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Abstract: To study the clinicopathological and genomic characteristics of Xp11.2 translocation renal cell carcinoma 
(Xp11.2 RCC) in adults, we analyzed 9 Xp11.2 RCCs, confirmed by transcription factor E3 (TFE3) immunohistochem-
istry, in patients aged ≥20 years. TFE3 expression was also determined in 12 cases of alveolar soft part sarcoma 
(ASPS) served as a positive control. Comparative genomic hybridization (CGH) was used to investigate genomic 
imbalances in all Xp11.2 RCC cases. Most of our Xp11.2 RCC patients (5/9) presented with TNM stages 3-4, and 6 
patients died 10 months to 7 years after their operation. Histologically, Xp11.2 RCC was composed of a mixed papil-
lary nested/alveolar growth pattern (8/9). Immunostaining showed that all Xp11.2 RCC and ASPS cases had strong 
TFE3 expression and high positive ratios for p53 and vimentin. However, there were significant differences in the 
expression of AMACR (p<0.001), AE1/AE3 (p=0.002), and CD10 (p=0.024) between the 2 diseases. CGH profiles 
showed chromosomal imbalances in all 9 Xp11.2 RCC cases; gains were observed in chromosomes Xp11 (6/9), 
7q20-25, 12q25-31 (5/9), 7p16-24 (4/9), 8p12-13, 8q20-21, 16q20-22, 17q25-26, 20q22-23 (4/9), and losses 
occurred frequently on chromosomes 3p12-16, 9q31-32, 14q22-24 (4/9). Our Conclusions show Xp11.2 RCC that 
occur in adults may be aggressive cancers, the expressions of AMACR, CD10, AE1/AE3 are helpful in the differential 
diagnosis between Xp11.2 RCC and ASPS, and CGH assay is a useful complementary method for confirming the 
diagnosis of Xp11.2 RCC.
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Introduction

The concept of Xp11.2 translocation renal cell 
carcinoma (Xp11.2 RCC) was accepted as a 
distinctive entity in the 2004 World Health 
Organization renal tumor classification. It 
accounts for approximately 20-70% of pediatric 
and adolescent renal neoplasms [1-7] and has 
recently been reported in adult patients [8, 9]. 
In this article, we investigate 9 Xp11.2 RCC 
patients aged ≥20 years. All cases were con-
firmed by transcription factor E3 (TFE3) immu-
nohistochemistry (IHC), a specific and sensitive 
marker of neoplasms with TFE3 gene fusions, 
which can be applied to archival material [10]. 

TFE3 expression was also determined in 12 
cases of alveolar soft part sarcoma (ASPS) and 
the ASPL-TFE3 fusion gene served as a positive 
control [11]. This study adds to the previously 
reported clinicopathological characteristics 
and immunophenotypes, and using compara-
tive genomic hybridization (CGH), we investigate 
genomic imbalances in Xp11.2 RCC.

Materials and methods

Specimens

Nine Xp11.2 RCC paraffin-embedded tissues 
were retrieved from the archives in the Depart- 
ment of Pathology, Shihezi University School of 
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Medicine. Clinicopathologic data for these 
cases were collected from their medical records 
(Table 1). Sections (3-μm thick) were stained 
with hematoxylin and eosin and colloidal iron. 
Inclusion criteria were moderate-to-strong im- 
munoreactivity for TFE3 and a highly sensitive 
(97.5%) and specific (99.6%) marker of Xp11 
RCC [10]. The expression of TFE3 proteins in 12 
cases of ASPS was confirmed by IHC, and spec-
imens with the ASPL-TFE3 fusion gene were 
considered positive controls. CGH was used to 
investigate genomic imbalances in all Xp11.2 
RCC cases.

Immunohistochemistry

IHC staining was performed on formalin-fixed, 
paraffin-embedded, tissue sections by using 
heat-induced epitope retrieval or pepsin diges-
tion (Envision detection system, Dako, CA, 
USA), according to the manufacturer’s instruc-
tions. The following standard antibodies and 
dilutions were used: TFE3 (catalog no., sc-5958; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA; 
1:600), Cytokeratin AE1/AE3 (Dako; 1:100), 
CD10 (GT200410; Dako; 1:100), AMACR (13H4; 
Dako; 1:100), Vimentin (Vim3B4; Dako; 1:100), 
and p53 (DO-7; Dako; 1:100). Pretreatment for 
all antibodies consisted of steaming in a citrate 
buffer, except for TFE3 wherein EDTA buffer 
was used.

DNA extraction

Total DNA was extracted from the 9 samples by 
using a standard phenol/chloroform extraction 
method. DNA quality was checked on a 1% aga-
rose gel, and the amount of extracted DNA was 
measured spectrophotometrically at 260 nm 
(impurity and ratio of DNA to non-DNA were 
also crosschecked at 280 nm). Extractions 

were stored at -80°C until they were labeled by 
nick translation.

Comparative genomic hybridization

CGH was performed according to the manufac-
turer’s protocol (Vysis, Inc., Downers Grove, IL, 
USA). Briefly, labeling reactions were performed 
with 1 μg DNA and a nick translation labeling kit 
(Vysis, Inc.) in a volume of 50 μl containing the 
following: 0.1 mmol/L of a dNTP pool contain-
ing 0.3 mmol/L each of dATP, dGTP and dCTP; 
0.1 mmol/L dTTP; 0.2 mmol/L fluorescein iso-
thiocyanate (FITC)-dUTP (for the experimental 
sample) or cyanine 3 (Cy3)-dUTP (for the 46, XY 
karyotype); and nick translation buffer and nick 
translation enzyme. The probe size was deter-
mined by separation on a 1% agarose gel. 
Metaphase slides were denatured at (73°C±1°C 
for 5 min in 70% methanamide/2×SSC and 
dehydrated in an ethanol series (70%, 85%, 
and 100%). The hybridization mixture consisted 
of approximately 200 ng Spectrum Green 
labeled test DNA and 200 ng Spectrum Red 
total genomic reference DNA co-precipitated 
with 10 μg of human Cot-1 DNA (Invitrogen, 
California, USA) and dissolved in hybridization 
buffer before hybridization to metaphase chro-
mosomes. The probe mixtures were denatured 
at 73°C for 5 min and then competitively hybrid-
ized to the denatured normal metaphase chro-
mosomes in a humid chamber at 37°C for 3 
days. After washing, chromosomes were coun-
terstained with 4’,6-diamidino-2-phenylindole-2 
HCl (DAPI II; Vysis Inc.) and embedded in an 
anti-fading agent to reduce photo bleaching.

Microscopy and digital image analysis 

A fluorescence microscope equipped with app- 
ropriate filters (DAPI, FITC, and Cy3) was used 

Table 1. Clinical characteristics of 9 adult Xp11 translocation renal cell carcinoma cases
Case Age/Sex/Laterality Stage (Tumor Diameter, Comment) Follow-up
1 31/F/R pT3M0N0 stage 3 (11.5 cm primary, renal vein invasion) Died 6 years after operation

2 25/F/L pT3M0N0 stage 2 (9.8 cm primary) Died 9 years after operation

3 55/M/L pT2M0N0 stage 2 (6 cm primary) Died 7 years after operation

4 30/F/R pT3M0N0 stage 3 (20 cm primary, invaded into perinephric 
tissue, renal sinus)

Survival 10 years after operation

5 32/F/R pT1M0N1 stage 3 (6.5 cm primary, 2/2 lymph nodes posi-
tive, 1/2 retroperitoneal nodal metastasis)

Died 3 years after operation

6 43/M/L pT2M1N1 stage 4 (8 cm primary, 4/4 lymph nodes positive, 
lung metastasis)

Developed liver, bone metastasis at 6 months;
Died 10 months after operation 

7 75/M/L pT1M0N0 stage 1 (5.5 cm, primary) Died 3 years after operation

8 72/M/L pT2M0N0 stage 2 (8.5 cm primary) Survival 4 years after operation

9 56/M/R pT2M0N9 stage 2 (7.5 cm primary) Not available
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to visualize the signals. For each hybridization 
panel, raw images from at least 5 metaphases 
were captured through a computer driven CCD 
camera and analyzed with the ISIS image soft-
ware (Carl Zeiss Inc., Goettingen, Germany). 
Chromosomes were identified by their DAPI 
banding patterns. Threshold levels of 1.25 and 

0.8 were used to score gains and losses, 
respectively. High-level amplification was indi-
cated by a ratio greater than 1.5. All centro-
meres, as well as chromosome p35-36, and 
the heterochromatic regions of chromosomes 
Y, 16, 19, and 22 were excluded from further 
analysis because these regions can yield unre-
liable hybridization owing to incompletely sup-
pressed repetitive DNA sequences. Positive 
and negative controls provided comparisons 
for evaluating hybridization and interpretation 
of the data. Normal female DNA (labeled green) 
was used as a negative control and normal 
male DNA was used for reference (labeled red). 
The intensity profiles for this experiment were 
within the threshold values, as determined by 
image analysis. DNA from the MPE600 cell line 
(with known genetic aberrations that are easy 
to detect by comparative genomic hybridiza-
tion) was used as a positive control (labeled 

Figure 1. Microscopic findings of Xp11.2 RCC. A: Neoplastic cells intermingled with clear and eosinophilic cytoplasm 
proliferate in a papillary/nested growth pattern (×200). B: Voluminous tumorous cells with clear cytoplasm and 
prominent nucleoli proliferate in a nested pattern (×200). C: Psammomatous calcifications are seen in the stroma 
(×100). D: Neoplastic cell metastasis to the retroperitoneal lymph nodes (×100).

Table 2. Immunohistological features of 
Xp11.2 renal cell carcinoma (RCC) and alveo-
lar soft part sarcoma (ASPS)
Antigen Xp11.2 RCC (%) ASPS (%) p value
TFE3 9 (100) 12 (100)
AMACR 9 (100) 0 (0.0) <0.001
CD10 8 (88.9) 4 (33.3) 0.024
CK 6 (66.7) 0 (0.0) 0.002
Vimentin 7 (77.8) 7 (58.3) 0.642
p53 6 (66.7) 10 (88.3)
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green), and normal male DNA was used as a 
reference.

Statistical analysis

A bilateral exact probability test was applied to 
analyze differences between 2 groups. All data 
were analyzed using SPSS17.0. A p value <0.05 
was considered statistically significant.

Results

Clinical features

The clinical characteristics of 9 cases are sum-
marized in Table 1. The male:female ratio was 
5:4. The mean age at diagnosis was 43 years 
(range, 25-75 years). The tumors were staged 
using the 2009 American Joint Committee on 
Cancer (AJCC) staging criteria. The carcinomas 
frequently presented at an advanced stage. 

The median tumor diameter was 9.26 cm 
(range, 5.5-20 cm). Nodal metastases were 
identified in 2 of 9 cases when perirenal lymph 
nodes were evaluated histologically. Several of 
the carcinomas had distinctive clinical presen-
tations. In case no. 7, the tumor was heavily cal-
cified on the initial computed tomography (CT) 
scan. Given the tumor’s calcified appearance, it 
was first thought to be a renal tuberculoma. In 
case no. 1, also heavily calcified, the carcinoma 
oppressed the adrenal gland, leading to obesity 
and hypertension. In addition, patients present-
ed with crura (case no. 7), flank pain (case no. 
4), and hematuria (cases no. 2, 3, 4) as well, 
which are more classic symptoms of RCC.

Histopathology

All tumors demonstrated morphology typical of 
that described for Xp11 RCC. The tumors 
showed a nested and alveolar architecture, and 

Figure 2. Immunohistochemical findings. A: Xp11.2 RCC shows diffuse intense nuclear labeling for TFE3. The adja-
cent benign renal parenchyma is negative for TFE3 (×200). B: ASPS shows diffuse intense nuclear labeling for TFE3 
(×200). C: Xp11.2 RCC shows diffuse cytoplasm immunoreactivity with AMACR (×200). D: Xp11.2 RCC shows cell 
membrane immunoreactivity with CD10 (×200).
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papillary features (Figure 1A) were focally iden-
tified. The architecture was both nested and 
papillary in 6 cases, predominantly nested in 2 
cases, and predominantly papillary in 1 case. 
The neoplastic cells were polygonal and had 
voluminous cytoplasm, a distinct cell border, 
and vesicular chromatin. Prominent nucleoli 
with predominantly clear cytoplasm (Figure 1B) 
were seen in 4 cases, predominantly eosino-
philic and clear cytoplasm was seen in 4 cases, 
and well-developed areas of eosinophilic cyto-
plasm were seen in 1 case. Psammomatous 
calcifications were present in 7 cases (Figure 
1C) and were numerous and widespread in 2 
cases. Neoplastic cell metastasis to the lymph 
nodes occurred in 2 cases (Figure 1D).

Immunohistochemical analysis

The IHC findings of 9 cases of Xp11.2 RCC and 
12 cases of ASPS are summarized in Table 2. 
All tumors demonstrated nuclear labeling for 
TFE3 protein by IHC as an inclusion criterion for 
this study (Figure 2A, 2B). All Xp11.2 RCC 
cases were positive for the papillary RCC 
(PRCC) marker antigen AMACR (Figure 2C); in 
contrast, all 12 ASPS were AMACR negative 

(p<0.001). Six of 9 Xp11.2 RCC cases 
were either focally immunoreactive or 
positive for cytokeratin AE1/AE3, while 
all 12 ASPS were negative (p=0.002). 
Seven of 9 Xp11.2 RCC cases were posi-
tive for the renal tubular marker CD10 
(Figure 2D), and only 33.3% (4/12) cases 
of ASPS partly expressed CD10 (p= 
0.024). Both Xp11.2 RCC and ASPS were 
highly positive for p53 and vimentin.

Comparative genomic hybridization find-
ings

The CGH profiles showed chromosomal 
imbalance in all 9 cases (Table 3; Figure 
3), with 68 gains and 40 losses. The 
mean numbers of aberrations per tumor 
sample were 8.1 gains and 5 losses.

Discussion

RCC associated with Xp11.2 transloca-
tions/TFE3 gene fusions is very rare. This 
tumor frequently occurs in children [5-7, 
12, 13], but rarely in adults [6, 8, 9, 14]. 
In children and young adults, Xp11.2 RCC 
is believed to be indolent even when 

Table 3. Chromosome aberrations in Xp11.2 renal cell 
carcinoma (RCC)
Chromosome
number Gain Number

(n=9) Loss Number
(n=9)

1 1q21 1
2 2q24 2
3 3p12-14 4
5 5q21-23 3
7 7p21-22 4

7q21-31 5
8 8p12 4

8q21 4
9 9q31-32 4
12 12q24-ter 5
13 13q14-21 2
14 14q22-24 4
16 16q21-22 4 16p12-13 3
17 17p12-13 2

17q25-ter 4 
19 19p13 2
20 20q13-ter 4
X Xp11 6

Xq21 2

diagnosed at an advanced stage with regional 
lymph node metastasis and without distant 
metastasis. The current study reveals that 
Xp11.2 RCC is inherently more aggressive in 
adults than in children [6, 8, 9, 15-17]. In our 
group, the age of the Xp11.2 RCC patients 
ranged from 25 to 75 years (mean, 40.6 years); 
5 of 9 cases presented with stages 3-4, and 6 
patients died 10 months to 7 years following 
their operation. Our report demonstrates that 
Xp11.2 RCC in adults behaves in a more 
aggressive fashion than in pediatric patients. 
However, there seems to be clinical heteroge-
neity even in adults [8], and its clinical and/or 
molecular basis remains to be interpreted.

The distinctive morphology of Xp11.2 RCC, a 
carcinoma composed of cells with abundant 
clear or eosinophilic cytoplasm growing with a 
nested and papillary architecture and forming 
psammoma bodies, suggests that the diagno-
sis on routine hematoxylin and eosin sections 
may overlap significantly with clear cell RCC 
(CCRCC) and PRCC in adults. The expression of 
CD10, vimentin, CD117, AMACR, CK7, Cathepsin 
K, and TFE3 are helpful in the differential diag-
nosis of Xp11.2 RCC, CCRCC, and PRCC [4, 18, 
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Figure 3. Comparative genomic hybridization profile of chromosome 1. Green to red fluorescent thresholds (repre-
sented by the green/red line) are 0.8 and 1.25, respectively. The curve shows the DNA copy number statues. Curves 
to the left of the red line indicate losses; curves to the right indicate gains; a, b, c, d, and e represent Xp11.2 RCC 
cases 1, 2, 3, 4, and 7, respectively.



Xp11.2 translocation renal cell carcinoma

242 Int J Clin Exp Pathol 2014;7(1):236-245

19]. Other neoplasms that should be included 
in the differential diagnosis are chromophobe 
RCC, collecting duct carcinoma, mucinous 
tubular and spindle cell carcinoma, sarcoma-
toid carcinoma, CCPRCC, epithelioid angiomyo-
lipoma, and renal carcinoma t(6;11)(p21;q12-
13)1. However, we decided to examine the rela-
tionship between Xp11.2 RCC and ASPS. ASPS 
is a rare soft tissue sarcoma, occasionally pre-
senting in the kidney [11]. Both Xp11.2 RCC 
and ASPS possess the t(X;17)(p11.2;q25) chro-
mosomal translocation that forms the ASPL-
TFE3-fusion gene, which shows moderate-to-
strong immunoreactivity with the TFE3 antibody 
[10, 11, 20]. Histologically, both tumors can 
form a nested and alveolar architecture [6, 8, 
11, 18, 21, 22]. Our study found that there are 
significant differences in the expression of 
AMACR (p<0.001), AE1/AE3 (p=0.002), and 
CD10 (p=0.024) in Xp11.2 RCC and ASPS 
cases. Therefore, these 3 antibodies may be 

useful in the differential 
diagnosis of these 2 dise- 
ases.

The molecular genetics of 
Xp11.2 RCC are summa-
rized in Table 4 [8, 18, 
21, 23-27]. There are 8 
TFE3 gene fusions part-
ners reported to date; the 
molecular identity of 5 of 
these are known (62.5%): 
PRCC, polypyrimidine tra- 
ct-binding protein-associ-
ated splicing factor (PSF), 
ASPL, non-POU domain-
containing octamer-bind-
ing (NONO; p54nrb), and 

Table 4. Reported cytogenetic abnormalities involving Xp11.2 translocation RCC
Cytogenetic translocations involving Xp11.2 translocation  
RCC Other genetic abnormalities

Chromosome  
Translocation Gene Fusion Neoplasm Source, year Chromosome or gene  

aberrations Source, year

t(X;1)(p11.2;q21) PRCC-TFE3 RCC Argani et al, 16 2007 t(X;1)(p11.2;p34) coexistent VHL gene 
mutation

Parast et al, 2004

t(X;1)(p11.2;p34) PSF-TFE3 RCC Argani et al, 16 2007

t(X;17)(p11.2;q25) ASPL-TFE3 RCC Argani et al, 16 2007

inv(X)(p11.2;q12) NONO-TFE3 RCC Argani et al, 16 2007 chromosome 7, 8, 12, 17 trisomy, 
+add(X), loss of the Y

Altinok et al, 2005

t(X;17)(p11.2;q23) CLTC-TFE3 RCC Argani et al, 8 2003

t(X;3)(p11.2;q23) Unknown RCC Argani et al, 16 2007

t(X;10)(p11.2;q23) Unknown RCC Dijkuizen et al, 1995 deletion of 3p25-26 Bruder et al, 2004

t((X;19)(p11.2;q13.1) Unknown RCC Armah et al, 2009

Table 5. Gene loci in Xp11.2 translocation RCC chromosomal abnor-
malities
Chromosomal  
abnormality region Gene loci

+12q24-ter ALDH2, PTPN11, NOS1, HNF1A, UBC
+7p21-22 HGF, ABCB1, PON1, CYP3A5, CYP3A4, EPO, SERPINE1
+8p12 WRN, BRG1, ADRB3, FGFR1, IDO1
+8q21 NBN
+16q21-22 E-cadherin, CETP, MMP2, NDO1, HP
+17q25 BIRC5, GRB2, ASPL
+20q13-ter CEBPB, PTPN1, AURKA, GNAS
-3p12-14 GPR27
-9q31-32 ABCA1, TXN
-14q 22-24 BMP4, FOS, PSEN1, HIF-1
-16p12-13 HBA2, HBA1, TSC2

clathrin heavy-chain (CLTC) genes, situated on 
chromosomes 1q21, 1p34, 17q25, Xq12, and 
17q23, respectively. The other 3 novel chromo-
somal translocations situated on chromo-
somes 3, 10, and 19 have been identified; how-
ever, the partner genes remain unknown [8, 18, 
21, 23-27]. The ASPL-TFE3 fusion protein binds 
to the MET promoter and strongly activates it 
[28]. Similarly, the PSF-TFE3 and NONO-TFE3 
fusion proteins also bind to this promoter [24, 
28, 29]. Compared with chromosomal translo-
cations, other chromosome abnormality rep- 
orts are rare. Altinok et al. found chromosome 
7, 8, 12, and 17 trisomy; gain of the X chromo-
some; and loss of the Y chromosome in 4 cases 
of Xp11.2 RCC by fluorescence in situ hybridiza-
tion (FISH) [3]. Deletion of 3p25-26 was report-
ed in 1 case [30, 31], and 1 case of a 3-year-old 
child with Xp11.2 RCC was found coexistent 
with a von Hippel-Lindau (VHL) gene mutation 
[30]. 
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As there are so many chromosomal transloca-
tion subtypes, it is relatively complex to identify 
Xp11.2 RCC by conventional cytogenetics and 
RT-PCR. The break-apart FISH assay on paraf-
fin-embedded tumor tissue may be a helpful 
ancillary technique in small biopsies or fine-
needle aspiration materials for Xp11.2 RCC 
[32-34], but it cannot find other chromosomal 
changes. When compared to conventional cyto-
genetics and FISH, CGH is a convenient and 
rapid method for screening for chromosomal 
genomic changes, and application of these 
technique aids our understanding of the molec-
ular basis of Xp11.2 RCC.

In this preliminary study, we undertook genome-
wide screening to detect genetic changes asso-
ciated with the clinical parameters of primary 
Xp11.2 RCC. We detected DNA gains and loss-
es in all 9 cases investigated. Furthermore, 
gains were more common than losses. Gains 
(in order of frequency) were detected at chro-
mosomes Xp11 (6/9), 7q21-31, 12q24-ter 
(5/9), 7p21-22 (4/9), 8p12, 8q21, 16q21-22, 
17q25, 20q13-ter (4/9), 5q21-23 (3/9), and 
17p12-13 (2/9), and losses occurred frequently 
on chromosome 3p12-14, 9q31-32, 14q22-24 
(4/9), 16p12-13 (3/9) and 2q24, 13q14-21, 19p- 
13 (2/9). Our study showed that 6 of 9 cases 
have chromosome Xp11 gains in the region of 
the TFE3 gene. Interestingly, in this series, 1 of 
these 6 cases lost the 1q21 region, which is 
related to chromosome translocation t(X;1)
(p11.2;q21), and the PRCC gene is located in 
this region [18]; 2 of these cases lost the 19p13 
region related to the chromosome transloca-
tion type t(X;19)(p11.2;q13.1) [18]. Four cases 
gained chromosome 17q25, which is a classi-
cal chromosome translocation type t(X;17)
(p11.2;q25) and forms the ASPL-TFE3 fusion 
gene [18]. These results provide a clue to the 
chromosome translocation and gene fusion. 
The CGH assay may be a useful complementa-
ry method to confirm Xp11.2 RCC diagnosis.

Our study also showed some regions with a 
high frequency of chromosomal abnormalities. 
The 7q21-31 loci was a frequently amplified in 
Xp11.2 RCC patients (5/9), suggesting that it is 
associated with carcinogenesis. MET is an 
oncogene, which maps onto chromosome 7q31 
and codes for a receptor tyrosine kinase. Argani 
et al. suggests that MET tyrosine kinase or 
mTOR kinase may be a potential therapeutic 

target in the future [35], and our study supports 
this hypothesis.

Other high-frequency regions containing chro-
mosomal abnormalities include the gain of 
12q24-ter (5/9), 7p21-22 (4/9), and 8p12, 
8q21, 16q21-22, 17q25, 20q13-ter (4/9) and 
losses of chromosome 3p12-14, 9q31-32, 
14q22-24 (4/9), and 16p12-13 (3/9). This 
region may provide further clues to improve our 
understanding of the molecular basis of Xp11.2 
RCC (Table 5). For example, hypoxia-inducible 
factor 1 (HIF-1) is located in the 14q22-24 
region. This gene encodes the alpha subunit of 
transcription factor HIF-1, which is a heterodi-
mer composed of an alpha and a beta subunit. 
HIF-1 functions as a master regulator of cellular 
and systemic homeostatic response to hypoxia 
by activating transcription of many genes, 
including those involved in energy metabolism, 
angiogenesis, apoptosis, and other genes who- 
se protein products increase oxygen delivery or 
facilitate metabolic adaptation to hypoxia. 
HIF-1 thus plays an essential role in embryonic 
vascularization, tumor angiogenesis, and the 
pathophysiology of ischemic disease. HIF-1 
may be a potential therapeutic target for 
Xp11.2 RCC in the future.

In conclusion, adult Xp11.2 RCC has the poten-
tial to be an aggressive cancer that requires 
morphologic distinction from CCRCC, PRCC, 
and ASPS. The expressions of TFE3, AMACR, 
CD10, and CK are helpful in the differential 
diagnosis of Xp11.2 RCC. CGH analysis reve- 
aled novel genomic imbalances in primary 
Xp11.2 RCC and may not only be a useful com-
plementary method to confirm Xp11.2 RCC 
diagnosis, but also deepen our understanding 
of the molecular basis of Xp11.2 RCC. Our 
study demonstrates that CGH is a reliable tool 
for detecting alterations in large, critical chro-
mosomal regions in Xp11.2 RCC. Further analy-
sis to map genes to specific regions is under-
way in our laboratory and is aimed at determin-
ing the contributions of these genes to the 
development of Xp11.2 RCC.
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