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Abstract
Background/Aims: Discosoma sp red fluorescent protein (DsRed2) is a newly developed marker for in

vivo labeling studies in different biologic systems. After vector transfection, DsRed2 is expressed in

mammalian cells and can be detected by fluorescence microscopy. The aims of this study were to

establish a DsRed2-transfected human rhabdomyosarcoma (RMS) cell line and to perform a

xenotransplantation on nude mice to use imaging as a tool for further basic research studies on

this neoplasm.

Procedure: The human alveolar RMS cell line Rh30 was transfected with the pDsRed2-N1 vector by

lipofection. The DsRed2-positive cells were sorted out by fluorescence-activated cell sorting analysis 96

hours after transfection and selected in culture with G418. Expression of DsRed2 messenger RNA was

assessed using single-cell reverse transcriptase polymerase chain reaction after laser microdissection.

Transfected and parental cells were characterized cytologically, cytogenetically, immunohistochemi-

cally, and in vivo after subcutaneous injection in NMRI (nu/nu) nude mice.

Results: After vector transfection, a pure and stable DsRed2-positive cell line was established by

monoclonal growth of the cells. Reverse transcriptase polymerase chain reaction revealed constant

expression of DsRed2 messenger RNA in fluorescencing cells. There was no difference between

transfected and parental cells by means of cell morphology and desmin expression. Clonal cells (1 �
106) were used for xenotransplantation. Tumors were visualized noninvasively through the skin of the

mice using specific emission and excitation filters. Tumor vascularization and vessel growth could be

discriminated from tumor tissue using this imaging system.
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Conclusion: This is the first report on successful transfection of an RMS cell line with red fluorescent

protein followed by xenotransplantation into nude mice. This model can serve as an imaging tool for in

vivo studies investigating tumor biology and metastases of human RMS.

D 2006 Elsevier Inc. All rights reserved.
Rhabdomyosarcoma (RMS) is the most common soft

tissue sarcoma in children. Approximately two thirds of all

sarcomas and 7% to 8% of all solid malignant tumors in

children are RMSs [1]. The 2 main histopathologic subtypes

of this malignancy in children are embryonal and alveolar

RMSs [2]. Specific genetic alterations [3] such as

t(2;13)(q35;q14), which occurs in 55% of all cases, and

t(1;13)(p36;q14), which occurs in 22%, contribute to the

diagnosis of alveolar RMS [1]. No specific genetic

alteration has been found in embryonal RMSs [1].

Many techniques have been used for investigating RMS

in models. However, investigations on early-stage tumor

behavior and development of metastasis are limited owing

to lack of tumor visualization.

Red fluorescent protein (RFP) is a 25.7-kDa protein and

a variant of naturally occurring chromoproteins found in

colored body parts of corals and anemones—Discosoma sp.

Discosoma sp RFP (DsRed2) was developed through a

combination of random and site-directed mutageneses.

Discosoma sp RFP was engineered using 3 amino-acid

substitutions (V105A, I161T, and S197A) for a more rapid

maturation as compared with wild-type RFP and 3

substitutions (R2A, K5E, and K9T) that prevent the protein

from aggregating nonspecifically [4]. Discosoma sp RFP

has an excitation peak at 561 nm and an emission maximum

at 587 nm [5]. Transfection can be performed using the

pDsRed2-N1 vector [6]. This vector is equipped with a

neomycin resistance cassette, which confers a resistance

against neomycin and therefore allows stable selection after

transfection using G418. Transfected cells can be visualized

using fluorescence microscopy [7], laser-scanning micros-

copy [8], and multiphoton laser-scanning microscopy [9].

Red fluorescent protein has already been used for investi-

gating pancreatic cancer in vivo [10]. The aims of this study

were to first establish a stable DsRed2-transfected RMS cell

line and to then transplant transfected cells into nude mice

to use imaging as a tool for visualizing tumor growth in

real time.
1. Materials and methods

1.1. Cell line

The alveolar RMS cell line Rh30 (DSMZ, Braunsch-

weig, Germany) was cultured in Dulbecco’s modified eagle

medium (DMEM) supplemented with 10% fetal calf serum,

4.5% l-Glu, and 2.5% HEPES in a humified atmosphere

containing 5% CO2 at 378C.
1.2. Discosoma sp RFP vector

The vector pDsRed2-N1 was purchased from BD

Biosciences Clontech (Palo Alto, Calif). The vector encodes

DsRed2, a variant of the Discosoma sp RFP. Discosoma sp

RFP includes a series of silent base-pair changes resulting in

higher expression in mammalian cells. A neomycin resis-

tance cassette, consisting of the simian virus 40 early

promoter and other signals, allows stably transfected

eukaryotic cells to be selected using G418.

1.3. Discosoma sp RFP transfection

Transfection of the Rh30 cell line (RMS) was carried

out by lipofection. A total of 200 lL of OptiMEM (Gibco,

Karlsruhe, Germany) and that of 5 lL of Lipofectamine

(Invitrogen, Karlsruhe, Germany) were incubated with 5 lg
of pDsRed2-N1 for 30 minutes at room temperature to

form a Lipofectamine-vector complex. This complex was

then added to Rh30 cells (in 6-well plates at 1 � 106 cells

per well) with incubation for 5 hours at 378C. Transfection
was stopped by adding 10% fetal calf serum in DMEM to

the cells.

The transfection rate was determined after 24 hours using

fluorescence microscopy (excitation = 561 nm; emission =

587 nm).

1.4. Selection of DsRed2-positive cells

The DsRed2-positive cells were sorted out by fluores-

cence-activated cell sorting analysis (FACSVantage SE,

BD, Heidelberg, Germany) using a DsRed2 filter 96 hours

after transfection. Cells were washed twice and resuspended

in FACSFlow (BD). Flow cytometry was performed using

nontransfected cells as negative control subjects. Original

and transfected cells were analyzed with regard to their

size and granularity. The DsRed2-positive cells were sorted

out and selected when fluorescence intensity on the selected

channel was higher than 1 � 102. The selected cells were

immediately resuspended in DMEM as previously de-

scribed and then selected by G418 (1.6 mg/mL). To estab-

lish a pure DsRed-positive cell line, we cloned transfected

cells after selection.

1.5. Discosoma sp RFP messenger RNA detection in
transfected cells

Single-cell reverse transcriptase polymerase chain reac-

tion (RT-PCR) was used to detect DsRed2 messenger RNA

(mRNA) after transfection. Cells were initially identified by

fluorescence microcopy as described. Ten single cells were
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identified and harvested by laser microdissection (PALM

Robo, Software PALM Robo Version 1.21, Microlaser

Technologies, Bernried, Germany) and then placed in min-

eral oil (Sigma, Steinheim, Germany) for further analysis.

Amplification of targeted mRNAwas performed via one-

step RT-PCR; GAPDH (glyseraldehyde-3-phosphate dehy-

drogenase) served as a housekeeping gene standard. A

negative control cell with nontranscribed mRNA was used

to demonstrate that no genomic DNA was amplified.

Messenger RNA was isolated from dissected cells using

an Invisorb RNA Kit I 100 (No. 10601004, Invitek, Berlin,

Germany). Complementary DNA transcription and single-

cell PCR were performed in one step according to the

Qiagen one-step RT-PCR protocol (No. 210212, Qiagen

One-step RT-PCR Kit, Qiagen, Hilden, Germany). The

reaction mix (20 lL) consisted of 6.52 lL of diethylpyr-

ocarbonate water, 4 lL of RT buffer 5�, 4 lL of Q-

Solution, 0.8 lL of deoxynucleotide triphosphate mix 10

mmol/L, 0.8 lL of enzyme mix, 0.08 lL of ribonuclease

inhibitor, 0.4 lL of forward primer, 0.4 lL of reverse

primer, and 3 lL of template. Transcription of mRNA was

performed by incubation for 35 minutes at 508C. After a hot
start (15 minutes at 958C), PCR was carried out in 55

cycles. One cycle consisted of a denaturation step (60

seconds at 948C), an annealing step (90 seconds at 568C),
and an elongation step (60 seconds at 728C). Finally, a

closing step was added (10 minutes at 728C).
The following DsRed2 amplifiers were chosen: sense

5V-CTG TCC CCC CAG TTC CAG TAC-3Vand antisense

5V-CGT TGT GGG AGG TGA TGT CCA GCT-3V (435
base pairs).

The following GAPDH amplifiers were used: sense 5V-
CCC TTC ATT GAC CTC AAC TAC-3Vand antisense 5V-
TGA GTC CTT CCA CGA TAC C-3V(418 base pairs).

1.6. Cytologic analysis of transfected and
nontransfected cells

Cytologic analysis of the transfected and nontransfected

cell lines was performed by a pathologist (PR). Cells were

grown on microscopic slides and hematoxylin-eosin stain-

ing was performed. Cytologic analysis was carried out by

light microscopy using high-power fields (400�).

1.7. Cytogenetic analysis of transfected and
nontransfected cells

A cytogenetic analysis of the nontransfected and trans-

fected cell lines was performed. Therefore, both cell lines

were grown and harvested under equal conditions according

to standard protocols [11].

1.8. Transplantation of transfected tumor cells to
nude mice

Transfected cells were cloned as previously described.

One week before transplantation, G418 selection was

removed and cells were maintained in the described culture
medium. Approximately 106 tumor cells (2 mL) were

injected subcutaneously in the right flank of 6- to 8-week-

old female nude mice (NMRI nu/nu, MH Hanover,

Hanover, Germany).

1.9. Visualization of subcutaneously growing
tumors

Animals were anesthetized by inhalation of ether. For in

vivo visualization, a cold light source (KL 1500, Schott,

Mainz, Germany) was used with a green excitation filter

(HQ 535, Chroma Technology Corp. Rockingham, VT) and

a red emission filter (OG 590 LP, Chroma USA).

1.10. In vivo growth pattern of transfected and
nontransfected tumors

Transplanted animals were continuously observed and

clinically examined. Tumor volumes were measured every

5 days with a caliper (a indicates length; b, width; c, height).

Tumor volumes were calculated using the following

formula: a/2 � b/2 � c/2 � 4/3p. Overall observation time

was up to 30 days, depending on tumor size.

Relative tumor volumes were calculated using the fol-

lowing formula: Vrel = Vdx/Vd0, with Vdx being the tumor

volume on day x and Vd0 being the tumor volume at the

beginning of the observation time. Both groups (with trans-

fected and nontransfected tumors) consisted of 8 animals.

Mean values and standard deviations were calculated and

statistically analyzed in both groups using Student’s t test.

1.11. Histologic analysis of transfected and
nontransfected tumors

After reaching a volume of 0.5 cm3, tumors were

resected under general anesthesia. Tissue was fixed in

formalin (37%) and processed for histologic analysis.

Hematoxylin-eosin staining (3-lm slides) of the transfected

and nontransfected tumors was performed. The slides were

analyzed for changes in histology, mitotic rate, and necrosis

using high-power fields (400�).

1.12. Immunotyping by desmin
immunohistochemistry

For immunotyping, desmin immunohistochemistry was

performed. Tissue was processed as previously mentioned

and prepared for fluorescence immunohistochemistry (3-lm
slides). Sections were first deparaffinized by xylole and

ethanol (xylole, 3 � 5 minutes; ethanol 99.9%, 2 � 10

minutes; ethanol 96%, 2 � 10 minutes). After antigen

demasking with 10 mmol/L of citrate buffer (pH 6.0,

2 minutes at 100 8C followed by 20 minutes at room

temperature) and blocking of unspecific backgrounds by

1.5% goat serum (Dako, Hamburg, Germany) for

30 minutes, the primary monoclonal mouse antihuman

desmin clone D33 (dilution, 1:100; Dako) was added for

120 minutes. After triple phosphate-buffered saline (PBS)



Fig. 1 Fluorescence microscopy showing DsRed2-positive RMS

cells after transfection (Rh30 cell line, original magnification

�400).
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washing, the secondary antibody Cy3 (goat antimouse;

dilution, 1:300; Dianova, Hamburg, Germany) was added

for 30 minutes. After triple PBS washing, a counterstaining

with Dapi (dilution, 1:10,000; D9542, Sigma-Aldrich,

Munich, Germany) was performed. Slides were washed
Fig. 2 Fluorescence-activated cell sorting analysis of the Rh30 cell line

population in transfected cells as compared with nontransfected cells.
again 3 times with PBS and embedded with a mounting

medium (Sigma-Aldrich).

The slides were analyzed for desmin expression by

fluorescence microscopy using high-power fields (400�).

All animal studies were approved by the regional

government’s ethical committee for animal studies

(Tqbingen, Germany).
2. Results

The transfection rate of DsRed2 in RMS cells was

approximately 55% after 24 hours. Transfected cells could

be visualized by fluorescence microscopy (excitation = 561

nm; emission = 587 nm; Fig. 1).

Fluorescence-activated cell sorting analysis showed the

standard deviation of RMS cells (cell size vs granularity).

No significant difference in cell size and granularity

between nontransfected and transfected cells could be

observed. Analysis of fluorescence on the DsRed2 channel

revealed a correlating population of transfected cells with a

fluorescence intensity greater than 102. In nontransfected

cells, no fluorescence was observed. After positioning of the

respective gate, highly positive DsRed2 cells were identified

and sorted out (Fig. 2).

Single-cell RT-PCR after laser microdissection revealed a

stable expression of DsRed2 mRNA in fluorescent cells.
(fluorescein isothiocyanate vs size) showing a pure fluorescencing



Fig. 3 Single-cell RT-PCR after laser microdissection revealing

constant expression of DsRed2 mRNA.

Fig. 5 Relative tumor volumes showing no significant difference

in tumor growth between transfected and nontransfected tumors.
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Discosoma sp RFP expression in nontransfected cells was

negative (Fig. 3).

Cell division rates were identical in both transfected and

nontransfected lines. The population doubling time was 4

days in both cultures (data not shown).

Cytogenetic analysis of the tumor cells showed a

translocation, t(2;13), in transfected and nontransfected

cells, which was described originally in the Rh30 cell line

[12]. Other frequent abnormalities found in the near-

tetraploid cell lines (nontransfected and transfected) includ-

ed complex rearrangements of chromosomes 1 and 9, such

as [i(1q), i(1p), i(9q)].

Subcutaneously growing tumors could be detected in the

right flank of the animals by fluorescence (Fig. 4). Tumor

visualization was possible immediately after transplantation.

In contrast, tumors could be detected for the first time

macroscopically 7 days later and could then be followed for
Fig. 4 Left panel shows visualization of DsRed2-positive alveolar RM

which the tumor was not visible macroscopically; right panel, visualizatio

growth (fluorescent image/nonfluorescent image).
4 weeks. Analysis of growth rates showed no significant

difference in growth behavior between transfected RMS and

control tumors (Fig. 5). Standard histology (hematoxylin-

eosin staining) revealed similar morphologies of transfected

and nontransfected cells announcing a highly malignant

sarcoma. Evaluation of mitosis rate showed a rate that was

greater than 20 mitoses per high-power field in transfected

and nontransfected tumors. The extent of necrosis differed

from tumor to tumor and did not depend on DsRed2

expression (Fig. 6A and B). Desmin fluorescence immuno-

histochemistry showed no difference in the expression of

desmin in transfected and nontransfected subcutaneously

growing tumor cells (Fig. 7A and B).
3. Discussion

Rhabdomyosarcoma is the most common soft tissue

sarcoma in children [13]. The prognosis of these tumors is

still sobering [14]. The main clinical treatment problems are

local tumor recurrence, lymph node metastases in alveolar

RMS, and low survival rates in advanced tumors [15].

Lymph node metastases can only be detected by computed

tomographic scan, magnetic resonance imaging, and ultra-

sound examination. Residual tumor evaluation after chemo-
S in nude mice (NMRI nu/nu) 1 week after xenotransplantation in

n of the same tumor as that on the left panel after 4 weeks of tumor



Fig. 6 A, Hematoxylin-eosin staining (original magnification

�40) of tumor specimen from the Rh30 cell line without

transfection showing a typical small blue cell tumor. B, Hematox-

ylin-eosin staining (original magnification �40) of tumor specimen

from the Rh30 cell line with DsRed2 transfection showing no

difference in histology as compared with the outcome discussed in

panel A.

Fig. 7 A, Desmin immunohistochemistry with fluorescence

microscopy from the Rh30 cell line without transfection showing

a desmin-expressing tumor (original magnification �40). B,

Desmin immunohistochemistry with fluorescence microscopy

from the Rh30 cell line after transfection showing a desmin-

expressing tumor (original magnification �40).
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therapy can only be performed by second-look surgical

procedures. The absence of tumor markers requires a

response evaluation by tumor size. Another problem is the

necessity of mutilating surgical procedures (eg, amputation

of extremities, enucleation of an eye, exstirpation of the

bladder or rectum) [2]. Visualization of childhood RMS

would offer new opportunities in the evaluation of tumor

response and provide new tools for nonmutilating surgical

procedures under maintenance of safety margins.

Fluorescent proteins are important tools for further in

vitro and in vivo visualization studies. Enhanced green

fluorescent protein (GFP) was the first fluorescencing

protein described in biologic systems and was used to

evaluate myofibrillogenesis in living cells [16], as well as in

treatment procedures in cell lines [17].
In mouse models of cancer, fluorescent proteins have

enabled visualization of orthotopically growing tumors and

resulting metastases [18]. For example, GFP has been used

for real time optical imaging of primary tumor growth and

metastasis in pancreatic cancer [19]. Real time imaging of

fibrosarcoma lung metastases through GFP has also been

described already [20]. Bone and lung metastases of human

breast cancer could be visualized using GFP in an animal

model [21,22]. Tanaka et al [23] described GFP-expressing

cells in voided urine found only in animals with developing

bladder cancer. This model now serves as a noninvasive

detection method for bladder cancer [23]. There are also

reports on GFP-labeled cell lines in colon cancer to enable

visualization of liver metastases [24]. Katz et al [25] used

GFP for gene therapy of pancreatic cancer by induction of

apoptosis via the tumor necrosis factor–related apoptosis-

inducing ligand.

Red fluorescent protein (DsRed2) is a recently developed

tool for oncological research. Because of its longer
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wavelength and lower energy emission, RFP transmits more

efficiently through whole tissue as compared with green

emitters and is better distinguishable from background

fluorescence [26]. Katz et al [27] reported on successful

real time assessment of chemotherapy efficacy in an

orthotopic pancreatic cancer model using the RFP. Lu et

al [28] described detection and investigation of physiologic

patterns of cancer invasion and metastases in cervical cancer

in vivo using DsRed2. A combination of GFP and DsRed

transfection was performed to evaluate metastatic growth

patterns of 2 differently color-encoded sublines from a

human fibrosarcoma in a mouse model to determine the

clonality of metastasis [29,30]. Another methodological

approach in dual-color fluorescence is the use of RFP-

expressing tumors growing in GFP-expressing transgenic

mice. In this model, tumor-host interactions by whole-body

imaging can be visualized [31].

We successfully performed transfection of human RMS

with RFP and transplantation of transfected cells into nude

mice (NMRI nu/nu). A successful transfection of hepato-

blastoma with GFP by lipotransfection was recently

described by our group [32]. With this model, other

fluorescent proteins could be transfected as well.

We used Rh30 cells with adherent cell layers after

liposomal transfection. Interestingly, the initial transfection

rate in the Rh30 cell line (55%) after liposomal transfection

was much higher than the transfection rates reported in

earlier studies [18,32].

Cell selection by flow cytometry and G418 resistance is

necessary to obtain a stable transfected cell line. This

selection prevents an overgrowth of nonfluorescent cells

that did not undergo transfection [32].

Growth behavior, histology, and mitotic rates were

similar in transfected and nontransfected tumors. There

was no significant difference in tumor volumes. Rate of

necrosis differed from tumor to tumor and depended on

tumor size, not on expression of DsRed2. There was no

difference in desmin expression between transfected and

nontransfected cells. Cytogenetic analysis lines revealed

translocations and chromosomal abnormalities in both cells

with rearrangement of chromosomes. Therefore, transfec-

tion of these tumors with DsRed2 did not lead to a change in

their biologic behavior. Further studies will be carried out

comparing parental and transfected cells.

Tumors were visualized immediately after xenotrans-

plantation, and their development was monitored in real

time even if they were not visible macroscopically. This

observation contradicts that of Libutti et al, who claimed

that a waiting period of 7 days after transplantation was

necessary to visualize GFP-mediated tumor fluorescence

[33]. In addition, tumor volumes can be measured much

easily by fluorescence than with calipers.

Fluorescent proteins might serve as an innovative basis

for further studies on childhood sarcomas analyzing

angiogenesis, anticancer drug efficacy, and tumor-host

interactions. Clinical implications include detection of
primary tumors, recurrences, and metastases, as well as

nonmutilating intraoperative procedures. Such clinical

applications of fluorescent proteins in neoplasms have

been already reported for glioblastomas and bladder

carcinomas [34-36].
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