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ALAN RYAN BLACKBURN II 
Characterization of the Sodium Coupled Vitamin C Transporter (SVCT2) 
and its Role in Osteoarthritis 
(Under the direction of MARK W. HAMRICK) 

Nutrient levels are known to influence the development of osteoarthritis (OA), 

presumably by modulating levels of matrix biosynthesis and degradation. These 

processes may be affected by ascorbic acid (AA), which is essential for post-translational 

modifications of normal collagen. To facilitate AA entry into the chondrocyte, a sodium 

dependent vitamin C transporter (SVCT2) is primarily expressed. We propose that 

SVCT2 may play a key role in the normal function of articular chondrocytes, and that 

a~terations in SVCT2 activity and expression may contribute to cartilage degeneration. 

This study utilized graded normal and OA human cartilage from 15 patients undergoing a 

total knee arthroplasty. Portions of this graded tissue were used for RNA isolation and 

PCR, chondrocyte isolation and in vitro experimentation, and immunofluorescent 

labeling of SVCT2. 

Analysis of the expression of SVCT2 mRNA from both healthy and OA explant 

tissue revealed a significant downregulation (median L\L\Ct of 3.24 cycles, 9.4-fold) of 

SVCT2 expression in OA tissue (p<O.OOOI). IHC staining clearly demonstrated reduced 

fluorescence for the SVCT2 transporter in OA tissues. The growth factor BMP-7 and 

inflammatory factor IL-l significantly increased AA uptake in monolayer cultures by 

59% (p<0.0039) and 52% (p<0.0051) respectively. Uptake following oxidative stress 

(Sin-1) treatments demonstrated an increasing trend with increasing Sin-1 concentration, 

which was countered by AA addition with Sin-1 treatment at 600uM (p<O.OOOI) and 

800uM (p<O.OOOl). 



Our findings, especially the explant PCR data, support the hypothesis that SVCT2 

plays a role in OA, as the expression of the transporter was reduced nearly 10 fold in OA 

tissue. As AA is an essential nutrient to maintain cartilage integrity, this downregulation 

in OA implies a significant relationship. Regulatory studies demonstrate increased 

uptake following treatment with growth factors, inflammatory factors, and oxidative 

stress. This suggests a role for SVCT2 not only in anabolic processes, but in cellular 

responses to inflammatory and oxidative conditions as well, indicating that SVCT2 may 

also play a role in the cellular survival response. 

INDEX WORDS: Cartilage, Chondrocyte, SVCT2, Transporter, Osteoarthritis 
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I. INTRODUCTION 

STATEMENT OF PROBLEM AND SPECIFIC AIMS 

Osteoarthritis (OA) is a large and growing socioeconomic challenge as it represents a 

leading cause of disability in older adults, affecting nearly 27 million Americans.<1> 

Many conditions are known to contribute to the development of osteoarthritis, including 

aging,<2> obesity,<2> mechanical stress,<2
'
3
) oxidative stress,<4> and nutrient levels.<5> 

Nutrient levels in particular have been found to affect matrix composition, presumably by 

modulating rates of macromolecular biosynthesis and degradation. These processes may 

be affected in part by the micronutrient ascorbic acid (vitamin C or AA), which is 

essential for normal collagen synthesis through its role in the post-translational 

modification of collagen. However, since ascorbic acid is highly water-soluble, it cannot 

simply diffuse across the hydrophobic lipid bilayer of the plasma membrane to gain 

access into these cells. Thus, specific transport systems must exist in the plasma 

membrane to mediate the entry process. As part of this transport system, two isoforms of 

the sodium-dependent vitamin C transporter (SVCTl and SVCT2) are expressed in many 

human tissues. Particularly noteworthy is our fmding that in human articular 

chondrocytes, the SVCT2 subtype is responsible for vitamin C uptake (Figure 1). We 

therefore propose that SVCT2 may play a key role the normal function of articular 

chondrocytes, and that alterations in SVCT2 activity and expression may contribute to 

cartilage degeneration. We will test the hypothesis that factors such as pre-existing 
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osteoarthritis, the presence of inflammatory cytokines, and oxidative stress individually 

or cumulatively down-regulate SVCT2 expression, which compromises the delivery of 

vitamin C to the articular chondrocytes, and causes a deficiency state that could enhance 

the degenerative process. A better understanding of the role of the SVCT2 transporter in 

regard to cartilage degeneration may lead to novel treatment strategies to promote 

modulation of SVCT2 expression to increase anabolic processes and reduce cartilage 

catabolism. 

Specific Aims: 

1. To investigate the role ofSVCT2 in osteoarthritis 

2. To evaluate the molecular mechanism of SVCT2 regulation in human 

articular chondrocytes 

These aims were tested in vitro using human articular chondrocyte models. In order to 

accomplish these aims, the following experimental approaches were used: 

1. RNA Isolation, eDNA synthesis, and quantitative RT-PCR of explant 

tissue and factor treated monolayers to examine mRNA levels of SVCT2, 

Col-11, and numerous other genes (explant only). 

2. Ascorbic acid uptake studies to examine vitamin C uptake in unstimulated 

articular chondrocytes, as well as regulation by various growth factors, 

inflammatory factors, and oxidative stress. 

3. Histological examination using various stains and immunohistochemical 

approaches. 
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-veh AC +veh 

Figure 1. PCR Expression of SVCT2 in human articular chondrocytes 

Lane 1. -veh - Control without eDNA 

Lane 2. A C - Human Articular Chondrocyte 

Lane 3. +veh- Human Intestinal Cell Line (Caco-2) 



4 

REVIEW OF RELATED LITERATURE 

Osteoarthritis (OA) is a large and growing socioeconomic challenge as it represents a 

leading cause of disability in older adults, affecting nearly 27 million Americans.<1
) From 

1995 to 2005, the number of adults with OA increased by approximately 6 million 

people,<I) and curre~tly this disease affects about 15% of the general population, the 

majority of which (60%) are individuals in the second half of their lifespan. (6) It is 

estimated that the number of adults in the United States with clinically diagnosed arthritic 

conditions is expected to reach nearly 67 million people, or 25% of the adult population, 

by 2030.<7
) As of2001, the total annual economic burden of arthritis in its various forms 

was approximately $89.1 billion, (S) and this figure has surely grown since that time. 

A disease of articular cartilage degeneration, osteoarthritis is characterized by the 

inability of chondrocytes to produce adequate functional matrix to compensate for matrix 

damage and depletion. (9) Progressive deterioration of the articular cartilage leads to 

impaired joint motion, severe pain, and ultimately, disability. The majority of the adult 

articular cartilage extracellular matrix (ECM) is composed of collagen, which accounts 

for approximately two-thirds of the dry weight.00·11> Extensive crosslinking between the 

collagen fibrils provides tensile strength to the cartilage, (I2
) and damage to the collagen 

meshwork is a critical event in the development of osteoarthritis. (B) However, despite 

much research in the field, the pathophysiology of osteoarthritic cartilage degeneration is 

still not fully understood, and as a result, current therapeutic approaches for OA are 

limited and insufficient to prevent the initiation and progression of the disease. A greater 
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understanding of this disease process is necessary before new therapies can be fully 

developed and translated into the clinical realm. 

Many conditions are known to contribute to the development of osteoarthritis, including 

aging,<2
) obesity,<2

) mechanical stress,<2
•
3
) oxidative stress,<4

) and nutrient levels.<5
) 

Nutrient levels in particular have been found to affect matrix composition, presumably by 

modulating rates of macromolecular biosynthesis and degradation. These processes may 

be modulated in part by the micronutrient ascorbic acid (vitamin C or AA), which is 

essential for normal collagen synthesis through its role in the post-translational 

modification of collagen. These post-translational processes include the hydroxylation of 

proline and lysine,04•15
) and regulation of transcription factors such as IDF-1,<16

•
17

) both of 

which are critical for the maintenance of connective tissue integrity. Additionally, 

vitamin Cis the primary water-soluble antioxidant, serving as a powerful scavenger of 

reactive oxygen and nitrogen species. For these reasons, as well as others, an optimal 

supply of ascorbic acid is essential for the normal function of articular cartilage. 

Since adult cartilage contains no vascular supply, chondrocytes J metabolize largely 

anaerobically, obtaining their nutrition via the synovial fluid by means of diffusion.<Is) 

However, since ascorbic acid is highly water-soluble, it cannot simply diffuse across the 

hydrophobic lipid bilayer of the plasma membrane to gain access into these cells; specific 

transport systems must exist in the plasma membrane to mediate the entry process. As 

part of this transport system, two isoforms of the sodium-dependent vitamin C transporter 

(SVCTI and SVCT2) are expressed in many mammalian tissues. SVCTl (SLC23Al) is 
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mainly expressed in transporting epithelia such as the intestine, liver, and kidney, 

whereas SVCT2 is ubiquitously expressed in a wide variety of tissues including the 

placenta, liver, brain, and heart.<19,2°·21
) SVCT2 is regulated by various factors such as 

aging, the presence of inflammatory cytokines, and oxidative stress, <22
•
23

,2
4

) factors known 

to play a role in the initiation and progression of osteoarthritis. We therefore propose that 

SVCT2 may play a key role the normal function of articular chondrocytes, and that 

alterations in SVCT2 activity and expression may contribute to cartilage degeneration. In 

this study we will investigate SVCT2 expression in human chondrocytes derived from 

normal and osteoarthritic articular cartilage, and examine the regulatory mechanisms in 

detail in order to elucidate how SVCT2 expression may potentially be modulated to 

increase anabolic processes and reduce cartilage catabolism. 



IT. MATERIALS AND METHODS 

Tissues 

Normal and osteoarthritic human cartilage was obtained from distal, anterior, and 

posterior femoral cuts from the knee joints of 15 tissue donors (6 males and 9 females) 

undergoing total knee arthroplasty procedures. With Institutional Review Board 

Approval, the Department of Orthopaedic Surgery at the Medical College of Georgia 

kindly provided this tissue. The cartilage tissue was obtained from the OR at the time of 

surgery, transported to the laboratory, washed with magnesium and calcium free PBS, 

and immediately macroscopically graded for degeneration via the Collins scale (Table 1). 

Foil owing macroscopic grading, this tissue was assigned into one of two groups, healthy 

(Collins grade 1) or osteoarthritic (Collins grade 3-4).<25
•
26

) In each case, the groups were 

derived from a single knee of a single patient. This graded cartilage tissue was then 

dissected from the remnant joint tissue using a scalpel, with care taken to avoid 

underlying bone or tissue from osteophytes, and assigned to one of three experimental 

pathways: Isolation of chondrocytes and cell culture, explant isolation and gene 

expression, or histological exatnination. 

7 
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Score Description of Cartilage 

1 Normal Cartilage 

2 
Swelling and softening, slight degradation and tangential flaking, 
shallow pits and grooves 

3 
Slight fibrillation, obvious degradation of cartilage, significant loss 
of cartilage substance 

4 
Serious fibrillation, minimal presence of cartilage with eburnation 
of exposed bone 

Table 1. Collins Cartilage Grading Scale (Down et al., 2010) 
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1) Isolation of Chondrocytes, Cell Culture, Uptake Studies, and Monolayer PCR 

a) Chondrocyte Isolation - Graded cartilage dissected from remnant joint tissue was 

fmely minced and the chondrocytes enzymatically released from the cartilage 

tissue by sequential digestion using DMEM!Ham's F-12 medium (1:1) containing 

0.2% Pronase (Roche) for 1 hour, followed by digestion in DMEM/Ham's F ... 12 

medium (1:1) containing 0.025% Collagenase (Worthington) for 24 hours. Both 

digestion steps were carried out on a rotating table within an incubator at 3 7 

degrees. Following digestion, chondrocytes were centrifuged at 3.5K RPM X 5 

minutes, the supernatant decanted, the pelleted cells resuspended in 

DMEM!Ham's F-12 medium (1:1) supplemented with 10% FBS, 1% pen-strep 

solution, and 1% L-glutamine, and plated onto either 1 OOmm or 150mm tissue 

culture plates, as appropriate, depending on the number of cells present. After 48 

hours, these cells were washed with magnesium and calcium free PBS, 

trypsinized, and centrifuged at 3.5K RPM X 5 minutes. The supernatant was 

discarded, and the pelleted cells resuspended in DMEM/Ham's F-12 medium 

( 1:1) for a cell count and assessment of initial viability prior to culture using 

trypan blue dye exclusion. In all cases, viability was determined to be greater 

than 95%. 

b) Cell Culture - Following a cell count and viability determination, cells were 

seeded into 24-well plates at an initial density of 50,000 cells/cm2
• Cells were 

then allowed to attach to the culture plates for 48 hours in DMEM!Ham's F-12 

medium (1: 1) supplemented with 10% FBS, 1% pen-strep solution, and 1% L-
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glutamine. Foil owing attachment, cells were washed and cultured for 18 or 48 

hours in DMEM!Ham's F-12 medium (1:1) supplemented with 5% FBS, 1% pen

strep solution, 1% L-glutamine, and one or more of various factors as described 

below. 

i) Inflammatory factors included IL-l (R&D, lOOng/ml), IL-6 (Cell Sciences, 

100ng/ml), and TNFa (Cell Sciences,100ng/ml). Factors were added for both· 

18 and 48-hour durations. 

ii) Growth factors included FGF-2 (Sigma, 100ng/ml), BMP-7 (Cell Sciences, 

lOOng/ml), IGF-1 (Peprotech, 100ng/ml), and TGFb (Cell Sciences, 10ng/ml). 

Factors were added for both 18 and 48-hour durations. 

iii) Oxidative stress was examined by the treatment of cells with 

3-morpholinosydnonimine (Sin-1) for 18 hours. Concentrations tested 

included 200uM, 400uM, 600uM, and 800uM, and these experiments were 

repeated with the addition of the antioxidant ascorbic acid at a 250uM 

concentration. 

c) Uptake Studies 

i) Depending upon the specified time point, either 18 or 48-hours after the 

addition of factors described above, the medium was removed by aspiration 

and the cells washed a single time with uptake buffer. Uptake was initiated by 

the addition of 0.25ml of uptake buffer containing e4C] ascorbic acid (20nM) 

supplemented with 1 mM dithiothreitol (DTT) to maintain ascorbic acid in the 

reduced state. Initial experiments were performed to determine the time 
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course of the uptake. Subsequent uptake experiments were made using a IS

minute incubation period representing initial uptake rates. Uptake was 

terminated by aspiration of the uptake buffer from the cells. The chondrocyte 

monolayers were quickly washed twice with ice-cold uptake buffer lacking 

the radiolabeled substrate. Cells were then lysed in 0.5ml of 1% SDS, placed 

onto a shaking table for 20 minutes, and the radioactivity associated with the 

cells quantified. The composition of uptake buffer was as follows: 25mM 

HEPES, 5.4mM KCI, 1.8mM CaCh, 0.8mM MgS04, SmM glucose, and 

140mM NaCl. Samples were analyzed using a liquid scintillation counter 

(Beckman Instruments Inc., Fullerton, CA, USA, model LS-6500) and rate of 

uptake was normalized to the protein content of each well. The amount of 

protein in the cell lysate was measured according to the manufactures 

instructions using the BCA Protein Estimation Kit (Pierce). 

ii) Additionally, studies were performed to quantify the effect of pH on the 

uptake of ascorbic acid. In order to accomplish this task, additional factors 

were not added after the initial 48-hour incubation period allowing for cellular 

attachment. Instead, following this 48-hour period, chondrocyte monolayers 

directly underwent uptake studies as described above using uptake reagents 

that represented pH 7.4, pH 6.5, and pH 5.5. 

d) PCR - To complement the uptake studies, PCR was performed to quantify the 

mRNA levels for both SVCT2 and Collagen II genes following the addition of the 

growth and inflammatory factors mentioned previously. Culture methods for this 
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portion of the study were identical to those for uptake studies, however after 18 

hours of treatment with one of the various factors, the chondrocyte monolayers 

were treated with 400uL Trizol reagent (Invitrogen), and RNA extraction and 

isolation carried out according to the manufacturers instructions. 7.5uL of the 

RNA isolate obtained was · then reverse-transcribed into complementary 

deoxyribonucleic acid (eDNA) using iScript reagents (Bio-Rad) on a 

programmable thermal cycler (PCR-Sprint, Thermo Electron, Milford, MA) 

according to the protocol provided by the manufacturer. SOng of this eDNA was 

amplified in each real-time PCR performed. 

2) Explant Isolation and Gene Expression 

a) Explant Preparation - Graded cartilage was dissected from the remnant joint 

tissue, separated into both healthy and osteoarthritic samples as previously 

described, and snap frozen in liquid nitrogen. Tissue was then crushed and 

ground to a fme powder using a mortar and pestle. 

b) RNA Isolation - Finely ground tissue powder was treated with SOOuL of Trizol 

reagent and RNA extraction and isolation carried out according to the 

manufacturers protocol through the RNA precipitation step involving the addition . 

of isopropyl alcohol. At this juncture, the precipitated samples were transferred to 

Qiagen RNeasy Mini spin columns placed within a 2ml collection tube of the 

Qiagen RNeasy Fibrous Tissue Mini Kit. All buffer additions and washing steps 
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were carried out according to the manufacturers instructions yielding 30uL RNA 

isolate at the completion of the protocol. RNA purity and concentration were 

quantified according to manufacturers instructions using a Thermo Scientific 

NanoDrop ND-1 000 spectrophotometer and deemed to be appropriate in all 

samples prior to further experimental progression. 

c) eDNA Synthesis and Real-time PCR - 7 .SuL of RNA isolate obtained through the 

above described method was then reverse-transcribed into complementary 

deoxyribonucleic acid (eDNA) using iScript reagents from Bio-Rad on a 

programmable thermal cycler (PCR-Sprint, Thermo Electron, Milford, MA). 

SOng of eDNA was amplified in each real-time PCR performed. 

3) Histological Examination - Graded cartilage was dissected from the remnant joint 

tissue, separated into both healthy and osteoarthritic samples as previously described, 

trimmed into approximately 4mm x 4mm squares, embedded within OCT and snap 

frozen in liquid nitrogen. These sections were stored at -80°C until sectioning. Tissue 

sections were mounted onto glass slides after sectioning with a cryotome, and the 

slides were again stored at -80°C until staining. The three staining approaches 

utilized included Hematoxylin and Eosin, Safranin 0 and Fast Green, and 

Immunofluorescent staining for SVCT2 with a DAPI counterstain. All staining 

techniques were performed on both normal and osteoarthritic cartilage and slides 

were qualitatively analyzed with MetaMorph. 
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Real-Time PCR Analysis - All PCR analysis was performed by utilizing the comparative 

Ct (cycle threshold) method. The Ct value represents the number of cycles required for 

the fluorescent signal to cross the threshold, the value where it exceeds the background 

level. This method involved first comparing the Ct values of the samples of interest with 

an average of two Ct values representing housekeeping genes (188 and GAPDH) to 

arrive at a aCt figure. To calculate the aACt for a gene of interest the aCt value of the 

reference control was subtracted from the ACt value representing the experimental 

sample. Finally, to calculate fold change using AACt values, whereby each cycle is equal 

to a doubling or 2-fold change, the following formula was used: Fold change= 2AAACt 

for each sample of interest. 

Statistical Analysis - All statistical analyses were performed with assistance from the 

Department of Biostatistics at Georgia Health Sciences University using SAS 9.2. 

Statistical significance was assessed using an alpha level of 0.05 unless otherwise noted. 

Descriptive statistics including the mean, standard deviation, median, and interquartile 

range were calculated on all outcome measures. Because of the small sample size in 

various experiments, nonparametric statistical methods were primarily used to examine 

differences. As the statistical methods appropriate for each experiment varied depending 

the outcomes and factors used, detailed descriptions of the statistical methods are 

reported for each experiment in the Results section. 



ill. RESULTS 

Histological Examination and Immunohistochemistry 

Upon examination, slides of both healthy and osteoarthritic cartilage explant tissue 

displayed characteristic staining patterns for their respective grades when stained with 

either Safranin 0 and Fast Green or Hematoxylin and Eosin (Fig. 2,3). More 

specifically, the healthy cartilage demonstrated a smooth, uninterrupted articular surface, 

minimal loss of proteoglycan staining, and normal cellularity. The osteoarthritic 

cartilage, in contrast, demonstrated a greatly reduced overall thickness, irregular articular 

surface characteristics, nearly complete loss of proteoglycan staining, and hypocellularity 

with clustering of cells. These findings supported the macroscopic grading performed 

prior to experimentation and clarified that we were, in fact, working with appropriately 

characterized cartilage tissue. Slides stained with fluorescent antibodies to SVCT2 

demonstrated not only characteristic patterns of morphological characteristics, supporting 

our original tissue grading, but also qualitatively demonstrated greatly reduced 

fluorescence for the SVCT2 transporter on the chondrocyte plasma membrane in the 

osteoarthritic tissue samples (Fig. 4, 5). 

15 



Figure 2. Hematoxylin and Eosin staining of normal and osteoarthritic cartilage 

Top - Healthy Articular Cartilage 1 OX, Articular Surface on Right 

Bottom - Osteoarthritic Articular Cartilage 1 OX, Articular Surface on Right 

16 
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Figure 3. Safranin 0 and Fast Green staining of normal and osteoarthritic cartilage 

Top - Healthy Articular Cartilage 1 OX Articular Surface on Left 

Bottom - Osteoarthritic Articular Cartilage 1 OX, Articular Surface on Left 

17 



SVCf2 DAPI Merge 

SVCf2 DAPI Merge 

Figure 4. Immunofluorescent staining for SVCT2 in normal and osteoarthritic 
cartilage - 20X 

Top- Normal Articular Cartilage 

Bottom - Osteoarthritic Articular Cartilage 

18 



(a) Normal Cartilage (b) Osteoarthritic Cartilage 

Figure 5. Immunofluorescent staining using SVCT2 specific antibodies in (a) normal 
cartilage and (b) osteoarthritic cartilage - 40X 

19 
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Explant SVCT2 Gene Expression 

A total of 15 patients were used for quantitative RT-PCR of SVCT2 gene expression in 

explant osteoarthritic cartilage relative to normal control cartilage from the same patient, 

and the resulting ~~Ct values are shown in Table 2. For the statistical analysis, a 

Wilcoxon signed rank test was used to determine whether the median MCt for SVCT2 

was significantly different than zero. The descriptive statistics corresponding to the ~~Ct 

for SVCT2 as well as the results of the Wilcoxon signed rank test are as shown (Table 3, 

Fig. 6). The median A~CT for SVCT2 was -3.24 (9.45-fold), demonstrating a significant 

downregulation of SVCT2 expression in osteoarthritic cartilage relative to normal control 

tissue (p<O.OOOl). 



21 

Patient Number Relative AACt Compared 
to Healthy Cartilage 

1 -2.11 

2 -6.69 
3 -8.29 
4 -3.01 

5 -4.89 
6 -0.67 
7 -2.11 

8 -1.76 

9 -0.68 
10 -6.37 

11 -4.86 

12 -4.26 
13 -3.22 
14 -3.26 
15 -3.79 

Table 2. Relative SVCT2 Li.dCt When Compared to Healthy Cartilage 

Variable Mean SD Median IQR p-value 

SVCT244Ct -3.65 2.27 -3.24 2.78 <0.0001 

Table 3. Descriptive Statistics and Results of Wilcoxon Signed Rank Test for Explant 

SVCT2 Gene Expression 



Explant SVCT2 Gene Expression 

0.0..,.-------------------

-3.3 
1111Ct 

Relative to 
Healthy 
Controls 

-

-

-

:...... 

* 
-10.0-+----------~-----------. 

SVCT2 

Figure 6. Explant SVCT2 Gene Expression 

22 



23 

Explant Gene Expression in Osteoarthritic Chondrocytes Relative to Controls 

To examine whether differences exist between osteoarthritic cartilage and normal control 

cartilage for a number of chondrocyte marker genes, namely Col-I (n=7), Col-11 (n= 6), 

Aggrecan (n=7), MMP-3 (n=7), MMP•9 (n=7), MMP-13 {n=7), IL-l (n=7), TNFa (n=l), 

and NFkB (n=4), a Kruskal-Wallis test was performed upon the ~l\Ct values following 

quantitative RT-PCR. If the overall test was significant, a Wilcoxon rank sum test of 

each factor compared with SVCT2 was performed. In order to control the overall alpha 

level a Bonferroni adjustment for the number of comparisons was used. Additionally, to 

examine whether the ~~Ct for SVCT2 was significantly correlated with any of the other 

factors, Spearman rank correlations were determined. The statistical results are shown in 

Table 4 and Figure 7. The Kruskal-Wallis test indicated significant differences do indeed 

exist between the various factors (p<O.OOOl). Specifically, Collagen-! (a marker for 

fibroblastic phenotypic changes), MMP:-3, MMP-9, MMP-13 (markers of catabolism and 

turnover), and IL-l (an inflammatory marker) showed significantly higher median ~~Ct 

values when compared to SVCT2, supporting our hypothesis that factors such as pre

existing osteoarthritis and the presence of inflammatory cytokines may be leading to the 

downregulation of the SVCT2 transporter. However, there were no statistically 

significant Spearman Rank correlations with SV CT2. 
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'Factor Mean SD Median IQR KW p-value rs rs 
p-value compared p-value 

toSVCT2 

All <0.0001 

SVCT2 -3.5410 1.5275 -3.2614 2.1491 

Col-I 0.5229 2.2636 0.1218 3.4576 0.0003 0.7143 0.0713 

Col-ll -1.2262 2.0280 -0.6983 1.5219 0.0166 0.0286 0.9572 

Aggrecan -5.3906 '1.8587 -5.4961 3.8285 0.3294 0.3929 0.3833 

MMP-3 0.0351 2.0302 0.2606 2.7719 0.0006 0.6786 0.0938 

M:MP-9 -0.1627 1.9474 0.0500 1.5658 0.0011 0.7143 0.0713 

MMP-13 -0.1684 2.1684 -0.3762 2.1975 0.0008 0.6786 0.0938 

IL-l -0.3873 2.3685 0.1998 2.8263 0.0017 0.2857 0.5345 

NFkB -3.6909 1.5326 -3.5520 2.3995 0.9681 0.4000 0.6000 

Table 4. Descriptive Statistics for Explant Gene Expression in Osteoarthritic 

Chondrocytes Relative to Controls 



6.0 

0.7 
~~Ct 

Relative to 
·Healthy 
Controls 

-4.7 

25 

Explant Gene Expression in Osteoarthritic Chondrocytes Relative to Controls 

Aggrecan Col·1 Col·ll IL·1 MMP13 MMP3 MMP9 NFkB SVCT2 TNFa 

Figure 7. Explant Gene Expression in Osteoarthritic Chondrocytes Relative to Controls 
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SVCT2 and Col-ll Gene Expression of Factor Treated Monolayers 

To examine differences between the control, growth factor supplemented, and 

inflammatory factor supplemented healthy chondrocyte monolayer cultures, Wilcoxon 

rank sum tests were performed upon the L\L\Ct values for SVCT2 and Collagen-11 at 18 

and 48 hours. Because the control groups were utilized multiple times for each outcome 

measure, a Bonferroni adjustment to the overall alpha level was used for each 

comparison. There were 7 comparisons for each outcome. The statistical results are 

shown in Table 5 as well as in the following figures: SVCT2 at 18h (n=6, Fig.l7), Col-11 

at 18h (n=6, Fig.18), SVCT2 at 48h (n=6, Fig.l9), and Col-11 at 48h (n=6, Fig.20). 

There were no statistically significant differences. between medians for the MCt values 

for SVCT2 at 18 hours, the L\L\Ct values for Col-11 at 18 hours, or the L\L\Ct values for 

SVCT2 at 48 hours. For L\L\Ct values for Col-11 at 48 hours, however, TGFb was 

significantly lower than control (p=O.OOSl). Non-significant figures are included to 

demonstrate trending relationships as some factor treatments very closely approached 

significance. 
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Outcome Variable Mean SD Median IQR p-value 
w/Control 

SVCT2AACt BMP7 0.1863 0.2671 0.1567 0.2956 0.4712 

18Hours FGF2 0.5808 0.5895 0.6103 0.8367 0.0927 

IGFl -0.0498 0.4082 -0.103 0.4905 0.8102 

IL-l 0.4713 0.2356 0.5221 0.453 0.0202 

IL-6 0.2674 0.3155 0.1385 0.4233 0.2298 

TGFfl 0.0218 0.1242 -0.0567 0.1767 0.7842 

TNFa 0.4754 0.2572 0.4074 0.3578 0.0131 

Control 0 0.2573 0~0509 0.3608 

Collagen-II AA Ct BMP7 -0.1661 0.9592 -0.401 1.2488 0.6889 

18Hours FGF2 0.4302 0.5669 0.378 0.7512 0.5752 

IGFl 0.8173 0.5187 0.9395 0.917 0.0927 

IL-l -2.4314 0.5576 -2.5157 0.7111 0.0082 

IL-6 -0.2345 0.5921 -0.4076 0.9323 0.4712 

TGFfl -0.2316 0.3896 -0.154 0.294 0.3153 

TNFa -1.9388 0.4232 -1.8088 0.3168 0.0453 

Control 0 1.1746 0.1255 1.06 

SVCT2AACt BMP7 0.1188 0.9153 0.0198 0.7669 1.0000 

48Hours FGF2 0.0262 0.8148 0.1378 0.6567 0.9362 

IGFl 0.0551 0.5672 ·0.065 0.5477 0.9362 

IL-l 0.247 0.5535 0.1204 0.6896 0.6889 

IL-6 0.1819 0.3005 0.1752 0.5419 0.9362 

TGFfl -0.8357 0.6491 -0.5546 1.044 0.0656 

TNFa -0.052 0.3001 -0.0777 0.2876 0.8102 

Control 0 0.9991 0.0274 1.0719 

Collagen-II AA Ct BMP7 -0.5333 1.6463 -0.9125 1.6658 0.4712 

48Hours FGF2· -0.5906 1.3972 -0.6534 2.1702 0.6889 

IGFl 0.4698 1.0268 0.2666 1.8904 0.5752 

IL-l -4.0955 1.7577 -4.3867 0.7214 0.0131 

IL-6 -0.6403 0.9713 -0.6542 0.9435 0.2980 

TGFfl -2.2416 0.7101 -2.0141 0.9112 0.0051 

TN Fa -3.0918 2.1317 -3.8511 0.873 0.0453 

Control 0 1.1307 0.1176 1.7451 

Table 5. SVCT2 and Col-I! Gene Expression of Factor Treated Mono/ayers 
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Factor Treated Monolayer SVCT2 Gene Expression at 18 Hours 
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Figure 8. Factor Treated Monolayer SVCT2 Gene Expression at 18 Hours 
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Factor Treated Monolayer Col-11 Gene Expression at 18 Hours 
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Figure 9. Factor Treated Monolayer Col-I/ Gene Expression at 18 Hours 
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Factor Treated Monolayer SVCT2 Gene Expression at 48 Hours 
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Figure 10. Factor Treated Monolayer SVCT2 Gene Expression at 48 Hours 
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Figure 11. Factor Treated Monolayer Col-li Gene Expression at 48 Hours 
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Uptake of Radio labeled Ascorbic Acid by Factor Treated Monolayer 

Ascorbic acid uptake assays demonstrate the actual ascorbic acid transport being 

performed by the cell in a predefmed period of time. To examine differences between the 

control, growth factor supplemented, and inflammatory factor supplemented monolayer 

cultures, Wilcoxon rank sum tests were performed upon the ascorbic acid uptake percent 

change values after 18 hours of factor stimulation (n=6). Because the control group was 

utilized multiple times for each outcome measure, a Bonferroni adjustment to the overall 

alpha level was used for each comparison. There were 7 comparisons for each outcome. 

The statistical results are shown in Table 6 as well as in Figure 21. The growth factor 

BMP-7 and inflammatory factor IL-l significantly increased AA uptake in monolayer 

cultures by 59% (p<0.0039) and 52% (p<0.0051) respectively. 
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Outcome Variable Mean SD Median IQR p-value 
w/Control 

Uptake % 
BMP7 148.2902 25.2716 159.0223 47.0811 0.0039 Change 

18 Hours FGF2 146.7003 38.7038 161.1441 80.4157 0.0927 

IGFl 101.5049 14.1759 101.6773 11.1923 0.9362 

IL-l 149.6143 15.8982 151.5492 21.4296 0.0051 

IL-6 111.2528 6.6929 109.2853 10.1472 0.0656 

TGFJl 94.5235 8.2279 92.9044 9.5941 0.2725 

TNFa 131.2843 30.4121 124.5434 44.1267 0.0169 

Control 100 8.6403 100 15.1775 

Table 6. Uptake of Radiolabeled Ascorbic Acid by Chondrocyte Monolayer 
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18-Hour Ascorbic Acid Uptake Assay 
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Figure 12. Factor Treated Monolayer Ascorbic Acid Uptake at 18 Hours 
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Ascorbic Acid Uptake by Sin-1 and Ascorbic Acid Treated Monolayers 

The interaction between Sin-1 concentration and ascorbic acid on the percent change in 

radiolabeled ascorbic acid uptake was examined using a two-factor ANOV A on the ranks 

of the outcome measure (n=6). This experiment was utilized as a model for the effects of 

oxidative stress. A statistically significant interaction between Sin-1 concentrations and 

ascorbic acid would indicate that the effect of ascorbic acid on uptake is different for the 

different Sin-1 concentrations. Significant pair-wise differences within concentration 

between ascorbic acid levels and within ascorbic acid levels between Sin-1 

concentrations were examined using a Bonferroni adjustment to the overall alpha level 

for the number of multiple comparisons performed. The results are given in Table 7 and 

Figure 22. A statistically significant interaction between Sin-1 concentration and 

ascorbic acid level was found indicating that the effect of ascorbic acid on percent change 

in uptake was significantly different across the Sin-1 concentrations. Post hoc pairwise 

comparisons within the Sin-1 concentrations lacking ascorbic acid indicate that there 

were no statistically significant differences between Sin-1 concentrations. Within the 

250uM ascorbic acid level, the 200uM (p=0.0002), 400uM (p<0.0001), 600uM 

(p<O.OOOl), and 800uM (p=0.0002) Sin-1 concentrations had significantly lower median 

percent change in uptake than the OuM Sin-1 concentration. No other differences 

between concentrations were seen in the 250uM ascorbic acid level. Examining 

differences within each Sin-1 concentration, the 250uM ascorbic acid level had 

significantly higher median percent change in uptake than the OuM ascorbic acid level 
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and had significantly lower percent change in uptake for the 600uM Sin-1 concentration 

(p<0.0001) and the 800uM Sin-1 concentration (p<0.0001). 

Factor Sin-1 Ascorbic Mean SD Median IQR F- p-value 
in (uM) Acid value 
Model (uM) 

Sin-1 4.96 0.0020 

AA 41.02 <0.0001 
Sin-1 

9.82 <0.0001 
xAA 

0 0 100.00 19.58 98.31 33.82 

0 250 117.96 14.49 119.23 10.21 

200 0 96.09 8.85 98.40 6.13 

200 250 76.34 32.83 67.43 42.72 

400 0 96.11 11.15 95.66 15.76 

400 250 65.26 15.60 64.06 27.61 

600 0 231.10 147.50 182.15 216.77 

600 250 63.74 23.57 64.12 43.84 

800 0 192.21 7.17 195.26 13.34 

800 250 73.48 19.96 71.50 38.98 

Table 7. Ascorbic Acid Uptake by Sin-1 and Ascorbic Acid Treated Monolayers 
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pH Dependant Ascorbic Acid Uptake 

A Kruskal-Wallis test was used to examine differences in uptake between the three 

different pH levels (n=6). Wilcoxon rank sum tests were used along with a Bonferroni 

adjustment to the overall alpha level to examine post-hoc pairwise multiple comparison 

tests. The statistical results are shown in Table 8 as well as in Figure 23. The Kruskal-

Wallis test indicated that significant differences in the median uptake existed between the 

three pH levels. Comparison with the 7.4 pH level showed that the 5.5 pH level had 

significantly lower median uptake (p=0.0050). 

pH Mean SD Median IQR KW p-value 
p~value w/pH=7.4 

All 0.0156 

5 .. 5 847.3333 195.3777 809.2000 178.6000 0.0050 

6.5 931.0000 60.4622 929.4000 103.8000 0.0487 

7.4 1125.7333 164.1663 1100.5000 119.4000 

Table 8. pH Dependant Ascorbic Acid Uptake 
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pH Dependant Ascorbic Acid Uptake 
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Figure 14. pH Dependant Ascorbic Acid Uptake 



40 

Time Dependant Ascorbic Acid Uptake 

A Kruskal-Wallis test was used to examine differences in uptake between 5 different time 

points (n=6). Wilcoxon rank sum tests were used along with a Bonferroni adjustment to 

the overall alpha level to examine post-hoc pairwise multiple comparison tests. The 

. statistical results are shown in Table 9 as well as in Figure 24. The Kruskal-Wallis test 

indicated that significant differences in the median uptake existed between the 5 time 

points. Post hoc pairwise comparisons showed that the 45-minute time point had 

significantly higher uptake than the 5-minute (p<0.0001), the 10-minute (p<0.0001), and 

the IS-minute (p=O.OOOS) time points but was not significantly different than the 30-

minute time point (p=0.0070). The 30-minute time point had significantly higher uptake 

than the 5-minute time point (p=0.0017) but was not significantly different than any other 

time point. No other significant post hoc pairwise comparisons were detected. 

Time Mean SD Median IQR KW 
(minutes) p-value 

<0.0001 

5 856.6667 203.0519 777.5000 287.0000 

10 1051.7667 207.9911 1013.0000 123.0000 

15 1125.7333 164.1663 1100.5000 119.4000 

30 1224.0000 152.0780 1185.1000 246.6000 

45 1972.4667 289.5947 2004.8000 156.6000 

Table 9. Time Dependant Ascorbic Acid Uptake 
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Time Dependant Ascorbic Acid Uptake 
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Figure 15. Time Dependant Ascorbic Acid Uptake 



IV. DISCUSSION 

Numerous studies have suggested that high dietary intakes of ascorbic acid slow the 

progression of osteoarthritis, both in guinea pig and human models. <27.28
•
29

> This is 

intuitively understandable as Collagen II, the major protein component which provides 

tensile strength to articular cartilage, requires ascorbic acid for synthesis both at a 

transcriptional and post-transcriptional level. High dietary intakes of ascorbic acid alone, 

however, cannot account for this effect, as ascorbic acid is highly water-soluble and 

cannot freely diffuse into a cell. Uptake of ascorbic acid into the chondrocyte is achieved 

primarily through the sodium dependent vitamin C transporter (SVCT2), a transporter 

which has been shown previously to concentrate ascorbic acid up to 960-fold in primary 

passaged human chondrocytes.<30
> Because of this essential function of SVCT2, we 

sought to investigate the regulation of SVCT2 and its role in osteoarthritis. 

Examining first the expression of SVCT2 mRNA from both normal and osteoarthritic 

cartilage tissues, it becomes clear that at an mRNA level, osteoarthritic tissue is not well 

equipped for optimal ascorbic acid transport, as our studies revealed a statistically 

significant median AL\Ct decrease in SVCT2 expression of -3.24 (9.45-fold) when 

osteoarthritic cartilage was compared to healthy cartilage controls. This fmding was 

supported by a qualitative decrease in the immunoreactivity for the SVCT2 transporter 

present on the plasma membrane of the osteoarthritic chondrocyte. Though aging has 

42 
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been implicated as a factor contributing to decreased chondrocyte ascorbic acid uptake in 

earlier studies, <22
•
32

) and all of our patients were between the ages of 63 and 78, it is 

important to note that aging was not the cause of our particular findings. As both the 

osteoarthritc and normal tissues used for the comparisons in this study were derived from 

single knees of individual patients, age was not a factor in the comparisons made between 

grades. The fmdings demonstrated by the explant tissue in this study are a direct result of 

osteoarthritic cartilage degradation alone. Furthermore, despite variations in the 

magnitude of the decreased expression, this decrease was consistently present in every 

patient that we examined. 

The next portion of this study sought to determine how additional chondrocyte markers 

changed in relation to the gene expression for the SVCT2 transporter to further 

characterize patterns of expression directly resulting from osteoarthritic conditions. 

Despite the fact that no statistically significant correlations were present between SVCT2 

and the panel of alternative genes, statistically significant differences did exist, 

specifically in Col-I (a marker of fibroblastic phenotypic changes), MMP-3, MMP-9, and 

MMP-13 (markers of catabolism and turnover), and finally the inflammatory gene, IL-l. 

In each case, the gene expression for each of these genes was significantly higher than 

that of SVCT2. In contrast, the anabolic gene Aggrecan demonstrated the lowest median 

AACt of all genes, at -5.5 (45.3-fold). These data suggest that as cartilage becomes 

increasingly degraded, the chondrocytes begin to express lower levels of anabolic genes 

in relation to comparatively higher levels of catabolic and inflammatory genes as the cells 
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assume a more fibroblastic phenotype. It is important to note that as this process occurs, 

SVCT2, much like an anabolic factor, is being downregulated with osteoarthritis, 

whereas the catabolic and inflammatory factors are either upregulated or are unchanged 

from baseline healthy expression. As overall total gene expression and protein synthesis 

are decreased in osteoarthritic cells, it is important to understand that unchanged values 

of expression in osteoarthritic cells relative to controls actually represent relative 

increases in expression when viewed in light of the decreased total gene expression. 

Though the correlations between the alternative genes and SVCT2 were not yet 

significant, they approach this threshold and with a larger sample size this objective may 

be achieved. 

In an effort to begin determining the regulatory pathways responsible for modulating the 

expression and activity of the SVCT2 transporter by the chondrocyte, the cells were 

cultured as monolayers and treated with various growth factors, inflammatory factors, 

and an oxidative agent. Gene expression following 48-hours of factor treatment for 

SVCT2 was not significant, and expression of Col-li was significant only for a decrease 

in the median i\ACt following TGFb stimulation. Both of these expression panels 

demonstrated large amounts of individual sample variation, suggesting that shorter 

treatment periods are needed in future studies. Following 18-hours of factor stimulation, 

though the individual sample variability was decreased for both genes examined, the data 

was again non-significant. Of note however, is the fact that FGF-2, IL-l, and TNFa 

approached significance, each for increases in the median AACt of SVCT2 gene 
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expression. This would suggest roles for SVCT2, in the short term at least, in both 

anabolic and inflammatory cellular responses. Larger sample sizes would enhance this 

portion of the study. 

By directly measuring the actual ascorbic acid uptake achieved by cultured chondrocytes, 

the radiolabeled ascorbic acid uptake assay provides a useful tool in that it allows for the 

direct measurement of only actual changes in concentration resulting from the action of 

the SVCT2 transporter. Following 18-hours of factor treatment, the uptake assay 

achieved significance for two factor treatments, BMP-7 (strongly anabolic) and IL-l 

(strongly inflammatory), both demonstrating increases in uptake of 59% and 52%, 

respectively. Though not significant, FGF-2 (anabolic and proliferative) and TNFa 

(inflammatory) demonstrated nearly significant uptake increases of 61% and 25%, 

respectively. Interestingly, this pattern of increased uptake resembled the non-significant 

18-hour factor stimulated gene expression data. It appears that as healthy chondrocytes 

are exposed to growth factors, the intuitively appropriate response by the cell would be 

an increase in SVCT2 activity or expression to provide additional intracellular ascorbic 

acid to allow for collagen production increases. In contrast, however, is the increase in 

ascorbic acid uptake and SVCT2 gene expression when exposed to inflammatory factors, 

suggesting that SVCT2 may play a role in the cellular survival response as well. 

Previous studies in human endothelial cells concluded that IL-l and TNFa, the 

inflammatory factors leading to increases in ascorbic acid uptake in our study, suppressed 

the activity of SVCT2, speculating that the inhibitory effects were being mediated by 
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activation ofPKC.<24
) As endothelial cells are a different cell type, we can only speculate 

that this difference may be due, in part, to tissue specific responses. The increased uptake 

of ascorbic acid seen in chondrocytes may be a cellular response to a buildup of oxidative 

stresses as infl~atory markers accumulate within the synovial fluid and stimulate the 

cells. This accumulation would not be a factor for endothelial cells, as the circulating 

blood would continually bath them. As ascorbic acid is a strong antioxidant, and the 

primary antioxidant present in the synovial fluid, increased ascorbic acid uptake may be a 

response by the chondrocyte to counter these oxidative and inflammatory influences. 

Further examination of this phenomenon in healthy cells, as well as an examination of the 

cellular responses of osteoarthritic chondrocytes stimulated in the same manner, is clearly 

warranted. 

The cellular response to oxidative stress and the role of SVCT2 as part of this response 

has previously not been previously examined in human articular chondrocytes. Our work 

demonstrates that the cellular uptake of ascorbic acid demonstrates an increasing trend as 

levels of oxidant stress, achieved by treatment with increasing concentrations of Sin-1, 

are increased. Whether this effect is due to increased activity of the transporter, increased 

expression of the transporter, or a combination of the two is unclear- Interestingly, the 

addition of 250uM ascorbic acid to the culture medium resulted in nullification of this 

increasing trend to the top of our experimental range at 800uM of Sin-1. Significant 

differences in uptake of ascorbic acid existed between ascorbic acid deficient and 

simulated cultures at both 600 and 800uM concentrations of Sin-1. This finding suggests 
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that ascorbic acid does, in fact, play a protective role in cellular responses to oxidative 

stress, and when ascorbic acid is not readily present, the transport of ascorbic acid by 

SVCT2 is increased. 

Decreases in the pH of the synovial fluid in osteoarthritic knees have long been known to 

exist.<32
) Though the average pH decrease in osteoarthritic knees is reported as 0.22 from 

a normal baseline, some patients had pH declines into the 6.9 range.<32
) We speculated 

that these pH declines may be influential to the activity of the SVCT2 transporter. 

Though our fmdings clearly demonstrate a decreasing trend in ascorbic acid uptake as pH 

decreases, this trend only achieved a significant difference from a normal pH of 7.4 when 

a buffer pH of 5.5 was utilized. As the pH in even the most acidic knees rarely declines 

below a pH of 6.9, this trend does not appear not be clinically significant. 

Previous studies have demonstrated the transport kinetics of ascorbic acid in various 

tissue types. One such study, performed upon rat hepatocytes, demonstrated consistent 

ascorbic acid accumulation in a nearly linear fashion for 15 minutes, followed by a period 

of steady though slower accumulation for up to one hour as the intracellular ascorbic acid 

reached maximum concentration. <22
) When we tested this finding in human 

chondrocytes, similar results were observed, and because of this finding an incubation 

period of 15 minutes was used for each of the additional uptake studies. Statistically, the 

pairwise comparisons that were performed confirmed our predictions and demonstrated 

significant ascorbic acid uptake increases between the 45-minute and all but the 30-
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minute earlier timepoints. Uptake at 30 minutes was significantly higher than the 5-

minute timepoint. Our fmdings clearly demonstrate that SVCT2 concentrates ascorbic 

acid within human chondrocytes in a manner that is consistent with previous studies. 

Though ascorbic acid uptake is accomplished by a number of transporters in the various 

cell types present in the body, in chondrocytes this process is accomplished primarily 

through the contribution of the SVCT2 transporter. Previous studies have demonstrated 

ascorbic acid uptake dependency on multiple pathways, including possible contributions 

from the PKA, PKC, PTK, and CA 2+ /CaM pathways. <20
•
33

) Our findings provide novel 

information regarding regulation of the SVCT2 transporter by various growth factors, 

inflammatory factors, and oxidative stress. Furthermore, and possibly most importantly, 

this study provides key data de.scribing the reduced gene expression of the SVCT2 

transporter in osteoarthritic tissue, a fmding that suggests that osteoarthritic cartilage may 

be less well equipped to respond to the increased collagen synthesis and maintenance 

demands required to support what little cartilage matrix remains. While it is unknown at 

this time whether a causal relationship exists between levels of SVCT2 expression and 

osteoarthritic degeneration, our data suggest that a link between the two does exist. In 

light of this, additional studies would be appropriate to focus upon on establishing if the 

two conditions occur simultaneously, or alternatively, if one condition precedes and may 

contribute to the progression of the other. Furthermore, regulatory studies allowing for 

either the activation or inhibition of particular signaling pathways, and factor treatments 

of cultured osteoarthritic chondrocytes, would no doubt lead to a better understanding of 
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SVCT2 regulation and the role of this transporter in osteoarthritis. With this 

understanding may come considerable implications for future translational treatment 

strategies such as SVCT2 targeted drug therapies to increase ascorbic acid uptake into 

degenerative cartilage tissue. Ideally, this could lead to higher levels of protection from 

oxidative stress as well as increased collagen synthesis by these chondrocytes, which has 

the potential to reduce cartilage catabolism both in healthy and osteoarthritic tissues. 



V.SUMMARY 

The studies reported here support the notion that the sodium dependent vitamin C 

transporter (SVCT2) plays an important role in providing adequate ascorbic acid to the 

chondrocyte for responses to oxidative stress and for the production of collagens. The 

reduced gene expression, nearly 10-fold, of the SVCT2 transporter in osteoarthritic 

chondrocytes suggests that these cells are not adequately equipped to respond to the 

increased anabolic demands required to repair and maintain what little cartilage matrix 

remains, a key finding which suggests a relationship between the SV CT2 transporter and 

the development and progression of osteoarthritis. Though numerous regulatory 

mechanisms are explored, small Sample sizes and high individual sample variability 

plagued some our findings, limiting statistical significance. Despite this difficulty, many 

of the regulatory effects resulting from these various factor stimulations demonstrated 

consistent increases regardless of whether cells were stimulated with anabolic, 

inflammatory, or oxidative factors. The results seen following stimulation with BMP-7 

(59% increase), IL-l (52% increase), and Sin-1 provide perfect examples in this context. 

These fmdings suggest a role for SVCT2 not only in anabolic processes, as one may 

expect, but in cellular responses to inflammatory and oxidative conditions as well. Under 

these conditions, SVCT2 may be acting to promote cell survival by maximizing 

antioxidant concentration in order to counter the effects of oxidative and inflammatory 

stresses, a fmding that was not anticipated. This work opens the door for further 
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experimentation to elucidate the responses of cultured osteoarthritic chondrocytes to 

similar regulatory factors, as well as studies to better explain the mechanisms of 

regulation of this clinically important transporter. 
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