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ABSTRACT
Osteoarthritis (OA) is a chronic disease affecting the cartilage of over 15% of Canadians. Synovial
fluid mesenchymal progenitor cells (sfMPCs) are present in joints and are thought to contribute to
healing. OA sfMPCs have a greater proliferative ability but decreased chondrogenic potential.
However, little is known about the factors influencing/regulating the differences between normal
and OA sfMPCs. Recently, our lab has shown that sfMPC chondrogenic differentiation in vitro is
favorably biased toward a similar osmotic environment as they experience in vivo. The current study
now examines the expression and functionality of a variety of ion channels in sfMPCs derived from
normal individuals and early OA patients. Results indicated that there is differential ion channel
regulation at the functional level and expression level in early OA sfMPCs. All ion channels were
upregulated in early OA compared to normal sfMPCs with the exception of KCNMA1 at the mRNA
level. At the protein level, TRPV4 was over expressed in early OA sfMPCs, while KCNJ12 and
KCNMA1 were unchanged between normal and early OA sfMPCs. At the functional level, the inward
rectifying potassium channel was under expressed in early OA sfMPCs, however the membrane
potential was unchanged between normal and early OA sfMPCs. In the synovial environment itself,
a number of differences in ion concentration between normal and early OA synovial fluid were
observed. These findings suggest that normal and OA progenitor cells demonstrate functional
differences in how they interact with the synovial ion environment.
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Introduction
Osteoarthritis (OA) is a chronic disease character-
ized by progressive articular cartilage degeneration
affecting 1 in 6 Canadians.1 There are currently no
disease modifying drugs for the treatment of OA.
Diagnosis of OA is typically after a history of joint
pain and radiographic changes.2 Although the car-
tilage has some regenerative capacity, it is very
limited and damage cannot be reversed after it has
occurred. Treatment of OA is limited to symptom
management and lifestyle changes, eventually lead-
ing to total joint replacement.2 Early diagnosis of
the disease by biomarkers (biochemical, genetic,
imaging) is an area that is gaining interest in OA
research. Early diagnosis may be able to predict
the onset of OA before pain and macroscopic car-
tilage damage has occurred, allowing for better

management of the disease and potentially even
delayed progression.3

Normally, the synovium plays a role in maintaining
health of articular cartilage through nourishment and
lubrication, however, the synovium and synovial fluid
also contain resident synovial fluid mesenchymal pro-
genitor cells (sfMPCs) that have the ability to differen-
tiate into bone, fat, and cartilage.4 In OA, our lab and
others have shown that sfMPCs have increased prolif-
erative but reduced chondrogenic capacities.5,6 OA is
a multifaceted disease and many factors may contrib-
ute to the change in phenotype between normal and
OA sfMPCs. The synovial environment changes phys-
ically, chemically, and physiologically with injury or
the onset of disease.7,8 Additionally, inflammation is a
core factor in OA and as the disease progresses
cytokines, chemokines and other factors that drive the
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deterioration of the joint are expressed.9,10 The
physical environment might also play a role in the reg-
ulation of sfMPC phenotype. The synovial fluid osmo-
lality of OA joints is significantly lower (»280mOsm)
compared to healthy joints (»400mOsm).11 Changes
in osmolality have been shown to regulate gene
expression of Sox9, a central transcription factor dur-
ing chondrogenesis.12,13,14 It was recently shown in
our lab that sfMPCs undergo efficient chondrogenic
differentiation in vitro in a similar osmotic environ-
ment as they experienced in vivo.11 In that study,
sfMPCs were grown in vitro in hyper- and hypo-
osmotic conditions and while changes in chondro-
genic gene expression occurred, no cell volume
changes were observed. This led us to believe that ion
channels may be playing a role in the behavior of
sfMPCs.

Ion channels are an essential component of the cell
membrane that controls ion movement in and out of
the cell and therefore may play a role in the response
to osmotic changes associated with OA synovial fluid.
These channels have been shown to play an important
role in a variety of cell regulating processes.15-16 In
specific regards to chondrocytes, potassium channels
are involved in mechanotransduction, cell volume reg-
ulation, apoptosis and chondrogenesis.17 Ion channels
have also been shown to respond to osmotic stress in
chondrocytes as well, in particular, TRPV4 has been
shown to respond to the early stages of hypo-osmotic
stress in chondrocytes.18 and it has also been linked
to the expression of Sox9, a key regulator of
chondrogenesis.19

The chondrocyte channelome has been a focus of
substantial study since chondrocytes have been histor-
ically the cell target of choice in OA. Recently the pro-
genitor and stem cell channelome has been gaining
interest for the investigation of these cell types as tar-
gets in multiple diseases. Human Mesenchymal stem
cells (hMSCs) express a wide variety of ion channels
that are implicated in different physiological func-
tions. Potassium channels cooperate with calcium and
chloride channels in regulating the calcium transient
and volume oscillations that accompany the cell
cycle.20 Potassium channel types control cell anchor-
age with stromal matrix and cell migration as well as
release of paracrine growth factors.20

Little is known about the changes in ion channels
during differentiation from MSCs to mature chondro-
cytes. A study done in 2005 aimed to functionally

characterize ion channels in human Mesenchymal
stem cells isolated from bone marrow.21 They found 3
outward currents, a Calcium-activated potassium
channel, a transient outward KC current, and a
delayed rectifier KC current.21 More recently, a review
was written comparing calcium channels in mature
chondrocytes, differentiating MSCs and undifferenti-
ated MSCs.22 Voltage operated calcium channels
(VOCCs) are found in both differentiating MSCs and
mature chondrocytes, while the purinergic ligand
operated Ca2C receptor/channels (P2Y) and TRPV4
channels are found in all 3 cell types.22

Although ion channels have been investigated for
use as targeting drugs for chronic diseases such as
cancer,23,24,25 little is known about their role in MSCs
and to our knowledge no studies have looked at the
ion channels in sfMPCs. Understanding the changes
in channelome between diseased and normal sfMPCs
could lead to novel pharmaceutical targets for degen-
erative joint diseases such as OA. Therefore, this study
was undertaken to investigate the expression and
functionality of a variety of ion channels in sfMPCs
derived from normal individuals and patients with
clinically diagnosed early OA.

Methods and materials

Patient criteria

Informed consent to participate was obtained by
written agreement. The study protocol was
approved by the University of Calgary Research
Ethics Board. Normal Group: Inclusion criteria for
control cadaveric donations were an age of 30 y or
older, no history of arthritis, joint injury or surgery
(including visual inspection of the cartilage surfaces
during recovery), no prescription anti-inflammatory
medications, no co-morbidities (such as diabetes/
cancer), and availability within 4 hrs of death. The
Southern Alberta Organ and Tissue Donation Pro-
gram (SAOTDP) screens the medical history of
every donor including current medication, eliminat-
ing individuals with a previous history of joint dis-
ease and other co-morbidities (e.g. cancer, diabetes,
inflammatory diseases).

OA group

Early OA was diagnosed based on arthroscopic exami-
nation; these patients had an Outerbridge score of
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under grade 2 (a partial-thickness defect with fissures
on the surface that do not reach sub-chondral bone or
exceed 1.5 cm in diameter).

Cell derivation

The fresh synovial fluid was plated in untreated cul-
ture dishes and after 1–2 hrs at 37�C/5%CO2 culture
media was added. Culture media consisted of DMEM
(Invitrogen # 11965), 10% FBS, 1% Pen/Strep, 1%
Non-essential amino acids (NEAA), 0.2% Beta-mer-
captoethanol (BME) (all Invitrogen, Carlsbad, CA).
Once cells had adhered to the plastic and reached 30–
40% confluence, the media was changed and the cells
were allowed to reach 60–70% confluence. At this
point the cells were dissociated and resuspended in
Dulbecco’s PBS (DPBS) at 1 million cells/ml. Progeni-
tors were isolated using magnetic separation. First the
total cell population was depleted for cell expressing
CD3, CD14, CD16, CD19, CD41a, CD56 and Glyco-
phorin A (All Becton, Dickinson and Company (BD),
Franklin Lakes, NJ). The resultant cell population was
then purified for cells expressing CD90 (BD). After 7–
10 days, fibroblast cell populations were present and
isolated as described above.

Flow cytometry

The cells were dissociated and resuspended in 500ml
of 90% MeOH and left for 5–10 minutes at room tem-
perature. The cells were then centrifuged, the liquid
was removed and 500ml of 0.1% Tween 20 was added
to permeabilize the cells for 20 minutes at room tem-
perature. The cells were centrifuged again, the liquid
was removed, and 50 ml of Tween buffer and 0.5 mg
of antibody was added to each tube and incubated in
the dark for 30–45 minutes at room temperature. The
cells were then washed 3 times with FACs buffer then
resuspended in FACs buffer. The cells were then mea-
sured using FACs Caliber. The results were analyzed
using FlowJo software.

Fura Red/Fluo-4

Cells were dissociated and resuspended in 10ml of
3mM Fluo-4, 6ml Fura Red solution in PBS and incu-
bated in the dark for 45 minutes at 37�C. Cells were
washed with media once, spun down and resuspended
in 500 ml of media. Cells were incubated in the dark
for 20 minutes at room temperature. Cells were

measured on an Attune FACs machine and analyzed
using Applied Biosystems Attune software. The ratio
of Fluo-4 (530 nm) to Fura Red (610 nm) mean fluo-
rescence intensity was determined for each sample.

Electrophysiology

Single cell electrophysiological measurements were
made using the patch-clamp technique in the whole
cell configuration, with an Axopatch 200B amplifier
(Molecular Devices, Sunnyvale, CA). Patch pipettes
were made from borosilicate capillaries using a Nar-
ishige pipette puller (Model PP-10). The resistance of
the patch electrodes ranged from 2 to 5 MV when
filled with a solution containing (in mM) K-Asp 100,
KCl 20, CaCl20.85, MgCl21, HEPES 10, EGTA 5, Na-
ATP 4 (pH was titrated to 7.2 with KOH 1 N). The
control extracellulr solution contained (in mM) NaCl
140, KCl 5, CaCl2 2, MgCl2 1, HEPES 10, Glucose 5.5
(pH was titrated to 7.4 with NaOH 1 N). To enhance
transmembrane whole-cell currents carried by potas-
sium (KC) ions (for the characterization of KC channel
subtypes), the control extracellular solution was
replaced by a KC-rich solution, in which 65 mM NaCl
was replaced by equimolar KCl. This yielded a final
KC ion concentration of 70 mM. A Digidata 1440A
acquisition system (Molecular Devices) operating at a
sampling rate of 2.0 kHz (with filtering at 1 kHz) was
used. All experiments were done at room temperature
(21�C). Data analysis was carried using OriginPro
software (OriginLab, Northampton, MA). Current
records were corrected for capacitive transients in the
cell-attached mode using the compensation circuit of
the amplifier, before obtaining the whole cell
configuration.

Micro-array analysis

RNA was extracted using Trizol Reagent (Life Tech-
nologies, Inc., New York, USA) according to the man-
ufacturer’s protocol. Total RNA was purified with
RNeasy Plus Micro Kit (Qiagen, Valencia, USA) to
remove genomic DNA. The RNA integrity number
(RIN) was measured with Agilent RNA 6000 Nano-
Chips on a 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, USA). The quantity was measured with a
NanoDrop 1000 (NanoDrop Technologies, Inc., Wil-
mington, USA). A total of 300 ng of each RNA sample
with RIN higher than 9 was labeled with GeneChip
Whole Transcript (WT) Sense Target Labeling Assay
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(Affymetrix, Santa Clara, USA) and hybridized to
Affymetrix GeneChip Human Gene 1.0 ST Arrays at
45�C for 16 hours. Arrays were stained and washed on
Affymetrix GeneChip Fluidics 450 following the man-
ufacturer’s protocol and scanned with an Affymetrix
GeneChip Scanner 3000 7G System.

Micro-array data analysis

Array data files were generated with GeneChip� Com-
mand Console� Software (AGCC) (Affymetrix, Santa
Clara, USA) and statistical significant analysis was car-
ried out on software of GeneSpringTM(Agilent Tech-
nologies). The fold change between normal and OA
samples was based on the p < 0.05 from a T-test
(Asymptotic and Benjamini Hochberg FDR).

Synovial fluid ion analysis

The ASTM D 1976–07 Standard Test Method for Ele-
ments in Water by Inductively-Coupled Argon Plasma
Atomic Emission Spectroscopy followed. Briefly,
synovial fluid and standards were introduced to the
ICP system (ThermoFisher iCAP 6400) via a peristal-
tic pump and nebulizer. The liquid was nebulized into
a fine mist in the spray chamber and taken up into the
argon plasma, where it was broken into free atoms. As
these atoms lose electrons and recombine in the
plasma they emit light at characteristic wavelengths
for each element. The light emitted was proportional
to the concentration of the element and is detected by
a charged coupled detector thus allowing the concen-
tration of the elements in each sample to be calculated.

Statistical analysis

Each treatment (cell differentiation) and qPCR was
performed in triplicate. Statistical analysis (ANOVA)
was performed on qPCR data using GraphPad Prism4
(GraphPad Software) and significance was set at
p < 0 .05.

Results

The ion concentration in synovial fluid samples of
2 normal and 2 early OA patients was analyzed using
Inductively-Coupled Argon Plasma Atomic Emission
Spectroscopy. Ca, Fe, K, Mg, Na, and P were all differ-
entially expressed between the normal and OA
samples, with OA samples showing a higher concen-
tration of each ion (Table 1). The normal and OA

sfMPCs used in the remainder of the study were iso-
lated from these samples.

To identify if ion channels were differentially
expressed between normal and OA sfMPCs and get a
clearer picture of the potential channelome in these
cells, microarray analysis was undertaken (Table 2).
Thirteen ion channels were differentially expressed
between normal and OA sfMPCs (for complete micro-
array data, see Table S1). Based off of this data and our
previous sfMPC osmolality study,11 ion channels
might play a role in the change in phenotype and
function of osteoarthritic sfMPCs. Therefore, a num-
ber of ion channels present that changed in expression
between normal and OA sfMPCs were studied in fur-
ther detail. Transient receptor potential cation channel
vanilloid-4 (TRPV4) was chosen because it is a chan-
nel known to be sensitive to osmotic changes in chon-
drocytes. Two potassium channels were studied, an
inward rectifier (KCNJ12) and a calcium activated
potassium channel (KCNMA1, KCNMB1), which has
been shown to increase expression in equine chondro-
cytes under hypotonic conditions.18 Two channels
known for cell volume regulation in chondrocytes
were included (AQP1, SLC12A2). Finally, a sodium
channel known to be functional in chondrocytes was
studied (SCNN1A).26 When quantitative PCR was
performed on each of these genes to validate the
microarray data, it was found that each ion channel
mRNA was upregulated in OA sfMPCs compared to
normal sfMPCs with the exception of KCNMA1,
which had no change (Fig. 1A).

Flow cytometry was performed on TRPV4,
KCNJ12, and KCNMB1 to determine if the protein
product of the genes analyzed was expressed on the
sfMPCs and if so, would it correlate with the gene
expression results. sfMPCs derived from the OA
patients showed a decrease in TRPV4 compared to
the normal sfMPCs (Fig. 1B–C), while there was a no
change in KCNJ12, and KCNMB1 in OA lines com-
pared to the normal control (Fig. 1B–E).

Table 1. Ion concentration in synovial fluid from normal individu-
als and OA patients.

Normal C/¡ OA C/¡
Ca (ppm) 12.747 4.849 42.086 11.243
Fe (ppm) 0.086 0.025 0.536 0.198
K (ppm) 36.740 20.676 118.740 83.014
Mg (ppm) 4.074 1.092 10.381 3.475
Na (ppm) 714.586 67.458 1951.686 451.700
P (ppm) 14.577 9.349 34.628 5.600
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The functionality of the potassium ion channels
was then assayed using electrophysiology. Cells from
the same 4 cell lines used for the previous experi-
ments were studied. Interestingly, the potassium
inward rectifier channel was activated in 79% of nor-
mal cells (n D 23) and 54% of OA cells (nD12) when
treated with 70 mM potassium extracellular fluid
(Fig. 2A–B). The density of the inward current (mea-
sured at ¡80 mV in the cells expressing the inward

rectifier) was also lower in OA cells as compared to
the normal ones: 0.37§0.05 pA/pF (normal) vs.
0.26§0.04 pA/pF (OA) in control conditions and
4.11§1.46 pA/pF (normal) vs. 0.77§0.15 pA/pF (OA)
in the presence of 70 mM external KC. The potassium
channel blocker TEA was used to assess the contribu-
tion of the large conductance calcium activated potas-
sium channel (KCNMA1/KCNMB1) to the outward
current (Fig. 2C). TEA reduced outward currents

Figure 1. Characterization of ion channel expression. mRNA expression of ion channel markers in OA sfMPC lines (nD2) normalized to the aver-
age mRNA expression of each ion channel marker in sfMPCs from normal patients (nD2) (A). Flow cytometry data for OA compared to normal
patient. Mean fluorescence intensity of each sample (B). Histograms and percent expression of TRPV4 (C), KCNJ12 (D), and KCNMB1 (E).

Table 2. Ion channel expression data from microarray data collected from normal and OA sfMPCs.

Gene Symbol Name Fold-Difference

SLC40A1 Solute Carrier Family 40 (Iron-Regulated Transporter), member 2 26.281
KCND2 potassium voltage-gated channel, Shal-related subfamily, member 2 9.370
SLC7A11 Solute Carrier Family 7 (anionic amino acid transporter light chain, xc-system), member 11 7.868
KCNJ6 potassium inwardly-rectifying channel, subfamily J, member 6 6.870
CLIC2 chloride intracellular challel 2 5.994
SLC2A12 Solute Carrier Family 2 (facilitated glucose transporter), member 12 4.853
CLCA2 chloride channel accessory 2 4.675
SLC1A3 Solute Carrier Family 1 (glial high affinity glutamate transporter), member 3 4.327
SLC19A3 Solute Carrier Family 19 (thiamine transporter), member 3 4.169
SLC7A5 Solute Carrier Family 7 (amino acid transporter light chain, L system), member 5 4.050
SLC26A4 Solute Carrier Family 26 (anion exchanger), member 4 3.110
NALCN sodium leak channel, non-selective 3.123
SLC14A1 Solute Carrier Family 14 (urea transporter), member 1 (Kidd blood group) 5.904
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(measured at C70 mV) by 38% in both cell types. A
residual outward current remained at C70 mV during
TEA blocking, possibly indicating functional expres-
sion of chloride channels (Fig. 2C). Although there

was a functional difference between the 2 lines, the
resting potential (¡20 to –25mV) and cell capacitance
(30–35 pF) of the cells did not change significantly
between the normal and OA cells (Fig. 2D–E). The

Figure 2. Electrophysiology of normal and OA sfMPCs. Voltage clamp data from normal (n D 29 from 2 patients) and OA (n D 22 from
2 patients). The inward rectifying current was active in 79% of normal cells and 54% of OA cells. (A) Representative example of the cur-
rent ramp seen in cells expressing functional inward rectifier channels before and after 70 mM potassium solution was added. (B) Inward
current density was lower in OA cells than in normal cells (�p < 0 .05) (C) Outward current density decreased 38%with the addition of
TEA in both cell lines lines. (D) The resting potential and cell capacitance (E) of each line was not significantly changed.
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resting potential observed is higher than reported lit-
erature in chondrocytes (¡10 mV).27

The relationship between TRPV4 and osmolality of
the growth media was then studied. mRNA expression

of TRPV4 was measured in OA and normal sfMPCs
and normalized to the lowest osmolality (264 mOsm)
in the respective cell line. The OA cell lines show a
parabolic response to the different osmolality

Figure 3. TRPV4 expression and activity in sfMPCs. TRPV4 mRNA expression corresponds to media osmolality conditions 264–375 mOsm
in OA (A) but not in normal cells lines (B). Flow cytometry intracellular calcium ratio (Fluo-4/Fura red) corresponds to media osmolality
conditions in OA (C,E) but not in normal (D,F) cell lines.
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treatments, with the mid range osmolalities showing
the highest expression of TRPV4 (Fig. 3A). The nor-
mal cell lines did not show any response to the change
in osmolality of the growth media (Fig. 3B). The Fluo-
4/Fura Red ratio was then used to determine the intra-
cellular Ca2C level of the normal and OA cells. Once
again, the parabolic response to osmolality was found
in the OA cell lines (Fig. 3C, E) and not in the normal
cell lines (Fig. 3D, F).

Discussion

Synovial fluid has long been analyzed for properties
such as protein concentration, pH, viscosity, and color,
which can indicate signs of disease to varying degrees.
Ion concentrations have not been extensively studied.
One study by Yielding et al in 1954 compared the con-
centrations of potassium and sodium in normal and dis-
eased synovial fluid using a Beckman DU flame
photometer.28 This study did not find a significant dif-
ference in normal (Na 3130.3 ppm 37.49, K 156 pm
9.75) and OA (Na 3148.7 ppm 44.85, K 159.9 ppm 3.9)
synovial fluid ion concentrations. Both the sodium and
potassium results from the Yielding study are much
higher than the results obtained from our study (Na:
normal 714.59 ppm 67.46, OA 1951.69 ppm 451.70,
and K: normal 36.74 ppm 20.68, OA 118.74 ppm
83.01), however, they are on the same magnitude.
Another study published by Hoshika et al in 1992 also
analyzed the ion concentrations of normal and OA
synovial fluid samples.29 This study used Particle-
Induced X-Ray Emission (PIXE) in order to quantify
the ion concentration present. This study looked at Cl,
K, Ca, Mn, Fe, Cu, Zn, and Br concentrations in 3 OA
samples and 1 normal sample. They found that OA
samples had lower concentrations of all ions except for
Cu and Zn. The differences observed between our study
and the previous studies could be explained by sample
handling and/or technique used to quantify the ions,
however, it is equally possible that the same sample sizes
in the studies could be an issue.

Differences in ions present in the synovial fluid
could play a role in the ion channel activity of sfMPCs.
It is difficult to distinguish whether the changes in ion
concentration of the synovial fluid are the cause or
result of the onset of OA. It is important to note that,
while the cells used for this study are from the same
patients as the synovial fluid analyzed, cells were cul-
tured over multiple passages in the same conditions

for normal and OA cells. Overall, the results of this
paper suggest that there is differential ion channel reg-
ulation at the functional level, the protein level, and at
the genetic level in OA compared to normal sfMPCs
that is maintained after in vitro culturing. At the func-
tional level, the potassium inward rectifying channel is
clearly under-expressed in the OA cells compared to
the normal cells. This is demonstrated by fewer OA
cells expressing the channel compared to normal cells
and by a lower current density in the OA cells that do
express the channel. Based on these results it was
interesting that there was no difference in the expres-
sion of KCNJ12 between the OA and normal cells
when analyzed by flow cytometry. KCNJ12 (Kir2.2) is
one of 15 different potassium inward rectifier subunits
belonging to 7 subfamilies.30 We chose to look at the
Kir 2.2 protein and gene because it is in the subfamily
of inward rectifiers that are constitutively active and
exhibit a steep inward rectification, as we have seen in
the voltage clamp experiments.31 Another explanation
for the unchanged Kir2.2 protein may be that there is
a problem with embedding the protein into the mem-
brane of the diseased cells, therefore decreasing the
functionality of the channel while maintaining a simi-
lar amount of expression compared to normal cells.

Inward rectifier potassium channels are known to
be involved in the regulation of cell membrane poten-
tial in articular chondrocytes.17 Although there was a
functional difference between the potassium inward
rectifying channel in OA and normal cells, it is inter-
esting that the membrane potential was not signifi-
cantly different between the 2 cell lines. This indicates
that there is another type of regulation occurring in
the OA cells to compensate for the difference of
inward rectifying potassium channels that we see
functionally. It is unclear if this other regulation is the
cause or effect of the under-expression of the potas-
sium inward rectifying channel. To our knowledge,
there is no published data on the presence or function
of the potassium inward rectifying channel in arthritic
chondrocyte progenitor cells. However, these channels
are known to be involved in the regulation of resting
membrane potential, control of excitability in excitable
cell types, and the generation of prolonged action
potentials in cardiomyocytes.31

At the protein level, TRPV4 seems to be under
expressed in OA cells compared to normal cells, while
both potassium channel proteins remain unchanged.
TRPV4 has been shown to be involved in the
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regulation of the chondrogenic transcription factor
SOX9.32 SOX9 has been shown to activate the produc-
tion of collagen II in mesenchymal stem cells during
chondrogenesis.33 The down regulation of TRPV4 in
OA cells may be an indication that these cells do not
produce as much SOX9 as normal cells, inhibiting dif-
ferentiation into chondrocytes and further progressing
the disease state. Because TRPV4 is a calcium ion
channel that is known to be sensitive to osmotic
changes in the joint,34 we looked at the effect of
changes of culture medium osmolality. Intracellular
calcium levels appeared to change with the osmolality
of the culture medium in OA cells concurrently with
TRPV4 levels. There was very little change in the cal-
cium levels of the normal patient when culture
medium was changed; again, this result corresponded
to the TRPV4 levels.

At the mRNA level, all of the channels studied
were over-expressed in OA cells compared to normal
cells with the exception of KCNMA1. This overex-
pression may be occurring because the channels are
not being transcribed properly, revealing a transcrip-
tional channelopathy in the arthritic cell line.35

Another possible explanation for this change is the
difference in osmolality of the culture media and the
in vivo environment of the OA cells. Our lab has
shown that OA and normal sfMPCs proliferate and
differentiate best in osmolality media most similar to
their in vivo environment.11 For OA cells, this is a
lower osmolality (»280 mOsm) than the typical
MSC culture media (»300 mOsm) used for these
experiments.

Ion channels are being researched as drug targets
for many diseases, including potassium and calcium
channels.24,36-38 Specifically, TRP channels are
being studied for treatment of musculoskeletal dis-
eases.39 Understanding the cellular response to
changes in external conditions associated with dis-
ease may lead to novel pharmaceutical treatments
or early diagnosis biomarkers for osteoarthritis in
the future.
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