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Regulatory pathways of embryonic stem cells 

in maintaining pluriopotency are partially 

known. However, the regulatory pathways 

governing adult stem cells and their stemness 

are even less known. Activating transcription 

factor 5 (ATF5) was downregulated 

significantly in osteogenically differentiated 

adipose derived stem cells amongst a 

randomized human donor cell population. 

Knockdown with RNAi showed an increased 

sensitivity to osteogenic induction. These 

evidences pointed towards an ATF5-regulated 

differentiation pathway in adipose derived 

stem cells. 

Work on cell populations obtained from 

adipose tissue points towards confirming the 

hypothesis that there are resident adult stem 

cells in adipose tissue. These adipose derived 

cells (ADSC) were able to differentiate to cells 

that expressed osteogenic, chondrogenic and 

neurogenic characteristics 
[1]

. Cowan et al 

showed the potential of using these cells to 

repair critical sized calvarial defects 
[2]

. 

Despite the wealth of data on the 

differentiation capability of ADSC, there is no  

 

knowledge on how the regulatory mechanism  

of ADSC or any adult stem cells maintained 

their stemness.  

To gain an insight into the regulatory 

transcriptional mechanism of stemness in 

ADSC, we compared differentiated and 

undifferentiated transcriptome profiles of 

ADSC from human donors undergoing 

cosmetic abdominal liposuction. When ADSC 

differentiates from an uninduced state to an 

induced state, we reasoned that the elusive 

“stemness” genes would be downregulated 

and it would be a transcription factor. Stem 

cells and commited cells have drastically 

different genetic regulatory processes that 

resulted in their distinct phenotypes even 

though they essentially have the same genetic 

code. 

 We focused on osteogenic differentiation of 

20 randomly selected donors’ ADSC and 

screened for significantly changed genes 

between the differentiated and undifferentiated 

states using the Affymetrix U133 Plus 2.0 

array system. We first normalized the data 
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before comparing the sample. In a box plot, 

the median for each sample was centered 

around ~1 by using the data from all 65 

samples and their corresponding 54,675 genes.  

Next we filtered out background expressions 

thereby reducing the number of genes from 

54,675 to 11,148 by accepting genes with t-

test p-value < 5×10-6. Further analyses were 

carried with these 11,148 genes. Working 

from this expectation of stemness genes, we 

focused our analysis on genes that are 

downregulated from the uninduced to the 

induced state.  

Preliminary filtering of genes with at least 1.7 

fold-change differences between induced (I+) 

and non-induced (I-) groups narrowed down 

the list to 73 genes. By testing only these 73 

genes for all the samples within the I+ and I- 

groups for statistical significance (one-way 

ANOVA test with variances not assumed to be 

equal, p-value cutoff at 0.05 and Bonferroni 

correction) further reduced the list to 46 genes. 

We found that activating transcription factor 5 

(ATF5) was downregulated in 19 of the 20 

donor sample paired groups through the 

course of osteogenic differentiation and 

validated with real time PCR assay. It is 

interesting that a human pre-osteoblastic cell 

line did not show a similar trend of decrease 

when subjected to the same osteogenic 

differentiation regime. This showed that ATF5 

was important in regulating the osteogenic 

induction of ADSC or even non-osteoblastic 

cell types. After knocking down ATF5 levels, 

ADSC were more responsive to at least a tenth 

of the osteogenic induction concentration, 

which otherwise would not have resulted in a 

significant osteocalcin expression. We 

repeated the knockdown experiments on three 

other donors’ ADSC (not entered into the 

initial microarray screen) and observed the 

same phenomenon. 

The ATF family members are transcription 

factors that recognized the consensus 

ATF/CRE site “TGACGTCA” 
[8]

 and have 

been implicated in stress responses 
[3]

, 

physiological processes like proliferation 
[4]

 

and silencing machinery of genes 
[5]

, osteo-

matrix formation 
[6]

. To our knowledge this is 

the first report on data that point towards a 

novel role of transcription factors in regulating 

osteogenic differentiation in adult stem cells. 

ATF5 was initially discovered in a yeast two 

hybrid pull down system as an interacting 

partner of Cdc34 
[7]

. Its murine counterpart 

ATFx shares a 55% homology to ATF4 

thereby ATF5 is classified as a subgroup of 

ATF4 
[8]

.  

Interestingly, ATF4 is a substrate of ribosomal 

serine/threonine kinase 2 (RSK2). Collagen 

type I expression is regulated by 

phosphorylation of ATF4 by RSK2. Without 

ATF4, the appearance of the bone trabeculae 

is delayed. This delay in osteogenesis 

suggested that ATF4 is required to mediate 

some aspects of RUNX2-initiated osteoblast 

differentiation. Osteocalcin, an important 

osteo-protein found in mature bone matrix, is 

also a target gene of ATF4 in vivo 
[9]

. ATF4 

transcript is ubiquitously expressed in all 

major tissues but its protein expression is 

limited to bone tissues 
[10]

. The similarity 

between ATF4 and 5 reinforced the role of 

ATF5 in osteogenic differentiation of cells of 

non-osteoblastic origin. 

However, it seemed possible that ATF5 role is 

not limited to the osteogenesis but also 

neurogenesis as neural stem cells in the 

developing brain expressed high levels of 

ATF5. Conversely, fully differentiated 

neurons, astrocytes and oligodendrocytes did 

not show any detectable expression of ATF5 

in vivo 
[11]

. Constitutive expression of 

exogeneous ATF5 was able to maintain neural 

stem cells in their undifferentiated state, 

conversely knockdown or loss of function 

studies of ATF5 accelerated the differentiation 

of neural stem cells to form mature neurons 

and glial cells 
[11-13]

. In addition, another 

closely related ATF family member, ATF7 

was upregulated in Caco-2 cells, a human 

colonic adenocarcinoma cell line as they 

undergo spontaneous function differentiation 

into intestinal epithelia 
[14]

.  
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ATF5 is an interesting target for further 

studies elucidating its roles in osteogenic 

differentiation of mesenchymal stem cells. 

Finding its binding partners and its exact DNA 

binding domain in the context of 

mesenchymal stem cells differentiation will 

open up a new window in understanding and 

more precisely controlling the differentiation 

regulation of adult stem cells. Further down 

the road knowledge may bring clinical 

applications of adult stem cells to a reality. 
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