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Abstract: Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma in children. Although associations
between ARMS tumorigenesis and PAX3, PAX7, and FKHR are well recognized, the complete genetic etiology under-
lying RMS pathogenesis and progression remains unclear. Chromosomal copy number variations (CNVs) and the
involved genes may play important roles in the pathogenesis and progression of human malignancies. Using high-
resolution array comparative genomic hybridization (aCGH), we examined 20 formalin-fixed, paraffin-embedded
(FFPE) RMS tumors to explore the involvement of the relevant chromosomal regions with resident genes in RMS tu-
morigenesis. In RMS, frequent gains were identified on chromosome regions 12q13.3-q14.1, 12q24.31, 17925.1,
1921.1, and 7911.23, whereas frequent losses were observed on chromosome regions 5q13.2, 14032.33, and
15g11.2. Amplifications were observed on chromosome regions 9p13.3, 12q13.3-q14.1, 12q15, and 16p13.11,
whereas deletions were detected on chromosome regions 1p36.33, 1p13.1, 2q11.1, 5q13.2, 8p23.1, 9p24.3, and
16p11.2. Frequent gains were detected in GLI1, GEFT, 0S9, and CDK4 (12913.3-q14.1), being 60% in embryonal
rhabdomyosarcoma (ERMS) and 66.67% in alveolar rhabdomyosarcoma (ARMS), respectively. However, frequent
losses were detected in IGHG1, IGHM, IGHG3, and IGHG4 (14032.33), being 70% in ERMS and 55.56% in and
ARMS, respectively. Frequent gains were detected in TYROBP, HCST, LRFN3, and ALKBH6 (19q13.12) in ERMS but
not in ARMS. The frequency of TYROBP, HCST, LRFN3, and ALKBHG6 gains is significantly different in ERMS versus
ARMS (P=0.011). The results suggest that novel TYROBP, HCST, LRFN3, and ALKBHG6 genes may play important
roles in ERMS. The technique used is a feasible approach for array comparative genomic hybridization analysis in
archival tumor samples.
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Introduction (2; 13) (g35; q14) or t (1; 13) (p36; q14), that
produce fusion genes PAX3-FKHR or PAX7-
FKHR, respectively. Evidence shows that addi-
tional genetic events occur during ARMS patho-
genesis and contribute to the biological and

clinical behaviors of this tumor type [2, 3].

Rhabdomyosarcoma (RMS) is the most com-
mon soft-tissue sarcoma in children, which
includes at least three subtypes being alveolar
rhabdomyosarcoma (ARMS), embryonal rhab-

domyosarcoma (ERMS), and pleomorphic rhab-
domyosarcoma (PRMS), respectively. ARMS
and ERMS represent 20% and 60% of all RMS
cases, respectively, but behave distinctly in
clinical manifestations, biological characteris-
tics, and genetic alterations [1]. ARMS fre-
quently exhibits chromosomal translocations, t

These additional events potentially function as
collaborating factors. Meanwhile, ERMS is char-
acterized by gains in whole or portions of chro-
mosomes 2, 7, 8,11, 12,13, 17, 19, and 20, as
well as loss of heterozygosity (LOH) on the chro-
mosome 11 shortarm (11p15.5) [4, 5]. Multiple
genetic mechanisms have been proposed in
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the development and progression of ERMS.
PRMS is an uncommon form and usually
observed in adults.

An increasing number of evidence shows that
gene amplification or deletion is often involved
in tumorigenesis and/or tumor progression.
Correlations between genomic copy number
and gene expression levels have been observed
[6, 7]. Therefore, detecting genomic imbalanc-
es and identifying these genes may be very
useful in better understanding the biology of
RMS and, on the other hand, these genes may
serve as potential biomarkers for diagnosis
and/or targets for therapy.

Traditional biological research approaches typi-
cally study one gene or several genes at a time.
By contrast, high-throughput genomic and bio-
informatics scanning approaches allow simul-
taneous measurement of changes and geno-
me-wide gene regulation under certain biologi-
cal conditions. Array comparative genomic
hybridization (aCGH) enables high-resolution,
genome-wide screening of segmental genomic
copy number variations (CNVs). This technique
can reveal numerous CNVs of unclear signifi-
cance that are scattered throughout the human
genome, allowing the identification of genomic
gains and losses in a tumor specimen through
a single experiment.

DNA extracted from freshly acquired samples is
optimal for aCGH analyses but frozen fresh
samples may not always be available due to
practical constraints. Thus, optimized protocols
are necessary to extract DNA extraction using
formalin tissue blocks aimed at detecting DNA
alterations in tumors. Several such protocols
have been reported for genomic DNA (gDNA)
extraction from formalin-fixed, paraffin-embed-
ded (FFPE) samples for aCGH application [8, 9].
To the best of our knowledge, aCGH studies on
RMS are rarely reported and these studies, if
any, have all been conducted in cancer cell
lines or frozen tissues. In the present study, we
performed high-resolution aCGH using high-
quality DNA obtained from 20 FFPE samples
aimed to identify CNVs and potential alteration-
driving genes suggested in the pathogenesis of
RMS.

Materials and methods
Patient samples

Twenty FFPE samples of RMS were selected
from the archives in the Departments of
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Pathology, The First Affiliated Hospital of
Shihezi University School of Medicine, Xinjiang,
China. This study was approved by the institu-
tional ethics committee at the First Affiliated
Hospital of Shihezi University School of
Medicine and conducted in accordance with
the ethical guidelines of the Declaration of
Helsinki. The sample set included 10 ERMS
cases, 9 ARMS cases, and 1 PRMS case. The
paraffin blocks were confirmed to contain
tumor cells (at least 90%) prior to sectioning
and DNA/RNA extraction.

Reverse transcription polymerase chain reac-
tion (RT-PCR) analysis

RNA was extracted from tumor tissues, accord-
ing to manufacturer’s protocols. Expression of
the oncogenic fusion gene, PAX3/7-FKHR, in
RMS tumors was detected using RT-PCR. The
primer sequences for PAX3/7-FKHR fusion
transcripts, reaction mixtures and PCR cycling
conditions were as the same as previously
described [10]. Positive, negative, and blank
controls were established and run simultane-
ously. PCR products were purified and
sequenced by the Sangon Company (Shanghai,
China).

Isolation of genomic DNA

Isolation of gDNA from tumor tissues was com-
pleted using QIAamp DNA FFPE tissue kit fol-
lowing manufacturer protocols (Qiagen, Hilden,
Germany).

Roche NimbleGen array comparative genomic
hybridization

We used pooled male and female reference
gDNA provided by NimbleGen for comparison of
male and female patient DNA samples.
Digested reference and tumor DNA fragments
were labeled with Cy5 and Cy3, respectively.
After clean-up, reference and tumor DNA
probes were mixed and submitted to Roche
NimbleGen for aCGH using the 3 x 720 K probe
platform. This platform has genome-wide probe
spacing at approximately every 2509 bp. The
arrays are available for higher throughput and
cost-effective analyses of various genome-wide
CNVs. The hybridization protocol was conduct-
ed on the NimbleGen hybridization system at
42°C for 48 h, according to the manufacturer’s
instructions. Washing, scanning, and data
extraction were performed following standard
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Figure 1. mRNA of actin and PAX3-FKHR/PAX7-FKHR is amplifiable by RT-PCR in FFPE archival tissues. A. Expected
size of PCR product for actin is 234 bp and the gel patterns shown are from electrophoretic separation on 2% aga-
rose gel. Lanes 1 to 15 are FFPE tissues from RMS patients. M, DNA marker; N, negative control. B. Lanes 3, 4, 5,
6, 8 are positive samples with PAX3-FKHR fusion transcript (147 bp); M, DNA marker; N, negative sample. C. Lane
2 is a positive sample with PAX7-FKHR (154 bp). Lanes 1 to 4, ARMS tissues; M, DNA marker; N, negative control.

protocols. Each hybridized array was scanned
using MS200 scanner (NimbleGen).

Microarray data analysis

Using the NimbleScan software, we converted
the image signal into digital signal, and com-
puted the ratio of the Cy3 channel and the Cy5
channel signal value. Based on the ratio value,
the segMNT algorithm was used for copy num-
ber analysis. In the segMNT analysis, the ratio
was normalized by Qspline fit normalization
[11].

Then the average log, ratio for each probe was
calculated. Mean log, ratios of >0.25 for all
probes in a chromosome region were classified
as genomic gains, and mean log, ratios of >1.0
were classified as high-level amplifications.
Meanwhile, mean log, ratios of <-0.25 were
regarded as losses and mean log, ratios of
<-1.0 were regarded as deletions [12].
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Statistical analysis

SPSS software package (Version 17, Chicago,
IL) was used for statistical analyses. Various
parameters of interest were compared using
Fisher's exact test. Differences were regarded
as statistically significant when a correspond-
ing two-sided P value was <0.05.

Results

Expression of PAX3-FKHR and PAX7-FKHR
transcripts

The transcripts of B-actin gene were amplifiable
in all the cases indicating the feasibility to use
FFPE tissue blocks in this methodology (Figure
1A). Six cases of ARMS were positive for ampli-
fication of a 147-bp fragment from PAX3-FKHR
fusion transcripts (Figure 1B), and two were
positive for amplification of a 154-bp fragment
from PAX7-FKHR fusion transcripts (Figure 1C).
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Table 1. The Expression of PAX3-FKHR/PAX7-FKHR in RMSs

Subtype Number of patients PAX3-FKHR Positive, N (%) PAX7-FKHR Positive, N (%) PAX3/7-FKHR Positive, N (%)

ARMS 9 6 (66.7)
ERMS 10 0
PRMS 1 0

2(22.2) 8(88.9)
0 0
0 0

Note: RMS, rhabdomyosarcomas; ARMS, alveolar RMS; ERMS, embryonal RMS; PRMS, pleomorphic RMS.
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Figure 2. Summary of the copy number abnormalities in 20 RMS tumors. Two different representations show the
frequencies of gains (in green) or losses (in red) detected at particular chromosomal locations across the genome.
X-axis: chromosomes; Y-axis: frequency changes of DNA copy number (%). The height or width of the colored bands
indicates the frequency at which gains or losses were detected across the tumor set. Greater width indicates more

tumors that have copy number abnormality.

In total, PAX3-FKHR/PAX7-FKHR fusion genes
were positive in 8 of 9 cases (88.9%) of ARMS
(Table 1). Subsequent sequencing of the PCR
products confirmed the presence of the PAX3-
FKHR and PAX7-FKHR fusion genes in patients
with  ARMS. In contrast, PAX3-FKHR/PAXT7-
FKHR transcripts were negative in all 10 cases
of ERMS as well as in 1 case of PRMS, indicat-
ing that this marker was specific in the diagno-
sis of ARMS, which could distinguish ARMS
from ERMS and PRMS.

Recurrent copy number variations in RMS
detected by aCGH

The results of aCGH analyses showed that
every RMS tumor was accompanied by many
chromosomal abnormalities. Figure 2 summa-
rized the copy number abnormalities in 20 RMS
tumors. Frequent gains were identified on chro-
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mosomalregions12913.3-q14.1,12q24.31,17-
025.1, 1g21.1, 7911.23, and 16p11.2, where-
as frequent losses were observed on chromo-
some regions 5013.2, 14932.33,and 15q11.2.
Amplifications were observed on chromosome
regions 9p13.3, 12q13.3-g14.1, 12q15, and
16p13.11, whereas deletions were detected on
chromosome regions 1p36.33, 1pl13.1, 2qg-
11.1, 5913.2, 8p23.1, 9p24.3, and 16p11.2.

Using this method, we identified 11 cases with
gains at GLI1 gene which encodes a transcrip-
tion factor essential for mediating Hh-signaling
(Figure 3A). We found 5 cases were amplified in
these cases. Twelve cases were identified to
carry gains at GEFT gene which is one of the
specific exchange factors for Rho guanosine tri-
phosphatases (Figure 3B). We found 6 cases
were amplified in these cases.
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Figure 3. RMS tumors with gains at GLI1 and GEFT genes. A. Bars represent
log, values for GLI1 gene from 20 RMS tumors. B. Bars depict log, values for

GEFT gene from 20 RMS tumors.

Recurrent copy number variations in ERMS
and ARMS detected by aCGH

We analyzed CNVs by examining chromosomal
changes in ERMS and ARMS tumors. Table 2
listed chromosomal changes with high-frequen-
cies in ERMS and ARMS.

As shown in Table 2, frequent gains were
observed in chromosome regions of 12q13.3-
gl14.1 and 1g21.1 in ERMS and ARMS, and fre-
quent amplifications of 12013.3-gq14.1 in these
two types of tumors. In ERMS and ARMS, fre-
quent losses were also found in 14g32.33 and
5q13.2 regions, and frequent deletions in
regions of 2q14.1, 6p22.1, 7935, 9p24.3,
9012-9g13, 14911.1. We then contrasted fre-
quencies of gains and losses at those genes
located in these chromosomal regions in ERMS
and ARMS (Table 3).

Frequent gains were detected in GLI1, GEFT,

0S9, and CDK4 (12g13.3-g14.1), with a fre-
quency of 60% for ERMS and, of 66.67% for
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numerous genes and pro-
cesses including the activa-
tion of oncogenes and the
inactivation of tumor sup-
pressor genes. Despite im-
proved understanding of
molecular pathogenesis for RMS in the recent
decades, its genetic etiology remains unclear.

Specific cytogenetic abnormalities have been
useful in the diagnosis and classification of
RMS. RT-PCR-based technologies have been
widely used in the diagnosis of a variety of
tumors including RMS. There is a clinical advan-
tage in detecting the presence of a fusion gene
using FFPE archival materials. In this study, we
have examined the feasibility using FFPE archi-
val tissues to test the presence of PAX3/7-
FKHR fusion genes. Of the 9 patients with
ARMS, we have been able to detect the pres-
ence of PAX3-FKHR or PAX7-FKHR fusion genes
in 8 patients (88.9%), a frequency higher than
that reported in an earlier study [13]. The detec-
tion of specific fusion genes has significant
implications in differentiating ARMS from other
subtypes of RMS.

Chromosomal DNA copy number changes in
tumor development have been widely studied.
The genes where these changes occur are con-

Int J Clin Exp Pathol 2014;7(2):690-698



Chromosomal imbalance in rhabdomyosarcoma

Table 2. Frequency chromosome imbalance in 10 ERMS and 9 ARMS

Type Change Chromosome region Frequency
ERMS Gain 7q11.23, 8q924.3, 12913.13, 12q13.3-q14.1, 12924.31, 19p13.11, 19q13.12 60%
1921.1, 1g932.1, 2p23.3, 2p21, 20923.3, 2933.1-033.2, 7p22.1, 7q11.21, 8p11.23, 50%
8q21.11, 8q22.1, 8922.3, 8q24.11, 8q24.13, 8q24.21, 11p15.5, 12913.12, 12q24.12,
17925.1, 19p13.3, 19p13.2, 19p13.13-p13.11, 19913.11-q13.12, 20q11.21-q11.23
Loss 14932.33 70%
1p36.33, 5013.2, 10911.21-11.22, 10923.2, 149q11.1, 15q11.2, 16p13.11, 16p11.2, 60%
16g22.2, 17¢921.31, 22q11.21
1p36.13, 1p13.1, 1g21.1-q21.2, 1g32.1, 2p11.1, 2q11.1, 2q14.1, 4931.21-q31.22, 50%
5q13.2, 6p22.1, 8p23.3, 8p23.1, 9p13.1, 9p12-p11.2, 9912, 10q11.22, 11q14.3,
15q11.2, 15q13.3, 15025.2, 16p13.11, 16g22.1, 17912, 1721.31, 17q23.2, 22q11.21
Amplification 12q13.3-q14.1 30%
Deletion 1p36.33, 1932.1, 2q11.1, 2913, 2q14.1, 6p22.1, 7935, 9p24.3, 10923.2, 9p12-p11.2-  40%
pl1.1, 9912-q13, 14q11.1, 15026.3, 16p12.2-p12.1, 16p11.2, 17921.32, 19p13.3,
22q11.21
1p36.13, 1p13.1, 2g23.3, 4931.21-q31.22, 8p23.3, 9p13.1, 10p11.21, 15q13.1, 17912, 30%
19 q13.33
ARMS Gain 12913.3-q14.1 66.67%
1p12, 1921.1, 2p11.2, 2p11.1, 8p23.3, 12914.3-q15, 14q11.1, 16p13.11, 17p11.2, 55.56%
17925.1
Loss 5q13.2, 10q11.22, 11911, 14932.33 55.56%
Amplification 12q13.3-q14.1 33.33%
Deletion 2q13, 2q14.1, 5913.2, 6p22.1, 7935, 8p23.3, 9p24.3, 9p12, 9912-q13, 10p11.21, 33.33%

14911.1, 15913.1, 16p12.3

Table 3. Contrast of frequencies in gains and losses in ERMS and ARMS

Frequency (%)
Change Cnromoso- S S P Genes
g me region ARM ERM
(n=9) (n=10)
Gain 7q11.23 1/9 (11.1%)  6/10 (60%) 0.057 LAT2, RFC2, CYLN2, GTF2I

8024.3 2/9(22.2%) 6/10(60%) 0.170
12913.3-q14.1 6/9(66.67%) 6/10 (60%) 1.0

19p13.11 1/9 (11.1%)  6/10 (60%) 0.057
19q13.12 0/9 (0) 6/10 (60%) 0.011
19211 5/9 (55.56%) 4/10 (40%) 0.656

Loss 5q13.2 5/9 (55.56%) 6/10 (60%) 1.0

10q11.21-11.22 3/9(33.3%) 6/10 (60%) 0.370
14q32.33  5/9 (55.56%) 7/10 (70.0%) 0.650
16p13.11 3/9(33.3%) 6/10 (60%) 0.370

PTK2, SLC45A4, GPR20, PTP4A3

GLI1, MARS, DDIT3, DCTN2, KIF5A, DTX3, GEFT, 0S9, CENTG1, CDK4, CYP27B1

MYO9B, NR2F6, MRPL34, DDA1, GTPBP3, PLVAP, BST2, DDX49
HCST, TYROBP, LRFN3, ALKBH6

NBPF1, NBPF8, NBPF10, NBPF14, NBPF20, PDE4DIP, NOTCH2NL, PPIAL4

SMN1, SMN2
PTPN20A, PTPN20B, SYT15, FRMPD2, ANXA8L1, ANXA8
IGHM, IGHG1, IGHG3, IGHG4
NOMO1, NOMO2, NOMO3, RRN3

sidered either oncogenes or tumor suppressor
genes because DNA copy number changes
within genes often result in abnormal expres-
sion or variations in function. Identification and
analysis of these changes, especially in DNA-
coding regions, can contribute to understand-
ing of tumor occurrence, progression, and prog-
nosis. Here we have used a high-resolution
oligonucleotide array comparative genomic
hybridization chip to provide accurate molecu-
lar information on RMS pathogenesis. Only a
few studies have reported on the chromosomal
changes in RMS by aCGH, the resolution and
number of genes covered by these chips vary
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substantially. The studies have shown frozen
tissues and cell lines as materials. In our study,
we use FFPE archival tissues as materials to
detect chromosomal changes in RMS.

Sandra et al. have shown GLI, CDK4, and MYCN
gains in two ARMS cell lines [14]. Myriam et al.
have reported CDK4, GLI, and FGFR1 amplifica-
tion in RMS [15]. Edoardo et al. have indicated
that the overexpression of CDK4 and MYCN
genes is involved in RMS tumorigenesis [16].
Frederic et al. demonstrate that in ARMS, the
MYCN gene is usually overexpressed with 2p24
amplification, whereas multiple genes are over-
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expressed with 12g13-q14 amplification.
Furthermore, 12q13-q14 amplification is asso-
ciated with significantly worse failure-free and
overall survival rates, which are independent of
gene fusion status [17]. Daniel et al. have
shown that the frequencies of many specific
amplifications and gains, such as those in
MYCN and CDK4, vary significantly between
fusion gene-positive ARMS and fusion gene-
negative ARMS and ERMS, CDK4 amplification
is present in 24% of fusion gene-positive ARMS
but in only 4% of fusion gene-negative ARMS
and in none ERMS [18]. In this study, however,
we have found similar frequencies of CDK4
amplifications for ERMS (30%) and for ARMS
(33.3%), respectively, which are not statistically
significant. The possible reason for this differ-
ence is the different probe resolution, the sam-
ple quantity and races.

Using an aCGH platform to examine a specific
subset of 26 frozen ERMS samples, Vera et al.
have found that these tumors share a common
genomic program with a high frequency of gains
at 12913.3 (about 50%) in ERMS [19]. In this
study, we have observed slightly higher fre-
quencies of gains at 12q13.3, being 60% in
ERMS and 66.67% in ARMS, respectively. In
addition, Vera et al. have also found the inacti-
vation of the master regulators of p53 and Rb
pathways, CDKN2A/B, as well as FGFR4, Ras,
and Hh signaling activation in ERMS [19]. In
numerous previous studies, the 12913.3-g14.1
region has been mentioned to have amplifica-
tions of many genes, including GLI1, PIPSK2C,
GEFT, 0S9, CDK4, among others. MYCN and
FGFR1 have the most frequently observed gene
amplifications or gains. Similarly, we have also
observed amplifications and high-frequencies
of changes in genes within this region.

The co-amplifications of CDK4 gene with MDM2
and GLI have been reported in human sarco-
mas, including RMS, Ewing’s sarcoma, osteo-
sarcoma, and undifferentiated sarcoma [20].
These findings indicate the involvement of
these important genes in the tumorigenesis of
RMS, which implies potential co-effects among
these genes in RMS. Several synthetic GLI1
antagonists have become available, and initial
clinical trials in basal cell carcinoma and medul-
loblastoma have been shown to be efficacious
and safe [21, 22]. Recent studies have focused
on GLI1 function in RMS. For example, Ulrica et
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al. have shown variable upregulation patterns
of certain Hh signaling genes, including HHIP,
PTCH1, SFRP1 and GLI1 [23]. Moreover, treat-
ment with small molecules of Hh signaling
inhibitors impedes cell proliferation in ERMS
cell lines, which suggests GLI1 to be an effec-
tive therapeutic target for ERMS [23]. Betulinic
acid induces apoptosis and inhibits Hh signal-
ing in RMS, which suggests the usefulness of
this compound in a multimodal therapy for this
highly aggressive pediatric tumor [24]. Zibat et
al. have reported that marker genes of active
Hh signaling, such as PTCH1, GLI1, GLI3, and
Myf5, are expressed at higher levels in ERMS
and fusion gene-negative ARMS than in fusion
gene-positive ARMS. GLI1 inhibitor amplifica-
tion in RMS is implied [25]. Therefore, targeted
inhibition of Hh signaling may be a strategy in
the development of future treatment and pre-
vention of RMS.

Rho guanine nucleotide exchange factors
(GEFs) exhibit increased abundance or activity
in human tumors, and potentially affect cancer
progression [26, 27]. GEFT was identified as a
novel Rho-family-specific GEF, which is highly
expressed in the brain, heart, and skeletal
muscles [28]. Vera et al. demonstrate that
GEFT is amplified in ERMS [19], in keeping with
our results as shown in RMS. Although GEFT
function in tumors is unknown, GEFT is fre-
quently amplified in RMS suggesting the
involvement of GEFT in tumor occurrence and
progression.

The frequency of gains in 19q13.12 regijon is
60% in ERMS, but no gains in this region have
been observed in ARMS. This region contains
the HCST, TYROBP, LRFN3, and ALKBHG genes.
Frequent gains were also detected in TYROBP,
HCST, LRFN3, and ALKBH6 (19q13.12) for
ERMS but not for ARMS, with a frequency of
60% for ERMS and, of O for ARMS, respectively.
The frequency of TYROBP, HCST, LRFN3, and
ALKBH®G gains is significantly different in ERMS
versus ARMS (P=0.011). Previous studies have
reported that the TYROBP gene was highly
expressed in brain astrocytomas and glioblas-
tomas [29, 30]. Correlations of HCST, LRFN3,
and ALKBHG6 genes with tumors have not been
reported possibly due to recent discoveries of
these genes which may be potentially impor-
tant in research into ERMS.

In summary, our studies presented have dem-
onstrated that PAX3-FKHR/PAX7-FKHR chime-
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ric mRNA transcripts represent a sensitive and
specific molecular marker for the diagnosis and
classification of RMS. Whole-genome copy
number profiles provide information for patho-
genesis and prognosis for patients with RMS.
This technology serves as a feasible approach
for array comparative genomic hybridization
analysis using archival tumor samples. Our
data suggest that genomic gains and losses
involve histopathologic characteristics of RMS
subtypes, and TYROBP, HCST, LRFN3, and
ALKBH6 may have important functions in
ERMS. In future studies, a larger sample size of
RMS cases may help the investigation of criti-
cal target genes and molecular markers aimed
at improving the treatment and diagnosis of
RMS.
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