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Abstract

The analysis of cytokine profiles plays a central part in the characterization of disease-related inflammatory pathways and
the identification of functional properties of immune cell subpopulations. Because tissue biopsy samples are too small to
allow the detection of cytokine protein, the detection of mRNA by RT-PCR analysis is often used to investigate the cytokine
milieu in inflammatory lesions. RT-PCR itself is a qualitative method, indicating the presence or absence of specific
transcripts. With the use of internal or external standards it may also serve as a quantitative method. The most widely
accepted method is quantitative competitive RT-PCR, based on internal shortened standards. Recently, online real-time PCR

has been introduced (LightCycler ), which allows quantitation in less than 30 min. Here, we have tested its use for the
analysis of cytokine gene expression in different experimental in vitro and ex vivo settings. First, we compared quantitative

1competitive RT-PCR with real-time RT-PCR in the quantitation of transcription levels of the CD4 cell-specific
chemoattractant Interleukin-16 during the maturation of monocyte-derived dendritic cells, and found a good correlation
between both methods. Second, differences in the amounts of IL-16 mRNA in synovial tissue from patients with rheumatoid
arthritis and osteoarthritis as assessed by real-time RT-PCR paralleled differences in the level of IL-16 protein in the
synovial fluid. Finally, we employed real-time RT-PCR to study the cutaneous expression of several cytokines during
experimental immunomodulatory therapy of psoriasis by Interleukin-10, and demonstrate that the technique is suitable for
pharmacogenomic monitoring. In summary, real-time RT-PCR is a sensitive and rapid tool for quantifying mRNA
expression even with small quantities of tissue. The results obtained do not differ from those generated by quantitative
competitive RT-PCR.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction either labelled sequence-specific probes (e.g.,
TaqMan , Heid et al., 1996) or a fluorescent dye

Recent studies have shown that several chronic (e.g., SYBR Green, ethidium bromide, Higuchi et al.,
inflammatory disorders are associated with specific 1992) to monitor the formation of PCR products.
changes in the balance between pro- and anti-in- However, since competitive and real-time RT-PCR
flammatory cytokines in affected compared to nor- use different approaches for quantitation (internal
mal tissue. For example, in two types of chronic skin versus external standards), it has been unclear
inflammation, psoriatic lesions are characterized by a whether both techniques give identical results when
preferential expression of Th1-type cytokines (Uye- quantifying cytokine expression. Therefore, in this
mura et al., 1993; Schlaak et al., 1994), whereas in study we have tested both methods for the quantita-

1early lesions of atopic dermatitis Th2-type cytokines tion of the CD4 specific chemoattractant IL-16
have been observed (Sager et al., 1992; Neumann et during the maturation of monocyte-derived dendritic
al., 1996). However, the characterization of cytokine cells. Next, we investigated whether real-time RT-
profiles is often hampered by the fact that only small PCR could be used to quantify cytokine gene
amounts of tissue (typically punch biopsies) are expression in small tissue samples. In patients with
available for investigation. Hence, quantitative in- rheumatoid arthritis we compared IL-16 mRNA
vestigations on the protein level are rarely under- expression levels in synovial membrane tissue with
taken, as detection methods such as ELISA are not protein expression in synovial fluid. Third, we used
sensitive enough and permit the analysis of only a real-time RT-PCR to analyse the effects of subcuta-
limited number of factors from one sample. There- neous IL-10 therapy on cutaneous proinflammatory
fore, expression analysis is often performed at the cytokine pathways in psoriasis (Reich et al., 1998).
mRNA level by Northern blot analysis or RT-PCR. We found that (i) quantitative competitive and real-
While Northern blot analysis requires considerable time RT-PCR gave comparable results when quan-
amounts of tissue material, RT-PCR is a highly titating IL-16 mRNA levels in monocyte-derived
sensitive method allowing the detection of mRNA dendritic cells; (ii) the results of IL-16 mRNA
transcripts from small quantities due to the exponen- quantitation by real-time RT-PCR from synovial
tial amplification process. RT-PCR is a qualitative membrane correlated well with IL-16 protein levels
method indicating the presence or absence of specific in the affected joints of rheumatoid arthritis and
transcripts. Due to the exponential amplification and osteoarthritis patients; and (iii) real-time RT-PCR
inter-sample variations in amplification efficiency, allowed the simultaneous detection of multiple dis-
the amount of PCR product obtained does not ease-related cytokines in psoriasis and could be used
provide a valid measure for the amount of a specific for pharmacogenomic monitoring of experimental
transcript present within the sample (Gilliland et al., immunomodulatory therapy.
1990). By using external or internal standards, the
amplification process can be controlled, allowing
RT-PCR to be used quantitatively. The currently 2. Materials and methods
preferred method is quantitative competitive RT-
PCR, where shortened constructs (internal standards) 2.1. Generation of dendritic cells
compete for the same sequence-specific primer pairs
and are co-amplified in the same reaction tube Dendritic cells were generated according to a
(Gilliland et al., 1990). The wild-type and internal modified protocol as previously described (Reich et

1standard PCR products can afterwards be separated, al., 1999). Briefly, CD14 (purity .85%) cells were
e.g., by agarose gel electrophoresis, and subsequently positively selected from the peripheral blood mono-
quantified. To control for inter-sample variations, nuclear cells of healthy volunteers (n53). Immature
cytokine expression levels are standardized for a dendritic cells were obtained by incubation for 5
housekeeping gene, usually b-actin or GAPDH. This days in RPMI 1640/5% FCS, supplemented with 50
method is accurate, but tedious and time consuming. ng/ml rhIL-4 (Pharma Biotechnologie, Hanover,
Recently, real-time PCR has become available, using Germany) and 50 ng/ml rhGM-CSF (kindly pro-
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vided by Schering-Plough Research Institute, Kenil- and values were determined in duplicate. The sen-
worth, NJ, USA). Maturation of dendritic cells was sitivity of the assay was 5 pg/ml.
induced by additional culture with 100 ng/ml TNFa

(Pharma) and 50% (v/v) monocyte conditioned 2.5. RNA extraction and cDNA synthesis
medium (Romani et al., 1996) for 3 days (Palucka et
al., 1998). On day 8, mature dendritic cells were Total RNA was prepared (RNeasy, Qiagen, Hil-
resuspended in medium/FCS and stimulated with den, Germany), according to the instructions of the
TNFa (100 ng/ml) and IL-1b (10 ng/ml, Strath- manufacturer, from synovial membrane, harvested

6mann Biotech, Hanover, Germany) or TNFa, IL-1b dendritic cells (0.5–1310 cells) and cryostat sec-
and IL-10 (10 ng/ml, Strathmann). During culture, tions (30320 mm) from punch biopsies. After a
cells were harvested for RNA extraction on days 0, DNAse digestion step (FPLC-pure DNAse I, Phar-
2, 5, 7, 8 (before stimulation and 6 h after the macia, Freiburg, Germany), reverse transcription
addition of stimuli) and day 9. All donors in this (Superscript II, Gibco, Eggenstein, Germany) was
study gave informed consent after the nature and performed as previously described (Blaschke et al.,
possible consequences of the study had been fully 1999).
explained.

2.6. Generation of internal standards

2.2. Psoriasis patients and IL-10 therapy
Internal standards were generated as previously

described (Blaschke et al., 1996, 1999). Briefly, theFourteen patients with chronic plaque psoriasis
b-actin F/R (Genbank accession number X00351,who had not received systemic immunosuppressive
b-actin F 59→39: CCCAGCCATGTACGTTGCTAT;therapy including PUVA for at least 4 weeks or
b-actin R 59→39: GGGTGGCTTTTAG-specific topical treatment for at least 2 weeks before
GATGGCAA, product size, 1047 bp, all oligonu-study entry, were treated with rhIL-10 (4 mg/kg
cleotide primers by MWG, Ebersberg, Germany) andbody weight, ESSEX Pharma, Munich, Germany)
IL-16 F/R (M90391, IL-16 F: CGAAGAC-subcutaneously as previously described (Reich et al.,
TCAGCTGCAAAT; IL-16 R: GCCAGGCAT-1998). The clinical response to therapy was recorded
GAATGTCATA, 1223 bp) PCR products wereas changes in the psoriasis activity and severity index
cloned into the SmaI restriction site of the transcrip-(PASI) every week. Punch biopsies were obtained
tion vector pBluescript (Stratagene, Heidelberg, Ger-from the same marker plaque before and after 42
many). Fragments of 224 bp (SauI, PpuMI) and 285days of therapy and snap frozen in liquid nitrogen.
bp (BalI, CelII) were removed from the constructsControl biopsies were obtained from healthy vol-
by double restriction enzyme digestion, respectively.unteers (n55).
Afterwards, the free 59- and 39-ends were blunted by
the Klenow fragment (Pharmacia), religated and

2.3. Synovial samples recloned (now termed ‘internal standards’). They
were then linearized by restriction enzyme digestion

Synovial fluid was collected from patients with with BamHI in the polylinker region, quantified by
RA (n515) or OA (n515). Synovial membrane densitometric comparison to l-DNA/HindIII frag-
tissue (RA, n525; OA, n510) was obtained from ments (Gibco) and 10-fold dilution series were
patients undergoing synovectomy or arthroplasty. prepared in water. All PCR products used in this

study were identified by cycle sequencing.
2.4. ELISA procedure for IL-16

2.7. Quantitative competitive PCR
IL-16 was detected in synovial fluid by a solid-

phase sandwich ELISA (Biosource, Ratingen, Ger- Two-fold dilution series starting with 2 ml of
many) according to the instructions of the manufac- cDNA in 11 ml of water were prepared and 5-ml
turer. Fifty ml of sample material were used per well, aliquots were added to PCR reaction mixes con-
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taining a constant known amount of the internal annealing temperature to 958C at 28C/s) with con-
standard. After PCR, agarose gel electrophoresis was tinuous fluorescence monitoring for melting curve
performed in the presence of ethidium bromide and analysis. Samples were loaded on an agarose gel,
the upper (representing wild-type cDNA) and lower excised, quantified by densitometric comparison to
(internal standard) bands were quantified by den- l-DNA/HindIII fragments (Gibco) and 10-fold dilu-
sitometry. After correcting for PCR product size, the tion series prepared in water, ranging from 10 amol /

6ratios of the corresponding bands from the PCR ml to 0.0001 amol /ml (representing 6310 to 60
reaction were used to quantify the molar amounts of copies /ml). For each PCR product, apart from
b-actin or IL-16 cDNA molecules in the cDNA primer-dimers, a single narrow peak was obtained by
sample. Values were determined in duplicate. For melting curve analysis at the specific melting tem-
each sample, the ratio of the molar amounts of IL-16 perature and only a single band of the predicted size
and b-actin per ml cDNA was calculated. was observed by agarose gel electrophoresis, indicat-

ing specific amplification without significant byprod-
2.8. Generation of external standards for real-time ucts. Due to their high dilution factors, standard
RT-PCR concentrations in the dilution series could not be

measured directly. However, the fidelity of the
Real-time RT-PCR on the LightCycler (Roche dilution process could be assessed as a standard

Diagnostics, Mannheim, Germany) was performed in curve was generated (see below). By this method, the
a total volume of 20 ml in the presence of 2 ml of dilution series of the internal standards were also
103 reaction buffer (Taq polymerase, dNTPs, assessed after appropriate adaptation of the cycling
MgCl , SYBR Green, Roche Diagnostics), and 2 ml parameters.2

of cDNA (or water as negative control, which was
always included). MgCl was added to a final2 2.9. Quantitation of cDNA by real-time RT-PCR
concentration of 4 mM, and 11.25 pmol of each
oligonucleotide primer (Actin-LF: CCCAAGGCCA-

From the melting curve, melting temperatures of
ACCGCGAGAAGAT,productsize,219bp;Actin-LR:

the primer-dimer product and the specific PCR
GTCCCGGCCAGCCAGGTCCAG; IL16-LF: AAG-

product were obtained. To exclude primer-dimer
GGGCATCTCCAACATCATCAT, 332 bp; IL16-LR:

artefacts, fluorescence was not measured at the end
CTCCTGCCAAGCTGAACCCAAGAC; IL8-LF:

of the extension step, but a separate detection step
CAGTTTTGCCAAGGAGTGCTAA, Genbank acc.

was added (2 s) at a temperature (b-actin, 878C;
no. X02910, 513 bp; IL8-LR: CCCGTGCAATAT-

IFNg, 808C; TNFa, 888C; IL-8, 808C; IL-16, 838C;
CTAGGAAAATC; TNFa-LF: GGCTCCAGGCGG-

CXCR2, 858C) above the melting point of primer-
TGCTTGTTC, M28130, 409 bp; TNFa-LR: AG-

dimers and below the melting point of the specific
ACGGCGATGCGGCTGATG;CXCR2-LF:GCCCT-

PCR product. From the external standards, a cali-
GCCTGTCTTACTTTTC, M73969, 509 bp;

bration curve was automatically generated. Samples
CXCR2-LR: TTGGCCAGCCTGATTTTCTTTC;

(determined in duplicate) were quantified accordingly
IFNg-LF: TTTGGGTTCTCTTGGCTGTTACT, M- (LightCycler analysis software, version 3.39). As
29383, 418 bp; IFNg-LR: CCTTTTTCGCTTC-

with quantitative competitive RT-PCR, samples were
CCTCTTTT) were added. Real-time PCR was per-

standardized for b-actin.
formed in glass capillaries with an initial denatura-
tion step of 30 s at 958C, followed by 40 cycles of 0
s at 958C, 5 s annealing temperature (b-actin, 668C; 2.10. Statistics
IFNg, 598C; TNFa, 678C; CXCR2, 588C; IL-8,
558C; IL-16, 628C) and (product length (bp) /25) s All data groups were tested for Gaussian dis-
728C. At the end of each cycle, the fluorescence tribution. Statistical analysis was by the paired or
emitted by the SYBR Green was measured. After unpaired t-test when applicable. Correlation between
completion of the cycling process, samples were variables was analysed by Spearman’s correlation
subjected to a temperature ramp (from 58C above coefficient. Variables are described by
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mean6standard deviation (S.D.) or by median and immature day 5 dendritic cells and declined with
range. Two-tailed P values ,0.05 were considered final maturation (Fig. 2).
as statistically significant. Statistical analysis was
performed using the prism 2.01 software (GraphPad,

3.2. Quantitation of IL-16 in dendritic cell culture
San Diego, CA, USA).

by real-time RT-PCR

Fluorescence in the capillary increased with PCR
product formation in a linear fashion, although

3. Results
signals were found to arise not only from the specific
PCR product, but also from primer-dimer products.
Therefore, it was important to measure the specific

3.1. Quantitation of IL-16 production during
fluorescence at a temperature above the melting

maturation of dendritic cells by quantitative
temperature of the primer-dimer product, i.e., a

competitive RT-PCR
temperature at which primer-dimers had completely
melted into single strands. The melting temperature

When wild-type cDNA and internal standard were
of primer-dimer products could be determined from

co-amplified in the same tube, both competed for the
the negative control sample, and similarly the spe-

binding of oligonucleotide primers according to their
cific target melting temperature could be obtained

molar ratio, resulting in two distinct bands as ob-
(Fig. 3A). Typically, melting temperatures of

served by gel electrophoresis (Fig. 1). Bands were
primer–dimer and specific target products were at

quantified by densitometry. After correcting for
least 58C apart. Using an intermediate temperature

product size, the densitometric ratio of the corre-
for quantitation, no specific fluorescence could be

sponding bands was calculated for each lane. Given
detected in the negative control (Fig. 3B–D). The

the amount of internal standard used for PCR and the
amount of standard was inversely proportional to the

dilution factor of the cDNA, the amount of IL-16
number of amplification cycles necessary to detect a

cDNA present in the sample could be calculated
significant fluorescent signal above background

from each lane. Typically, four of the five lanes were
(threshold cycle, Fig. 3C). For data analysis, the

suitable for analysis and were averaged. To allow for
fit-point method was used to manually set the

the comparison of different samples, results were
threshold between background and significant fluo-

standardized for b-actin. On day 0, there was a
rescence. Given the small numbers of target copies

substantial expression of IL-16 in purified mono-
within the cDNA samples, this method proved

cytes, which was markedly reduced on day 2. During
superior to the second-derivative method offered by

dendritic cell maturation, IL-16 expression peaked in
the analysis software. A standard curve was gener-
ated from plotting external standard concentrations
against threshold cycle (Fig. 3D). The amount of
target copies in the sample was calculated from the
sample threshold cycle as compared to the standard
curve. All samples were determined in duplicate, and
variations were typically within 10%.

3.3. Correlation of quantitative competitive PCR
and real-time RT-PCR

Fig. 1. Example of quantitative competitive RT-PCR. Two-fold
dilution series of cDNA (1–1/16, upper bands) were coamplified The results obtained by quantitative competitive
with constant amounts of internal standard (lower bands). Band

RT-PCR and real-time RT-PCR for IL-16 geneintensities were evaluated by densitometry and the ratio obtained
expression during dendritic cell maturation (Fig.from the lanes (typically four of five lanes were suitable) was used

to calculate copy numbers. 2A,B) and after stimulation of mature dendritic cells
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Fig. 2. IL-16 mRNA expression during dendritic cell maturation. Expression of IL-16 mRNA (n53) was quantified by competitive
quantitative RT-PCR and real-time RT-PCR. Results were standardized for day 0. (A) Results did not differ significantly between both
methods (mean6S.D.). (B) A single, typical time course is shown.

with proinflammatory cytokines (data not shown) 3.4. IL-16 expression is increased in rheumatoid
were similar. Thus, in a total of 27 samples quan- arthritis as compared to osteoarthritis
tified in parallel by both methods, we found a good
correlation between both methods (Spearman r5 In synovial fluid from RA patients, IL-16 protein
0.72, P,0.0001). was significantly increased when compared to the
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Fig. 3. Quantitation of CXCR2 by real-time RT-PCR. (A) Melting temperatures for the primer-dimer product (828C, negative control,
sample 8) and the specific target product (888C) were determined in order to obtain the optimal temperature for fluorescence detection
(858C). (B) Ten-fold dilution series ranging from 100 amol /ml (sample 1) to 0.0001 amol /ml (sample 7), a negative control (sample 8) and
a test sample (9) were subjected to real-time RT-PCR. By agarose gel electrophoresis, a single specific band was observed. (C) The
threshold was set to a fluorescence intensity where all samples gave a detectable specific signal. The threshold cycle is defined by the point
where sample fluorescence crosses the threshold (arrow). (D) A standard curve is generated (insert), allowing the test sample concentration
to be determined. It is noteworthy that according to their respective threshold cycles, samples 4 and 9 contain similar amounts of target
copies. From cycle 25 onwards, their specific fluorescence signals diverge and the final fluorescence emitted by sample 9 equals that of
sample 2, which contains 100-fold more target copies. However, the threshold cycle is determined much earlier (see graph c). This indicates
that end-point fluorescence detection is not a valid method for quantitation.

values in synovial fluid samples from OA patients 3.5. Change in cytokine and cytokine receptor
(Fig. 4A). Similar results were obtained for mRNA levels during IL-10 therapy of patients with
levels (Fig. 4B) by real-time RT-PCR. Therefore, in psoriasis
this model, increased mRNA levels as detected by
real-time RT-PCR coincide with increased protein Before the initiation of IL-10 therapy, levels of
expression as determined by ELISA. TNFa, IFNg, IL-8 and its receptor CXCR2 were
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PASI score from 22.4 to 8.4 at the end of treatment
(P,0.0001, Wilcoxon signed rank test, Reich et al.,
submitted). However, cytokine levels at the end of
therapy remained above those detected in normal
skin, and a complete remission of clinical symptoms
was not observed in any of the treated patients.

4. Discussion

In this study, we have evaluated the use of real-
time quantitative RT-PCR technology for the de-
tection of cytokine gene expression in cultured cells
and small tissue samples. The validity of the method
was studied using different experimental applications
of RT-PCR in cytokine analysis. First, the results
obtained for IL-16 gene expression by real-time
RT-PCR in monocyte-derived dendritic cells were
compared to those obtained by the currently pre-
ferred method, quantitative competitive RT-PCR.
Second, mRNA levels of cytokines determined by
real-time RT-PCR in synovial tissue from arthritis
patients were correlated with protein expression in
synovial fluid. Third, the effect of immuno-
modulatory therapy on cytokine gene expression in
psoriatic skin lesions as determined by real-time
RT-PCR was compared with the decrease of clinical
symptoms. Our results clearly show that real-time
RT-PCR is a useful method for quantifying even low
level cytokine gene expression.

RT-PCR has proven to be a useful tool to study
mRNA expression in small amounts of tissue, e.g.,
for the study of cytokines in the pathogenesis ofFig. 4. IL-16 expression in rheumatoid arthritis. (A) IL-16 was
disease. Although it is possible to homogenize freshquantified by ELISA in synovial fluid from patients with RA
material for the quantitation of cytokines in the(n515) and OA (n515). (B) IL-16 mRNA expression was

quantified in synovial membrane tissue (RA, n525; OA, n510) supernatant (Beck et al., 1996), the tools (such as
by real-time quantitative RT-PCR. Whiskers indicate data range, ELISA) are not sensitive and permit only a very
boxes extend from the 25–75th percentile and the horizontal lines

limited number of analyses. Since biopsy material isindicate the median. Asterisks indicate significantly lower values
often paraffin embedded or cryopreserved, ELISAin OA patients compared to RA patients (P,0.05).
determinations may not be possible. From cryop-
reserved material, mRNA can be extracted for North-

markedly elevated in active psoriasis (n514) when ern blot analysis, but more than 10 mg of total RNA
compared to normal skin (n55), reflecting lesional may be needed for the detection of a single cytokine,
inflammation. After 42 days of therapy, cutaneous which exceeds the yield from typical skin biopsies.
levels of the proinflammatory cytokines and CXCR2 Therefore, because of its high sensitivity, RT-PCR
were significantly decreased (Fig. 5). This decrease has increased in popularity. However, since target

35was associated with a marked reduction in clinical sequences are theoretically amplified some 2 -fold,
disease severity as indicated by a decrease of the small variations in amplification efficiency may lead
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Fig. 5. Modulation of cytokine expression in psoriatic lesions by IL-10 therapy. Fourteen patients with chronic plaque psoriasis were treated
subcutaneously with IL-10 for 42 days. Before and after therapy, cytokine expression within the marker lesion was quantified by real-time
RT-PCR. (A) IL-8 and its receptor CXCR2. (B) TNFa and IFNg. All post-treatment levels are significantly reduced as compared to
pre-treatment levels, but still significantly elevated above normal skin (control). Mean6S.D., asterisks indicate significant inter-group
differences for each cytokine and receptor (P,0.05).

to significant changes in PCR product yield (Gilli- into the amplification process, amplification ef-
land et al., 1990). The reason for inter-sample ficiency can be monitored (Siegling et al., 1994). To
variations of amplification efficiency are poorly compare different samples, variations between sam-
understood, but inhomogeneous heat distribution ples, e.g., during reverse transcription, need to be
within common thermal block cyclers might play an controlled by quantifying a housekeeping gene (e.g.,
important role. It is therefore generally agreed that b-actin, Platzer et al., 1992), which is assumed to be
quantitation by simple PCR product densitometry is equally expressed in the investigated tissues. How-
obsolete. With the introduction of internal standards ever, the generation and coamplification of internal
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standards, which usually consist of shortened PCR were observed in negative control reactions. It is also
fragments, is difficult and time consuming. There- noteworthy that because quantitation is performed
fore, in an alternative approach, dilution series of the early during PCR, it is independent of variations
target product are prepared as external controls and possibly occurring during late stages of the cycling
used to generate calibration curves (Heid et al., process (compare Fig. 3). Analysis of the standard
1996). In the absence of internal controls it is dilution series revealed that as little as 120 target
necessary that all samples are amplified with the copies could reliably be quantified with this method.
same efficiency. While common thermal block In this study, we used quantitative real-time RT-
cyclers may not be suitable in this case, cyclers PCR to investigate the expression of IL-16, a
providing a homogeneous thermal distribution, such chemoattractant specific for CD4-bearing cells. IL-16
as the hot-air vent cyclers, could overcome this is regarded as a proinflammatory cytokine since it
problem. In fact, as described in this study using the has been shown to upregulate HLA-DR as well as

LightCycler system (Roche Diagnostics), the inter- CD25-expression (Parada et al., 1998). Recently
sample variation in amplification efficiency was identified cellular sources of IL-16 include T-cells,
small as results obtained from duplicate samples eosinophils and mast cells. In cutaneous inflamma-
typically differed by less than 10%. tory responses, e.g., in atopic and contact dermatitis,

 1Quantitation by LightCycler real-time RT-PCR is a strong CD4 infiltrate is observed. We therefore
based on the threshold cycle method. For each speculated that IL-16 might be involved in recruiting
sample, a determination is made of the cycle number the infiltrate and sustaining the inflammatory re-
at which the fluorescence related to the amount of sponse. We focused on monocyte-derived dendritic
double-stranded DNA is significantly elevated above since these resemble cutaneous dendritic cells, the
background fluorescence. The more specific tran- most important antigen-presenting cells in human
scripts that are present, the less cycles are necessary skin. During maturation of monocyte-derived de-
to generate a significant signal (Heid et al., 1996). ndritic cells we observed a strong expression shortly
By using external standards, a calibration curve can after monocyte purification. After 2 days of culture,
be generated and samples can be quantified accord- IL-16 gene expression was markedly reduced. Al-
ing to their threshold cycle. When hot air is used to though cells were purified by positive CD14 selec-
heat or cool sample tubes, e.g., glass capillaries in tion, we cannot exclude contamination with lympho-
this system, the cycling and subsequent analytical cytes and granulocytes. It is therefore likely that the
process may take as little as 30 min as compared to high initial expression of IL-16, followed by a
several hours with conventional PCR cyclers and dramatic decrease during the following 2 days,
agarose gel electrophoresis. In contrast to the com- originated from contaminating cells which rapidly
mon gel electrophoretic bands, which indicate suc- disappeared from the cultures. During culture of
cessful and specific amplification of the specific PCR dendritic cells IL-16 expression peaked in immature

product, the LightCyler system provides a melting dendritic cells (day 5) and declined with maturation.
curve analysis of the PCR products. With optimized A similar expression pattern has recently been shown
cycling parameters, only the specific PCR product is for IL-12, another proinflammatory cytokine with
obtained, resulting in a single narrow melting peak, strong effects on T-cells (Kalinski et al., 1999). The
which correlates with a single band by gel electro- decreased production of cytokines such as IL-12 and
phoresis. During subsequent real-time PCR reactions, IL-16 in vitro may correspond to a reduced cytokine
PCR product identity can routinely be ascertained by release from dendritic cells migrating from skin to
a melting curve analysis. As with ordinary RT-PCR, regional lymph nodes in vivo. Such a mechanism
primer-dimer formation also occurred during real- would limit the effects of dendritic cell-derived
time RT-PCR. However, in each case it was possible cytokines to the site of initial antigen challenge.
to select a temperature at which primer-dimers had Secondly, we have investigated the role of IL-16
completely melted, but at which the specific PCR in rheumatoid arthritis. In contrast to osteoarthritis

1product was not affected. Importantly, by using this patients, a significant CD4 infiltrate is present in
temperature during fluorescence detection, no signals the affected joints of patients with rheumatoid arth-
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ritis. In rheumatoid patients, elevated levels of IL-16 et al., 1999; Wattjes et al., 2000) has demonstrated
have been reported in the synovial fluid and the the applicability of the new method in this setting.
expression of IL-16 has been demonstrated by in situ The results of our study extend these findings and
hybridization in the synovial membrane (Franz et al., show that real-time RT-PCR is a rapid, reliable and
1998). By real-time RT-PCR we found that IL-16 valid method for the detection of cytokines and may
mRNA is expressed in lesional synovial membrane be useful in various clinical applications, such as the
tissue at significantly higher levels than in OA. This identification of disease-related genes and phar-
observation was paralleled by the finding that in macogenomic monitoring. Since it is significantly
synovial fluid from RA patients IL-16 protein levels less time consuming (30 min versus several hours)
are significantly elevated when compared to OA than the currently preferred method, quantitative
patients. Therefore, it is possible that IL-16 could be competitive RT-PCR, it might become the method of

1involved in recruiting CD4 cells to affected joints choice within the near future.
in RA.

Finally, we have used real-time RT-PCR to iden-
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