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Abstract 
 
Pediatric rhabdomyosarcomas (RMS) have a more advantageous prognosis 
after multimodality treatment compared with adult RMS, which might be 
related to a decreased sensitivity to chemotherapy in adults. Resistance to 
chemotherapy might be conveyed by the multidrug resistance (MDR)-
associated proteins P-glycoprotein (P-gp), multidrug resistance-associated 
protein 1 (MRP1), and lung resistance-related protein (LRP). It was 
therefore suggested that these proteins were expressed differently in 
pediatric and adult patients. 

The expression of P-gp, MRP1, and LRP was assessed immunohisto-
chemically in 45 specimens of untreated RMS: 29 were obtained from 
children younger than 16 years old and 16 were obtained from adults. All 
children had an embryonal or botryoid RMS. Among the adults, there were 
10 embryonal, 3 alveolar, and 3 pleomorphic RMS. Samples were scored 
as negative or positive according to the percentage of immunoreactive 
tumor cells: 0.5 (1-5%), 1 (5-25%), 2 (26-50%), 3 (51-75%), or 4 (> 75%). 

Expression of LRP was more pronounced in embryonal and 
pleomorphic RMS in adults compared with RMS in children. In addition, 
LRP expression correlated with age at diagnosis. Alveolar RMS had 
remarkably low LRP expression. Expression of P-gp and MRP1 did not 
differ significantly between children and adults. 

In this series of embryonal and pleomorphic RMS, an increased LRP 
expression was observed in adults, which may explain their worse response 
to chemotherapy reported in other studies. In alveolar RMS, a low LRP 
expression was observed, suggesting that other mechanisms are 
responsible for the resistant phenotype in most of these tumors. 
 
 
Introduction 
 
Rhabdomyosarcomas (RMS) are a distinct type of soft tissue sarcoma 
(STS), arising from primitive mesenchymal cells with varying degrees of 
skeletal muscle differentiation. They are the most common childhood STS, 
accounting for 3-5% of all pediatric malignancies.1,2 Approximately 65% 
of patients are younger than age 6 years when they are diagnosed. Until 
adolescence, RMS are still among the most common STS, but they become 
more infrequent with older age and are rarely seen in patients who are 
older than age 45 years.1,3,4 
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Rhabdomyosarcomas differ from other STS in their favorable response 
to chemotherapy. Greater than 60% of all patients survive a 5-year period 
after diagnosis due to multimodality treatment.5 Factors that determine a 
patient's prognosis include the site of the primary lesion,6 stage of disease,7 
histologic subtype,8 and age at diagnosis.9-13 Alveolar RMS emerges as 
genetically and biologically distinct from other subtypes.14-17 Previous 
studies comparing adults with children reveal an unfavorable outcome in 
adult patients.18-20 In addition, P-glycoprotein (P-gp) expression in tumor 
cells was an adverse prognostic factor in pediatric patients.21 Expression of 
P-gp is associated with multidrug resistance (MDR), a mechanism by 
which tumors become resistant to a range of structurally and functionally 
different natural-product cytotoxic compounds.22,23 Other proteins 
associated with MDR are multidrug resistance-associated protein 1 
(MRP1) 24 and lung-resistance related protein (LRP). Both P-gp and MRP1 
act as transmembrane pumps that actively remove toxins from the cell.25 
The spectrum of drugs expelled by P-gp is similar to that of MRP1 and 
includes anthracyclines, vinca-alkaloids, and epipodophyllotoxins.26 It is 
believed that LRP redistributes drugs within the cell, resulting in lower 
concentrations at the target site.27 The range of drugs associated with LRP 
is even broader than those associated with P-gp and MRP1 and 
additionally includes alkylating agents (e.g., melphalan and 
cyclophosphamide) and platinum compounds.28-30 Currently, most children 
with RMS are treated with a combination of vinca-alkaloids, actinomycin 
D, alkylating agents (e.g., cyclophosphamide and ifosfamide), and 
anthracyclines (e.g., doxorubicin).31,32 When treated with chemotherapy, 
most adults receive doxorubicin/ifosfamide-based schedules. Therefore, 
the majority of agents used to treat RMS are associated with MDR. 

The current study assesses the relation between the expression of MDR 
proteins in RMS and age at diagnosis. Although previous studies suggest 
an unfavorable response to chemotherapy in older patients, it was 
hypothesized that the expression of MDR proteins is higher within the 
adult group. 
 
 
Materials and Methods 
 
Sixty-five patients with newly diagnosed RMS were identified from the 
computerized files of the Department of Pathology, University Hospital 
Groningen, The Netherlands. These patients were diagnosed, treated, 
and/or referred for consultation between 1969 and 2000. Paraffin-
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embedded material from the primary tumor was available for 45 patients 
(70%) who presented between 1979 and 2000. Patient and tumor 
characteristics were documented for these 45 cases. Treatment modalities 
are summarized in Table 1. In accordance with clinical practice, patients 
were considered as adults when diagnosed at age 16 years or older.33 All 
RMS were reviewed on hematoxylin and eosin-stained sections with 
additional desmin immunostains and histologically classified according to 
Enzinger and Weiss.1 The sites of the primary tumor were divided into 
head and neck, extremity, genitourinary (nonbladder/nonprostate), 
bladder/prostate, and other sites.34,35 Before treatment, the disease was 
classified as Stage 1-4 using the TNM staging system developed by the 
Intergroup Rhabdomyosaroma Study (IRS).7 This staging system is based 
on the primary site and tumor size, involvement of regional lymph nodes, 
and evidence of distant metastases. 
 
 
Table 1. Treatment and stage of pediatric and adult rhabdomyosarcoma patients. 
 
Characteristics Children (%)  Adults (%) 
Treatment      
   Chemotherapy alone 6 (21)  2 (13) 
   Surgery alone 1 (3)  1 (6) 
   Chemotherapy and surgery 11 (38)  5 (31) 
   Chemotherapy and radiotherapy 1 (3)  1 (6) 
   Surgery and radiotherapy 0   2 (13) 
   Chemotherapy, surgery, and radiotherapy 9 (31)  4 (25) 
   Unknown 1 (3)  1 (6) 
      
Stage*      
   1 13 (45)  3 (19) 
   2 4 (14)  2 (13) 
   3 7 (24)  2 (13) 
   4 4  (14)  5 (31) 
Unknown 1 (3)  4 (25) 
 
* Pretreatment stage according to the Intergroup Rhabdomyosarcoma Study.7 
 
 
Immunohistochemistry. Paraffin-embedded blocks containing the most 
viable parts of the tumor were selected. Immunohistochemistry was 
performed using an indirect peroxidase method as described previously.36 
The following monoclonal antibodies were used: C494 to P-gp (Signet 
Laboratories, Dedham, MA; dilution 1:200); MRPr1 to MRP1 (provided 
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by Dr. R.J. Scheper, Free University Hospital, Amsterdam, The 
Netherlands; dilution 1:15); and LRP clone 42 to LRP (Transduction 
Laboratories, Los Angeles, CA; dilution 1:400). Liver, lung, and colon 
tissue samples served as positive controls for P-gp, MRP1, and LRP 
expression, respectively. 
 
Scoring of immunohistochemistry. Two observers, who did not have 
previous knowledge the clinical data, independently assessed the 
expression of P-gp, MRP1, and LRP. Expression was categorized as 0, no 
immunoreactive tumor cells were detected; 0.5, samples contained solitary 
immunoreactive tumor cells totaling less than 5% of all tumor cells; 1, 5-
25% immunoreactive tumor cells; 2, 26-50% immunoreactive tumor cells; 
3, 51-75% immunoreactive tumor cells; and 4, greater than75% 
immunoreactive tumor cells.  
 
Statistical analysis. SPSS for Windows (release 10.0.7; SPSS, Chicago, 
IL) was used to perform the statistical analysis. To assess differences in 
MDR expression in samples of the same tumor, the Wilcoxon signed ranks 
test was applied. To determine a possible association among the expression 
of P-gp, MRP1, and LRP, the Spearman's rank correlation coefficient (ρ) 
was calculated. A chi-square test for trend was used to analyze differences 
in MDR expression between children and adults. A two-tailed P-value of 
less than 0.05 was significant. 
 
 
Results 
 
The study group consisted of 29 children (64%) and 16 adults (36%). 
There was a statistically equal gender spreading within these two groups, 
with a total of 21 males and 24 females. The median age of the total group 
was 10 years (range, 0-73 years). The median ages of the children and 
adults were 4 and 22.5 years, respectively. 

Thirty-nine patients had an embryonal RMS (ERMS; 87%), of which 2 
were of the botryoid variant. Three patients had an alveolar RMS (ARMS; 
7%) and another 3 had a pleomorphic RMS (PRMS; 7%). Figure 1 shows 
the age distribution with histologic subtype of RMS indicated. All 29 
children had an ERMS, including the two botryoid subtypes. Ten adults 
were diagnosed with ERMS (63%). 

Twelve head and neck RMS (27%), 7 extremity RMS (16%), 12 
genitourinary RMS (27%), and 2 bladder RMS (4%) were encountered.  
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Figure 1. Age distribution of rhabdomyosarcoma patients. 
 

 
Twelve tumors (27%) were found at other sites. This roughly reflects 

the distribution found in larger series.35 None of the categories for primary 
site was overrepresented in either the pediatric or adult group. 

In the preoperative setting, 16 patients had IRS Stage 1 disease (36%), 6 
had Stage 2 disease (13%), 9 had Stage 3 disease (20%), and 9 patients had 
Stage 4 disease (20%). Table 1 summarizes the distribution of disease 
stage in children and adults. Five adults (31%) had metastatic disease at 
time of presentation, compared with four children (14%), but this 
difference was not statistically significant (P = 0.061). Data on staging 
were not accessible in five cases. 
 
MDR protein expression in the overall group of RMS. Most samples 
(80%) were extensively P-gp positive (scores of 3 and 4), whereas only 2 
lacked any reactivity and one showed only minimal expression (a score of 
0.5). The majority of the samples (56%) were also extensively positive for 
MRP1, whereas 5 samples lacked any reactivity and another 5 were only 
minimally immunoreactive. In contrast, a minority of samples (16%) 
revealed extensive immunoreactivity for LRP, whereas 12 samples (27%) 
were completely negative and 7 (16%) showed minimal immunoreactivity 
(Figure 2). 

Expression of P-gp was higher than that of MRP1 and LRP (P = 0.001 
and P < 0.0001, respectively). Expression of MRP1 was higher than that of 
LRP (P=0.001). Expression of P-gp correlated with MRP1 expression:  
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Figure 2. MDR protein expression in rhabdomyosarcomas. 
 
 
Spearman’s ρ = 0.358 (P = 0.009), whereas LRP expression did not 
correlate with P-gp or MRP1 expression. 
 
MDR protein expression and histologic type of RMS. Samples that were 
P-gp negative or sparsely positive (a score of 0.5) were encountered only 
among the ERMS samples (Table 2). ARMS and PRMS samples had 
extensive P-gp immunoreactivity (scores of 3 and 4). Samples that were 
MRP1 negative or sparsely positive also were all of the embryonal type. 
However, most ERMS samples had extensive MRP1 staining, as was the 
case for ARMS and PRMS. In contrast, 44% of ERMS samples were 
scored as negative or sparsely positive for LRP, whereas 33% had limited 
expression (a score of 1). Two of three ARMS samples were LRP negative, 
whereas the third sample revealed limited LRP expression. All three 
PRMS samples had extensive LRP staining. 
 
Table 2. MDR protein expression in histologic subtypes of rhabdomyosarcoma 
 

Embryonal RMS Alveolar RMS Pleomorphic RMS Level of 
immunoreactivity P-gp MRP LRP P-gp MRP LRP P-gp MRP LRP 
0 2 5 10 0 0 2 0 0 0 
0.5 1 5 7 0 0 0 0 0 0 
1 3 4 13 0 1 1 0 0 0 
2 2 3 5 1 1 0 0 1 0 
3 11 12 1 0 0 0 1 0 0 
4 20 10 3 2 1 0 2 2 3 
Totals ( 39 ) ( 3 ) ( 3 ) 
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MDR Protein Expression in Children versus Adults. Figure 3 shows the 
expression of the MDR proteins in the pediatric and adult samples. 
Statistical analysis revealed that the expression of P-gp and MRP1 was 
distributed equally between the pediatric and adult samples. However, LRP 
expression was more pronounced within the adult group compared with the 
pediatric group (Fig. 3C). This difference approached statistical 
significance (P = 0.052). 

To analyze the confounding effects of other prognostic factors besides 
age on LRP expression, subgroup analysis was performed. This showed 
that LRP expression was not associated with disease stage, i.e., Stages 1 
and 2 versus Stages 3 and 4 and Stages 1, 2, and 3 versus Stage 4. 
Subgroup analysis for primary site and histologic subtype was not possible 
due to the limited number of cases. 

The correlation of expression of the three MDR proteins with patient 
age (in years) as a continuous variable was also analyzed. Expression of P-
gp and MRP1 did not correlate with age at diagnosis. A statistically 
significant correlation was found for LRP expression with age at diagnosis 
(in years): Spearman's ρ was 0.341 (P = 0.022). 
 
 
Discussion 
 
Rhabdomyosarcomas represent a distinct entity within the group of STS, 
both histopathologically and clinically. They mainly affect children, who 
have a favorable response to chemotherapy.5 They may also occur in 
adults, but previous studies indicated that older patients experience less 
benefit from multimodality treatment than younger patients. A small 
number of studies compared prognosis between children and adults,18-20 
whereas others focused on adults only.3,10,11,33,37 

Several explanations may account for the difference in outcome 
between pediatric and adult RMS patients. First, adults might present more 
often in a more advanced stage than children, this being an independent 
adverse prognostic factor.5,7 Although children presented more often with 
IRS Stage 1-3, and more adults presented with IRS Stage 4 disease, the 
differences were not statistically significant in this study population. 
Second, in young patients, the primary tumors often arise at sites that are 
linked with a more favorable response to treatment.6 For example, patients 
younger than 10 years often present with favorable genitourinary 
(nonprostate/nonbladder) or orbital RMS, whereas adults often present 
with unfavorable limb or retroperitoneal RMS.38 In our study, a relatively  
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Figure 3. P-gp (A.), MRP1 (B.) and LRP (C.) in RMS of children and adults.  
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large number of head and neck tumors occurred in the pediatric group. 
However, no particular site was clearly overrepresented in either the 
pediatric or the adult group. Third, patients with ERMS and especially 
those with the botryoid subtype have a more favorable prognosis than 
those with ARMS or PRMS.9,13,39,40 Histologic type and age are associated 
variables: histologic subtypes are typically clustered around the age of 
diagnosis.1,41 Of the current subjects, all children presented with ERMS, 
whereas the majority of adults were also diagnosed with ERMS (63%). 
Fourth, treatment-related factors might also affect prognosis. For example, 
children tolerate relatively higher doses of chemotherapy, potentially 
allowing more effective multimodality treatment strategies. Due to the 
heterogeneity with respect to stage and treatment, the outcome of the 
patients was not evaluated in this relatively small study population. 

The main study objective was to analyze differences in MDR protein 
expression between adult and pediatric RMS patients. Chan et al.21 found 
that P-gp expression assessed by immunohistochemistry was an adverse 
prognostic factor in pediatric RMS patients. Their findings were not 
confirmed in a later study by Kuttesch et al.42 However, these two studies 
differed (at least partially) in the applied antigen retrieval method, the 
panel of antibodies, the method of immunostaining, and the scoring of 
immunoreactivity. We found a high percentage of P-gp-positive samples 
(43 of 45 [96%]) compared with the Chan et al. study (9 of 30 [30%]). This 
considerable difference might be due to a difference in the 
immunohistochemical procedure. For example, a heat-induced epitope 
retrieval was performed in the current study, whereas this was not 
described in the aforementioned study. In addition, not all specimens in the 
Chan et al. study were assessed with the C494 antibody, which was used to 
evaluate all cases in the current study. In the current series, 80% of the 
samples showed P-gp expression in more than one-half of the tumor cells 
(Category 3 or 4). The equal distribution of P-gp expression between the 
pediatric and the adult groups suggests that P-gp is not a critical factor in 
the clinical behavior between the two groups. 

No significant differences were found in MRP1 expression between 
specimens obtained from children and adults. Therefore, MRP1 expression 
also does not explain the worse response rate in older RMS patients. The 
observed correlation between MRP1 and P-gp expression suggests that 
these drug efflux proteins are regulated by similar factors. 

The lung resistance-related protein, LRP, also known as the human 
major vault protein,43 is a more recently described structure involved in 
MDR. Although its exact mechanism in MDR remains elusive, LRP is 
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believed to relocate the drugs within the cell away from their target. Only a 
few reports on LRP in RMS are available in the literature. One in vitro 
study demonstrated the presence of LRP mRNA in five of seven RMS cell 
lines, one of which expressed the actual protein.44 It is noteworthy that this 
particular cell line was least sensitive to doxorubicin. The phenomenon of 
chemotherapy-induced differentiation of RMS cells in postchemotherapy 
histologic specimens was described by Molenaar et al.45 A recent report by 
Klunder et al.46 demonstrated that differentiation coincided with an 
increase in LRP expression (but not in the expression of P-gp or MRP1). 
They suggested that LRP expression enables RMS cells to survive 
chemotherapy. 

Compared with P-gp and MRP1 expression, fewer LRP-positive RMS 
were encountered. An important finding of the current study is that 
specimens from adult tumors revealed more tumor cells that were 
immunoreactive to LRP when compared with pediatric tumors, although 
this was not statistically significant. The cutoff between children and adults 
(16 years, based on clinical practice)33 may appear rather arbitrary from a 
biologic point of view. Therefore, it is of great interest that LRP expression 
correlated with age at presentation: Spearman's ρ = 0.341 (P = 0.022). It is 
conceivable that LRP expression gradually increases over the total range of 
patient age. 

Increasing knowledge on the genetic and biologic make-up of ARMS 
indicates that this type is basically distinct from other RMS.47 The three 
cases of ARMS in the current study, which all occurred at a young adult 
age, had either nonexistent or low LRP expression. When statistical 
analysis was performed after omitting the ARMS, a significantly higher 
expression of LRP was found in adult tumors compared with pediatric 
tumors (P = 0.026). In addition, excluding ARMS resulted in an increased 
Spearman's ρ of 0.364 (P = 0.018) when calculating the correlation 
between LRP expression and patient age. However, analysis of this 
subgroup might have a biasing effect, and multivariate analysis with age 
and histologic type was not possible due to the limited number of cases. 
Other mechanisms of drug resistance might be involved in the ARMS than 
in ERMS and PRMS. 

The lack of correlation between LRP expression and P-gp or MRP1 
expression suggests that the regulation of LRP is different from that of the 
membrane efflux pump proteins. Given the rarity of RMS in adults, 
determining whether LRP expression is clinically relevant in terms of 
prognosis can only be achieved in multicenter studies in which adult and 
pediatric patients are treated with uniform chemotherapy protocols. 
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In conclusion, LRP expression is more pronounced in adult RMS 
compared with pediatric RMS and is correlated with age. As a genetically 
unrelated type, ARMS displays no or limited expression of LRP. Larger 
series of this specific type are required to give definitive answers about the 
expression and role of LRP. P-glycoprotein and MRP1 are expressed 
frequently in RMS, but the expression does not differ between pediatric 
and adult samples. The correlated expression of P-gp and MRP1 suggests 
that they operate under similar regulatory mechanisms. These findings may 
contribute to the understanding of the less favorable response of RMS 
diagnosed with increasing age. Inhibition of LRP function is still in a 
preclinical stage,48 but may be an approach to improve the effectiveness of 
chemotherapy in especially adult, nonalveolar RMS. 
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