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Abstract

Trisomy 21 or Down syndrome, caused by the triplication of human chromosome 21, is the most frequent genetic disorder 
with hard impact on public health. The overdosage of genes on this chromosome determines transcriptional alterations and 
dosage imbalance of a lot of proteins affecting several molecular pathways involved in several human diseases. Interestingly, 
some key human chromosome 21 genes play important roles in cell cycle and cell growth and could, with the recent progress in 
the developmental genetics, provide significant elucidation of molecular mechanisms involved in Down syndrome associated 
diseases related to cell cycle alterations, leukaemia, tumors and cancers, in the perspective of development of new drugs and 
treatments.
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Introduction

Down syndrome or Trisomy 21, determined by the 
triplication of human chromosome 21, is the most frequent 
genetic disorder with hard impact on public health. This 
genetic disorder causes a complex phenotype, the main 
features of which are the morphological abnormalities 

of head and limbs, short stature, joint hyperlaxity, 
hypotonia, skeletal defects, frequent occurrence of visceral 
malformation, increased risk of leukaemia, haematological 
and endocrinal alterations, early occurrence of an Alzheimer-
like neuropathology and mental retardation [1]. 

The genetic over dosage, 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 cell cycle alterations, leukaemia, tumors and cancers [2,3].
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Interestingly, some key human chromosome 21 genes 
and oncogenes or tumor suppressor genes located on the 
human chromosome 21 play important roles in cell cycle 
and cell growth and could, with the recent progress in the 
developmental genetics, contribute significantly to the 
elucidation of molecular mechanisms involved in Down 
syndrome associated diseases related to cell cycle alterations, 
leukaemia, tumors and cancers, in the perspective of 
development of new drugs and treatments [4].

Remarkably, the comparison of normogenic versus 
trisomic subjects showed that the famous Trisomic mouse 
models Ts65Dn as well as Down syndrome fetuses had 
a larger percent number of cells in G2 phase of cell cycle 
compared with controls, and an opposite result is found for 
the number of cells in the M phase of cell cycle. A longer time 
spent by proliferating cells in G2 phase result in a longer cell 
cycle and a reduced proliferation rate [5]. 

Importantly, one central member of the phosphorylation 
pathways that control the cell cycle is encoded by the 
chromosome 21 gene DYRK1A, a member of the DYRK 
(Dual-specificity tyrosine[Y]-Regulated Kinase) subfamily 
[6]. Homozygous null Dyrk1A mutant mouse embryos 
(Dyrk1A-/-) present delayed general growth with an 
overall reduction in organ growth, including neurogenesis 
decrease in the brain [7]. DYRK1A overexpression was 
associated with an increase in phosphorylation of the 
Forkhead transcription factor FKHR and with high levels of 
cyclin B1, suggesting a correlation in vivo between DYRK1A 
overexpression and cell cycle protein alteration. In addition, 
an altered phosphorylation of transcription factors of CREB 
family (cyclic AMP response binding protein) was observed, 
supporting a role of DYRK1A overexpression in the neuronal 
abnormalities seen in Down syndrome and indicating that 
this pathology is linked to altered levels of proteins involved 
in the regulation of cell cycle [8]. This suggests a central 
role of DYRK1A in the pathways of cell cycle control and 
its overexpression participate to neurogenesis alteration 
in Down syndrome patients [9]. The treatment of DYRK1A 
transgenic mice with inhibitory Dyrk1A shRNA rescues the 
brain defects and restores cognitive impairments induced by 
the overexpression of DYRK1A gene and indicates DYRK1A as 
a therapeutic target in the mouse models of Down syndrome 
[10,11]. 

Significantly, Down syndrome children have an 
approximately 20-fold increased risk of developing acute 
lymphoblastic leukaemia and acute myeloid leukaemia 
compared to normal children [12]. The increased 
transcription of oncogenes and tumor suppressor genes 
located on the human chromosome 21 have important 
roles in leukaemia, tumors and cancer that are related to an 
alteration of the cell cycle.

The chromosome 21 oncogene AML1 (Acute Myeloid 
Leukaemia 1) named also RUNX1 or CBFA2 is a well-
known regulator of hematopoiesis and megakaryopoiesis 
and the genetic loss-of-function mutations of AML1 cause 
the autosomal dominant familial platelet disorder with a 
predisposition to develop acute myeloid leukaemia as is 
also seen in mouse models [13,14]. The altered function of 
transcription factor AML1 is closely associated with malignant 
transformation of hematopoietic cells and AML1 transcripts 
are down regulated in Down syndrome megakaryoblasts 
compared to non-Down syndrome megakaryoblasts 
indicating that AML1 is associated to megakaryocytic lineage 
[15]. In addition, inherited mutations in AML1 causing haplo-
insufficiency with a low level of expression in hematopoietic 
stem cells lead to a syndrome of familial thrombocytopenia 
and increased susceptibility to leukaemia [16]. Remarkably, 
it was found that AML1 inhibits NF-κB signalling through 
interaction with IκB kinase complex in the cytoplasm and 
that the inhibition of NF-κB signalling in leukemic cells 
with mutated AML1 efficiently blocks their growth and 
development of leukaemia. These results suggest a key role 
for AML1 as a cytoplasmic attenuator of NF-κB signalling 
in the repression of myeloid tumors and indicate that NF-
κB signaling is one of the promising therapeutic targets of 
hematologic malignancies with AML1 abnormality [17].

The chromosome 21 gene SIM2 (single minded 2) 
encodes a helix-loop-helix transcription factor belong 
to a family of transcriptional repressors involved in the 
brain development and neuronal differentiation [18,19]. 
Functional studies indicated that SIM2 protein control the 
Sonic hedgehog (Shh) expression in the brain involved in 
cell growth and differentiation in the brain and Sim2 mutant 
mice are lethal in the early post-natal days and show skeletal 
alteration due to cell proliferation defects [20,21]. SIM2 
gene was expressed in the colon, prostate and pancreatic 
carcinomas, but not in their corresponding normal tissues, 
and its expression was seen in a stage-specific manner in 
colon and prostate tumors [22]. The overexpression of 
SIM2 was associated with tumors of the colon, pancreas and 
prostate [23,24]. The antisense inhibition of SIM2 expression 
in a colon cancer cell line resulted in inhibition of gene 
expression, growth inhibition and induction of apoptosis 
in vitro as well as inhibition of tumour growth in nude 
mouse tumoriginicity models. The induction of apoptosis 
by the antisense SIM2 could involve a block of cell cycle, 
induction of differentiation or the activation of apoptotic 
cascades [23]. The stimulatory effect of SIM2 antisense on 
tumor cell apoptotic regulation and inhibition of cell cycle by 
SIM2 indicate that inhibition of tumor growth by antisense 
blocking of SIM2 in colon cancer may be due to an influence 
on cell cycle regulation [25,26]. These results suggest that 
SIM2 might have both diagnostic and therapeutic utility. 
The gene expression profiling demonstrated that SIM2 is 
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among the highly up-regulated genes in 29 prostate cancers 
[27]. SIM2 was significantly co-expressed and increased 
in prostate cancer and the increased expression of SIM2 
protein is a novel marker of aggressive prostate cancer 
[28]. Interestingly, SIM2 has been identified as a potential 
biomarker and immunotherapy target in prostate cancer and 
has also been identified as a predictive biomarker for uterine 
cervical squamous cell carcinoma [29,30]. 

The chromosome 21 gene TIAM1 (T-cell lymphoma 
invasion and metastasis 1) has been identified to have 
significant roles in the progression of epithelial cancers. In 
human breast carcinomas, a close correlation was observed 
between increased TIAM1 expression and increased tumor 
grade suggesting that increased TIAM1 expression and/or 
activity may promote progression of breast carcinoma [31]. 
Tumors that do occur in Tiam1(−/−) mice are more likely to 
progress suggesting that, in skin carcinogenesis, Tiam1 is 
an inhibitor of tumor development [32]. Colon carcinoma 
cell lines selected for increased metastatic potential in nude 
mice express more TIAM1 protein than their parental line 
[33-36]. This indicates that TIAM1 may have a role in the 
progression and metastasis of colon carcinomas and that 
TIAM1 regulates cell adhesion, migration and apoptosis 
in colon tumor cells. To test the hypothesis that TIAM1 is 
a determinant of proliferation and metastasis in colorectal 
cancer, RNA interference (RNAi) study examined the effect 
of the inhibition of TIAM1 expression on proliferation and 
metastasis. It has been found that the silencing of TIAM1 
resulted in the effective inhibition of in vitro cell growth 
and of the invasive ability of colorectal cancer cells. This 
suggests that TIAM1 plays a causal role in the metastasis of 
colorectal cancer and that RNAi-mediated silencing of TIAM1 
may provide an opportunity to develop a new treatment 
strategy for colorectal cancer [37]. TIAM1 mRNA and protein 
levels were significantly elevated in 9 human hepatoma cell 
lines compared to the normal primary human hepatocyte 
suggesting that TIAM1 overexpression in malignant 
neoplasms could be a novel effective biomarker for tumors 
including hepatocellular carcinoma [38]. TIAM1 expression is 
frequently up-regulated in breast cancer and correlated with 
clinicopathological parameters, suggesting that TIAM1 may 
be a useful prognostic biomarker and potential therapeutic 
target for patients with breast cancer [39]. Remarkably, it 
has been shown that TIAM-1 promotes thyroid carcinoma 
metastasis by modulating epithelial mesenchymal transition 
via Wnt/beta-catenin signalling suggesting TIAM-1 as a 
predictive factor and a potential therapeutic target for 
treatment of patients with thyroid cancers [40].

Conclusion

These numerous genetic molecular studies are of the 
most interest and indicate that the Down syndrome could 

provide an interesting model for the role of aneuploidy in 
leukemogenesis, tumorigenesis and cancerigenesis and 
could be considered as a developmental genetic model to 
investigate and decipher the genetic networks involved in 
these different diseases. Some key human chromosome 
21 genes play important roles in cell cycle and cell growth 
and could, with the recent progress in the developmental 
genetics, provide significant advancement and elucidation 
of molecular and cellular mechanisms involved in the 
Down syndrome associated diseases related to cell cycle 
alterations, leukaemia, tumors and cancer, in the perspective 
of development of new drugs and treatments.

References

1. Korenberg JR, Chen XN, Schipper R, Sun Z, Gonsky R, et al. 
(1994) Down syndrome phenotypes: The consequences 
of chromosomal imbalance. Proc Natl Acad Sci USA 
91(11): 4997-5001.

2. Rachidi M, Lopes C (2007) Mental retardation in Down 
syndrome: From gene dosage imbalance to molecular 
and cellular mechanisms. Neuroscience Research 59(4): 
349-369.

3. Rachidi M, Lopes C (2008) Mental retardation and 
associated neurological dysfunctions in Down syndrome: 
a consequence of dysregulation in critical chromosome 
21 genes and associated molecular pathways. European 
Journal of Paediatric Neurology 12(3): 168-182.

4. Rachidi M, Lopes C (2009) Gene Expression Regulation 
in Down syndrome: Dosage Imbalance Effects at 
Transcriptome and Proteome Levels. Handbook of Down 
syndrome Research: Edition Nova Science Publishers, 
Inc., pp: 55-87.

5. Contestabile A, Fila T, Ceccarelli C, Bonasoni P, Bonapace 
L, et al. (2007) Cell cycle alteration and decreased cell 
proliferation in the hippocampal dentate gyrus and in 
the neocortical germinal matrix of fetuses with Down 
syndrome and in Ts65Dn mice. Hippocampus 17(8): 
665-678.

6. Lochhead PA, Sibbet G, Morrice N, Cleghon V (2005) 
Activation-loop autophosphorylation is mediated by 
a novel transitional intermediate form of DYRKs. Cell 
121(6): 925-936.

7. Fotaki V, Martinez De Lagran M, Estivill X, Arbones M, et 
al. (2004) Haploinsufficiency of Dyrk1A in mice leads to 
specific alterations in the development and regulation of 
motor activity. Behav Neurosci 118(4): 815-821.

8. Branchi I, Bichler Z, Minghetti L, Delabar JM, Malchiodi-
Albedi F, et al. (2004) Transgenic mouse in vivo library 

https://medwinpublishers.com/MJCCS/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43917/
https://pubmed.ncbi.nlm.nih.gov/17897742/
https://pubmed.ncbi.nlm.nih.gov/17897742/
https://pubmed.ncbi.nlm.nih.gov/17897742/
https://pubmed.ncbi.nlm.nih.gov/17897742/
https://pubmed.ncbi.nlm.nih.gov/17933568/
https://pubmed.ncbi.nlm.nih.gov/17933568/
https://pubmed.ncbi.nlm.nih.gov/17933568/
https://pubmed.ncbi.nlm.nih.gov/17933568/
https://pubmed.ncbi.nlm.nih.gov/17933568/
https://pubmed.ncbi.nlm.nih.gov/17546680/
https://pubmed.ncbi.nlm.nih.gov/17546680/
https://pubmed.ncbi.nlm.nih.gov/17546680/
https://pubmed.ncbi.nlm.nih.gov/17546680/
https://pubmed.ncbi.nlm.nih.gov/17546680/
https://pubmed.ncbi.nlm.nih.gov/17546680/
https://pubmed.ncbi.nlm.nih.gov/15960979/
https://pubmed.ncbi.nlm.nih.gov/15960979/
https://pubmed.ncbi.nlm.nih.gov/15960979/
https://pubmed.ncbi.nlm.nih.gov/15960979/
https://pubmed.ncbi.nlm.nih.gov/15301607/
https://pubmed.ncbi.nlm.nih.gov/15301607/
https://pubmed.ncbi.nlm.nih.gov/15301607/
https://pubmed.ncbi.nlm.nih.gov/15301607/
https://pubmed.ncbi.nlm.nih.gov/15198122/
https://pubmed.ncbi.nlm.nih.gov/15198122/


Medical Journal of Clinical Trials & Case Studies
4

Rachidi M. Down syndrome Provide Genetic Models and Key Roles of Human Chromosome 21 Gene Targets 
in the Elucidation of Molecular Pathways Associated to Cell Cycle Alterations, Leukaemia and Cancer for 
Development of Potential Drugs and Therapeutics. Med J Clin Trials Case Stud 2021, 5(6): 000304.

Copyright©  Rachidi M.

of human Down syndorme Critical Region 1: association 
between DYRK1A overexpession, brain development 
abnormalities, and cell cycle protein alteration. J 
Neuropathol Exp Neurol 63(5): 429-440.

9. Rachidi M, Lopes, C (2010) Molecular and Cellular 
Mechanisms Elucidating the Neurocognitive Basis of 
Functional Impairments Associated with Intellectual 
Disability in Down syndrome. Am J Intellect Dev Disabil 
115(2): 83-112.

10. Ortiz-Abalia J, Sahun I, Altafaj X, Andreu N, Estivill X, et 
al. (2008) Targeting Dyrk1A with AAVshRNA attenuates 
motor alterations in TgDyrk1A, a mouse model of Down 
syndrome. Am J Hum Genet 83(4): 479-488.

11. Rachidi M (2018) Towards the Identification of Genetic 
Targets for Therapeutics of Intellectual Disability in 
Down syndrome. J J Genetics 1(2): 010.

12. Taub JW (2001) Relationship of chromosome 21 and 
acute leukemia in children with Down syndrome. J 
Pediatr Hematol Oncol 23(3): 175-178.

13. Okuda T, van Deursen J, Hiebert SW, Grosveld G, Downing 
JR (1996) AML1, the target of multiple chromosomal 
translocations in human leukemia, is essential for 
normal fetal liver hematopoiesis. Cell 84(2): 321-330. 

14. Song WJ, Sullivan MG, Legare RD, Hutchings S, Tan X, et 
al. (1999) Haploinsufficiency of CBFA2 causes familial 
thrombocytopenia with propensity to develop acute 
myelogenous leukaemia. Nature Genet 23(2): 166-175.

15. Bourquin JP, Subramanian A, Langebrake C, Reinhardt, 
D, Bernard O, et al. (2006) Identification of distinct 
molecular phenotypes in acute megakaryoblastic 
leukemia by gene expression profiling. Proc Natl Acad 
Sci 103(9): 3339-3344.

16. Escher R, Wilson P, Carmichael C, Suppiah R, Liu M, 
et al. (2007) A pedigree with autosomal dominant 
thrombocytopenia, red cell macrocytosis, and an 
occurrence of t(12:21) positive pre-B acute lymphoblastic 
leukemia. Blood Cells Mol Dis 39(1): 107-114.

17. Nakagawa M, Shimabe M, Watanabe-Okochi N, Arai 
S, Yoshimi A, et al. (2011) AML1/RUNX1 functions 
as a cytoplasmic attenuator of NF-κB signaling in the 
repression of myeloid tumors. Blood 118(25): 6626-
6637. 

18. Goshu, E, Jin H, Lovejoy J, Marion JF, Michaud JL, et al. 
(2004) Sim2 contributes to neuroendocrine hormone 
gene expression in the anterior hypothalamus. Mol 
Endocrinol 18(5): 1251-1262.

19. Rachidi M, Lopes C, Charron G, Delezoide AL, Paly E, 
et al. (2005) Spatial and temporal localization during 
embryonic and fetal human development of the 
transcription factor SIM2 in brain regions altered in 
Down syndrome. Int J Dev Neurosci 23(5): 475-484.

20. Epstein DJ, Matinu L, Michaud JL, Losos KM, Fan CM, et 
al. (2000) Members of the bHLH-PAS family regulate 
Shh transcription in forebrain regions of the mouse CNS. 
Development 127(21): 4701-4709.

21. Goshu E, Jin H, Fasnacht R, Sepenski M, Michaud JL, et 
al. (2002) Sim2 mutant have developmental defects not 
overlapping with those of the Sim1 mutants. Mol Cell 
Biol 22(12): 4147-4157.

22. DeYoung MP, Scheurle D, Damania H, Zylberberg C, 
Narayanan R (2002) Down’s syndrome-associated single 
minded gene as a novel tumor marker. Anticancer Res 
22(6A): 3149-3157.

23. DeYoung MP, Tress M, Narayanan R (2003a) Identification 
of Down’s syndrome critical locus gene SIM2-s as a drug 
therapy target for solid tumors. Proc Natl Acad Sci USA 
100(8): 4760-4765.

24. DeYoung MP, Tress M, Narayanan, R (2003b) Down’s 
syndrome- associated SingleMinded 2 gene as a 
pancreatic cancer drug therapy target. Cancer Letter 
200(1): 25-31.

25. Aleman MJ, DeYoung MP, Tress M, Keating P, Perry GW, et 
al. (2005) Inhibition of Single Minded 2 gene expression 
mediates tumor-selective apoptosis and differentiation 
in human colon cancer cells. PNAS 102(36): 12765-
12770.

26. Meng X, Shi J, Peng B, Zou X, Zhang C (2006) Effect of 
mouse Sim2 gene on the cell cycle of PC12 cells. Cell Biol 
Int 30(4): 349-353.

27. Halvorsen OJ, Oyan AM, Bo TH, Olsen S, Rostad K, et 
al. (2005) Gene expression profiles in prostate cancer: 
association with patient subgroups and tumour 
differentiation. Int J Oncol 26(2): 329-336.

28. Halvorsen OJ, Rostad K, Oyan AM, Puntervoll H, Bo TH, 
et al. (2007) Increased expression of SIM2-s protein is a 
novel marker of aggressive prostate cancer. Clin Cancer 
Res 13(3): 892-897.

29. Arredouani MS, Lu B, Bhasin M, Eljanne M, Yue W, et al. 
(2009) Identification of the transcription factor single-
minded homologue 2 as a potential biomarker and 
immunotherapy target in prostate cancer. Clin Cancer 
Res 15(18): 5794-802. 

https://medwinpublishers.com/MJCCS/
https://pubmed.ncbi.nlm.nih.gov/15198122/
https://pubmed.ncbi.nlm.nih.gov/15198122/
https://pubmed.ncbi.nlm.nih.gov/15198122/
https://pubmed.ncbi.nlm.nih.gov/15198122/
https://pubmed.ncbi.nlm.nih.gov/20441388/
https://pubmed.ncbi.nlm.nih.gov/20441388/
https://pubmed.ncbi.nlm.nih.gov/20441388/
https://pubmed.ncbi.nlm.nih.gov/20441388/
https://pubmed.ncbi.nlm.nih.gov/20441388/
https://pubmed.ncbi.nlm.nih.gov/18940310/
https://pubmed.ncbi.nlm.nih.gov/18940310/
https://pubmed.ncbi.nlm.nih.gov/18940310/
https://pubmed.ncbi.nlm.nih.gov/18940310/
https://pubmed.ncbi.nlm.nih.gov/11305722/
https://pubmed.ncbi.nlm.nih.gov/11305722/
https://pubmed.ncbi.nlm.nih.gov/11305722/
https://pubmed.ncbi.nlm.nih.gov/8565077/
https://pubmed.ncbi.nlm.nih.gov/8565077/
https://pubmed.ncbi.nlm.nih.gov/8565077/
https://pubmed.ncbi.nlm.nih.gov/8565077/
https://pubmed.ncbi.nlm.nih.gov/10508512/
https://pubmed.ncbi.nlm.nih.gov/10508512/
https://pubmed.ncbi.nlm.nih.gov/10508512/
https://pubmed.ncbi.nlm.nih.gov/10508512/
https://pubmed.ncbi.nlm.nih.gov/16492768/
https://pubmed.ncbi.nlm.nih.gov/16492768/
https://pubmed.ncbi.nlm.nih.gov/16492768/
https://pubmed.ncbi.nlm.nih.gov/16492768/
https://pubmed.ncbi.nlm.nih.gov/16492768/
https://pubmed.ncbi.nlm.nih.gov/17434765/
https://pubmed.ncbi.nlm.nih.gov/17434765/
https://pubmed.ncbi.nlm.nih.gov/17434765/
https://pubmed.ncbi.nlm.nih.gov/17434765/
https://pubmed.ncbi.nlm.nih.gov/17434765/
https://pubmed.ncbi.nlm.nih.gov/22021368/
https://pubmed.ncbi.nlm.nih.gov/22021368/
https://pubmed.ncbi.nlm.nih.gov/22021368/
https://pubmed.ncbi.nlm.nih.gov/22021368/
https://pubmed.ncbi.nlm.nih.gov/22021368/
https://academic.oup.com/mend/article/18/5/1251/2741889
https://academic.oup.com/mend/article/18/5/1251/2741889
https://academic.oup.com/mend/article/18/5/1251/2741889
https://academic.oup.com/mend/article/18/5/1251/2741889
https://pubmed.ncbi.nlm.nih.gov/15946822/
https://pubmed.ncbi.nlm.nih.gov/15946822/
https://pubmed.ncbi.nlm.nih.gov/15946822/
https://pubmed.ncbi.nlm.nih.gov/15946822/
https://pubmed.ncbi.nlm.nih.gov/15946822/
https://pubmed.ncbi.nlm.nih.gov/11023872/
https://pubmed.ncbi.nlm.nih.gov/11023872/
https://pubmed.ncbi.nlm.nih.gov/11023872/
https://pubmed.ncbi.nlm.nih.gov/11023872/
https://pubmed.ncbi.nlm.nih.gov/12024028/
https://pubmed.ncbi.nlm.nih.gov/12024028/
https://pubmed.ncbi.nlm.nih.gov/12024028/
https://pubmed.ncbi.nlm.nih.gov/12024028/
https://pubmed.ncbi.nlm.nih.gov/12530058/
https://pubmed.ncbi.nlm.nih.gov/12530058/
https://pubmed.ncbi.nlm.nih.gov/12530058/
https://pubmed.ncbi.nlm.nih.gov/12530058/
https://pubmed.ncbi.nlm.nih.gov/12676991/
https://pubmed.ncbi.nlm.nih.gov/12676991/
https://pubmed.ncbi.nlm.nih.gov/12676991/
https://pubmed.ncbi.nlm.nih.gov/12676991/
https://pubmed.ncbi.nlm.nih.gov/14550949/
https://pubmed.ncbi.nlm.nih.gov/14550949/
https://pubmed.ncbi.nlm.nih.gov/14550949/
https://pubmed.ncbi.nlm.nih.gov/14550949/
https://www.pnas.org/content/102/36/12765
https://www.pnas.org/content/102/36/12765
https://www.pnas.org/content/102/36/12765
https://www.pnas.org/content/102/36/12765
https://www.pnas.org/content/102/36/12765
https://pubmed.ncbi.nlm.nih.gov/16530433/
https://pubmed.ncbi.nlm.nih.gov/16530433/
https://pubmed.ncbi.nlm.nih.gov/16530433/
https://pubmed.ncbi.nlm.nih.gov/15645116/
https://pubmed.ncbi.nlm.nih.gov/15645116/
https://pubmed.ncbi.nlm.nih.gov/15645116/
https://pubmed.ncbi.nlm.nih.gov/15645116/
https://pubmed.ncbi.nlm.nih.gov/17289882/
https://pubmed.ncbi.nlm.nih.gov/17289882/
https://pubmed.ncbi.nlm.nih.gov/17289882/
https://pubmed.ncbi.nlm.nih.gov/17289882/
https://pubmed.ncbi.nlm.nih.gov/19737960/
https://pubmed.ncbi.nlm.nih.gov/19737960/
https://pubmed.ncbi.nlm.nih.gov/19737960/
https://pubmed.ncbi.nlm.nih.gov/19737960/
https://pubmed.ncbi.nlm.nih.gov/19737960/


Medical Journal of Clinical Trials & Case Studies
5

Rachidi M. Down syndrome Provide Genetic Models and Key Roles of Human Chromosome 21 Gene Targets 
in the Elucidation of Molecular Pathways Associated to Cell Cycle Alterations, Leukaemia and Cancer for 
Development of Potential Drugs and Therapeutics. Med J Clin Trials Case Stud 2021, 5(6): 000304.

Copyright©  Rachidi M.

30. Nakamura K, Komatsu M, Chiwaki F, Takeda T, Kobayashi 
Y, et al. (2017) SIM2l attenuates resistance to hypoxia 
and tumor growth by transcriptional suppression of 
HIF1A in uterine cervical squamous cell carcinoma. Sci 
Rep 7(1): 14574.

31. Adam L, Vadlamudi RK, McCrea P, Kumar R (2001) Tiam1 
overexpression potentiates heregulin-induced lymphoid 
enhancer factor-1/beta-catenin nuclear signaling in 
breast cancer cells by modulating the intercellular 
stability. J Biol Chem 276(30): 28443–28450.

32. Malliri A, vander Kammen RA, Clark K, Van DV, Michiels 
F, et al. (2002) Mice deficient in the Rac activator Tiam1 
are resistant to Ras-induced skin tumours. Nature 
417(6891): 867-871.

33. Morikawa K, Walker SM, Nakajima M, Pathak S, Jessup 
JM, et al. (1988) Influence of organ environment on 
the growth, selection, and metastasis of human colon 
carcinoma cells in nude mice. Cancer Res 48(23): 6863-
6871.

34. Morikawa K, Walker SM, Jessup JM, Fidler IJ (1988b) In 
vivo selection of highly metastatic cells from surgical 
specimens of different primary human colon carcinomas 
implanted into nude mice. Cancer Res 48(7): 1943-1948.

35. Minard ME, Herynk MH, Collard JG, Gallick GE (2005) 
The guanine nucleotide exchange factor Tiam1 increases 
colon carcinoma growth at metastatic sites in an 
orthotopic nude mouse model. Oncogene 24(15): 2568-
2573.

36. Minard ME, Ellis LM, Gallick GE (2006) Tiam1 regulates 
cell adhesion, migration and apoptosis in colon tumor 
cells. Clin Exp Metastasis 23(5-6): 301-313.

37. Liu L, Zhang Q, Zhang Y, Wang S, Ding Y (2006) 
Lentivirus-mediated silencing of Tiam1 gene influences 
multiple functions of a human colorectal cancer cell line. 
Neoplasia 8(11): 917-924.

38. Chen B, Ding Y, Liu F, Ruan J, Guan J, et al. (2012) Tiam1, 
overexpressed in most malignancies, is a novel tumor 
biomarker. Mol Med Rep 5(1): 48-53. 

39. Li Z, Liu Q, Piao J, Hua F, Wang J, et al. (2016) 
Clinicopathological implications of Tiam1 overexpression 
in invasive ductal carcinoma of the breast. BMC Cancer 
16(1): 681. 

40. Liu L, Wu B, Cai H, Dan Li, Yushui M, et al. (2018) TIAM-1 
promotes thyroid carcinoma metastasis by modulating 
EMT via Wnt/beta-catenin signalling. Exp Cell Res 
362(2): 532-540.

https://medwinpublishers.com/MJCCS/
https://www.nature.com/articles/s41598-017-15261-4
https://www.nature.com/articles/s41598-017-15261-4
https://www.nature.com/articles/s41598-017-15261-4
https://www.nature.com/articles/s41598-017-15261-4
https://www.nature.com/articles/s41598-017-15261-4
https://www.sciencedirect.com/science/article/pii/S0021925819316576
https://www.sciencedirect.com/science/article/pii/S0021925819316576
https://www.sciencedirect.com/science/article/pii/S0021925819316576
https://www.sciencedirect.com/science/article/pii/S0021925819316576
https://www.sciencedirect.com/science/article/pii/S0021925819316576
https://pubmed.ncbi.nlm.nih.gov/12075356/
https://pubmed.ncbi.nlm.nih.gov/12075356/
https://pubmed.ncbi.nlm.nih.gov/12075356/
https://pubmed.ncbi.nlm.nih.gov/12075356/
https://pubmed.ncbi.nlm.nih.gov/2846163/
https://pubmed.ncbi.nlm.nih.gov/2846163/
https://pubmed.ncbi.nlm.nih.gov/2846163/
https://pubmed.ncbi.nlm.nih.gov/2846163/
https://pubmed.ncbi.nlm.nih.gov/2846163/
https://pubmed.ncbi.nlm.nih.gov/3349467/
https://pubmed.ncbi.nlm.nih.gov/3349467/
https://pubmed.ncbi.nlm.nih.gov/3349467/
https://pubmed.ncbi.nlm.nih.gov/3349467/
https://pubmed.ncbi.nlm.nih.gov/15735692/
https://pubmed.ncbi.nlm.nih.gov/15735692/
https://pubmed.ncbi.nlm.nih.gov/15735692/
https://pubmed.ncbi.nlm.nih.gov/15735692/
https://pubmed.ncbi.nlm.nih.gov/15735692/
https://pubmed.ncbi.nlm.nih.gov/17086355/
https://pubmed.ncbi.nlm.nih.gov/17086355/
https://pubmed.ncbi.nlm.nih.gov/17086355/
https://pubmed.ncbi.nlm.nih.gov/17132223/
https://pubmed.ncbi.nlm.nih.gov/17132223/
https://pubmed.ncbi.nlm.nih.gov/17132223/
https://pubmed.ncbi.nlm.nih.gov/17132223/
https://pubmed.ncbi.nlm.nih.gov/21971868/
https://pubmed.ncbi.nlm.nih.gov/21971868/
https://pubmed.ncbi.nlm.nih.gov/21971868/
https://pubmed.ncbi.nlm.nih.gov/27562113/
https://pubmed.ncbi.nlm.nih.gov/27562113/
https://pubmed.ncbi.nlm.nih.gov/27562113/
https://pubmed.ncbi.nlm.nih.gov/27562113/
https://www.sciencedirect.com/science/article/abs/pii/S0014482717306754
https://www.sciencedirect.com/science/article/abs/pii/S0014482717306754
https://www.sciencedirect.com/science/article/abs/pii/S0014482717306754
https://www.sciencedirect.com/science/article/abs/pii/S0014482717306754
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Introduction
	Conclusion
	References

