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Abstract

Down syndrome, the triplication of human chromosome 21, is the most frequent genetic disorder associated to numerous 
diseases with hard impact on public health. Remarkably, the over-expression of most genes on this chromosome causes 
transcriptional alterations and dosage imbalance of proteins on other chromosomes that impair several genetic networks 
and signalling pathways. Interestingly, some crucial chromosome 21 genes such as TIAM-1 (T-cell lymphoma invasion and 
metastasis inducing factor 1) play important roles and regulates multiple signalling pathways involved in cell shape, cell 
polarity, cell migration, cell adhesion, cell invasion, cell growth and survival and consequently TIAM-1 could be a useful 
predictive biomarker and a potential therapeutic target for treatment of aberrant developmental cell processes and for 
treatment of multiple tumors and cancers. 
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Abbreviations: TIAM-1: T-cell Lymphoma Invasion 
and Metastasis Inducing Factor 1; GEF: Guanine Nucleotide 
Exchange Factor; RNAi: RNA Interference; EMT: Epithelial 
Mesenchymal Transition. 

Introduction

Down syndrome or Trisomy 21, a genetic disorder caused 
by an extra copy of chromosome 21 in all cells generated by 
a chromosomal non-disjunction during meiosis, is associated 
to a complex phenotype, the main features of which are 
the morphological abnormalities of head and limbs, short 
stature, joint hyperlaxity, hypotonia, frequent occurrence 

of visceral malformation, skeletal defects, haematological 
and endocrinal alterations, increased risk of leukaemia, 
early occurrence of an Alzheimer-like neuropathology and 
mental retardation [1,2]. Remarkably, the genetic over-
expression, caused by trisomy 21, determines alterations 
in transcriptional level of most genes on chromosome 21 
and their dosage alterations determine transcriptional 
variations of several genes located on other chromosomes 
affecting several molecular pathways involved in different 
developmental cell processes, tumors and cancers [3,4]. 

Among the important chromosome 21 genes, TIAM-1 
(T-cell lymphoma invasion and metastasis inducing factor 1) 
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has been identified to have significant roles in the progression 
of epithelial cancers. Interestingly, this key gene encodes a 
RAC-1 specific guanine nucleotide exchange factor (GEF) and 
regulates RAC-1 signalling pathways that affect cell shape, 
cell polarity, cell migration, cell adhesion, cell invasion, cell 
growth and survival. 

In human breast carcinomas, a close correlation was 
observed between an increased TIAM-1 expression and an 
increased tumor status suggesting that increased TIAM-
1 expression and/or activity may promote progression of 
breast carcinomas [5]. Tumors that occur in TIAM-1(−/−) 
mice are more likely to progress suggesting that, in skin 
carcinogenesis, TIAM-1 is an inhibitor of tumor development 
[6]. Colon carcinoma cell lines selected for increased 
metastasis in nude mice express more TIAM-1 protein than 
their parental line indicating that TIAM-1 may have a role in 
the progression and metastasis of colon carcinomas and that 
TIAM-1 regulates cell adhesion, migration and apoptosis in 
colon tumor cells [7-10]. 

To test the hypothesis that TIAM-1 is a determinant 
of proliferation and metastasis in colorectal cancer, RNA 
interference (RNAi) study examined the effect of the 
inhibition of TIAM-1 expression on proliferation and 
metastasis and it has been found that the silencing of TIAM-
1 resulted in the effective inhibition of in vitro cell growth 
and of the invasive ability of colorectal cancer cells. This 
suggests that TIAM-1 plays a causal role in the metastasis 
of colorectal cancer and that RNAi-mediated silencing of 
TIAM-1 may provide an opportunity to develop a new 
treatment strategy for colorectal cancer [11]. TIAM-1 mRNA 
and protein levels were significantly elevated in 9 human 
hepatoma cell lines compared to the normal primary human 
hepatocyte suggesting that TIAM-1 overexpression in 
malignant neoplasms could be a novel effective biomarker 
for tumors including hepatocellular carcinoma [12]. TIAM-1 
expression is frequently up-regulated in breast cancer and 
correlated with clinicopathological parameters, suggesting 
that TIAM-1 could be a useful predictive biomarker and a 
potential therapeutic target for treatment of patients with 
breast cancer [13]. 

The specific genetic variants identified within the 
domains of TIAM-1 gene that signal to the upstream 
regulator RAS and downstream effectors molecule RAC are 
involved in neuroblastoma indicating that TIAM-1 genetic 
variants improve clinical outcome in neuroblastoma and 
could be a potential target for therapeutic interventions [14]. 
Interestingly, it has been established that TIAM-1 knockdown 
inhibited the migratory and invasive ability of thyroid cancer, 
suppressed epithelial mesenchymal transition (EMT) and 
inhibited Wnt/beta-catenin signalling in vitro, and also 
suppressed liver metastasis development in vivo. The effects 

of TIAM-1 on metastasis and EMT mediated by the Wnt/B-
catenin pathway was reversed by RAC-1 silencing, indicating 
that the metastasis effect of TIAM-1 is mediated by the 
activation of RAC-1. These findings suggest that TIAM-1 may 
be a predictive factor and a potential therapeutic target for 
treatment of patients with thyroid cancers [15]. 

Conclusion

Some interesting over expressed human chromosome 21 
genes, such as TIAM-1, specific to different Down syndrome 
associated clinical diseases characterized by aberrant 
developmental cell processes could provide interesting 
developmental genetic model to study different genetic 
networks and signalling pathways involved in cell shape, 
cell polarity, cell migration, cell adhesion, cell invasion, 
cell growth and survival and could be a useful predictive 
biomarker and a potential therapeutic gene target for 
treatment of aberrant developmental cell processes and of 
multiple tumors and cancers.
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