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Abstract

The Affymetrix canine GeneChip with 23,836 probe sets was used to look for cartilage genes that are significantly altered in
response to mechanical impact. The model using canine articular cartilage explants loaded in vitro has been described pre-
viously (Chen et al., J Orthop Res 19:703–711, 2001). It is our hypothesis that genes that are activated or repressed in articular
cartilage after impact injury initiate cartilage degeneration, leading to osteoarthritis in dogs. Gene expression of known
cartilage genes was generally consistent with cartilage biology. A total of 528 genes were significantly (P, .01) up- or down-
regulated in response to mechanical damage. After applying the strict Bonferroni correction, 172 remained significantly
affected. One of these genes, MIG-6/gene 33, was chosen for verification by real- time quantitative reverse transcriptase
polymerase chain reaction (RT-PCR). A 3.8- fold increase in expression was confirmed, consistent with the microarray chip
data. Deficiencies in the current annotation of the canine chip are discussed. Gene expression studies with the Affymetrix
canine GeneChip are potentially valuable, but await more complete annotation.

Of the more than 50 million dogs in the United States, 1 in 5
has osteoarthritis (OA), the hallmark of which is cartilage de-
generation. Yet the origins of cartilage degeneration in canine
OA are poorly understood and treatments for OA are mainly
palliative. However, mechanical factors likely are involved.
Thus instability resulting from cruciate ligament deficiency
in the stifle and from developmental dysplasia of the hip
is a major contributor to the pain and morbidity associated
with OA.

A breeding colony of Labrador retrievers has been main-
tained at the Baker Institute for Animal Health since 1970.
Members of this colony have been selectively bred for either
a high or low occurrence of hip dysplasia. Much of the early
work from this laboratory documents the accompanying OA
(Lust and Pronsky 1972; Lust et al. 1972; Lust and Summers
1981). More recently, we have developed a special pedigree of
dogs for genetic mapping obtained by crossing disease-free
racing greyhounds with dysplastic Labrador retrievers (Bliss

et al. 2002; Todhunter et al. 1999, 2003a,b). In our dogs with
hip dysplasia, the cartilage degeneration that is observed can
be related to subluxation of the hip leading to acetabular
impingement on the femoral head at the site of lesion pre-
dilection (Burton-Wurster et al. 1999). Therefore, to better
understand the relationship between mechanical factors
and OA, we developed an in vitro model of mechanical dam-
age that is now well characterized with respect to loading
parameters and cellular and matrix responses, including cell
death (Chen et al. 1999, 2001; Clements et al. 2004; Farquhar
et al. 1996; Levin et al. 2001).

Although the etiopathogenesis of OA is unknown, there
is evidence for an increase in the levels of chondrocyte death
in osteoarthritic cartilage both in humans (Blanco et al. 1998)
and in our canine hip dysplasia model (Burton-Wurster et al.
1982). This occurs alongside further damage to the cartilage
matrix, including a decrease in the proteoglycan content
(Brocklehurst et al. 1984), an increase in the water content
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(Lust and Pronsky 1972; Maroudas and Venn 1977), an in-
crease in fibronectin content (Burton-Wurster and Lust
1985), and an increase in the amount of collagen degradation
(Burton-Wurster et al. 1982; Hollander et al. 1994). In vitro
studies have reproduced these characteristic osteoarthritic
changes using models of mechanical load and several studies
have shown increased cell death postload (Chen et al. 2001;
Farquhar et al. 1996; Levin et al. 2001; Loening et al. 2000;
Lucchinetti et al. 2002). Work from our laboratory has shown
that, over time, cell death spreads from the loaded to the sur-
rounding, unloaded area of cartilage. When the central 2 mm
of a 4 mm disc is loaded, initially dead cells are located in the
region directly below the indenter. In loaded cartilage
explants cultured for 21 days, cell death did not remain
localized to the directly impacted region, but spread both
radially and transversely into the surrounding ring cartilage.
Furthermore, this spread could be prevented by physical sep-
aration and separate culture of the loaded and surrounding
cartilage (Levin et al. 2001). These data suggest that a soluble
factor is functioning as a messenger of cell death following
mechanical loading. However, by conventional approaches,
our data have eliminated one likely candidate, nitric oxide
(NO), and determined that caspases do not play a role, thereby
raising questions about the nature of the cell death involved
(Clements et al. 2004).

Microarray technology is altering the way biologists can
approach complex problems. Until now, the capacity for anal-
ysis was limited to one or a few genes or proteins at a time.
The interest and expertise of the researcher and the availabil-
ity of probes dictated the genes chosen for study. We are now
at the opposite extreme. Many well- annotated human com-
plementary DNA (cDNA) and oligonucleotide microarrays
are available. Microarray data have been obtained from
human patients with OA (Aigner et al. 2001). However, an-
imal models using the dog permit the study of pathological
changes much earlier than is possible using patient material.
In vitro models permit us to address even more focused
questions.

Affymetrix has produced the first commercially available
canine expression array. The sequence information for this
GeneChip canine genome array was obtained from GenBank
(release 137.0, August 2003), dbEST (October 2003), and
LION bioscience AG sequence information derived from
cDNA libraries for 11 beagle tissues: testis, ovary, brain, em-
bryo, liver, spleen, kidney, muscle, aorta, uterus, and jejunum.
The Affymetrix canine GeneChip has 23,836 probe sets. We
used this chip to look for genes that are significantly altered in
response to mechanical damage or that are coregulated over
time (cluster analysis). It is our hypothesis that genes that are
activated or repressed in articular cartilage after mechanical
impact initiate cartilage degeneration, leading to OA in dogs.
In this article we present results obtained from the Affy-
metrix canine GeneChip and statistical analysis of the gene
expression data to identify those genes that are up- or down-
regulated in response to articular cartilage damage 24 h after
impact loading. These candidate molecules are potentially re-
sponsible for the initiation and spread of matrix damage and
cell death in impact damaged cartilage disks. The differential

expression of one such candidate, novel to cartilage, has been
validated by real-time quantitative reverse transcriptase poly-
merase chain reaction (qRT-PCR).

Materials and Methods

Cartilage Explants

Articular cartilage explants were obtained, as 4mmdiscs, from
canine shoulder joints, under sterile techniques, using a 4 mm
biopsy punch and ano. 10 scalpel blade. The donor animals for
the microarray experiment were F1 backcrosses to the Labra-
dor retrievers from the colonyhoused at theBaker Institute for
Animal Health. The dogs, one male and one female, were 18
months old at the time of loading and three additional dogs,
two male F1 backcrosses to the Labrador and one full- bred
Labrador female were necropsied at 2 years of age for the
qRT-PCR experiment. Shoulders were macroscopically nor-
mal at the time of necropsy. The explants were washed three
times with Gey’s balanced salt solution (Sigma Chemicals,
St. Louis, MO) and transferred to serum-free Ham’s F12
medium(GIBCO,Carlsbad,CA) forculture.Mediumwassup-
plemented (per 100 ml) with 2.5 ml HEPES (1 M), 1.0 ml a-
keto glutarate (3 mg/ml), 1.0 ml calcium chloride (4.85 g/ml),
200ll gentamycin (10mg/ml), 200ll penicillin/streptomycin
(10,000 U/ml Pen-G, 10,000 lg/ml streptomycin sulfate),
and 400 ll Fungizone (250 lg/ml). After filtering through
a 0.22 lm filter, this was supplemented with ITSCRþ premix
(Collaborative Biosciences, Bedford, MA), and immediately
before changing the media, it was supplemented with 1.0 ml
L-glutamine (30 mg/ml) and 1.0 ml ascorbic acid (50 mg/ml).
Explants were cultured for 48 h prior to loading at 37�C,
79% humidity, and 5% carbon dioxide.

Cyclic Impact Loading

Cyclic loads were applied to the central 2 mm of the 4 mm
cartilage explants by means of a mechanical loading machine,
which has been described previously (Chen et al. 1999;
Farquhar et al. 1996). The loading machine allows pneu-
matically controlled testing of samples in triplicate while
housed in an incubator. LabVIEW 6 programming software
(National Instruments, Austin, TX) enables load control and
data acquisition through a computer equipped with a PCI-
M10-16E4 data acquisition board. Explants were loaded in
stainless steel chambers and were held in place by stainless
steel rings. The stainless steel indenters were nonporous.
Loading chambers were filled with Gey’s balanced salt solu-
tion for the duration of the loading. Loading was for 120 min
at 5 MPa. The frequency of loading was 0.3 Hz, of which
active loading lasted for 1.0 s per cycle. Loading in this square
waveform produced a stress rate of 60 MPa/s. Control car-
tilage was kept in an identical metal chamber, but without
loading. After loading, disks were placed in culture for
24 h and then frozen in liquid nitrogen in preparation for
RNA extraction. Loaded and corresponding control disks
were pooled separately for RNA extraction. For this initial
microarray experiment, we had three biological replicates:
three control pools (DB32-C1, DB52-C1, DB52-C2) and
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three loaded pools (DB32-L1, DB52-L1, DB52-L2) with 12–
16 disks per pool. Controls and loaded disks were carefully
paired with respect to the site of origin on the humeral head
and were loaded, or placed in loading chambers without load,
at the same time on the same day. This experiment was re-
peated using cartilage from three additional dogs. RNA iso-
lated from that cartilage was made available for qRT-PCR.

Isolation of RNA

RNA was isolated as described previously (MacLeod et al.
1996), but with two modifications. First, the pulverization
step was omitted and cartilage was transferred directly to
the homogenizer. This minimizes losses due to the small sam-
ple size. Second, the preparation was digested with RNase-
free DNase while bound to the RNeasy columns (Qiagen,
Valencia, CA). This results in a high- quality, DNA-free
RNA preparation. We obtain consistently good yields (typi-
cally 400–800 ng RNA from 100 mg pooled cartilage disks)
of pure, undegraded RNA with this protocol. For quan-
titation, RNA is measured in a fluorometric assay using
SybrGreen II. The integrity of RNA can be viewed after
electrophoresis in a formaldehyde/agarose gel (1.2% agarose
with 0.74% formaldehyde) and staining with SYBR Green II.

Gene Expression on the Affymetrix Canine GeneChip

Purified RNA was sent to the University of Rochester micro-
array facility, where it was amplified and used to target the
canine array. The quality of the RNA was checked again
at Rochester on a bioanalyzer prior to amplification. The
protocol that is described in detail in a technical bulletin
by Affymetrix (GeneChip� Eukaryotic Small Sample Target
Labeling Assay Version II; www.affymetrix.com) was used
to amplify and label biotinylated cRNA. This protocol is
important because cartilage is hypocellular with extensive
matrix, making it difficult to obtain large amounts of RNA.
With this method, ample RNA of high quality for multiple
chips was obtained from the RNA we isolated and sent to
the University of Rochester. Raw data were obtained with
the high- density GeneChip Scanner 3000 at the University
of Rochester. Initial analysis was performed using Gene
Traffic through the University of Rochester server. Besides
the gene annotations provided by Affymetrix, additional
annotations were generated by BLASTX of the canine chip
sequences against the National Center for Biotechnology
Information (NCBI) nr database. The BLASTX analysis
was performed on the Cornell Theory Center’s parallel
computer cluster. The updated Affymetrix annotation can
be obtained on the Affymetrix Web sites: https://www.
affymetrix.com/support/technical/byproduct.affx?product5
canine and https://www.affymetrix.com/svghtml?query5
#######_at. To improve the annotation quality for some
of the Affymetrix sequences, longer sequence fragments from
the dog genome project were used. The dog genome boxer
sequences are available at http://www.ncbi.nlm.nih.gov/
genome/guide/dog/.

Statistical Analysis

The statistical analysis was performed using GeneTraffic ver-
sion 2.8, which uses a Student’s t test for a standard two-class
analysis and an F ratio for one-way analysis of variance
(ANOVA) for multiple classes. The data were first subjected
to variance stabilization using the same method as that used
by the significance analysis of microarrays (SAM), developed
at Stanford University, and available at http://www-stat.
stanford.edu/;tibs/SAM/index.html. This method in-
creases the precision for low expression values. Both the
Benjamini-Hochberg (Benjamini and Hochberg 1995) and
Bonferroni P value corrections were applied. The micro-
array hybridizations for the three loaded and paired control
pools were performed at the same time. A paired t test was
performed.

Real-Time qRT-PCR

In order to validate microarray data for the MIG-6 gene,
qRT-PCR was performed with RNA from loaded and not
loaded (control) cartilage using b-actin as an endogenous
control. Canine-specific sequences for MIG-6 and b-actin
were obtained from the Affymetrix Web sites (see above).
PCR primers and TaqMan probes (Applied Biosystems, Fos-
ter City, CA) were designed using Primer Express version 1.0
software (Applied Biosystems) and are presented below:

MIG-6 forward CCGGCGAGATTGGGACAGAG
MIG-6 reverse GGGTCGGAACAGCAAAATCA
b-actin forward ATGAACTCCCAGTCCTACGGG
b-actin reverse TCCATGTCGTCCCAGTTGGT

TaqMan probes were labeled with a 3#,6-carboxy-tetrame-
thylrhodamine (TAMRA, MIG-6) or VIC (b-actin) label as a
quencher dye and a 5#,6- carboxyfluorescein label (6-FAM)
as a reporter dye.

The 63 bp b-actin PCR product and the 67 bp MIG-6
PCR product were cloned into pCR II using Invitrogen’s
TA cloning kit. The plasmids were subsequently transfected
into TOP10 competent cells (Invitrogen, Carlsbad, CA). Pos-
itive transformants were selected on the basis of kanamycin
resistance. The canine cDNA structures for MIG-6 and
b-actin were confirmed by sequencing. Large- scale plasmid
DNA purification was carried out using a Qiagen plasmid
kit. Both vectors were linearized by BamHI and the cloned
canine cDNAs were transcribed with T7 RNA polymerase
at 37�C for 1 h using the reagents supplied with the Ambion’s
MaxiScript kit to produce sense MIG-6 and sense b-actin
RNA. The concentration was calculated by absorbance at
260 nm.

A two-step, real-time qRT-PCR method was employed
and real-time PCR was performed with the ABI Prism
7700 sequence detection system (Applied Biosystems). In
the first step, sample total RNA or reference RNA (10 ng)
were reverse transcribed in a volume of 10 ll containing
TaqMan reverse transcription (RT) buffer, 5.5 mM MgCl2,
500 lM each deoxynucleotide, 2.5 lM random hexamers,
0.4 U/ll RNase inhibitor, and 1.25 U/ll MultiScribe reverse
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transcriptase at 25�C for 10 min, 48�C for 30 min, and 95�C
for 5 min. In the second step, real-time PCR was carried out
in a MicroAmp Optical 96-well plate (Applied Biosystems)
using TaqMan Gold PCR reagents. Each well contained
1 ll of reverse transcribed cDNA, TaqMan buffer A, 5.5
mM MgCl2, 200 lM each dATP/dCTP/dGTP, 400 lM
dUTP, 900 nM each forward and reverse primers, 250 nM
TaqMan probe, 0.01 U/ll AmpErase UNG (Applied Biosys-
tems), and 0.025 U/ll AmpliTaq Gold DNA polymerase
(Applied Biosystems) in a final volume of 25 ll. The thermal
cycling conditions were the following: 50�C for 2 min, 95�C
for 10 min, and 40 cycles of melting (95�C for 15 s), followed
by annealing/extension (60�C for 60 s). In each qRT-PCR
run, a standard curve for the target and the endogenous con-
trol gene was generated using a serial dilution reference RNA.
Five-fold serial dilutions ranged from 0.001 pg to 0.16 pg of
the standard cDNA fragment. Each sample was assayed in
triplicate.

Absolute expression levels were determined by relating
the measured threshold cycles (Ct) to the standard curve.

Threshold cycles were defined as the number of PCR cycles
at which the fluorescent signal reached a fixed threshold sig-
nal, being directly proportional to the amount of input.

Results

Figure 1 presents data from the hybridization statistics and
supports the validity of the robust multichip analysis (RMA)
normalization used. This is a conservative method and the
option recommended in Gene Traffic.

We first wanted to determine if the gene expression data
we were obtaining from the chip were consistent with known
cartilage biology. Table 1 gives probe set data for a selection of
genes that one would expect to find in cartilage. As expected,
type II collagen and aggrecan were highly expressed genes,
while type I collagen was absent. Decorin messenger RNA
(mRNA) was detected with a 50- to 100- fold greater signal
than biglycan, consistent with Cs-Szabó et al. (1997), who
reported mRNA for decorin and biglycan to be present in
adult human cartilage at a ratio of 158:8. Data are presented

Figure 1. Scatter plots to assess microarray data. In the M versus A plot, the abscissa gives a measure of increasing signal

intensity, A ¼ log2 [(current chip � baseline)/2]. The ordinate, M, is the log2 ratio (current chip/baseline). The baseline is

the average of the three controls. The plots show the desired relatively uniform distribution around M ¼ 0 (red above, green

below) as expected for a properly normalized dataset. The log scale plots make visible the greater changes in gene expression

in the loaded (L2) than in the control (C2).
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for two different probe sets for decorin and for fibronectin.
Data are also presented for the probe set for the ED-B iso-
form of fibronectin. A probe set with annotation for fibronec-
tin isoform ED-A was identified, but the annotation was only
a grade B, and a comparison with known sequence clearly
showed that several of the chosen oligos were outside of the
ED-A sequence. Therefore these data are not shown. Fibro-
nectin probe set 1582799_s_at contains sequence coding
within the III-14 segment, while 1582768_at contains se-
quence coding within the III-15 and I-10 segments. The for-
mer should detect all fibronectin isoforms, while the latter
should be unable to detect the cartilage-specific isoform,
which lacks the V, III-15, and I-10 segments (MacLeod
et al. 1996). Theoretically it should detect about 50% fewer
fibronectin mRNAs (Burton-Wurster et al. 1998). The
mRNA for ED-B fibronectin should constitute about 10–
20% of total fibronectin mRNA in cartilage (Burton-Wurster
et al. 1989; Zhang et al. 1995), so the signal here was unex-
pectedly low.

A total of 528 genes were significantly (P , .01) up- or
down-regulated in a paired t test with stabilization and the
Benjamini-Hochberg correction. (Note: Gene Traffic version
3.2 identifies fewer significant genes on the same dataset—
343 with no correction for multiple comparisons.) Table 2
presents these data as log2 ratios for a representative few
genes for which annotation was achievable by the Cornell
Theory Center from sequence provided by Affymetrix.
The genes in bold type were still significant even after the
stricter Bonferroni correction.

It should be noted that of 172 genes found significantly
up- or down-regulated in a paired t test with stabilization and
the Bonferroni correction, only 4 have received an annota-
tion from Affymetrix, 3 with a grade A and 1 with a grade B.
The three with grade A annotation are annexin A2, the Na
and Cl-dependent taurine transporter, and tight junction pro-
tein 1 isoform a, which appear in Table 2. These were sim-
ilarly identified by the Cornell search. For the remainder, no
matches were found for 100, 20 matched to unknown pro-
teins, and 48 matched to known proteins. For 28 of the

known proteins, the calls by Affymetrix and by the Cornell
search were in agreement; for 20, the calls were different.

Gene expression results frommicroarray data require ver-
ification. The gene with identification (ID) 153810_at was
selected as the first gene to verify since it showed a greater
than fourfold increase in expression, which was highly signif-
icant; it also showed up-regulation in an earlier feasibility ex-
periment; its identification in the Cornell search as MIG-6,

Table 1. Signal intensities of genes relevant for cartilage

Probe ID Gene Grade Avg. chip signal Baseline signal Call

1582388_at Procollagen type II alpha 1 A 2611 2965 P
1582455_at Preprocollagen type I, alpha 1 A 8 14 A/P
1582723_at Collagen type I, alpha 2 A 12 29 A/P
1582466_at Aggrecan precursor A 1015 1472 P
1582724_at Decorin A 1917 2193 P
1582726_s_at Decorin A 3081 4211 P
1582437_at Biglycan A 42 44 A/P
1582799_s_at Fibronectin A 256 291 P
1582768_at Fibronectin A 218 295 P
1583017_at Fibronectin ED-B A 7 8 A/P
1582383_at TIMP-1 A 2970 2396 P
1582708_at TIMP-2 A 506 512 P
1582763_at TNF-a A 6 7 A
1582451_at TGF-b A 21 21 A/P
1582602_at MMP3 stromelysin A 795 876 P
1582770_at MMP13 collagenase 3 A 17 22 A/P

Table 2. Selection of genes up- or down-regulated in impact-
loaded cartilage explants

Mean
log2 ratio Gene P

2.19 MIG-6, gene 33 ,.00001
1.46 Prostaglandin E2 receptor EP3A ,.01..00001
1.36 Integrin alpha 6 subunit ,.01..00001
1.23 ATPase components of ABC transport ,.01..00001
1.14 Karyopherin alpha 1 (importin) ,.01..00001
0.92 Tubulin beta ,.01..00001
0.86 Annexin A2 (annexin II) ,.01..00001
0.77 Phenylalanine-tRNA synthetase beta ,.01..00001
0.72 Mitochondrial ribosomal protein S26 ,.01..00001
0.71 Dynein, cytoplasmic light chain ,.01..00001
0.56 DNAJ (Hsp40) homolog, D, 1 ,.00001
0.48 Cytochrome c oxidase ,.00001

�0.41 Alpha-1 catenin ,.00001
�0.46 Tight junction protein 1 isoform a;

ZO-1
�0.57 MAP kinase-activated protein.

kinase 5
,.00001

�0.69 Mannose-6-phosphate/insulin-
like-growth factor II receptor

,.00001

�0.75 NADH dehydrogenase (ubiquinone)
1 beta subcomplex, 10

,.01..00001

�0.85 Na and Cl-dependent taurine
transporter

,.00001

�1.17 NADPH oxidase activator ,.01..00001
�1.53 Fibroblast growth factor receptor 2 ,.01..00001

The genes in bold type were still significant even after the stricter Bonferroni

correction.

825

Burton-Wurster et al. � Cartilage Genes Responding to Injury



a gene responsive to stress, made biological sense in the
context of the experiment; and it had not previously been re-
ported in cartilage, so that results would add to our knowledge
of cartilage biology. The gene for b-actin—IDs 1582488_at,
1582759_s_at, 1582760_x_at, 1582872_x_at—was chosen as
a housekeeping gene. It showed little or no change in re-
sponse to load (Figure 2A). The up-regulation of expression
of gene MIG-6/gene 33 was confirmed by qRT-PCR. Typical
real-time PCR data for one dog are shown in Figure 2A and
a typical standard curve is shown in Figure 2B. The calculated
fold increase for MIG-6 in loaded cartilage compared to the

control cartilage was 3.88 ± 0.82 (n5 3), calculated from the
real-time PCR quantification data presented in Table 3.

Discussion

In our first experiment, a total of 528 genes were significantly
(P, .01) up- or down-regulated in a paired t test with stabili-
zation and the Benjamini-Hochberg correction. Of these, 248
(172 with a definitive call of ‘‘present’’) were still significantly
affected, even after the stricter Bonferroni correction. Many
of these genes have not been previously considered to have a
role in OA. Some will be novel. For example, one gene identi-
fied and confirmed by qRT-PCR as significantly up-regulated
four fold—MIG-6/gene 33—is known to respond to me-
chanical strain and other chronic stress stimuli (Makkinje
et al. 2000). To our knowledge, its presence in cartilage
has not been reported previously.

Gene expression of known cartilage genes was generally
consistent with cartilage biology. The greatest challenge for
investigators using this microarray remains the relatively poor
status of annotation of the canine GeneChip. The gene iden-
tified as MIG-6/gene 33 has not been annotated by Affyme-
trix. Further, this is one of the genes for which Cornell and
Affymetrix calls differ. However, the portion of the canine
contig surrounding the target sequences for this gene con-
tains most of the sequence for the human MIG-6/gene
33, with an apparent gap of 904 bases within the cDNA. This
gap may be why the gene was not annotated by Affymetrix. A
search of the Ensemble database (http://www.ensembl.org)
reveals good alignment between human and canine se-
quences in the coding regions (462 and 453 amino acids, re-
spectively), the last part of which contains a portion of the
target sequence used to design the probe sets.

However, alignment between the canine target sequence
and the human sequence falls off after this, perhaps another
explanation for the failure to annotate. The ability to target
genes within alternatively spliced regions should be a strength
of using oligonucleotide probes. However, an examination of
two of the genes with which we are familiar suggests that this
strength is not realized. The probe 1582388_at was annotated
as procollagen type IIA. This would imply that it is detecting
the isoform of collagen that includes exon 2 and is rarely
present in normal adult cartilage. In fact, the sequences

Figure 2. (A) Real-time PCR for MIG-6 and b-actin. The
change in the emission intensity of the reporter dye divided by

the emission intensity of a control reference dye after

subtraction of the baseline is plotted against the PCR cycle

number. The threshold is calculated as 10 times the standard

deviation of the average signal of the fluorescent signal.

(B) MIG-6 standard curve plot for the calculation of PCR

efficiency and quantitation. A fivefold dilution of a control

template is used to generate the standard curve. The resulting

threshold cycle (Ct) values for each input amount of template

are plotted as a function of the log10 concentration of input

amounts and a linear trend line is fitted to the data. The

resulting slope of the line fitted to the data is used to determine

the PCR efficiency, as shown in the formula. An ideal slope

should be 3.32 for 100% PCR efficiency. Optimal standard

curves are based on PCR amplification efficiency from 90% to

100% (100% meaning that the amount of template is doubled

after each cycle), as demonstrated by the slope of the standard

curve equation. Linear regression analysis of all standard curves

should show a high correlation (R2 coefficient ‡ 0.99).

Table 3. Expression levels of MIG-6/gene 33 in impact-loaded
and control cartilage

Ct
Femtomoles/ng
RNA

Loaded/
controlControl Loaded Control Loaded

Dog1 37.10 34.89 0.70 3.27 4.67
Dog2 36.23 34.64 1.28 3.90 3.0
Dog5 36.88 34.95 0.81 3.15 3.89

Levels of MIG-6 and b-actin mRNA were generated from data and standard

curves shown in Figure 2. MIG-6 mRNA levels adjusted for b-actin expres-

sion. Ct 5 number of threshold cycles.
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are not within exon 2 (Ryan and Sandell 1990), clearly are
matched to the common sequences, and are detecting the
procollagen type IIB found in cartilage, consistent with
the relatively high level of expression observed. The probe
identified as fibronectin ED-B was indeed within that alter-
natively spliced region; the probe identified as fibronectin
ED-A included three probe sequences outside of the ED-A
segment. There is no annotation to indicate that the other
two fibronectin probe sets could distinguish between the car-
tilage-specific isoform and other isoforms. Uncritical use of
the Affymetrix annotation would have given misleading
results in these instances.

Based on our results, we consider gene expression studies
with the Affymetrix canine GeneChip to be potentially very
valuable. The presumption is that, as time goes on, the quan-
tity and quality of the annotation will improve. Until then,
investigators will need to exercise caution. However, the ef-
fort should be worthwhile. A more comprehensive under-
standing of the genes involved in the pathogenesis of OA
and other diseases will open up new targets for therapeutic
interventions and new candidates for the development of
more efficient biomarkers. The identification of individuals
in a preclinical phase will allow prophylactic interventions
when they become available.
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