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Abstract

Cytogenetic abnormalities including the gain and loss of chromosomes play an 
important role in oncogenesis. Aberrations involving chromosome 1 are one of the most 
common anomalies reported among human neoplasms and have been observed in 
both solid tumors and hematological malignancies. This review highlights the prognostic 
import of cytogenetic abnormalities involving 1q in childhood cancers and weighs 
the evidence supporting some candidate genes that may underlie this phenomenon. 
Gain of chromosome 1q has been frequently noted in pediatric malignancies including 
Wilms tumor, neuroblastoma, Ewing sarcoma and brain tumors such as ependymoma 
and high grade gliomas and the presence of this anomaly is usually associated with 
disease recurrence and poor prognosis. Risk stratifications incorporating the presence 
or absence of additional 1q material are being integrated into many clinical 
management protocols. However the candidate genes on the long arm of chromosome 
1 that serve as drivers of tumorigenesis still remain unidentified. Identification of these 
candidate genes and characterization of their specific functions may potentially help 
scientists develop therapeutic strategies that could improve prognosis in patients whose 
malignant cells harbor additional 1q material. 

ABBREVIATIONS
BBSFOP: Baby Brain Societé Française d’Oncologie 

Pédiatrique; CCSG: Children’s Cancer Study Group; CNS: central 
nervous system; HGG: high grade glioma; NTRK1: neurotrophic 
tyrosine kinase receptor, type 1; RAR: retinoic acid receptor; 
RAS: rat sarcoma; SIOP: International Society of Paediatric 
Oncology; SPRR: small proline rich proteins

INTRODUCTION
Significant improvements have been made in the field of 

pediatric cancer over the last decade with increasing cure rates 
for various malignancies. This is partly due to improvements 
in risk stratification by recognizing various tumor specific 
molecular abnormalities and developing therapies targeting these 
aberrations. Such abnormalities include structural alterations, 
insertional mutagenesis, chromosomal translocations and gene 
amplification, resulting in oncogene activation. Aberrations 
involving chromosome 1 are one of the most common anomalies 
reported among human neoplasms and have been well-described 
in both solid tumors and hematological malignancies [1]. Among 
solid tumors, 1q alterations have been reported in breast, lung 
and germ cell tumors [2, 3]. Gain of chromosome 1q is usually 
associated with poor prognosis and disease recurrence. The 
aberrations can be seen as trisomy of the entire long arm, as an 
isochromosome lq, as a trisomy or as a duplication of a smaller 
region, especially lq23-lq32 [4-6]. It has been suggested that 

three or more copies of a gene (or genes) in this region provide 
a selective advantage to cancer cells. Furthermore, the finding of 
partial or complete lq trisomy being more frequent in recurrent 
than in primary tumors could suggest that this change may be 
associated with tumor progression [7].

Chromosome 1q in Brain Tumors

Brain tumors represent the most common solid tumor 
type in childhood. Ependymomas are the third most common 
central nervous system (CNS) tumors and are associated with a 
mortality rate as high as 40% [8]. Currently the risk stratification 
for ependymoma patients is based solely on clinical parameters, 
and extent of primary tumor resection remains the most 
consistently reported predictor of outcome [9]. Until recently, no 
reliable biological marker that can accurately predict outcome in 
a sizeable population has been identified. Gain of chromosome 
1q has been reported as a frequent genetic aberration in both 
primary and recurrent childhood intracranial ependymomas 
[10]. Kilday et al. surveyed 48 ependymomas, and gain of 1q was 
the most frequent imbalance in primary (17%) and recurrent 
ependymomas (33%). It was also noted to be an independent 
predictor of tumor progression across the pooled trial cohort 
and both United Kingdom Children’s Cancer Study Group/
International Society of Paediatric Oncology (UKCCSG/SIOP) CNS 
9204 clinical trial and Baby Brain Societé Française d’Oncologie 
Pédiatrique (BBSFOP) group protocol [11]. The only clinical 
variable associated with adverse outcome was incomplete tumor 
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resection. Integrating tumor resectability with 1q25 status 
enabled stratification of cases into disease progression risk 
groups for all three trial cohorts. Higher resolution cytoband 
analysis revealed 1q21–25, 1q32, and 1q42–44 to be amongst the 
most frequently gained sub-regions on this arm (11/48, 23%) 
[11]. This suggests that gain of chromosome 1q has prognostic 
significance and should be incorporated into future trials along 
with other clinical parameters. 

Another group of CNS tumors in children encompasses high 
grade gliomas (HGG) that comprise 15 to 20% of all childhood 
brain tumors; 70 to 90% of these patients die within two years 
of diagnosis [12]. Brain stem gliomas occur rarely in adults, and 
the prognosis in adults is better than in children. Paugh and 
colleagues analyzed HGG samples from 78 pediatric patients 
and noted that gain of chromosome 1q was the most frequent 
finding (29%), followed by high amplitude gains encompassing 
PDGFRA (platelet derived growth factor receptor alpha)(12%) 
[13]. Gain of chromosome 1q was also noted to be significantly 
more frequent in irradiation-induced glioblastoma. There was a 
significant association between 1q gain and decreased survival 
among patients with glioblastoma (p=0.04), although it could 
not be confirmed if this effect was independent of the treatment 
modality used. The investigators also compared structural 
aspects of these chromosomal imbalances in pediatric and adult 
glioblastomas. Pediatric gliobastomas were distinguished from 
adult glioblastomas by frequent gain of chromosome 1q and 
paucity of chromosome 7 gain and 10q losses [13]. Based on 
these findings, identification of one or more candidate genes on 
chromosome 1q, particularly in the region of 1q21-25, might 
be important in identifying pathways involved in the biology of 
these tumors and establishing reliable prognostic markers.

Chromosome 1q in Neuroblastoma

Neuroblastoma, the most common extracranial solid 
tumor, is another pediatric malignancy in which gain of 1q is 
shown to be associated with progressive disease. It is the main 
cause of cancer-related death in pre-school age children [14]. 
Risk stratification is based on age of the patient, stage of the 
disease, histology and MYCN amplification. Genetic changes in 
neuroblastoma that are recognized to correlate with prognosis 
include MYCN amplification, alterations in DNA ploidy index, and 
deletion of 1p in tumors. Trisomies of chromosome 1q along with 
17q in neuroblastoma were initially identified by Gilbert et al., in 
1984 and found to be associated with disease progression [15]. 
Since then, various studies have noted gain of 1q to be a recurrent 
finding. Hirai et al analyzed 27 neuroblastoma samples and 
found that 50% of stage 4 patients and all cases with progressive 
disease had chromosome gain at 1q21-25 [16]. Using dual core 
fluorescent in situ hybridization, the location of the 1q21-25 
gain was refined to encompass an increase in copy number on 
1q23 suggesting that amplification at 1q23 may play a role in 
progressive neuroblastoma [16]. 

Chromosome 1q in Wilms Tumor

Wilms tumor is the most common pediatric renal tumor. 
A majority of the children have favorable histology and good 
outcome. However, about 15% of patients with favorable 
histology and 50% of patients with anaplastic type Wilms tumor 

experience recurrence [17]. The National Wilms Tumor Study 
Group has identified that loss of heterozygosity of chromosome 
1p and 16q are associated with inferior outcomes [18,19]. 
However these anomalies have been found in only 4.6% of the 
patients enrolled in the third and fourth National Wilms Tumor 
Studies. Other genetic abnormalities have also been identified, 
and gain of chromosome 1q has been noted to be a recurrent 
finding associated with a poorer prognosis [19]. A total of 212 
samples from patients in various stages of Wilms tumor were 
analyzed using multiplex ligand dependent probe amplification. 
Tumors from 58 (27%) patients showed evidence of gain of 
1q [18]. The 8-year event free survival was 76% (95% CI, 63-
85%) for those with 1q gain and 93% (95% CI, 87%-96%) for 
those who lacked 1q gain (p=0.0024). The overall survival was 
also found to be lower in the group with gain of 1q (89%) as 
compared to the group that lacked gain of chromosome 1q (98%, 
p=0.0075) [18]. It is also associated with a significant increase 
in the risk of disease recurrence (risk ratio estimate, 2.72; 
p=0.0089). Other groups have also found gain of chromosome 1q 
to be a frequent chromosomal aberration in favorable histology 
Wilms tumor. Natrajan et al analyzed 76 Wilms tumor samples 
by microarray-based comparative genomic hybridization and 
found that gain chromosome 1q was present in 40% of the 
patients and was strongly associated with a poor prognosis [20]. 
A strong correlation was observed between gain of 1q and losses 
of 1p and 16q, suggesting that these abnormalities arise from a 
single chromosomal mechanism. On further analysis they also 
identified recurrent low-level gains at 1q25.3, 1q31 and 1q42, 
thus suggesting that there may be more than one region of gain/
over expression associated with Wilms tumor on chromosome 1q 
[20]. Given the significantly high percentage of 1q and its strong 
association with disease recurrence, it becomes more critical 
to identify the candidate genes involved for possible targeted 
therapy. 

Chromosome 1q in Sarcomas

Ewing sarcoma is the second most common bone tumor and 
is characterized by a balanced translocation t (11;22) (q24;q12) 
which is present in 85 to 90% of the patients. In addition to 22q12 
rearrangements, non-random chromosomal aberrations have 
been detected in more than 50% of the patients [21]. Hattinger et 
al analyzed tumors from 134 patients and found that structural 
aberrations in the long arm of chromosome 1 were present in 21% 
of the patients [22]. Gain of chromosome 1q was associated with 
adverse overall survival and event-free survival and this finding 
may suggest the need for assessing chromosome 1q anomalies 
routinely in all patients with Ewing sarcoma, irrespective of the 
clinical stage, in order to make additional risk stratification [22]. 
Gain of 1q has been reported in other sarcomas as well [1]. Forus 
et al surveyed 54 soft tissue sarcomas by comparative genomic 
hybridization (CGH) analysis and detected frequent amplification 
of the 1q2l-q22 region, indicating that lq21-q22-located genes 
may also play an important role in the development and/ or 
progression of such tumors [3]. 

Chromosome 1q in Other Pediatric Malignancies

Other pediatric malignancies in which gain of 1q has been 
implicated include retinoblastoma [23], Burkitt’s lymphoma [24], 
acute myeloid leukemia [25] and rhabdoymyosarcoma [26]. 
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Candidate Cancer-Related Genes on Chromosome 1q

It is now evident that gain of long arm of chromosome 1q is 
a recurrent aberration in various malignancies and is invariably 
associated with poor outcomes and disease recurrence. However 
the candidate genes on chromosome 1q that could be involved 
in tumorigenesis remain unidentified. Some investigation of 
this question has been undertaken in sarcomas where several 
candidate genes located in the 1q21-23 region have been 
identified. These include OTF-1, NTRK1, and SPRR3 and S100 
family of calcium-binding proteins (CACY and CAPL genes) 
[1,7,27-31]. The neurotrophic tyrosine kinase receptor, type 
1 (NTRK1) is membrane-bound receptor that upon binding 
phosphorylates itself and other members of the mitogen 
activated protein kinase pathway [32]. Members of the small 
proline rich protein (SPRR) class of proteins are differentially 
regulated in various types of epithelia, and their expression 
is modulated in response to environmental insult, aging and 
following carcinogenic transformation [33-35]. The elevated 
expression of calcyclin, a cell-cycle-regulated protein, has been 
observed in highly metastatic melanoma cell lines. Utilizing 
microarray-based comparative genomic hybridization on a series 
of 76 Wilms tumor samples, Natrajan et al. Identified gains in 1q 
as correlating with an increased risk of relapse [20]. Further, 
the authors identified several candidate genes including RAB25, 
NES, CRABP2, HDGF and NTRK1within the region of 1q22-q23 
[20].  RAB25 is a small GTPase encoded by a gene that is also 
present in a similar region of copy number gain in breast and 
ovarian cancers and whose overexpression is associated with 
poor outcome in these tumors [36]. RAB25 is a member of the rat 
sarcoma (RAS) oncoprotein small GTPase superfamily. Members 
of the RAB superfamily play important roles in regulating 
signal transduction and various cellular processes, including 
cell differentiation and proliferation [37]. NES encodes for 
nestin, a protein expressed by dermatomal cells and myoblasts. 
It has been shown to be a transient component of the dynamic 
intermediate filament network during muscle development 
[38]. Nestin is overexpressed in some rhabdomyosarcomas [39], 
neuroectodermal tumors, glioblastomas, astrocytomas, and 
oligodendrogliomas [40,41]. The CRABP2 gene encodes Cellular 
Retinoic Acid Binding Protein 2, which shuttles retinoic acid from 
the cytosol into the nucleus through its ligand-activated nuclear 
localization signal [42]. Downregulation of CRABP2 has been 
associated with poor survival in head and neck squamous cell 
carcinoma and breast cancer [43]. Further, CRABP2 expression 
can inhibit cell growth in various types of carcinomas, an effect 
exerted in part by its ability to deliver retinoic acid to retinoic acid 
receptors (RAR), thus leading to induction of anti-proliferative 
RAR target genes [44-48]. This effect is consistent with the 
fact that retinoic acid signaling promotes the differentiation 
of stem cells, and reduced RAR signaling may be required for 
tumorigenesis. However, CRABP2 overexpression has been found 
in Wilms tumor as described above, as well as in various other 
types of malignancy including ovarian cancer [49] and leukemia 
[50,51]. These opposing observations could be explained if 
CRABP2 exerted effects that were either RAR-independent, cell-
type specific, or if effects were mediated by a neighboring gene. 
HDGF encodes Hepatoma Derived Growth Factor, a heparin-
binding protein that stimulates the proliferation of endothelial 

cells, vascular smooth muscle cells and fibroblasts [52,53]. 
HDGF has been found to be over expressed in several types of 
carcinomas including hepatocellular carcinoma, pancreatic 
cancer, and gastric and esophageal carcinomas, where it plays 
a key role in the development and progression of these cancers 
[54-59]. Further studies to identify the genes on chromosome 1q 
that contribute to carcinogenesis are needed to help characterize 
the pathways involved in disease progression. Doing so will aid in 
development of targeted therapies and thus improve prognosis 
for patients in which this cytogenetic abnormality is noted. 

CONCLUSIONS
In summary, gain of 1q is a frequently occurring genetic 

aberration in various malignancies, including both solid tumors 
and leukemia’s and is more commonly associated with disease 
relapse and a poor prognosis. Thus, it is critical to evaluate its 
utility as a prognostic marker in these cancers. Evaluation of 
chromosome 1q in prospective studies with sizeable patient 
populations will help assess its value in risk stratification. At 
the same time, it is crucial to identify the candidate genes that 
may contribute to tumor genesis and account for the poor 
prognosis conferred by 1q amplification. Such knowledge will 
facilitate the identification of critical pathways that could be 
targeted to prevent disease progression and metastasis. Since 
1q amplification is present in malignancies arising from a variety 
of different tissues of ectodermal, endodermal and mesodermal 
origin, it is likely that the genes affected are involved in universal 
pathways leading to oncogenesis, such as those affecting cell 
proliferation, cell cycle regulation, cell death, and differentiation. 
Evaluation of gain of chromosome 1q in future clinical trials 
could provide an important clue about the mechanisms involved 
in tumor genesis and disease metastasis. 

ACKNOWLEDGEMENTS
This work was supported by the Swim across America 

Foundation (JDS) and the Northern Nevada’s Children Cancer 
Foundation (LP). 

REFERENCES
1. Knuutila S, Björkqvist AM, Autio K, Tarkkanen M, Wolf M, Monni O, et 

al. DNA copy number amplifications in human neoplasms: review of 
comparative genomic hybridization studies. Am J Pathol. 1998; 152: 
1107-1123.

2. Kallioniemi A, Kallioniemi OP, Sudar D, Rutovitz D, Gray JW, Waldman 
F, et al. Comparative genomic hybridization for molecular cytogenetic 
analysis of solid tumors. Science. 1992; 258: 818-821.

3. Forus A, Berner JM, Meza-Zepeda LA, Saeter G, Mischke D, Fodstad 
O, et al. Molecular characterization of a novel amplicon at 1q21-q22 
frequently observed in human sarcomas. Br J Cancer. 1998; 78: 495-
503.

4. Rowley JD. Mapping of human chromosomal regions related to 
neoplasia: evidence from chromosomes 1 and 17. Proc Natl Acad Sci U 
S A. 1977; 74: 5729-5733.

5. Kovacs G. Abnormalities of chromosome No. 1 in human solid 
malignant tumours. Int J Cancer. 1978; 21: 688-694.

6. Oshimura M, Sonta S, Sandberg AA. Trisomy of the long arm of 
chromosome No. 1 in human leukemia. J Natl Cancer Inst. 1976; 56: 
183-184.

http://www.ncbi.nlm.nih.gov/pubmed/9588877
http://www.ncbi.nlm.nih.gov/pubmed/9588877
http://www.ncbi.nlm.nih.gov/pubmed/9588877
http://www.ncbi.nlm.nih.gov/pubmed/9588877
http://www.ncbi.nlm.nih.gov/pubmed/1359641
http://www.ncbi.nlm.nih.gov/pubmed/1359641
http://www.ncbi.nlm.nih.gov/pubmed/1359641
http://www.ncbi.nlm.nih.gov/pubmed/9716033
http://www.ncbi.nlm.nih.gov/pubmed/9716033
http://www.ncbi.nlm.nih.gov/pubmed/9716033
http://www.ncbi.nlm.nih.gov/pubmed/9716033
http://www.ncbi.nlm.nih.gov/pubmed/271998
http://www.ncbi.nlm.nih.gov/pubmed/271998
http://www.ncbi.nlm.nih.gov/pubmed/271998
http://www.ncbi.nlm.nih.gov/pubmed/669851
http://www.ncbi.nlm.nih.gov/pubmed/669851
http://www.ncbi.nlm.nih.gov/pubmed/1255746
http://www.ncbi.nlm.nih.gov/pubmed/1255746
http://www.ncbi.nlm.nih.gov/pubmed/1255746


Central

Saba et al. (2014)
Email: 

J Cancer Biol Res 2(3): 1053 (2014) 4/5

7. Weith A, Brodeur GM, Bruns GA, Matise TC, Mischke D, Nizetic D, et al. 
Report of the second international workshop on human chromosome 
1 mapping 1995. Cytogenet Cell Genet. 1996; 72: 114-144.

8. Wright KD, Gajjar A. New chemotherapy strategies and biological 
agents in the treatment of childhood ependymoma. Childs Nerv Syst. 
2009; 25: 1275-1282.

9. Bouffet E, Perilongo G, Canete A, Massimino M. Intracranial 
ependymomas in children: a critical review of prognostic factors and 
a plea for cooperation. Med Pediatr Oncol. 1998; 30: 319-329.

10. Kilday JP, Rahman R, Dyer S, Ridley L, Lowe J, Coyle B, et al. Pediatric 
ependymoma: biological perspectives. Mol Cancer Res. 2009; 7: 765-
786.

11.  Kilday JP, Mitra B, Domerg C, Ward J, Andreiuolo F, Osteso-Ibanez 
T, et al. Copy number gain of 1q25 predicts poor progression-free 
survival for pediatric intracranial ependymomas and enables patient 
risk stratification: a prospective European clinical trial cohort analysis 
on behalf of the Children’s Cancer Leukaemia Group (CCLG), Societe 
Francaise d’Oncologie Pediatrique (SFOP), and International Society 
for Pediatric Oncology (SIOP). Clin Cancer Res. 2012; 18: 2001-2011.

12. Broniscer A, Gajjar A. Supratentorial high-grade astrocytoma and 
diffuse brainstem glioma: two challenges for the pediatric oncologist. 
Oncologist. 2004; 9: 197-206.

13. Paugh BS, Qu C, Jones C, Liu Z, Adamowicz-Brice M, Zhang J, et al. 
Integrated molecular genetic profiling of pediatric high-grade gliomas 
reveals key differences with the adult disease. J Clin Oncol. 2010; 28: 
3061-3068.

14. Maris JM. The biologic basis for neuroblastoma heterogeneity and risk 
stratification. Curr Opin Pediatr. 2005; 17: 7-13.

15. Gilbert F, Feder M, Balaban G, Brangman D, Lurie DK, Podolsky R, et al. 
Human neuroblastomas and abnormalities of chromosomes 1 and 17. 
Cancer Res. 1984; 44: 5444-5449.

16. Hirai M, Yoshida S, Kashiwagi H, Kawamura T, Ishikawa T, Kaneko 
M, et al. 1q23 gain is associated with progressive neuroblastoma 
resistant to aggressive treatment. Genes Chromosomes Cancer. 1999; 
25: 261-269.

17. Spreafico F, Pritchard Jones K, Malogolowkin MH, Bergeron C, Hale 
J, de Kraker J, et al. Treatment of relapsed Wilms tumors: lessons 
learned. Expert Rev Anticancer Ther. 2009; 9: 1807-1815.

18. Gratias EJ, Jennings LJ, Anderson JR, Dome JS, Grundy P, Perlman EJ. 
Gain of 1q is associated with inferior event-free and overall survival 
in patients with favorable histology Wilms tumor: a report from the 
Children’s Oncology Group. Cancer. 2013; 119: 3887-3894.

19. Segers H, van den Heuvel-Eibrink MM, Williams RD, van Tinteren H, 
Vujanic G, Pieters R, et al. Gain of 1q is a marker of poor prognosis 
in Wilms’ tumors. Genes Chromosomes Cancer. 2013; 52: 1065-1074.

20. Natrajan R, Williams RD, Hing SN, Mackay A, Reis-Filho JS, Fenwick 
K, et al. Array CGH profiling of favourable histology Wilms tumours 
reveals novel gains and losses associated with relapse. J Pathol. 2006; 
210: 49-58.

21. Sandberg AA, Bridge JA. Updates on cytogenetics and molecular 
genetics of bone and soft tissue tumors: Ewing sarcoma and peripheral 
primitive neuroectodermal tumors. Cancer Genet Cytogenet. 2000; 
123: 1-26.

22. Hattinger CM, Pötschger U, Tarkkanen M, Squire J, Zielenska M, Kiuru-
Kuhlefelt S, et al. Prognostic impact of chromosomal aberrations in 
Ewing tumours. Br J Cancer. 2002; 86: 1763-1769.

23. Gratias S, Schüler A, Hitpass LK, Stephan H, Rieder H, Schneider S, et al. 
Genomic gains on chromosome 1q in retinoblastoma: consequences 

on gene expression and association with clinical manifestation. Int J 
Cancer. 2005; 116: 555-563.

24. Roug AS, Wendtland P, Bendix K, Kjeldsen E. Supernumerary 
isochromosome 1, idic(1)(p12), leading to tetrasomy 1q in Burkitt 
lymphoma. Cytogenet Genome Res. 2014; 142: 7-13.

25. Beach DF, Barnoski BL, Aviv H, Patel V, Schwarting R, Strair R, et 
al. Duplication of chromosome 1 [dup(1)(q21q32)] as the sole 
cytogenetic abnormality in a patient previously treated for AML. 
Cancer Genet. 2012; 205: 665-668.

26. Weber-Hall S, Anderson J, McManus A, Abe S, Nojima T, Pinkerton 
R, et al. Gains, losses, and amplification of genomic material in 
rhabdomyosarcoma analyzed by comparative genomic hybridization. 
Cancer Res. 1996; 56: 3220-3224.

27. Sturm RA, Eyre HJ, Baker E, Sutherland GR. The human OTF1 locus 
which overlaps the CD3Z gene is located at 1q22-->q23. Cytogenet 
Cell Genet. 1995; 68: 231-232.

28. Marenholz I, Volz A, Ziegler A, Davies A, Ragoussis I, Korge BP, et al. 
Genetic analysis of the epidermal differentiation complex (EDC) on 
human chromosome 1q21: chromosomal orientation, new markers, 
and a 6-Mb YAC contig. Genomics. 1996; 37: 295-302.

29. Gibbs S, Fijneman R, Wiegant J, van Kessel AG, van De Putte P, 
Backendorf C. Molecular characterization and evolution of the SPRR 
family of keratinocyte differentiation markers encoding small proline-
rich proteins. Genomics. 1993; 16: 630-637.

30. Engelkamp D, Schafer BW, Mattei MG, Erne P, Heizmann CW. Six S100 
genes are clustered on human chromosome 1q21: identification of 
two genes coding for the two previously unreported calcium-binding 
proteins S100D and S100E. Proc Natl Acad Sci U S A. 1993; 90: 6547-
6551.

31. Zhao X, Elder J. Construction and mapping of a YAC/P1 contig 
containing S100 and SPRR genes in human chromosomal band 1q21. J 
Invest Dermatol. 1997; 108: 586.

32. Cheng Y, Diao DM, Zhang H, Song YC, Dang CX. Proliferation enhanced 
by NGF-NTRK1 signaling makes pancreatic cancer cells more sensitive 
to 2DG-induced apoptosis. Int J Med Sci. 2013; 10: 634-640.

33. Cabral A, Voskamp P, Cleton-Jansen AM, South A, Nizetic D, Backendorf 
C. Structural organization and regulation of the small proline-rich 
family of cornified envelope precursors suggest a role in adaptive 
barrier function. J Biol Chem. 2001; 276: 19231-19237.

34. Song HJ, Poy G, Darwiche N, Lichti U, Kuroki T, Steinert PM, et al. 
Mouse Sprr2 genes: a clustered family of genes showing differential 
expression in epithelial tissues. Genomics. 1999; 55: 28-42.

35. Kartasova T, van Muijen GN, van Pelt-Heerschap H, van de Putte P. 
Novel protein in human epidermal keratinocytes: regulation of 
expression during differentiation. Mol Cell Biol. 1988; 8: 2204-2210.

36. Cheng KW, Lahad JP, Kuo WL, Lapuk A, Yamada K, Auersperg N, et al. 
The RAB25 small GTPase determines aggressiveness of ovarian and 
breast cancers. Nat Med. 2004; 10: 1251-1256.

37. Agarwal R, Jurisica I, Mills GB, Cheng KW. The emerging role of the 
RAB25 small GTPase in cancer. Traffic. 2009; 10: 1561-1568.

38. Kachinsky AM, Dominov JA, Miller JB. Myogenesis and the intermediate 
filament protein, nestin. Dev Biol. 1994; 165: 216-228.

39. Kobayashi M, Sjöberg G, Söderhäll S, Lendahl U, Sandstedt B, Sejersen 
T. Pediatric rhabdomyosarcomas express the intermediate filament 
nestin. Pediatr Res. 1998; 43: 386-392.

40. Tohyama T, Lee VM, Rorke LB, Marvin M, McKay RD, Trojanowski 
JQ. Nestin expression in embryonic human neuroepithelium and in 
human neuroepithelial tumor cells. Lab Invest. 1992; 66: 303-313.

http://www.ncbi.nlm.nih.gov/pubmed/8978760
http://www.ncbi.nlm.nih.gov/pubmed/8978760
http://www.ncbi.nlm.nih.gov/pubmed/8978760
http://www.ncbi.nlm.nih.gov/pubmed/19212772
http://www.ncbi.nlm.nih.gov/pubmed/19212772
http://www.ncbi.nlm.nih.gov/pubmed/19212772
http://www.ncbi.nlm.nih.gov/pubmed/9589080
http://www.ncbi.nlm.nih.gov/pubmed/9589080
http://www.ncbi.nlm.nih.gov/pubmed/9589080
http://www.ncbi.nlm.nih.gov/pubmed/19531565
http://www.ncbi.nlm.nih.gov/pubmed/19531565
http://www.ncbi.nlm.nih.gov/pubmed/19531565
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/22338015
http://www.ncbi.nlm.nih.gov/pubmed/15047924
http://www.ncbi.nlm.nih.gov/pubmed/15047924
http://www.ncbi.nlm.nih.gov/pubmed/15047924
http://www.ncbi.nlm.nih.gov/pubmed/20479398
http://www.ncbi.nlm.nih.gov/pubmed/20479398
http://www.ncbi.nlm.nih.gov/pubmed/20479398
http://www.ncbi.nlm.nih.gov/pubmed/20479398
http://www.ncbi.nlm.nih.gov/pubmed/15659956
http://www.ncbi.nlm.nih.gov/pubmed/15659956
http://www.ncbi.nlm.nih.gov/pubmed/6488196
http://www.ncbi.nlm.nih.gov/pubmed/6488196
http://www.ncbi.nlm.nih.gov/pubmed/6488196
http://www.ncbi.nlm.nih.gov/pubmed/10379872
http://www.ncbi.nlm.nih.gov/pubmed/10379872
http://www.ncbi.nlm.nih.gov/pubmed/10379872
http://www.ncbi.nlm.nih.gov/pubmed/10379872
http://www.ncbi.nlm.nih.gov/pubmed/19954292
http://www.ncbi.nlm.nih.gov/pubmed/19954292
http://www.ncbi.nlm.nih.gov/pubmed/19954292
http://www.ncbi.nlm.nih.gov/pubmed/23983061
http://www.ncbi.nlm.nih.gov/pubmed/23983061
http://www.ncbi.nlm.nih.gov/pubmed/23983061
http://www.ncbi.nlm.nih.gov/pubmed/23983061
http://www.ncbi.nlm.nih.gov/pubmed/24038759
http://www.ncbi.nlm.nih.gov/pubmed/24038759
http://www.ncbi.nlm.nih.gov/pubmed/24038759
http://www.ncbi.nlm.nih.gov/pubmed/16823893
http://www.ncbi.nlm.nih.gov/pubmed/16823893
http://www.ncbi.nlm.nih.gov/pubmed/16823893
http://www.ncbi.nlm.nih.gov/pubmed/16823893
http://www.ncbi.nlm.nih.gov/pubmed/11120329
http://www.ncbi.nlm.nih.gov/pubmed/11120329
http://www.ncbi.nlm.nih.gov/pubmed/11120329
http://www.ncbi.nlm.nih.gov/pubmed/11120329
http://www.ncbi.nlm.nih.gov/pubmed/12087464
http://www.ncbi.nlm.nih.gov/pubmed/12087464
http://www.ncbi.nlm.nih.gov/pubmed/12087464
http://www.ncbi.nlm.nih.gov/pubmed/15825178
http://www.ncbi.nlm.nih.gov/pubmed/15825178
http://www.ncbi.nlm.nih.gov/pubmed/15825178
http://www.ncbi.nlm.nih.gov/pubmed/15825178
http://www.ncbi.nlm.nih.gov/pubmed/24217199
http://www.ncbi.nlm.nih.gov/pubmed/24217199
http://www.ncbi.nlm.nih.gov/pubmed/24217199
http://www.ncbi.nlm.nih.gov/pubmed/23168243
http://www.ncbi.nlm.nih.gov/pubmed/23168243
http://www.ncbi.nlm.nih.gov/pubmed/23168243
http://www.ncbi.nlm.nih.gov/pubmed/23168243
http://www.ncbi.nlm.nih.gov/pubmed/8764111
http://www.ncbi.nlm.nih.gov/pubmed/8764111
http://www.ncbi.nlm.nih.gov/pubmed/8764111
http://www.ncbi.nlm.nih.gov/pubmed/8764111
http://www.ncbi.nlm.nih.gov/pubmed/7842742
http://www.ncbi.nlm.nih.gov/pubmed/7842742
http://www.ncbi.nlm.nih.gov/pubmed/7842742
http://www.ncbi.nlm.nih.gov/pubmed/8938441
http://www.ncbi.nlm.nih.gov/pubmed/8938441
http://www.ncbi.nlm.nih.gov/pubmed/8938441
http://www.ncbi.nlm.nih.gov/pubmed/8938441
http://www.ncbi.nlm.nih.gov/pubmed/8325635
http://www.ncbi.nlm.nih.gov/pubmed/8325635
http://www.ncbi.nlm.nih.gov/pubmed/8325635
http://www.ncbi.nlm.nih.gov/pubmed/8325635
http://www.ncbi.nlm.nih.gov/pubmed/8341667
http://www.ncbi.nlm.nih.gov/pubmed/8341667
http://www.ncbi.nlm.nih.gov/pubmed/8341667
http://www.ncbi.nlm.nih.gov/pubmed/8341667
http://www.ncbi.nlm.nih.gov/pubmed/8341667
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-f47fc856-d2fb-3994-8bde-6a1ef3260313
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-f47fc856-d2fb-3994-8bde-6a1ef3260313
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-f47fc856-d2fb-3994-8bde-6a1ef3260313
http://www.ncbi.nlm.nih.gov/pubmed/23569426
http://www.ncbi.nlm.nih.gov/pubmed/23569426
http://www.ncbi.nlm.nih.gov/pubmed/23569426
http://www.ncbi.nlm.nih.gov/pubmed/11279051
http://www.ncbi.nlm.nih.gov/pubmed/11279051
http://www.ncbi.nlm.nih.gov/pubmed/11279051
http://www.ncbi.nlm.nih.gov/pubmed/11279051
http://www.ncbi.nlm.nih.gov/pubmed/9888996
http://www.ncbi.nlm.nih.gov/pubmed/9888996
http://www.ncbi.nlm.nih.gov/pubmed/9888996
http://www.ncbi.nlm.nih.gov/pubmed/3133555
http://www.ncbi.nlm.nih.gov/pubmed/3133555
http://www.ncbi.nlm.nih.gov/pubmed/3133555
http://www.ncbi.nlm.nih.gov/pubmed/15502842
http://www.ncbi.nlm.nih.gov/pubmed/15502842
http://www.ncbi.nlm.nih.gov/pubmed/15502842
http://www.ncbi.nlm.nih.gov/pubmed/19719478
http://www.ncbi.nlm.nih.gov/pubmed/19719478
http://www.ncbi.nlm.nih.gov/pubmed/8088440
http://www.ncbi.nlm.nih.gov/pubmed/8088440
http://www.ncbi.nlm.nih.gov/pubmed/9505279
http://www.ncbi.nlm.nih.gov/pubmed/9505279
http://www.ncbi.nlm.nih.gov/pubmed/9505279
http://www.ncbi.nlm.nih.gov/pubmed/1538585
http://www.ncbi.nlm.nih.gov/pubmed/1538585
http://www.ncbi.nlm.nih.gov/pubmed/1538585


Central

Saba et al. (2014)
Email: 

J Cancer Biol Res 2(3): 1053 (2014) 5/5

41. Dahlstrand J, Collins VP, Lendahl U. Expression of the class VI 
intermediate filament nestin in human central nervous system 
tumors. Cancer Res. 1992; 52: 5334-5341.

42. Sessler RJ, Noy N. A ligand-activated nuclear localization signal in 
cellular retinoic acid binding protein-II. Mol Cell. 2005; 18: 343-353.

43. Calmon MF, Rodrigues RV, Kaneto CM, Moura RP, Silva SD, Mota LD, et 
al. Epigenetic silencing of CRABP2 and MX1 in head and neck tumors. 
Neoplasia. 2009; 11: 1329-1339.

44. Donato LJ, Noy N. Suppression of mammary carcinoma growth by 
retinoic acid: proapoptotic genes are targets for retinoic acid receptor 
and cellular retinoic acid-binding protein II signaling. Cancer Res. 
2005; 65: 8193-8199.

45. Donato LJ, Suh JH, Noy N. Suppression of mammary carcinoma cell 
growth by retinoic acid: the cell cycle control gene Btg2 is a direct 
target for retinoic acid receptor signaling. Cancer Res. 2007; 67: 609-
615.

46. Budhu AS, Noy N. Direct channeling of retinoic acid between cellular 
retinoic acid-binding protein II and retinoic acid receptor sensitizes 
mammary carcinoma cells to retinoic acid-induced growth arrest. Mol 
Cell Biol. 2002; 22: 2632-2641.

47. Schug TT, Berry DC, Toshkov IA, Cheng L, Nikitin AY, Noy N. 
Overcoming retinoic acid-resistance of mammary carcinomas by 
diverting retinoic acid from PPARbeta/delta to RAR. Proc Natl Acad 
Sci U S A. 2008; 105: 7546-7551.

48. Manor D, Shmidt EN, Budhu A, Flesken-Nikitin A, Zgola M, Page R, et 
al. Mammary carcinoma suppression by cellular retinoic acid binding 
protein-II. Cancer Res. 2003; 63: 4426-4433.

49. Hibbs K, Skubitz KM, Pambuccian SE, Casey RC, Burleson KM, Oegema 
TR Jr, et al. Differential gene expression in ovarian carcinoma: 
identification of potential biomarkers. Am J Pathol. 2004; 165: 397-
414.

50. Zhou DC, Hallam SJ, Lee SJ, Klein RS, Wiernik PH, Tallman MS, et al. 
Constitutive expression of cellular retinoic acid binding protein II and 
lack of correlation with sensitivity to all-trans retinoic acid in acute 
promyelocytic leukemia cells. Cancer Res. 1998; 58: 5770-5776.

51. Delva L, Cornic M, Balitrand N, Guidez F, Miclea JM, Delmer A, et al. 
Resistance to all-trans retinoic acid (ATRA) therapy in relapsing 
acute promyelocytic leukemia: study of in vitro ATRA sensitivity and 
cellular retinoic acid binding protein levels in leukemic cells. Blood. 
1993; 82: 2175-2181.

52. Everett AD, Lobe DR, Matsumura ME, Nakamura H, McNamara CA. 
Hepatoma-derived growth factor stimulates smooth muscle cell 
growth and is expressed in vascular development. J Clin Invest. 2000; 
105: 567-575.

53. Enomoto H, Yoshida K, Kishima Y, Kinoshita T, Yamamoto M, Everett 
AD, et al. Hepatoma-derived growth factor is highly expressed 
in developing liver and promotes fetal hepatocyte proliferation. 
Hepatology. 2002; 36: 1519-1527.

54. Yamamoto S, Tomita Y, Hoshida Y, Morii E, Yasuda T, Doki Y, et al. 
Expression level of hepatoma-derived growth factor correlates with 
tumor recurrence of esophageal carcinoma. Ann Surg Oncol. 2007; 14: 
2141-2149.

55. Yamamoto S, Tomita Y, Hoshida Y, Takiguchi S, Fujiwara Y, Yasuda 
T, et al. Expression of hepatoma-derived growth factor is correlated 
with lymph node metastasis and prognosis of gastric carcinoma. Clin 
Cancer Res. 2006; 12: 117-122.

56. Uyama H, Tomita Y, Nakamura H, Nakamori S, Zhang B, Hoshida Y, 
et al. Hepatoma-derived growth factor is a novel prognostic factor 
for patients with pancreatic cancer. Clin Cancer Res. 2006; 12: 6043-
6048.

57. Ren H, Tang X, Lee JJ, Feng L, Everett AD, Hong WK, et al. Expression 
of hepatoma-derived growth factor is a strong prognostic predictor 
for patients with early-stage non-small-cell lung cancer. J Clin Oncol. 
2004; 22: 3230-3237.

58. Yoshida K, Tomita Y, Okuda Y, Yamamoto S, Enomoto H, Uyama H, et 
al. Hepatoma-derived growth factor is a novel prognostic factor for 
hepatocellular carcinoma. Ann Surg Oncol. 2006; 13: 159-167.

59. Lin YW, Li CF, Chen HY, Yen CY, Lin LC, Huang CC, et al. The expression 
and prognostic significance of hepatoma-derived growth factor in oral 
cancer. Oral Oncol. 2012; 48: 629-635.

Puri L, Saba J (2014) Getting a Clue from 1q: Gain of Chromosome 1q in Cancer. J Cancer Biol Res 2(3): 1053.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/1382841
http://www.ncbi.nlm.nih.gov/pubmed/1382841
http://www.ncbi.nlm.nih.gov/pubmed/1382841
http://www.ncbi.nlm.nih.gov/pubmed/15866176
http://www.ncbi.nlm.nih.gov/pubmed/15866176
http://www.ncbi.nlm.nih.gov/pubmed/20019841
http://www.ncbi.nlm.nih.gov/pubmed/20019841
http://www.ncbi.nlm.nih.gov/pubmed/20019841
http://www.ncbi.nlm.nih.gov/pubmed/16166294
http://www.ncbi.nlm.nih.gov/pubmed/16166294
http://www.ncbi.nlm.nih.gov/pubmed/16166294
http://www.ncbi.nlm.nih.gov/pubmed/16166294
http://www.ncbi.nlm.nih.gov/pubmed/17234770
http://www.ncbi.nlm.nih.gov/pubmed/17234770
http://www.ncbi.nlm.nih.gov/pubmed/17234770
http://www.ncbi.nlm.nih.gov/pubmed/17234770
http://www.ncbi.nlm.nih.gov/pubmed/11909957
http://www.ncbi.nlm.nih.gov/pubmed/11909957
http://www.ncbi.nlm.nih.gov/pubmed/11909957
http://www.ncbi.nlm.nih.gov/pubmed/11909957
http://www.ncbi.nlm.nih.gov/pubmed/18495924
http://www.ncbi.nlm.nih.gov/pubmed/18495924
http://www.ncbi.nlm.nih.gov/pubmed/18495924
http://www.ncbi.nlm.nih.gov/pubmed/18495924
http://www.ncbi.nlm.nih.gov/pubmed/12907615
http://www.ncbi.nlm.nih.gov/pubmed/12907615
http://www.ncbi.nlm.nih.gov/pubmed/12907615
http://www.ncbi.nlm.nih.gov/pubmed/15277215
http://www.ncbi.nlm.nih.gov/pubmed/15277215
http://www.ncbi.nlm.nih.gov/pubmed/15277215
http://www.ncbi.nlm.nih.gov/pubmed/15277215
http://www.ncbi.nlm.nih.gov/pubmed/9865735
http://www.ncbi.nlm.nih.gov/pubmed/9865735
http://www.ncbi.nlm.nih.gov/pubmed/9865735
http://www.ncbi.nlm.nih.gov/pubmed/9865735
http://www.ncbi.nlm.nih.gov/pubmed/8400267
http://www.ncbi.nlm.nih.gov/pubmed/8400267
http://www.ncbi.nlm.nih.gov/pubmed/8400267
http://www.ncbi.nlm.nih.gov/pubmed/8400267
http://www.ncbi.nlm.nih.gov/pubmed/8400267
http://www.ncbi.nlm.nih.gov/pubmed/10712428
http://www.ncbi.nlm.nih.gov/pubmed/10712428
http://www.ncbi.nlm.nih.gov/pubmed/10712428
http://www.ncbi.nlm.nih.gov/pubmed/10712428
http://www.ncbi.nlm.nih.gov/pubmed/12447878
http://www.ncbi.nlm.nih.gov/pubmed/12447878
http://www.ncbi.nlm.nih.gov/pubmed/12447878
http://www.ncbi.nlm.nih.gov/pubmed/12447878
http://www.ncbi.nlm.nih.gov/pubmed/17473954
http://www.ncbi.nlm.nih.gov/pubmed/17473954
http://www.ncbi.nlm.nih.gov/pubmed/17473954
http://www.ncbi.nlm.nih.gov/pubmed/17473954
http://www.ncbi.nlm.nih.gov/pubmed/16397032
http://www.ncbi.nlm.nih.gov/pubmed/16397032
http://www.ncbi.nlm.nih.gov/pubmed/16397032
http://www.ncbi.nlm.nih.gov/pubmed/16397032
http://www.ncbi.nlm.nih.gov/pubmed/17062679
http://www.ncbi.nlm.nih.gov/pubmed/17062679
http://www.ncbi.nlm.nih.gov/pubmed/17062679
http://www.ncbi.nlm.nih.gov/pubmed/17062679
http://www.ncbi.nlm.nih.gov/pubmed/15310766
http://www.ncbi.nlm.nih.gov/pubmed/15310766
http://www.ncbi.nlm.nih.gov/pubmed/15310766
http://www.ncbi.nlm.nih.gov/pubmed/15310766
http://www.ncbi.nlm.nih.gov/pubmed/16411141
http://www.ncbi.nlm.nih.gov/pubmed/16411141
http://www.ncbi.nlm.nih.gov/pubmed/16411141
http://www.ncbi.nlm.nih.gov/pubmed/22361040
http://www.ncbi.nlm.nih.gov/pubmed/22361040
http://www.ncbi.nlm.nih.gov/pubmed/22361040

	Getting a Clue from 1q: Gain of Chromosome 1q in Cancer
	Abstract
	Abbreviations
	Introduction
	Chromosome 1q in Brain Tumors
	Chromosome 1q in Neuroblastoma
	Chromosome 1q in Wilms Tumor
	Chromosome 1q in Sarcomas
	Chromosome 1q in Other Pediatric Malignancies
	Candidate Cancer-Related Genes on Chromosome 1q 

	Conclusions
	Acknowledgements
	References

