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Abstract: The introduction of tissue engineering strategies
for the repair and replacement of human body components
extends the application and importance of biomaterials. Im-
planted biomaterials frequently evoke inflammatory re-
sponses that are complex and not well understood at
present. The goals of this work were to develop improved
measurement methods for the quantification of cellular in-
flammatory responses to biomaterials and obtain data that
lead to an enhanced understanding of the ways in which the
body responds to the introduction of biomaterials. To eval-
uate the biocompatibility of materials, we established a sys-
tem that allows for the analysis and quantitation of cellular
inflammatory responses in vitro. In this study, the inflam-
matory responses of murine macrophages (RAW 264.7) were
analyzed. The cells were incubated with polymethylmethac-
rylate (PMMA) microspheres in the presence and absence of
lipopolysaccharide (LPS) at 8 and 18 h. The analysis of the

genetic material obtained from the cells was quantitated
using real-time reverse transcription polymerase chain reac-
tion (RT-PCR). The cell populations treated with LPS or
PMMA microspheres singly resulted in an elevation of cy-
tokine levels compared to the untreated control. LPS re-
sulted in a 258-fold increase, while PMMA resulted in an
87.9-fold increase at 8 h. RAW 264.7 cells incubated with LPS
and PMMA particles demonstrated a synergistic effect by
producing a marked increase in the level of cytokine expres-
sion, 336-fold greater than that of the untreated control at
8 h. Fluorescence microscopy studies that assessed cellular
viability were also performed and are consistent with the
RT-PCR results. © 2004 Wiley Periodicals, Inc.* J Biomed
Mater Res 69A: 305–313, 2004
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INTRODUCTION

The use of implanted medical devices is an essential
component to the practice of medicine. Excluding den-
tal implants and contact lenses, more than 3 million
people in the United States have long-term biomedical
implants, including breast prostheses, joint replace-
ments, vascular grafts, pacemakers, and catheters.1

Biomedical implants are comprised of a variety of
biomaterials, most of which are inert and nontoxic.
Despite these harmless characteristics, biomaterials
trigger inflammatory responses after implantation.
These responses are evidenced by an accumulation of
phagocytic cells and by the production of cytokines.1–3

The buildup of these phagocytic cells results in signal
transduction that can culminate in diverse results, in-

cluding device-mediated inflammation.4 During the
lifetime of the implant, wear debris particles are gen-
erated and phagocytosed by immune cells, causing
inflammatory cascades to be propagated.5–7 The cyto-
kine family of proteins consists of a vast number of
crucial regulator proteins. Cytokines are responsible
for the initiation, mediation, and propagation of cel-
lular inflammatory responses. In addition, they are
involved in several other immune processes such as
lymphocyte activation, proliferation, differentiation,
angiogenesis, and apoptosis.8,9 In addition, cellular
inflammatory responses are enhanced by the presence
of bacterial components or endotoxins. The critical
segments of Gram-negative bacteria involved in in-
flammatory responses are lipopolysaccharide (LPS)
molecules, which are liberated when the bacterial cell
wall is degraded. Tumor necrosis factor (TNF) is one
of the most prominent cytokines involved in mount-
ing an immune response to Gram-negative bacteria.
TNF exists in two isoforms: TNF-� and TNF-�. TNF-�
is produced and secreted by several immune cells,
whereas TNF-� is only produced bylymphocytes.10

Another prominent cytokine involved in inflamma-
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tory responses due to the presence of LPS is interleu-
kin-1 (IL-1). The parent polypeptide of IL-1 must be
enzymatically processed to liberate the �- and �-sub-
units leading to subsequent biologic activation. IL-1�
is the moiety of interest for these studies.

The transcriptional regulation of IL-1� and TNF-� is
critical for cellular homeostasis and for the host to
mount effective immune responses. The identification
of the key cytokines involved is critical to understand-
ing the cellular response and for the quantification of
the cytokine(s) present. In most instances, the amount
of sample tissue available to investigate cytokine lev-
els is insufficient for protein analysis techniques such
as enzyme-linked immunoassay (ELISA). Even if suf-
ficient material is available, ELISA techniques are lim-
ited because of the variation in enzyme kinetics and
because of the limit in the number of cytokines that
can be analyzed simultaneously. As a result, the tra-
ditional methods used to evaluate small samples seek
to quantitate mRNA levels.8 There are four major
methods commonly used to quantify mRNA expres-
sion: Northern blotting, in situ hybridization, RNase
protection assays, and cDNA arrays. The main limita-
tions of these assays are their low measure of sensi-
tivity.11,12

Previous studies explored the relationship between
macrophages, particle debris, and cytokine response
using techniques such as ELISA.13 These studies sug-
gest that there is controversy and variation in cellular
cytokine response depending upon the type of mate-
rial and cell line used. It was hypothesized that endo-
toxin can bind tightly to the surfaces of materials and
thus is one of the causal reasons for inflammatory
responses.14 Other studies indicate that serum pro-
teins alone can bind to orthopedic debris and elicit
macrophage activation and subsequent inflammatory
responses.15,16 These data validate the hypothesis that
the type of protein adsorbed to the surface of the
biomaterial is critical. In addition, the conformation of
the protein on the surface also appears to modulate
the interaction between the macrophage and the inter-
face of the biomaterial surface.13

In our studies, we chose to quantify inflammatory
cellular responses using real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR). Genetic reg-
ulation precedes protein production, and it is the goal
of this work to improve upon quantification tech-
niques in an accurate and well-characterized system.
Real-time RT-PCR is an in vitro method for enzymat-
ically amplifying defined sequences of RNA.17 Fur-
ther, it is the most sensitive, accurate, and adaptable of
the mRNA quantitative techniques.11 This technique
can be used to amplify mRNA from one cell or from a
large population of cells, such as tissue. Using a re-
verse transcriptase enzyme, RNA is converted to the
cDNA template necessary for amplification. Once
cDNA has been generated, gene-specific primers, a

DNA polymerase, and a fluorescent moiety are uti-
lized to amplify and subsequently label the amplicon
generated. The product accumulation is then mea-
sured during the exponential phase of the reaction.17

The copy number from the samples obtained can then
be extrapolated back to a standard gene curve to yield
quantitative data. The assay also includes the analysis
of an mRNA that does not change in relative abun-
dance during the course of treatment to serve as an
internal control.18

RT-PCR can be used for a number of different ap-
plications. In this study we chose to characterize and
compare the mRNA profiles of TNF-� and IL-1� in
RAW 264.7 cells using RT-PCR. The 18 S ribosomal
subunit was chosen as the housekeeping gene because
its cellular concentration is fairly constant. These pro-
files were examined in samples that had been incu-
bated in the presence or absence of LPS, 4.4-�m poly-
methylmethacrylate (PMMA) microspheres, or in
combination. RAW 264.7 cells were chosen because
they retain many of the functions of primary cultured
macrophages, including the ability to phagocytose
particles and release cytokines.19–23 We hypothesized
that greater levels of cytokine would be evident in
cells that were incubated with polymer particles or
stimulant in comparison to control sample levels. In
addition, we wanted to characterize any synergy that
might exist between the two treatments at the genetic
level. Thus, the macrophage cultures were subjected
to incubation with the above agents for different ex-
posure times to probe cytokine levels.

MATERIALS AND METHODS

Cell lines

RAW 264.7 cells, a murine macrophage cell line, were
purchased from American Type Culture Collection (ATCC,
Manassas, VA) and maintained in RPMI (Life Technologies,
Rockville, MD) supplemented with 10% (volume fraction)
heat-inactivated fetal bovine serum (FBS) (Life Technolo-
gies) in 5% CO2: 95% air at 37°C. To harvest, RAW 264.7 cells
were washed with calcium- and magnesium-free phosphate-
buffered saline and subsequently incubated with HANKS
buffered salt solution without calcium or magnesium to
promote release from the flask.

Treatment

RAW 264.7 (80,000–1,000,000) cells were plated and al-
lowed to reach 70% confluency in a 75-cm2 flask. To the
culture, 0.01 mL of a PMMA microsphere suspension
(1.915 � 109/mL) (Bangs Laboratories, Fishers, IN) was
added and the cells were incubated for 24 h in a 10-mL
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culture. The PMMA particles were in a sterile solution of
deionized water containing 0.01% merthiolate solution. Af-
ter 24 h, LPS (Sigma, St. Louis, MO) (1 �g/mL) Escherichia
coli strain 026:B6 was added to the culture and the cells were
incubated for either 8 or 18 h prior to the mRNA harvest. All
of the particle suspensions and cell culture supernatant sus-
pensions were tested for endotoxin using the Limulus Ame-
bocyte Lysate Assay (Pyrogent Plus test kit, BioWhittaker,
Walkersville, MD) with a sensitivity of 0.06 EU/mL.

mRNA extraction

Cells were plated in sterile 150 mm � 25-mm nonpyro-
genic polystyrene dishes (Daigger, Vernon Hills, IL). Specific
cultures were incubated with 4.4-�m PMMA microspheres
or LPS either singly or in combination. The mRNA extrac-
tion was carried out using the materials and protocol pro-
vided in the Rneasy Kit from Qiagen (Qiagen, Valencia, CA).
The protocol was followed according to the manufacturer’s
specification except a 21-gauge needle was used for homog-
enization of the sample. The RNA was immediately treated
with RNA Secure after elution from the membrane (Ambion,
Austin, TX) and stored at �20°C. Standard spectrophoto-
metric measurements were taken and a 2% (mass fraction)
agarose gel stained with 10 �g/mL ethidium bromide
(Sigma) was used to image the RNA. Densitometry was
performed using the Versa Doc imaging system (Bio-Rad,
Hercules, CA).

Standards

The plasmids containing the cDNA inserts for TNF-�,
interleukin-1�, and the 18 S ribosomal subunit were pur-
chased from ATCC. The DNA had previously been cloned
into a vector, which was introduced into an E. coli host. The
E. coli expressing the DNA insert of choice was grown in LB
medium. The plasmids were grown in LB medium (ATCC
medium 1065) with 100 �g/mL of ampicillin for selection
purposes. Plasmid DNA was isolated using the Qiagen Plas-
mid Giga Kit and no modifications were made to the man-
ufacturer’s protocol. Spectrophotometric measures were
taken at 260 nm, and a 1% (mass fraction) agarose gel
stained with 10 �g/mL ethidium bromide (Sigma) was used
to image the DNA. Densitometry was performed using the
Versa Doc imaging system.

Primer design

Primers were designed using Primerfinder (Whitehead
Institute for Biomedical Research) for the RT-PCR experi-
ments. The primers generated were used in both PCR and
RT-PCR experiments. They are as follows: 18 S ribosomal
subunit, 5� agcgaccaaaggaaccataa 3� and 3� ctcctcctcctc-
ctctctcg 5�; TNF alpha, 5� tttcctcccaataccccttc 3� and 3� agtg-
caaaggctccaaagaa 5�; IL-1 beta, 5� tgtgaaatgccaccttttga 3� and

3� gtagctgccacagcttctcc 5�. The amplicons generated from
these primers are 204, 202, and 205 base pairs, respectively.
DNA sequencing was performed using the Big Dye Termi-
nator Kit (ABI, Foster City, CA) on a 310 DNA Genetic
Analyzer (ABI).

RT-PCR

RT-PCR was carried out using the QuantiTect SYBR Green
RT-PCR Kit and protocol (Qiagen) using an iCycler instru-
ment (Biorad, Hercules, CA). The protocol utilizes the fol-
lowing thermal parameters: reverse transcription, 30 min at
50°C; activation step, 15 min at 95°C; three-step cycling,
denaturation for 30 s at 95°C, annealing for 2 min at 57°C,
extension for 2 min at 72°C for 35 cycles. A melt curve was
subsequently performed to analyze the products generated,
which began at 50°C and increased to 95°C in 1°C incre-
ments.

Fluorescence microscopy

RAW 264.7 cells were plated at a density of 20,000 cells/
well in 0.25 mL of RPMI medium in a 24-well plate. The next
day, cells were treated with PMMA microspheres and al-
lowed to phagocytose the particles for 24 h. Finally, the cells
were treated with LPS for the appropriate length of time.
Prior to analysis, the medium was removed from the culture
and the cells were washed with 1 mL of medium. The cells
were “Live–Dead” stained by adding 0.5 mL of medium
containing 0.002 mM/L calcein-AM and 0.002 mM/L
ethidium homodimer-1 (both from Molecular Probes, Eu-
gene, OR). The cells were incubated for 5 min, observed by
epifluorescence microscopy, and photographed. The ratio of
PMMA microspheres to cells was kept constant and repre-
sented a smaller model of the larger treated samples gener-
ated for mRNA harvest.

RESULTS AND DISCUSSION

The RT-PCR method of quantification used in these
studies is the standard curve method. In the standard
curve method samples of known concentrations are
used to construct a calibration plot.8 The constructs
used for standard curve generation were cDNA plas-
mids. The concentration of each construct was deter-
mined using both densitometry and spectrophotomet-
ric techniques (data not shown). The standard curve
efficiencies for all of the constructs used in these stud-
ies were 80 � 5. The RT-PCR reactions were run in
parallel with standard constructs and appropriate con-
trols.

SYBER Green I is a fluorescent dye that becomes
incorporated into the amplicon during the reaction.
This dye binds to all double-stranded DNA molecules
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and emits a fluorescent signal upon binding. This
fluorescence is measured and displayed in the ampli-
fication plots. The standard curves are comprised of
serial tenfold dilutions; these dilution series encom-
pass the concentration range of the samples. Figure 1
examines the cytokine data generated for TNF-� at
8 h. Figure 1(A) displays the cDNA standards and the
location of the samples on the standard curve. Figure
1(B) demonstrates the amplification plot of the RAW
264.7 samples only. The untreated control samples
and the samples incubated with PMMA alone have
overlapping critical threshold (Ct) values. Further, the
samples incubated with LPS singly or with LPS and
PMMA in concert have similar Ct values. Each exper-
imental sample was run in triplicate, and each is com-
prised of three different cell populations. Thus, these
samples demonstrate that it is possible to get repro-
ducible data from different populations of cells. The
table adjacent to Figure 1(B) displays the numerical
values generated from the amplification plot. These
values were later used to construct Figures 3 and 4.
The RT-PCR efficiency value appears to be lower than
stated earlier; however, this value can change depend-

ing upon baseline and threshold parameters. To make
an exact comparison between samples, the threshold
was held constant at 44.6 relative fluorescence units.

A common experimental problem in RT-PCR is the
presence of excess primer in the reaction. Often, the
primers will begin to interact with one another and
generate “primer–dimers.” These moieties can emit
fluorescence that is not indicative of the amplicon of
interest. A melt curve was performed (Fig. 2) to ensure
that the fluorescence being measured was specific to
the gene being amplified and that excess primer was
not present. The melting temperature of the primers is
between 65–72°C; thus, if a structure (primer–dimer)
formed and SYBER Green I was incorporated into
them a peak would be present in that region of the
melting curve. Figure 2 demonstrates that the product
generated was specific in all samples. DNA sequenc-
ing validated that the product generated was the se-
quence of interest (data not shown). Gel electrophore-
sis further validated the specificity of the product and
provided an endpoint measurement of the sample
(data not shown). RAW 264.7 cytokine profiles were
investigated to determine the cellular inflammatory

Figure 1. Standard curve with samples along with the amplification plots of samples. The standard curve in (A) displays a
plot of cDNA standards and cellular samples are shown with the best-fit curve. In (B) the triplicate runs of the cellular samples
are shown and the results are summarized in the table. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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responses exhibited. The results for the 8-h time point
are shown in Figure 3. Pairwise comparisons were
performed and, in Figure 3, the p values are shown
above the diagonal in the table and the increases in
cytokine expression between samples are shown be-
low the diagonal. The cells incubated with PMMA
microspheres exhibited an increase in cytokine expres-
sion, as did the cells incubated with LPS. The cellular
response to LPS was greater than control levels. The
greatest increase was exhibited by the sample that was
incubated in the presence of both LPS and PMMA
microspheres. The levels of TNF-� were roughly the
same in the population treated with LPS singly (5.5-
fold increase) and the population treated with both
LPS and PMMA (5.8-fold increase) in comparison to
control levels. Further, IL-1� levels were elevated sig-
nificantly in comparison to TNF-� levels. The samples

that were treated with LPS and PMMA exhibited high
levels of IL-1�, 336-fold more in comparison to un-
treated control levels. The samples incubated with LPS
yielded a 258-fold increase, and PMMA alone yielded
an 87.9-fold increase in comparison to untreated con-
trol levels. Thus, the RAW 264.7 population treated
with LPS and PMMA to simulate the conditions in vivo
resulted in a synergistic elevation of IL-1� cytokine
levels and a marked increase in TNF-� compared to
basal levels.

The cellular cytokine profile was also investigated at
18 h (Fig. 4). Again, pairwise comparisons were per-
formed and the p values are shown above the diagonal
in the table and the increases in cytokine expression
between samples are shown below the diagonal (Fig.
4). At the 18-h time point, the levels of TNF-� ap-
peared to have returned to the basal level expression.

Figure 2. Melt curves for each gene product generated
during RT-PCR experiments. The standard uncertainty is
estimated to be 2%, which is based on the standard devia-
tion of multiple measurements. [Color figure can be viewed
in the online issue, which is available at www.interscience.
wiley.com.]

Figure 3. Gene copy number of IL-1� and TNF-� after 8 h
of treatment. Pairwise comparisons were performed and the
p values are shown on the top diagonal in the tables; the
bottom diagonal reports the relative increase in cytokine
expression between samples. Error bars are representative of
one standard deviation from the mean of triplicate samples
harvested from three separate populations of RAW 264.7
cells and is the estimate of the standard uncertainty. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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The quantity of this cytokine changed little in compar-
ison to untreated control levels (Fig. 4). In contrast,
IL-1� levels continued to be elevated similar to the 8-h
time point, although the level measured at 18 h had
decreased to roughly half that of the earlier time point.
These results are consistent with the work of Baer et
al.,24 who observed a sharp increase in TNF-� expres-
sion by macrophages after exposure to LPS followed
by a steady decrease over 8 h. In contrast, IL-1� levels
were relatively constant, or actually increased
steadily, depending on the culture medium. These
authors attributed this temporal profile of TNF-� to a
regulatory element they termed TNF-�-inhibiting fac-
tor (TIF), which selectively suppresses expression of
this cytokine. Baer et al. suggested that TIF acts
through an autocrine mechanism in concert with
NF-�B p50 and it is this factor that is directly respon-
sible for repressing the TNF-� promoter.

There are several possibilities to explain these data

(Figs. 3 and 4). The first is that RAW 264.7 cells were
regulating cytokine production in response to signal
transduction occurring within the population.25 It is
well documented that a variety of cytokines play roles
in mounting inflammatory responses.1,26 Further, it
has been documented that there is a temporal se-
quence in which immune cells respond to inflamma-
tory signals.27 Perhaps the macrophages were regulat-
ing which cytokine was expressed and what quantity
was produced for a discrete period of time. Another
hypothesis is that the cells were no longer viable due
to excessive phagocytosis and an increase in the pro-
duction of proinflammatory cytokines. The decline in
viability within the population could be responsible
for the decreased levels of cytokine. To investigate the
second hypothesis, fluorescence microscopy was used
to assess cellular viability.

To assess the cellular viability of the RAW 264.7 cell
populations, we utilized a fluorescence assay (Fig. 5).
The principle of the assay is that membrane-permeant
calcein AM is cleaved by esterases in live cells to yield
cytoplasmic green fluorescence and membrane-imper-
meant ethidium homodimer-1 labels nucleic acids of
membrane-compromised cells with red fluorescence.
Thus, live cells fluoresce green and dead cells fluo-
resce red. Figure 5 illustrates RAW 264.7 populations
at a 40�magnification to display the morphological
characteristics of the cells. Figure 5(A) displays a
phase-contrast image of RAW 264.7 cells, and figure
5(B) illustrates the same sample labeled with the flu-
orescent probes at 18 h. The entire panel [Fig. 5(B)]
was green, indicating that the population was viable.
Figure 5(C) depicts a phase-contrast image of RAW
264.7 cells that have phagocytosed 4.4-�m PMMA
microspheres and Figure 5(D) displays the same sam-
ple labeled with the fluorescent probes. Figures 5(C)
and 5(D) depict cells with a rounded morphology and
maximal phagocytosis. Despite this extreme condition
panel D was green, indicating that the majority of the
population was viable at 18 h. The same procedure
was repeated for cells incubated with LPS and for cells
incubated with both LPS and PMMA at the 8-h time
point. At the 8-h time point the control populations
and the populations incubated with either PMMA
microspheres or LPS were viable with levels of red
fluorescence comparable to Figure 5(E) (data not
shown). The population treated with both LPS and
PMMA microspheres at 8 h appeared to be compro-
mised minimally (data not shown).

To demonstrate population viability, the above ex-
periment was repeated and images were captured at a
10� magnification. The data are shown in Figure 6.
Figures 6(A), 6(C), 6(E), and 6(G) represent the viable
cells within the population and Figures 6(B), 6(D),
6(F), and 6(H) represent the cells that were not viable
within the population. These data illustrate that pop-
ulations treated singly with either LPS or PMMA mi-

Figure 4. Gene copy number of IL-1� and TNF-� after 18 h
of treatment. Pairwise comparisons were performed and the
p values are shown on the top diagonal in the tables; the
bottom diagonal reports the relative increase in cytokine
expression between samples. Error bars are representative of
one standard deviation from the mean of triplicate samples
harvested from three separate populations of RAW 264.7
cells and is the estimate of the standard uncertainty. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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crospheres exhibited a small decline in viability. How-
ever, the population treated with both agents
demonstrated that a large number of cells in the popu-
lation were no longer viable at 18 h. These data further
reinforce the RT-PCR data. Further, it is feasible that the
increased number of nonviable cells resulted in a less
robust cytokine expression profile in the 18-h RAW 264.7
population. Thus, we conclude that a decline in viability
coupled with transcriptional regulation can lead to a
decreased level of cytokine production.

CONCLUSION

The molecular mechanisms and signal transduction
that occur during inflammatory responses are com-

plex. In addition, the mechanisms regarding the initi-
ation and propagation of inflammatory responses are
not well defined at present. Several cytokines are
known to play prominent roles in the propagation and
mediation of inflammatory responses, and we devel-
oped a model system that mimics device-mediated
inflammation in vivo. RT-PCR is a quantitative tech-
nique that accurately measures the gene copy number
present in samples of many different types. Caveats to
utilizing SYBER Green I, as opposed to specific prim-
ers and probes, is that multiplexing is not possible and
it is difficult to quantitate small differences in gene
expression. Another difficulty concerns the establish-
ment of the baseline and threshold parameters and the
effect that changing these values has on the results.
While the trends of the data ultimately are unchanged,

Figure 5. Fluorescence microscopy of RAW 264.7 cells stained with live/dead fluors after 8 h. (A) Phase-contrast image of
untreated cells. (B) Untreated cells stained with fluors. (C) Phase contrast image of RAW 264.7 cells incubated with PMMA
microspheres for 8 h. (D) RAW 264.7 cells incubated with PMMA microspheres for 8 h, and stained with fluors. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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the numbers can shift �5% by varying these experi-
mental parameters.

We successfully applied RT-PCR to measure the
inflammatory responses of RAW 264.7 macrophages
and follow the induction of IL-1� and TNF-� pro-
duction. Our results suggest that micrometer-scale
PMMA beads and LPS are capable of inducing cy-
tokine transcription but have a synergistic effect
only when exposed to macrophages together. The
time dependence of gene upregulation was different

for IL-1� and TNF-�, with TNF-� levels dropping
off after 18 h but IL-1� levels remaining significantly
higher than those measured from untreated cells.
Our data validate earlier studies15,16 regarding pro-
tein adsorption to biomaterials and the ability
of this complex to modulate cellular inflammatory
responses. PMMA particles were capable of stimu-
lating cytokine production without the presence
of LPS and the data were statistically significant.
In summary, we conclude that the RAW 264.7

Figure 6. Fluorescence microscopy of RAW 264.7 cells stained with live/dead fluors after 18 h. (A, B) Untreated controls.
(C, D) Cells incubated with PMMA microspheres. (E, F) Cells incubated with LPS. (G, H) Cells incubated with both LPS and
PMMA microspheres. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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macrophages comprise an in vitro model that allows
for insights regarding cellular inflammatory re-
sponses.

This work was partially funded by the NIST/NIDCR In-
teragency Agreement (Y1-DE-1021).
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