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Dr. Andrew Xiao and Rarebase Therapeutics 
 
The Opportunity 
Dr. Andrew Xiao has uncovered the presence of the rare nucleotide base, N6-methyl adenine (N6-mA) 
in mammalian embryonic and cancer stem cells and its central role in driving tissue-specific gene 
expression.  He has leveraged these findings to uncover the enzyme system responsible for the 
methylation and is moving to develop specific modulators to treat a broad range of diseases.   
 
His findings are remarkable because the levels of N6-mA in normal adult tissue are so low as to have 
previously escaped detection.  Mechanistically, N6-mA-containing DNA segments are believed to select 
for and combine with specific histone-containing nucleosomes to stabilize single-stranded DNA 
structures and silence the expression of adjacent genes.  The specific histones are a mere fraction of 
the histone variants which themselves only occur at the 1-2% level of the total histone pool, making his 
discovery all the more impressive.  In his 2016 paper, “DNA methylation on N6-methyl adenine in 
mammalian embryonic stem cells”, Dr. Xiao reported the enabling, breakthrough technology.   

 
In the last year, Dr. Xiao has found that N6-mA plays a role in the cell’s response to mechanical stress 

and hypoxia leading to the suggestion that it may be involved in the escape of primary cancers from 

apoptosis and in their metastasis.  The N6-mA appears to stabilize single strand DNA, preventing its 

repair and otherwise heading off apoptosis that would occur at “hot spots” in the cell’s chromosomal 

structure.  Consistent with this, N6-mA is elevated in glioblastoma (GBM), ovarian and prostate cancer, 

and likely prostate cancer.  Moreover, Dr. Xiao has shown that knocking out a specific 

methyltransferase in a mouse model of glioblastoma extends survival.  This suggests that inhibitors of 

the methyltransferase, or other associated “reader” molecules, could provide a selective mechanism 

to thwart metastasis and proliferation.    

 
Dr. Xiao is pursuing the hypothesis that tissue-specific methyltransferases and/or reader molecules 
control the elaboration of these unique epigenetic structures and may be a route to selective 
intervention in cancer, autism and other neurological disorders, as well as heart dysfunction and 
infectious diseases.  The biochemical mechanism is novel; so, compounds may exhibit preferentially 
better therapeutic profiles and be synergistic with compounds that target different mechanisms.   
 
A PCT Application has been filed, claiming methods for diagnosis and treatment and compounds 
thereof.  Three papers are in preparation, two in “Nature”, one in “Cell”.  Academic reception has been 
excellent; Dr. Xiao has been invited to virtually every important epigenetic meeting including the 
Keystone Stem Cell Meeting.  Interest has been similarly high among Big Pharma and VC firms.  
 
Dr. Xiao has identified one lead methyltransferase inhibitor and established a high throughput screen 
to identify pharmacologically better compounds.  The next key step is to complete library screening 
and medicinal chemistry to identify a viable lead compound for in vivo testing in a proof-of-concept 
PDX model.  He has received an initial award of $300,000 from the Blavatnik Foundation award with 
the opportunity for follow-on funding to accomplish that goal.  
 
Rarebase Therapeutics has been established to advance commercialization.  It is seeking an 

experienced entrepreneur to shape its strategic plan and engage external advisors and prospective 

partners.  Dr. Xiao is committed, as a Yale faculty member, to driving the science forward.  There is a 

strong preference to working within the context of the start-up.  Dr. Xiao, as a consultant, is 

committed to providing technical guidance.
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Investigator Background and Competitive Landscape 
Dr. Andrew Xiao developed a passion for understanding and addressing the chemical basis of disease 

during his undergraduate studies in pharmaceutical science at Beijing Medical University (Now 

Peking University Medical Center).  He completed Ph.D. studies with Terry Van Dyke (UNC-Chapel 

Hill), who has been recognized, among other things, for her creation and use of genetically-modified 

mouse models for co-development of drugs and biomarkers for glioblastoma.  While there, Andrew 

characterized mutations that silence regulatory pathways leading to cancer susceptibility, specifically 

in astrocytic glioma.  For postdoctoral studies, he moved to the laboratory of David Allis (Rockefeller 

University), one of the great histone structure gurus.  Allis is credited with demonstrating that 

histone mutations can alter epigenetic states in a variety of pathologies through inhibition of histone 

methyltransferases.  In his own work, Andrew was the first to elucidate the connection between 

altered histones and the remodeling of mammalian chromatin in response to DNA damage.    

Once at Yale, Andrew turned his attention to the rare, modified nucleotide bases in the mammalian 

genome, to understand how they might be interacting with altered histones to regulate their 

associated DNA sequences and the progression of disease.  His laboratory has made significant 

contributions to the understanding of epigenetic regulation in pluripotent stem cells, including 

embryonic stem cells and induced pluripotent stem cells (iPSC).   

All of this is the backdrop for his inventive work around N6-methyl-adenine in mammalian cells.  

External validation of his credentials and his work has come with his being awarded the NCI Howard 

Temin Award in Cancer Research in 2009 and the New Scholar Award from the Ellison Medical 

Foundation in 2012.  He was most recently recognized at the “Winners and a Shared Vision at the 

Yale Innovation Summit” (2017).     

Dr. Xiao is without peer in understanding the structures and role of the N6-mA axis 
During his training in the laboratories of Dr. Terry Van Dyke and David Allis and his subsequent career 
at Yale, Dr. Xiao has developed a powerful suite of biochemical and genetic tools.  With it, he has led 
the elucidation of the N6-methyl adenine axis in normal cell physiology and in disease processes.  
 
Dr. Xiao was one of the first two scientists to identify N6-mA-containing DNA sequences in 
mammalian cells.  Koziol et al, first reported the existence of methylated adenine in the mammalian 
genome in their late-2015 paper “Identification of methylated deoxyadenosines (m6dA) in 
vertebrates reveals diversity in DNA modifications”.  However, they acknowledged that “any 
functions of m6dA (methylated deoxyadenosine) in vertebrates remain to be investigated”.  Enter Dr. 
Xiao, who in his early-2016 paper “DNA methylation on N6-methyl adenine in mammalian embryonic 
stem cells”, not only demonstrated their existence but also isolated the structures and characterized 
their role in controlling gene expression.   
 
His foundational contribution was validated in an independent report from Tufts University… 
“The Xiao lab at Yale elaborated on this (Koziol) discovery by finding that N6-mA represses genes on 
the X-chromosome of ES cells. First, the team confirmed adenine methylation was occurring in ES cells 
using SMRT-ChIP and mass spectrophotometry techniques. Next, they identified the demethylase 
enzyme Alkbh1 to be responsible for controlling N6-mA by generating a homozygous Alkbh1 knockout 
line. In this knockout cell line, they found increasing N6-mA levels on the X-chromosome of ES cells, 
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indicating that adenine methylation is misregulated without Alkbh1. Intriguingly, the team found N6-
mA to correlate with the silencing of LINE-1 elements. These elements are retransposons that are 
enriched at the X-chromosome. Although the majority of LINE-1 transposons have lost the 5’UTR and 
other proximal regions, several full-length “young” LINE-1 transposons exist at the X-chromosome 
and can be autonomously transcribed. The researchers found N6-mA to accumulate on “young” LINE-
1 elements but not older, aberrant elements. Furthermore, N6-mA accumulated and silenced 
neighboring LINE-1 genes. These neighboring X-chromosome genes are known to play a role in cell 
fate decision.” 
 
Over the last year, Dr. Xiao has stayed at the forefront of the field.  Three new papers are in 
preparation. 

 
Dr. Xiao’s resulting technology platform is a high-potential tool for drug development 
Dr. Xiao has turned his powerful suite of biochemical and genetic tools to the identification and 
development of novel therapeutics.  He has isolated and used a cancer-specific, adenine 
methyltransferase to develop a high throughput screen.  The first methyltransferase inhibitor is 
serving as the basis for new medicinal chemistry.  A PCT application has been filed.  He is moving to 
identify a lead candidate within 12-18 months and enter into a P1 trial for the treatment of 
metastatic cancer within 3-5 years.  Unique methyltransferases appear involved in other diseases 
including neurological diseases, heart disease and possibly infectious diseases, offering collaborators 
the opportunity to develop specific inhibitors.    
 
The potential value of Dr. Xiao’s platform is reflected in the sheer number of clinical trials that have 
been pursued with only limited success.   

1) 597 cancer-focused clinical trials have some focus on histones; 333 on cancer and 
methylation.  But, only 12 clinical trials have been found to involve adenine-containing 
molecules, none directed to N6-mA-driven gene control.   

2) If one looks at histone-associated trials, 558 of 597 are directed against histone deacetylase 
(HDAC); zero involve N6-mA.   

3) If one looks from the perspective of metastasis, 69 of 9049 trials involve histones; 31 have 
been completed with very limited success; 14 have been terminated; 9 remain active.  None 
are directed to N6-mA-driven gene control. 

4) The biochemically-closest example is Temozolomide (TMZ), approved in 2005.  Its 
performance is correlated with the methylation state of 06-methylguanine-DNA 
methyltransferase (MGMT) promoter in cancer cells committed to differentiation.  But, its 
MOA is clearly different from what is proposed here.   

The latter set of numbers cries out for compounds that act via a different mechanism of action which 
exhibit synergy with other compounds in practice and development.  Such a compound would 
reliably enjoy fast-track approval.  
  
It is envisioned that late-stage glioblastoma might constitute an appropriate first indication.  The 
disease is inevitably fatal.  What improvement might be expected over TMZ needs to be confirmed as 
the N6-mA program proceeds.  CNS-infiltrating lymphoma or metastatic brain cancer are under 
consideration.  Clearly, though, the input of a pharmaceutical partner will be critical in defining the 
best path to registration.  

 


