNA transfection, EMSA, luciferase assay, quantitative RT-PCR, ELISA, and Western Blotting were
used to study signaling down-stream of DCC. Results: DCC expressing chondrocytes are mainly located in the sur-
face layers of OA cartilage. These also express CD166 indicating that DCC expressing chondrocytes are progenitor
cells. Interestingly, expression of DCC reduces cAMP levels, CREB DNA-binding activity and CRE activity in chon-
drocytes, whereas down-regulation of DCC results in induction of CRE signaling. Conclusion: In summary, DCC is
up-regulated in CD166-positive chondrogenic progenitor cells in OA and induces down-regulation of CREB. These
findings indicate that migration of CD166 positive progenitor cells to sites of cartilage damage may be directed by

regulation of DCC signaling.
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Introduction

Until recently, chondrocytes have been viewed
as stationary cells imbedded in an impenetra-
ble matrix. Today, several in vitro observations
object this theory. Chondrocytes were shown to
be able to migrate in vitro in response to che-
mo-attractant factors, such as cytokines,
growth factors and components of the extracel-
lular matrix (for review see Morales [1]). Mo-
reover, chondrocyte movements were obser-
ved in planar and 3D matrices [1], in vivo in the
growth plate [2] and during development of the
intervertebral disc [3, 4]. Further, re-coloniza-
tion of a cell-free auto-transplant of meniscal
tissue by a-smooth muscle expressing chon-
drocytes was observed in a canine meniscus
repair model indicating the possibility of migra-
tion of chondrocytes into the transplant [5].
Recently, CD105*/CD166* chondrogenic pro-

genitor cells were observed migrating to carti-
lage lesions along the joint surface in cartilage
explants [6]. The latter findings indicate that
chondrocytes or their progenitors may contrib-
ute to repair mechanisms in cartilage by active-
ly moving to sites of damage. Therefore, the
migratory activities have to be directed in some
way.

A group of receptors and ligands has been
shown to be involved in migratory activity of
synovial fibroblasts in rheumatoid arthritis (RA)
and OA [7]. These so called “repellent factors”
have originally been identified in the developing
nervous system [8, 9] and were shown to regu-
late cell-cell interactions and cell-matrix inter-
actions of migrating cells during embryonic
development. These factors are Semaphorins
and their receptors, Netrins and their receptors,
Deleted in Colon Cancer (DCC) and UNCs, Slits
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Figure 1. DCC is increased in CD166 positive progenitor cells in OA cartilage. A. In immunofluorescent histology of
normal cartilage CD166 positive cells are situated in the upper layers and do not express DCC (maghnification x 20).
B. Immunofluorescence stainings for DCC verified induction of DCC in OA cartilage preferentially in CD166 positive

cells (magnification x 20).

and Roundabout receptors (Robo) as well as
Ephrins and the Eph receptors [8, 10, 11].
Recently, the presence of Semaphorin, Netrin
and Slit in cartilage was demonstrated [12-14].
Furthermore, the Netrin receptor DCC was
revealed to be strongly expressed in human
joint cartilage obtained from patients suffering
from osteoarthritis (OA). We reported that
Netrin-1 induced migration of chondrocytes
expressing DCC in vitro [13].

In this study, we analyzed the expression pat-
terns of DCC in human OA cartilage in vivo and
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signaling of DCC in chondrocytes obtained from
OA patients and healthy donors.

Materials and methods

OA-primary human chondrocytes and human
cartilage

Tissues were obtained from probands or from
patients after informed consent following the
standards of the Ethics Commission of the
University of Regensburg. Normal cartilage with
no significant softening or surface fibrillation
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Figure 2. Activity of NFkB, AP-1 and CREB signaling in normal chondrocytes after
DCC or mock transfection. (A) DCC expression had no detectable effects on NFkB
and AP-1 signaling by EMSA, whereas marked reduction of CREB DNA-binding
activity was observed in normal chondrocytes. (B) The impact of DCC on CREB
signaling was confirmed in chondrocytes of three additional donors (C) Specificity
of the EMSA was confirmed by cold-competition of binding and by achieving a su-
pershifted band using a specific anti-CREB antibody. (D) A luciferase reporter gene
assay was performed in DCC-transfected chondrocytes versus controls and deter-
mined significant reduction of CREB activity after transfection of DCC, whereas

S— — [-actin

was obtained at autopsy within 48 h after
death. OA cartilage was removed under sterile
conditions from femoral condyles of knee joints
of patients aged 40-65 years undergoing total
knee arthroplasty. Tissue fragments were cut
into 1 mm slices and were washed four to five
times with Krebs buffer containing 100 units/
ml penicillin and 100 pg/ml streptomycin. After
two further rinses with calcium-free Dulbecco’s
modified Eagle’s medium 4.5 g/l glucose
(DMEM, Sigma-Aldrich, Munich, Germany), the
slices were further cut into small pieces and
were incubated for 16-24 h with 1.5 mg/ml col-
lagenase B (Roche, Mannheim, Germany) and
1 mM cysteine in DMEM. The cell suspension
was filtered through nylon gauze (100 ym pore
size) and was washed three times with calcium-
free DMEM. For immunohistochemical studies
normal human cartilage and OA cartilage was
fixed in 5% buffered formalin.

Normal human chondrocytes were purchased
(Provitro, Berlin, Germany) and cultivated as
suggested by the manufacturer.

Cell lines and tissue culture

Primary chondrocytes and the chondrosarco-
ma cell line SW1353 were used in the experi-
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NFkB activity stayed unchanged.

ments. Cells were grown at 37°C/8% CO, in
DMEM (Sigma-Aldrich) supplemented with pen-
icillin (100 U/ml), streptomycin (10 pg/ml) (both
PAA) and 10% fetal calf serum (PAN Biotech,
Aidenbach, Germany) and split 1:4 at conflu-
ence. Cells were detached by incubation with
0.05% trypsin, 0.04% EDTA (PAA) in PBS for 5
minutes at 37°C.

Transient transfection

Primary chondrocytes were transfected using
the Amaxa Nucleofector System (Lonza, Basel,
Switzerland) according to the manufacturer’s
instructions.

Recombinant human pDCC-CMV-S was a kindly
gift of Patrick Mehlen (University of Lyon [15]).

Transfection of SW1353 cells was performed
using Lipofectamine LTX (Life technologies,
Darmstadt, Germany). Briefly, the cells were
cultured in 6-well plates. For transient transfec-
tion with expression plasmids each cationic
lipid/plasmid DNA suspension was prepared of
0.5 pg plasmid within the transfection solu-
tions according to the manufacturer’s instruc-
tions. The cells were harvested 48 hlater, and
RNA was isolated.

Int J Clin Exp Pathol 2014;7(5):1947-1956



DCC in chondrocytes

Fehk

25
ns
Z 20 T
s
S
T 5 154
° ¥
aza
T 5
faal —
0 o c c c c
5 & 8§ &8 3
] 2 © 2 ©
< <
GQ o) o)
CRE NFkB

Figure 3. CREB activity is reduced in OA chondro-
cytes. CREB luciferase reporter gene assays were
performed comparing normal chondrocytes to chon-
drocytes derived from OA patients. A significant dif-
ference in CREB activity was observed comparing
normal and OA chondrocytes, whereas NFkB signal-
ing was unchanged. (***: p < 0.001; ns: p > 0.05)

SiRNA transfection

The siRNAs against DCC (siDCC_1, siDCC_2)
and the control siRNAs were synthesized by
Qiagen (Hilden, Germany). Cells were grown to
70-80% confluence in culture dishes, and har-
vested in the proliferative growth phase. Cells
were transfected with the HiPerFect Trans-
fection Reagent (Qiagen), according to the man-
ufacturer’s protocol. Cells were transfected in
six-well culture plates, and RNA was isolated
48 h after transfection.

Reporter gene assays

Cells were cultured in six-well plates for 24 h
and then treated with cationic lipid/plasmid
DNA suspension: 0.5 pg of luciferase reporter
plasmid (CREB, NFkB or an empty pGL2basic
vector as a control (all Promega Corporation,
Madison, WI, USA)), 0.1 ug of the internal con-
trol plasmid pRL-TK. 24 h after the transfection
cells were harvested and the lysate was ana-
lyzed for luciferase activity with a luminometer
using Promega dual-luciferase assay reagent
(Promega).

Nuclear extract preparation and EMSA (elec-
trophoretic mobility shift assay)

Nuclear extract preparation and EMSAs were
performed as described before [16, 17]. For
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EMSAs the following oligonucleotides were
used: CREB (5'-AGA GAT TGC CTG ACG TCA GAG
AGC TAG-3’), AP-1 (5'-CGC TTG ATG AGT CAG
CCG GAA-3’) or NFkB (5'-AGT TGA GGG GAC TTT
CCC AGG C-3").

Rabbit anti-CREB antibody (antibodies-online
GmbH, Aachen, Germany) was used for super-
shift experiments.

Protein analysis in vitro (WB)

Trypsinized cells were incubated in 200 pl of
RIPA-buffer (Roche) for 15 min at 4°C. Insoluble
fragments were sedimented at 11,000 g for 10
min and the supernatant lysate was stored at
-20°C. RIPA-cell lysate was loaded and sepa-
rated on 10% SDS-PAGE and subsequently
blotted onto polyvinylidene fluoride (PVDF)
membrane. After blocking for 1 h with 3% dried
milk powder/TBST the membrane was incubat-
ed for 16 h with a primary antibody against
p-CREB Ser133 (1:1000; Merk-Millipore, Dar-
mstadt, Germany), DCC (1:500; BD bioscienc-
es, Heidelberg, Germany) or B-actin (1:5000;
Sigma-Aldrich). Then the membrane was
washed three times in TBST, incubated for 1 h
with an alkaline phosphate-conjugated second-
ary anti-rabbit antibody (1:3000; Chemicon,
Hampshire, UK) or anti-mouse antibody (1:40-
00; Chemicon) and then washed again. Finally
immunoreactions were visualized by NBT/BCIP
(Sigma-Aldrich) staining.

Isolation of RNA and generation of cDNA

Total cellular RNA was isolated from the respec-
tive cells using the Micro Elute Total RNA Kit
(VWR, Darmstadt, Germany) and cDNA was
generated by reverse transcriptase reaction as
described before [18].

Analysis of mMRNA expression by quantitative
real time PCR

Quantitative real time PCR was performed on a
LightCycler® 480 Il technology (Roche), cDNA
template (1 pl), 0,5 ul (20 mM) of primers (hDCC
for: 5’-GAC TCC AAT CCC AGG TGA CT, hDCC rev:
5-TGA CTT CCT CGC CTC GTA AC; B-actin for:
5-CTA CGT CGC CCT GGA CTT CGA GC; B-actin
rev: 5'-GAT GGA GCC GCC GAT CCA CAC GG) and
10 ul LightCycler® 480 SYBR Green | Master in
a total of 20 pl were applied to the following
PCR program: initial denaturation at 95°C for

Int J Clin Exp Pathol 2014;7(5):1947-1956
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Figure 4. Down-regulation of DCC expression in OA chondrocytes and SW1353 chondrosarcoma cells results in
induction of CRE signaling. OA chondrocytes were transfected with siRNA against DCC or control and CREB activ-
ity was determined by EMSA and CREB luciferase reporter gene assays. Down-regulation of DCC expression was
confirmed on (A) mRNA level (OA chondrocytes and SW1353) and (B) protein level (SW1353). As SW1353 do not
express DCC, expression was achieved by transient transfection of a DCC-expression plasmid prior to the experi-
ment. DCC down-regulation resulted in higher CREB activity in (C) EMSAs and (D) luciferase reporter gene assays.

10 minutes, followed by 45 cycles of amplifica-
tion with 10 s at 95°C, 10 s at 60°C (annealing)
and 20 s at 72°C (elongation).

The PCR reaction was evaluated by melting
curve analysis and analyzing the PCR products
on 1.8% agarose gels.

Cyclic AMP ELISA

Intracellular cAMP was quantified using a direct
cAMP-ELISA kit (Enzo Life Sciences, Lorrach,
Germany) according to the manufacturer’s
protocol.

Immunofluorescence
Three cartilage specimens from healthy donors

and eight specimens from OA patients were
studied by immunofluorescence microscopy.
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Therefore, standard 3 um sections of formalin-
fixed and paraffin-embedded tissue blocks
were used. The tissue sections were deparaf-
finized, rehydrated and subsequently heated in
a water bath for 40 min (90°C) in 0.01 M sodi-
um citrate buffer (pH 7.2) and placed on micro-
scope slides. After permeabilization with 0.3%
Triton-X (Sigma-Aldrich) and blocking with 20%
BSA/PBS the cartilage sections were first incu-
bated with primary antibody (mouse-a-DCC (BD
biosciences, Heidelberg, Germany) 1:1000 in
PBS, rabbit-a-CREB (Merk-Millipore) 1:1000 in
PBS) or rabbit-a-CD166 (Santa Cruz Biote-
chnologies, Santa Cruz, CA, USA) 1:50 in PBS)
and the with the according secondary antibody
(-mouse-Alexa Fluor 488 or o-rabbit-Alexa
Fluor 594 (Life technologies)). Evaluation of the
staining was performed by means of immuno-
fluorescent microscopy using 20 and 40-fold

Int J Clin Exp Pathol 2014;7(5):1947-1956
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Figure 5. cCAMP levels are down-regulated in chondrocytes after DCC transfection. After DCC transfection normal
chondrocytes show a reduced cytoplasmic concentration of cAMP measured by ELISA (A). Expression of DCC after

transfection was demonstrated by gRT-PCR (B).

maghification. (AxioVisionAxio Imager Z1, Zeiss,
Oberkochen, Germany).

Statistical analysis

Results are expressed as mean + SD (range) or
percent. Comparison between groups was
made using the Student’s unpaired t-test.
Correlation between parameters was calculat-
ed with the Spearman test. A p value < 0.05
was considered statistically significant. All cal-
culations were performed by using the Gra-
phPad Prism Software (GraphPad Software,
Inc., San Diego, USA).

Results

The repellent factor DCC (deleted in colon can-
cer) was previously shown to be strongly
induced in chondrocytes obtained from OA
patients [13]. Overexpression of DCC in normal
chondrocytes resulted in induction of chondro-
cyte migration revealing marked effects of
DCC. In this study, we aimed to understand the
expression pattern of DCC in cartilage and the
signaling pathways modulating DCC effects on
chondrocytes.

First, we studied normal cartilage and OA carti-
lage by means of immunofluorescence. In nor-
mal cartilage no signal for DCC-staining was
detectable. To identify chondrogenic progenitor
cells within the cartilage, the sections were
also stained using a CD166 antibody. CD166
positive cells were few and were restricted to
superficial layers (Figure 1A). In OA cartilage
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numerous DCC-positive cells were found in
superficial layers and in the zone bordering the
synovium. Using double labeling technique
most of the DCC positive cells were also posi-
tive for CD166 indicating that DCC expressing
cells are chondrogenic progenitor cells (Figure
1B). These cells were frequently oriented paral-
lel to the cartilage surface and displayed a flat-
tened spindly shape. At the border to the
synovium CD166 positive cells had a roundish
shape.

In the next step, we characterized the activity of
NFkB, AP-1 and CREB signaling in normal chon-
drocytes after DCC or mock transfection.
Interestingly, DCC expression had no detect-
able effects on NFKB and AP-1 signaling as
observed by EMSA, however resulted in marked
reduction of CREB DNA-binding activity (Figure
2A). The impact of DCC on CRE signaling was
confirmed in chondrocytes of three additional
donors (Figure 2B). Specificity of the EMSA was
revealed by cold-competition of binding to the
probes and by achieving a supershifted band
using a specific anti-CREB antibody (Figure 2C).
To confirm the results showing marked effects
on CRE-signaling luciferase reporter gene
assays were performed in DCC-transfected
chondrocytes versus controls which showed a
significant reduction of CRE activity after trans-
fection of DCC (Figure 2D), whereas NFkB activ-
ity, as expected based on the EMSAs, stayed
unchanged.

CRE luciferase assays were further performed
comparing normal chondrocytes to chondro-

Int J Clin Exp Pathol 2014;7(5):1947-1956
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Figure 6. DCC is increased and nuclear p-CREB is decreased in CD166 positive progenitor cells in OA cartilage. (A

In healthy cartilage chondrocytes of upper layers display a strong nuclear signal for p-CREB and a faint cytoplasmlc
signal for DCC (magnification x 40). (B) No nuclear staining for p-CREB was found in strongly DCC positive superficial
chondrocytes of OA samples, whereas stationary chondrocytes in clusters showed nuclear staining for p-CREB (C)

(magnification x 40).

cytes derived from OA patients (Figure 3). A sig-
nificant difference in CRE activity was observed
comparing normal and OA chondrocytes, how-
ever, NFKB signaling was unchanged.

To confirm the influence of DCC on CREB signal-
ing OA chondrocytes were transfected with
siRNA against DCC or control and CREB activity
was determined by EMSA and CRE luciferase
reporter gene assays. Down-regulation of DCC
expression was confirmed on mRNA level (OA
chondrocytes, Figure 4A), Further, the SW1353
cell line was used as a model cell line in these
experiments. As SW1353 do not express DCC,
expression was achieved by transient transfec-
tion of a DCC-expression plasmid prior to siRNA
transfection. DCC down-regulation was con-
firmed on mRNA level or protein level (Figure
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4A and 4B). EMSAs and luciferase reporter
gene assays showed that down-regulation of
DCC expression in OA chondrocytes and
SW1353 resulted in induction of CREB signal-
ing (Figure 4C and 4D).

To analyze the role of cAMP in DCC signaling
normal chondrocytes were transfected with
DCC. After transfection a reduced cytoplasmic
concentration of cCAMP was measured by ELISA
(Figure 5A). Expression of DCC after transfec-
tion was demonstrated by qRT-PCR (Figure 5B).
Therefore, DCC expression led to lower cAMP
levels in chondrocytes.

In order to confirm the significance of our in

vitro data, immunohistochemical double label-
ing reactions against DCC and p-CREB were

Int J Clin Exp Pathol 2014;7(5):1947-1956
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performed in human cartilage obtained from
healthy donors and OA patients. In normal car-
tilage strong nuclear staining of chondrocytes
was observed for p-CREB accompanied by a
barely visible cytoplasmic signal for DCC (Figure
6A). However, the majority of DCC positive
superficial cells in OA cartilage showed a strong
reduction of p-CREB in their nuclei (Figure 6B).
Stationary chondrocytes in clusters showed
faint DCC staining and strong nuclear staining
for p-CREB (Figure 6C).

Discussion

In the last decades migration of chondrocytes
and its possible function in vivo has been a
controversial issue. However, Seol et al. recent-
ly observed a population of chondrogenic pro-
genitor cells migrating towards damaged sites
of cartilage in explants of articular cartilage [6].
Apparently, chondrogenic progenitor cells are
derived from the superficial layers of articular
cartilage and express CD166 [6, 19]. Dysfun-
ction of this process for instance by misdirec-
tion of chondrocytes or disruption of migration
may be a possible cause of alterations in matrix
composition and generation of inferior repair
tissue in osteoarthritis (OA).

If there are migratory activities of chondrocytes
during development, repair, and pathological
conditions, they have to be directed by chemo-
attractant and chemo-repulsive factors.
Otherwise, misdirected chondrocytes or pro-
genitor cells might contribute to alterations of
the joint structure and disturbance of joint func-
tion such as already mentioned above. In a
recent study, we reported strong induction of
the repellent factor receptor DCC in OA chon-
drocytes indicating that altered regulation of
DCC takes place in the course of OA [13]. The
presence of binding sites for the transcription
factors Sox9 and AP-2 in the DCC promoter of
chondrocytes, the demonstration of binding of
Sox9 and AP-2 to the DCC promoter, and the
induction of DCC by both factors corroborate
the finding of up-regulation of DCC during OA
[13], since induction of Sox9 expression in OA
was described by several groups [20]. In addi-
tion, also AP-2 binding sites were determined in
several genes found to be up-regulated in OA
[21]. The differential expression of DCC was
reflected in an increased migratory activity of
OA chondrocytes compared to hormal chondro-
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cytes after exposure to recombinant Netrin-1, a
ligand of the DCC-receptor. Migration in res-
ponse to Netrin-1 could also be induced in nor-
mal chondrocytes transfected with the DCC
receptor [13].

In the present study, it was demonstrated that
DCC is expressed in OA cartilage in spindle
shaped cells in the superficial layers displaying
a morphological phenotype suspicious of
migratory activity as opposed to roundish sta-
tionary chondrocytes. DCC positive spindle
shaped cells also expressed CD166, a marker
of chondrogenic progenitor cells in immunofluo-
rescence double stainings of OA cartilage,
whereas roundish chondrocytes were mostly
negative for CD166. CD166-positive cell were
mainly located in the superficial and middle
zone of cartilage and at the border of cartilage
and synovium as reported by Pretzel et al [19].
In normal cartilage DCC was not detectable by
immunofluorescence confirming our previous
findings [13]. Furthermore, there were only very
few CD166 positive cells in the superficial lay-
ers of normal cartilage compared to OA carti-
lage. Taking into account our previous in vitro
data DCC may regulate migration of chondro-
cytes or chondrogenic progenitor cells in OA
cartilage.

Since the cellular signaling transduction of DCC
in chondrocytes is completely unknown so far,
the down-stream signaling of DCC in chondro-
cytes was addressed in this study. DCC expres-
sion had no detectable effects on NFkB and
AP-1 signaling, however, a strong reduction of
CREB DNA-binding activity was observed. Also,
DCC expression in chondrocytes leads to a sig-
nificant reduction of CREB activity in luciferase
reporter gene assays. Down-regulation of DCC
expression by siRNA resulted in the induction of
CREB signaling in OA chondrocytes and
SW1353 cells in EMSAs and luciferase reporter
gene assays. A quantitative cAMP-ELISA revea-
led a marked decrease of cAMP in DCC express-
ing chondrocytes in accordance with the
reduced CREB activity described above. In
addition, it was demonstrated that DCC-exp-
ressing chondrocytic progenitor cells show
reduced p-CREB nuclear content in OA carti-
lage as opposed to normal cartilage corroborat-
ing our in vitro data. Interestingly, in cell clus-
ters of OA cartilage chondrocytes DCC was only
faintly detectable and a strong nuclear signal

Int J Clin Exp Pathol 2014;7(5):1947-1956
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for p-CREB was observed. This finding is in
accordance with reports that cell clusters con-
tain proliferating chondrocytes that are unlikely
to migrate [22, 23].

The reported data demonstrate that DCC is
regulated in chondrogenic progenitor cells in
OA possibly influencing migration of these cells
similarly to the already described effects of
DCC on migration of chondrocytes in vitro [13].
Expression of DCC reduces cAMP levels, CREB
DNA-binding activity and CREB activity in chon-
drocytes, whereas down-regulation of DCC
results in the induction of CREB signaling.
There are several reports that cAMP-signaling
is involved in the regulation of cell migration.
Reduction of cAMP levels promotes migratory
activity of several cancer cell types [24-27].
There is also a report on induction of migration
by down-regulation of CREB in glioma cells [28].
However, in other cell types induction of cAMP
or CREB were associated with increased migra-
tion [29]. DCC signaling via cAMP and CREB
may be pertinent to the regulation of migratory
activities of chondrogenic progenitor cells.
Netrin, a ligand of DCC that is expressed by
chondrocytes and synovial cells may direct pro-
genitor cells to sites of damage, since attrac-
tant effects of Netrin 1 on DCC expressing
chondrocytes were demonstrated in vitro [13].
Moreover, the CREB KO mouse has a dwarf
phenotype [30] indicating that CREB has an
important role in the development of the skele-
ton possibly due to disordered direction of cell
migration or differentiation of cartilage.

In summary, our results suggest that DCC is
expressed in chondrocytic progenitor cells in
OA and may be involved in cell migration of pro-
genitor cells. Furthermore, expression of DCC
reduces cAMP levels, CREB DNA-binding activi-
ty and CRE activity in chondrocytes, whereas
down-regulation of DCC results in induction of
CRE signaling.

In the light of new theories regarding a migra-
tory capability of chondrocytes pertinent to car-
tilage remodeling these findings indicate that
DCC may be involved in directing chondrogenic
progenitor cells to sites of damage in OA possi-
bly by regulation of CREB.
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