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Abstract
Objective—To confirm that primary intervertebral disc cells cultured in monolayer transduced with
adenovirus maintained their phenotype, hence is an appropriate system to test gene therapy agents.

Design—Adult bovine nucleus pulposus and anulus fibrosus cells cultured in monolayer were
transduced with adenoviruses expressing human bone morphogenetic proteins (AdBMPs) or Sox9
(AdSox9), or green fluorescence protein (AdGFP, as control). Chondrocyte phenotypic markers (e.g.,
type II collagen and aggrecan) and the chondrocyte hypertrophy marker (type X collagen) were
measured 6 days after viral transduction by reverse-transcription polymerase chain reaction.

Results—Primary nucleus pulposus and anulus fibrosus cells transduced with AdBMPs, AdSox9,
or adenovirus-expressing green fluorescence protein only (AdGFP, as control) continue to express
healthy chondrocyte phenotypic markers and showed no evidence of the expression of the
chondrocyte hypertrophy marker (type X collagen gene). Thus, we have shown that bovine nucleus
pulposus and anulus fibrosus cells transduced with adenovirus overexpressing 12 different bone
morphogenetic proteins or Sox9 maintain their phenotype in short-term culture.

Conclusions—In this study, primary bovine intervertebral disc cells transduced with adenovirus
overexpressing 12 bone morphogenetic proteins or Sox9 preserved their phenotype in short-term
culture. These cells did not express the type X collagen gene, an undesirable chondrocyte
hypertrophic gene that could lead to ossification. Therefore, low-passage intervertebral disc cells
cultured in monolayer is an appropriate culture system to test therapeutic genes. We further suggest
that these cells may also be appropriate for engineering tissues or for cell therapy for degenerative
disc diseases.
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Lifetime prevalence of low-back pain in Western populations is ~58 – 84%,1 and the cost to
society in direct medical care and loss of productivity is staggering.2 Because existing medical
and surgical therapies have not adequately addressed the problem of symptomatic
intervertebral disc (IVD) degeneration, many clinicians and researchers are seeking biological
therapies. Physiatrists, armed with the skill set to access the IVD under fluoroscopic guidance,
should take a leading role in developing and implementing biological treatments. The study of
cultured IVD cells in vitro has been a powerful tool to evaluate the effects of biological or
physical agents.

The maintenance of the IVD cell phenotype in culture is important because dedifferentiation
may alter responses to cytokines or physical stimuli.3 Although a three-dimensional (3D)
culture system such as the alginate bead culture system has been shown to support IVD cell
phenotype and extracellular matrix production, it is difficult to assess viral transduction
efficiency by direct fluorescence microscopy in alginate-encapsulated cells. Also, cells have
limited expansion capacity when suspended in alginate, thus limiting the use of this system
when more cells are needed. In our previous work, we studied the effects of transducing bovine
nucleus pulposus (NP) and anulus fibrosus (AF) cells with a series of recombinant bone
morphogenetic proteins (BMPs) and Sox9 on extracellular matrix metabolism.4 The main
reason to use monolayer culture in these experiments is that transduction efficiency can be
monitored very closely by visualizing green fluorescence protein (GFP). We have found that
some of the growth factors tested have consistently stimulated the metabolic output of primary
disc cells in monolayer culture. However, the possibility of an inappropriate or undesirable
phenotypic response has not been excluded. For example, a potentially undesirable response
is type X collagen expression, which is a marker for chondrocyte hypertrophy that might lead
to tissue calcification or even ossification. In this study, we describe the phenotype of IVD cell
cultured in monolayer, after viral transduction.

A major difficulty in describing disc cell phenotype is the lack of well-defined markers.
Previous studies of disc cells indicated that their phenotypic profile is similar to those of
articular chondrocytes.5-8 In hyaline cartilage, type II collagen is the major collagen species
present; it is widely accepted as a marker of the “chondrocytic” phenotype.9 Similarly, IVD
tissues contain collagen (types II, I, VI, III, IX, etc.)10 and proteoglycans (PG).11-14 However,
the IVD has a much more complex structure than articular cartilage; there are clear morphologic
and metabolic differences among cells from the NP, inner AF, and outer AF.15,16

In this study, we have selected aggrecan and type II collagen gene expression to monitor IVD
cell phenotype. Proteoglycan synthesis has long been used as a chondrocyte-like phenotype
marker because these macromolecules are responsible for many of the physicochemical
properties of the disc and other proteoglycan-rich cartilaginous tissues.11,12,15,17 Aggrecan,
the major aggregating proteoglycans in the human IVD, is a well-known marker of the IVD
phenotype.18,19 The human NP and inner AF have been reported to contain predominantly
type II collagen, whereas the outer AF contains significant amount of type I collagen.10,20,21

In the absence of clearly defined markers of IVD phenotype, the combination of type II collagen
and aggrecan gene expression has often been used to show that cells maintain at least some of
the important properties of the IVD-like phenotype.22

We studied the expression of the type X collagen gene to address the issue of potential
ossification or calcification in the cells cultured in monolayer and transduced with adenovirus.
Chondrocyte hypertrophy or collagen X expression or both could potentially lead to
calcification within the IVD, which would prevent the desired restoration of the biomechanical
characteristics of the organ. Therefore, a gene transfer approach that would stimulate IVD
tissue calcification is not suited for disc repair purpose. The rationale for this study is again
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based on the similarities between articular chondrocytes and IVD cells. In the case of
hypertrophic chondrocytes, the most widely used marker has been type X collagen.23 During
endochondral bone formation, type X collagen is expressed in hypertrophic (enlarged)
chondrocytes24 and plays a key role in regulating matrix mineralization.25 Furthermore, type
X collagen gene expression was detected in chondrocytes present in osteoarthritic tissue in
areas where there appeared to be a reinitiation of endochondral bone formation.26 In the human
IVD, type X collagen has been described in the extracellular matrix of immature discs (<2 yrs
of age).27 In adult IVDs, on the other hand, type X collagen is seen only in the aged nucleus
and inner anulus; this appearance of type X collagen is likely to be related to advanced disc
degeneration.27,28 Although it is unknown whether the reappearance of type X collagen is
related to disc calcification, there is a theoretical risk for ossification when the gene expression
of this collagen is reactivated.

The main goal of the present work is to confirm that low-passage IVD cells cultured in
monolayer transduced with AdBMPs or AdSox9 would express only the desirable chondrocytic
phenotype marker genes (i.e., type II collagen and aggrecan). We aim to show that type X
collagen gene expression, a chondrocyte hypertrophy marker associated with subsequent
mineralization, did not occur. The cells in the inner AF seem to produce a matrix that shares
properties with both the outer AF and NP.15,16 Data on the inner AF were not shown because
it seems to be a blend of NP and AF. The long-term goal of this work is to provide basic
information on the response of IVD cells to growth factor treatment and gene transfer, thus
providing essential building blocks for future clinical applications of this technology.

METHODS
Bovine Tissue Collection

Bovine IVDs were dissected, as previously described,16 from young adult bovine tails (15–18
mos old) obtained from a local slaughterhouse. It is worth noting that, by 15 mos of age, bovine
discs no longer contain a significant proportion of notochordal cells; the matrix is populated
predominantly by adult cells.29 The NP tissue was carefully separated from the AF tissue with
a scalpel. The AF tissue was further separated into inner AF (inner 1/3 of the AF tissue) and
outer AF tissue (outer 2/3 of the AF tissue); only the outer AF tissue was used, the inner AF
tissue was discarded. These tissues were used for cell culture and RNA extraction.

As a positive control tissue, a bovine fetus was also obtained from the slaughterhouse; the
precise term of gestation was unknown. The femurs of the fetus were isolated, and the growth
plates (GPs) on each end of the femurs were isolated and subjected to RNA extraction.

Cell Cultures
The bovine NP and AF tissues were dissected as described earlier and minced to ~1–2 mm3 in
size. The cells were released using serial enzymatic digestion, as previously described,16 and
subsequently cultured in monolayer at 4 × 104 cells/cm2 overnight in complete medium
(Dulbecco’s modified Eagle’s medium and Ham’s F-12 medium [Mediatech, Herndon, VA]
with 360 μg/ml of L-glutamate (Mediatech), 50 μg/ml of gentamicin (Gibco BRL, Grand Island,
NY), 25 μg/ml of ascorbic acid (Sigma-Aldrich, St. Louis, MO), and fetal bovine serum at 20%
(Hyclone, Logan, UT]). The next day, the NP and AF cell cultures were assigned to 1 of 16
groups: the no-treatment group, the rhBMP-7 (positive control), the AdGFP group (negative
control), and the AdBMP-2, -3, -4, -5, -7, -8, -10, -11, -12, -13, -14, -15, and Sox9 groups. In
the rhBMP-7 group, cells were cultured without any exogenous gene in the presence of
recombinant human BMP-7 (also referred to as osteogenic protein-1, a gift from Stryker
Biotech, Hopkinton, MA) at 100 ng/ml during the first day of culture. In the AdGFP, AdBMP-2,
-3, -4, -5, -7, -8, -10, -11, -12, -13, -14, -15, and Sox9 groups, adenovirus-expressing GFP only,
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or both GFP and BMPs (AdBMPs) or both GFP and Sox 9 (AdSox9) were included in the
cultures at the time of plating for 16 hrs at an optimized multiplicity of infection (at about
1:100). In each case, by visualizing GFP-positive cells under a fluorescence microscope, the
transduction efficiency was confirmed to be about 90%. The cultures were maintained for 6
days after transduction at 37°C with daily changes of medium. At day 6 of culture, cells grow
to confluence and were harvested for analysis by reverse-transcription polymerase chain
reaction (RT-PCR) (described here) or extracellular matrix accumulation (published in two
manuscripts previously).4,30 Briefly, at the end of the culture period, the cells and extracellular
matrix were digested with papain within each culture well.31 The papain digests were analyzed
for contents of total sulfated PG by the dimethylmethylene blue (Polysciences, Inc.,
Warrington, PA) dye-binding method.12 Hydroxyproline, as a measure of collagen, was
quantified by reverse-phase high performance liquid chromatography after hydrolysis with 6
M hydrochloric acid for 16 hrs at 120°C and derivatization with phenylisothiocyanate.32 The
papain digests of cells were analyzed for DNA content using the Hoechst dye method (Hoechst
33,258: Polysciences, Inc.).31 One hundred microliters of each papain-digested sample was
mixed with 1 μg/ml of Hoechst dye solution. The dye/sample complex was excited with
ultraviolet light (wavelength, 360 nm), and the emission at 460 nm was measured. Calf thymus
DNA type I (Sigma Chemical) was used as a standard.

RNA Extraction
Total RNA was isolated from bovine cells cultured in monolayers, using the RNeasy Mini kit
(Qiagen, Valencia, CA), according to the manufacturer’s instructions, on day 6 postviral
infection. Total cellular RNA was also extracted from the bovine IVD tissues and GP tissue.
Briefly, ~200 mg of tissues were subjected to homogenization using a rotor-stator device (Omni
International, Marietta, GA), and RNA was isolated with TRIzol reagent (Invitrogen, Carlsbad,
CA) followed by further purification using the RNeasy kit.

Measurement of mRNA Levels with the RT-PCR
To compare the relative levels of chondrocyte-specific gene expression in transduced NP and
AF cells, mRNA levels were assessed using the RT-PCR method. The first-strand cDNA was
synthesized using Superscript III reverse transcriptase (Invitrogen) and oligo(dT) primers from
500 ng of total RNA. PCR amplification was performed with the platinum Taq DNA
polymerase (Invitrogen), using primers paired for each gene of interest. Preliminary
experiments were carried out for each gene to select the optimal number of cycles to enable
the amplification reaction to proceed in a linear range for semiquantitative analysis. PCR
amplification of a constitutively expressed gene, glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), was used as a control for the amount of input RNA. The sequences of the primers
and the GenBank or Ensembl accession numbers of the corresponding genes are shown in
Table 1. PCR products were separated on 2% agarose gels in the presence of ethidium bromide
and visualized using a Bio-Rad Gel Doc EQ imaging system (Bio-Rad, Hercules, CA).

RESULTS
Native Bovine IVD Tissue Gene Expression by RT-PCR

Fetal bovine GP tissue was included in this study as a positive control. The GP expressed
significant levels of type I collagen, type II collagen, aggrecan, and type X collagen mRNA.
In contrast, tissues from young adult bovine NP and outer AF expressed types I and II collagen,
as well as aggrecan mRNA, but not significant type X collagen gene expression (Fig. 1).
Interestingly, when type X collagen gene is amplified for 35 cycles, we have noted a faint band
of type X collagen PCR product in the NP and AF tissues (data not shown). This may indicate
that the type X collagen gene is expressed, but at a very low level, in young, normal bovine
IVD tissues.
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Cultured Bovine NP Cells Expressed Chondrocyte-Phenotype Marker Genes
Primary NP cells derived from a young adult bovine animal cultured in monolayer were
passaged once (P1) and either stimulated with rhBMP-7 or transduced with AdBMPs or
AdSox9. Cultured cells were confluent on day 6. Total cellular RNA was extracted and
subjected to RT-PCR studies. Cultured NP cells continue to express type II collagen and
aggrecan genes, but only minimal expression of type I collagen gene was detected (Fig. 2).
Our results suggest that primary bovine NP cells can preserve their chondrocytic phenotype
when transduced with a series of AdBMPs or AdSox9.

Cultured Bovine AF Cells Expressed Chondrocyte-Phenotype Marker Genes
Primary bovine AF cells (P1) cultured in monolayer were stimulated with rhBMP-7 or
transduced with AdBMPs or AdSox9. Figure 3 shows chondrocyte phenotypic marker gene
expression examined by RT-PCR on day 6 after transduction. Not surprisingly, we have
detected significant levels of not only aggrecan and type II collagen but also type I collagen
gene expression, both with and without the overexpression of various BMPs or Sox9. Similar
to NP cells, primary AF cells in culture did not express type X collagen gene (Fig. 4B). These
results suggest that bovine AF cells cultured in monolayer for a short-term preserved their
chondrocyte-like phenotype. In addition to the chondrocyte phenotype-marker genes, type I
collagen gene is also expressed; this observation underlines the phenotype difference between
the NP and AF cells.

No Chondrocyte Hypertrophy Marker Gene Expression in Cultured NP or AF Cells
Primary NP cells cultured in monolayer transduced with any of the AdBMPs or AdSox9 did
not express significant levels of type X collagen gene, a marker of chondrocyte hypertrophy
(Fig. 4A). Similar results were observed when primary AF cells were cultured in monolayer
transduced with any of the AdBMPs or AdSox9 (Fig. 4B). Because the GP expressed the type
X collagen gene, the total RNA sample extracted from fetal bovine GP tissue was used as a
positive control (lane 1). Cells cultured without any treatment (lane 2) also were included as
controls.

In summary, primary NP and AF cells cultured in monolayer continued to express chondrocyte
marker genes (e.g., type II collagen and aggrecan) but did not express the hypertrophy marker
(type X collagen) gene.

DISCUSSION
IVD cell phenotypic profiles are similar to those of chondrocytes.5,6 The gene expression of
type II collagen and aggrecan was used in this study because their production is generally
considered to be a marker of the “chondrocytic” phenotype.9 Recently, other phenotypic
characteristics of the IVD tissue, such as hypoxia-inducing factor-1, glucose transporter-1, and
metalloproteinase-2, have been described as potential molecular markers for NP cells.33,34 In
articular chondrocytes, (V + C)– fibronectin is a unique characteristic for the chondrocytic
phenotype, although this splice form has not been studied in the human IVD yet.35 These
valuable markers were not studied here; future studies are indicated for selected, promising
growth factors in IVD repair. Specifically, studies implementing powerful techniques such as
PCR array, which allow simultaneous study of a large number of genes, are warranted to
describe further the molecular markers of NP and AF cell phenotype in their native state and
in response to biological stimuli. In addition, collagen II and aggrecan gene expression varied,
sometimes markedly, among different interventions. This was particularly true in the case of
AF cells where there seemed to be significant suppression of gene expression in response to
certain growth factors (e.g., AdBMP-15). These results, if confirmed, may indicate that selected
growth factors are not suitable candidates for stimulating IVD repair.
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Collagen types vary across the disc. In human IVDs, type II collagen (protein) is found in the
NP and AF, whereas type I collagen (protein) is found mainly in the AF.20,36 To our surprise,
we found that the gene expression profile was similar in bovine NP and AF tissues (Fig. 1).
This finding shows that the mRNA level may not correspond to the amount of protein
synthesized. The mechanism regulating protein production might be at posttranscriptional,
translational, or even at protein stability levels, resulting in a difference in net protein content
in different regions of the IVD. Another observation is that type I collagen gene expression is
minimal in cultured bovine NP cells; in contrast, its expression is significant in the AF cells.
This observation further indicates the complexities in the regulation of collagen protein
production in different regions of the bovine IVD and underscores the limitation of this line of
study.

We have shown that primary bovine NP and AF cells cultured in monolayer for a short term
at a moderately high density (4 × 104 cells per cm2) preserved their chondrocytic phenotype
in short-term cultures. Similarly, Horner et al.15 found that bovine NP cells passaged twice
(P2) in monolayer at a density slightly lower than what we have used (1.3 × 104 cells per
cm2) still preserve their chondrocytic phenotype. Not surprisingly, NP and AF cells cultured
in monolayer at very low density (5 × 103 cells per cm2) undergo severe dedifferentiation and
eventually cell death.37 The earlier findings suggest that culturing IVD cells at high density is
necessary for cell transplantation or tissue-engineering purposes. Although we did not study
cells cultured for longer than 2 wks, we expect that in longer term cultures (6 wks or more),
collagen gene expression profile may change, as in cultured articular chondrocytes.38

One of the concerns associated with the delivery of growth factors for disc regeneration is that
some of these growth factors (e.g., BMP-2 or -7) are known to promote osteogenesis under
certain conditions. Several of the BMPs have even been used clinically to promote bone repair.
39,40 Furthermore, intradiscal calcification has been observed in degenerative human discs.
Although no intradiscal calcification has been associated with treatment with recombinant
BMP-7 in the rabbit disc injury model,41 the theoretical possibility of intradiscal bone
formation with growth factor treatments persists. Type X collagen gene expression has been
detected in osteoarthritic tissue reinitiating endochondral bone formation.26 Neither type X
collagen protein10,28 nor type X collagen gene expression was detected in normal human disc.
28 However, type X collagen has also been described in aging28 and degenerative27 human
IVDs, likely correlating with intradiscal calcification. In this study, we have selected type X
collagen gene expression as a marker likely to precede calcification.

In native bovine IVD tissue, when the PCR is carried out in 35 cycles, we did notice a faint
band in the position consistent with the molecular weight of type X collagen gene (Fig. 1).
This finding may suggest that a very low level of type X collagen gene expression exists in the
native bovine tissue. In cultured primary NP or AF cells, after a 6-day treatment with adenovirus
overexpressing a panel of growth factors or Sox9, reactivating expression of this gene was not
observed.

It is worth noting that in this study, the expression of collagen type II and aggrecan genes seems
to be regulated by transducing the cells with adenovirus overexpressing various growth factors
or Sox9. However, the level of changes cannot be measured and compared reliably by routine
RT-PCR, which requires a 2-fold or more change to be considered significant. Instead, these
changes may be assessed by the real-time PCR method, which is a more sensitive method to
quantify changes in gene expression. In future studies, the relative changes in gene expression
may be measured by real-time PCR after treatment with growth factor(s) of interest. This may
serve as an indicator of efficacy of the particular growth factor(s) treatment. Furthermore,
exposure to most of the selected growth factors resulted in an increase in total PG accumulation
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by both NP and AF cells.4,30 Additional studies are thus indicated to determine whether this
PG accumulation is the result of increased PG production or decreased PG degradation.

It is known that monolayer culture of articular chondrocytes can lead to a loss of the
chondrogenic phenotype with multiple passages of the cells. For instance, Kuettner et al.9,42

showed that bovine adult articular chondrocytes would retain their chondrocytic phenotype for
up to 3 wks when cultured as high-density monolayers, but would dedifferentiate after this
point. For this reason, alternative culture systems have been sought that would allow a 3D
growth of the cells that is more similar to the native environment where articular chondrocytes
have been shown to maintain their phenotype for months.43 Similar findings have been made
for IVD cells.15,44 A body of literature has demonstrated the superiority of the 3D culture
system in preserving chondrocyte-like phenotype. Unfortunately, 3D culture systems have
certain disadvantages. First, it is not possible to assess transduction efficiency by fluoroscopy
without dissolving the culture sphere. Second, the ability of cells in 3D culture systems to
expand markedly in cell number is generally low because the rate of cell division in these
systems is typically low. Thus, the use of a monolayer culture system is desirable for certain
applications in cell-based tissue engineering for the degenerative disc.

Data derived from this study suggest that the primary IVD cells from the NP and outer AF
cultured in monolayer continue to express genes appropriate for their tissue of origin. When
these cells were transduced with adenovirus overexpressing growth factors or Sox9, they
preserved their native phenotype. In addition, these cells did not express the type X collagen
gene, suggesting that these cells show no tendency to form an altered phenotype similar to that
of hypertrophic chondrocytes. This information is important to those seeking a cell-based
tissue-engineering strategy for symptomatic disc degeneration.

In summary, physiatrists have the skill set to access the IVD under fluoroscopic guidance,
without open surgery. Therefore, physiatrists should collaborate closely with surgeons and
researchers in basic sciences in developing and implementing biological treatments. In our
previous studies, we investigated the role of gene transfer in restoring IVD tissue structure.
Our current data suggest that a monolayer culture system can be used successfully without
significant change in cellular phenotype, even with growth factor stimulation, as long as cells
are plated at high density for a short-term culture. On the basis of these findings, we conclude
that low-passage IVD cells cultured in monolayer is an appropriate culture system to test
therapeutic genes. We further suggest that these cells may also be appropriate for engineering
tissues or for cell therapy for degenerative disc diseases.
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FIGURE 1.
Chondrocyte-phenotype marker and hypertrophy marker gene expression in fetal bovine
growth plate (GP), adult bovine nucleus pulposus (NP), and anulus fibrosus (AF) tissues.
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FIGURE 2.
Bovine nucleus pulposus (NP) cells transduced with AdBMPs and AdSox9 continue to express
chondrocyte-phenotype marker genes. Lanes 1, No treatment; 2, rhBMP-7; 3, AdGFP; 4,
AdBMP-2; 5, AdBMP-3; 6, AdBMP-4; 7, AdBMP-5; 8, AdBMP-7; 9, AdBMP-8; 10,
AdBMP-10; 11, AdBMP-11; 12, AdBMP-12; 13, AdBMP-13; 14, AdBMP-14; 15,
AdBMP-15; 16, AdSox9.
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FIGURE 3.
Bovine anulus fibrosus (AF) cells transduced with AdBMPs and AdSox9 continue to express
chondrocyte-phenotype marker genes and the type I collagen gene. Lanes 1, No treatment; 2,
rhBMP-7; 3, empty lane; 4, AdGFP; 5, AdBMP-2; 6, AdBMP-3; 7, AdBMP-4; 8, AdBMP-5;
9, AdBMP-7; 10, AdBMP-8; 11, AdBMP-10; 12, AdBMP-11; 13, AdBMP-12; 14,
AdBMP-13; 15, AdBMP-14; 16, AdBMP-15; 17, AdSox9.
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FIGURE 4.
Bovine IVD cells transduced with AdBMPs and AdSox9 did not express the type X collagen
gene, a chondrocyte hypertrophy marker gene. Panel A, fetal bovine growth plate (as positive
control) and nucleus pulposus (NP) cells; Panel B, fetal bovine growth plate and anulus fibrosus
(AF) cells. Lanes 1, fetal bovine growth plate; 2, no treatment; 3, AdGFP; 4, AdBMP-2; 5,
AdBMP-3; 6, AdBMP-4; 7, AdBMP-5; 8, AdBMP-7; 9, AdBMP-8; 10, AdBMP-10; 11,
AdBMP-11; 12, AdBMP-12; 13, AdBMP-13; 14, AdBMP-14; 15, AdBMP-15; 16, AdSox9.
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TABLE 1

PCR primer sets

Gene Primer Sequence: Sense/Antisense Product Size GenBank Accession

Col Iα2 5′-TCAGAGCATTGTGCAATAC-3′
5′-GTGGATCACACTCACAGG-3′

268 bp NM_174520

Col IIα1 5′-TCTAAGAGACCTGAACTGGG-3′
5′-CAGAGGTGTTTGACACAG-3′

230 bp X02420

Aggrecan 5′-GCTACACAGGTGAAGACTTTGTGG-3′
5′-TTCACCCTCAGTGATATTTCGGG-3′

134 bp U76615

Col Xα1 5′-CTAAGTGGCCCCTTTTGTC-3′
5′-GCTTTCAGCAATCCACAG-3′

161 bp NM_174634

GAPDH 5′-CAACGTGTCTGTTGTGGA-3′
5′-GCTGTAGCCAAATTCATTG-3′

250 bp U85042
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