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CONGRATULATIONS!
Congratulations to Suresh Ramalingam and Sagar Lonial  on 25 years!
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Why Methylation Profiling at Emory?
CNS tumors are among the most challenging tumors to diagnose accurately.  
Emory has invested in methylation prof i l ing to improve diagnostic precision 
and al ign with modern standards in neuro-oncology.
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Challenges in Diagnosing CNS Tumors
• CNS tumors are heterogeneous and may appear similar histological ly
• Diagnosis of ten requires dist inguishing among entit ies with overlapping 
features
• Accurate classif ication is cr it ical for prognosis and therapy
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Traditional Diagnosis: H&E Staining
Historical ly,  pathologists rel ied on H&E sl ides to classify CNS tumors.  While 
useful,  this method of ten led to misclassif ication of rare or ambiguous 
tumors.



Anaplastic Astrocytoma
Key Features

His to logy :
�Increased 

astrocytic 
cellularity

�Cellular atypia 
and mitosis, no 
necrosis

Median  Sur v i va l :
�2 - 3 years

Notes :
�Tissue sampling 

a major issue
�Progression to 

glioblastoma in 
some

High Cellularity

Nuclear Atypia
High Proliferation 

Index

Ki 67



Oligodendroglioma

Histo logy  reveals  character is t ic  “ f r ied  
egg”  appearance

Of ten microscop ic  and macroscop ic  
ca lc i f i cat ion

Class i f ied  as  low -grade or  anaplast ic

Ver y  respons ive  to  t reatment :  
chemotherapy  and rad iat ion

Prognos is  and response to  t reatment  
s t rong ly  corre lated  w i th  1p & 19q LOH

•Non-contrast CT shows 
macroscopic calc i f icat ion
•MRI not very good at 
evaluat ing calc i f icat ion



Anaplastic Oligodendroglioma

Ol igodendrogl iomas account for  ~ 20% of  
adult  bra in tumors
AO c lassi f ied as WHO Grade 3

Dist inct  histologic  appearance
“Fried egg” cell morphology
Capillary network –”chicken wire”

Combined al le l ic  loss of  1p 19q uncovered 
by Cairncross et  a l  ( J NC I  1998)  is  found in  
60-70%
Of ten resul ts  f rom unbalanced 
translocat ion of  chr.  1 and19 →  loss of  
shor t  arm (q)  of  1,  long arm (p)  of  19 
( Jenk ins  et  a l  Cancer  Res  2006)

Mutat ions in  CIC and FUBP1 genes found in  
some cases of  AO with 1p 19q loss 
( Be t te g ow d a  e t  a l  S c ie nc e  2 011 )



Glioblastoma Key Features

Histo logy
• Necrosis, mitosis, 

neovascularization and 
pseudopallisading

• 1993 WHO guidelines: 
hypercellular, mitosis, 
pleomorphism, &  
neovascularization or 
necrosis

Median Sur v iva l
• 9 - 12 months
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Understanding the Epigenome 

Cancer  ce l l s  acqu i re  the  capac i t y  fo r  uncon t ro l led  g rowth  th rough  genet ic  and  ep igene t ic  
a l te ra t ions .

DNA methy la t ion  o f  cy tos ines  in  CpG s i tes  th roughout  the  genome is  an  anc ien t  
evo lu t ionary  ep igene t ic  mod i f i ca t ion  con t r ibu t ing  to  chromat in  s t ruc tu re ,  gene  s i lenc ing ,  
and  gene t ic  s tab i l i t y.

One s t r i k ing  fea tu re  in  mos t  cancer  genomes is  the  overa l l  reduc t ion  o f  DNA methy la t ion  
compared  w i th  the  leve l  o f  DNA methy la t ion  in  the i r  norma l  t i ssue  coun te rpar t s .

In  con t ras t  to  g loba l  hypomethy la t ion ,  p romoter  reg ions  o f  tumor  suppressor  genes  
cons tan t l y  a re  hypermethy la ted  in  cancer  genomes (e .g . , CDKN2A/B ,  Rb,  hMLH1 , BRCA1 ,  
and MGMT ) ,  and  many  o thers .

One thorough ly  s tud ied  example  i s  methy la t ion  med ia ted  s i lenc ing  o f  the  DNA repa i r  
gene MGMT





Using a machine learning algorithm to better classify tumors

Methylome prof i l ing—using microarrays to determine DNA methylat ion patterns 
across the genome in a tumor sample—holds promise to increase the precis ion 
of CNS tumor c lassi f icat ion, and thus enable more accurate diagnoses and more 
targeted treatment approaches.

These prof i les are highly robust and reproducible in c l in ical  pathology sett ings 
and have been widely used to subclassi fy CNS tumours.

A brain tumor methylat ion c lassi f ier  has been developed at the German Cancer 
Research Center (DKFZ) and Heidelberg Universi ty in Heidelberg, Germany 
(henceforth in short  “Classi f ier”) ,  to ident i fy dist inct  DNA methylat ion c lasses of 
CNS tumours. Current ly,  the Classi f ier  comprises 82 CNS tumor methylat ion 
c lasses and nine control  t issue methylat ion c lasses.

Biomathematical  evaluat ion of the data obtained from the array can be 
standardized and automated. Packages for mul t ip le tasks are freely avai lable .
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Misdiagnosis and Its Impact
• Misclassif ication leads to inappropriate treatment
• Prognostic errors can inf luence patient counseling
• A need for more objective,  reproducible methods emerged
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WHO 2016 and 2021 CNS Tumor Guidelines
• 2016 WHO introduced integrated diagnosis (histology + molecular)
• 2021 WHO fur ther emphasized molecular prof i l ing as essential  for CNS 
tumor classif ication
• Methylation prof i l ing is now a cornerstone of this diagnostic framework
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The Role of DNA Methylation Profiling
• DNA methylation arrays al low for genome-wide tumor prof i l ing
• Tumor classif ication is based on similarity to reference methylation classes
• Enables highly accurate,  reproducible diagnoses
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Neuro Oncol, Volume 24, Issue 4, April 2022, Pages 571–581, https://doi.org/10.1093/neuonc/noab227

Impact of methylation classifier on CNS tumor diagnosis

Integrated Diagnosis for CNS Tumor 
in a Consultative Practice (NCI 
experience)
“We evaluated a consecutive series of 
1258 surgical neuropathology cases in a 
predominantly consultative practice in 
the period between 2018 and 2020, of 
which 1045 were received from outside 
institutions for consultation.”

https://doi.org/10.1093/neuonc/noab227


DNA methylation profiling to predict recurrence risk in 
meningioma

Choudhury, A., Magill, S.T., Eaton, C.D. et al. Meningioma DNA methylation groups 
identify biological drivers and therapeutic vulnerabilities. Nat Genet 54, 649–659 
(2022). https://doi.org/10.1038/s41588-022-01061-8

Nassiri, F., Liu, J., Patil, V. et al. A clinically applicable integrative 
molecular classification of meningiomas. Nature 597, 119–125 (2021). 
https://doi-org.proxy.library.emory.edu/10.1038/s41586-021-03850-3

Neuro Oncol, Volume 21, Issue 7, July 2019, Pages 901–910, 
https://doi.org/10.1093/neuonc/noz061

DNA methylation-based classification and grading system 
for meningioma: a multicentre, retrospective analysis. 
Lancet Oncol. 2017 May;18(5):682-694. doi: 
10.1016/S1470-2045(17)30155-9. Epub 2017 Mar 15. 
PMID: 28314689.

https://doi.org/10.1093/neuonc/noz061
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Standing Up the Program at Emory
• We established an internal methylation prof i l ing pipel ine
• Reduces turnaround t ime and improves patient care
• Posit ions Emory as a leader in precision neuro-oncology diagnostics



PROFILING DNA METHYLATION USING THE ILLUMINA INFINIUM 
PLATFORM

The I l lumina Inf in ium platform wi th i ts h igh-densi ty DNA methylat ion arrays, more 
speci f ical ly the HumanMethylation450  wi th 485 577 CpGs (released in 2011) 
and i ts successor,  the Methylation EPIC  wi th 853 307 CpGs (released in 2015-
2016) has been experienced as s imple to use and generat ing reproducible data.

Several  t issue sources, f resh, f rozen, or FFPE embedded samples, are sui table 
for analysis.

Input of  250 ng DNA al lows processing of smal l  specimens such as from 
stereotact ic biopsies or obtaining DNA from a few unstained sl ides wi th 
th ickness, diameter,  and cel lu lar i ty of  the sample, determining the number of 
sect ions required.

DNA methylat ion array is a 4 day process
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Conclusion: A Transformative Investment
With methylat ion prof i l ing,  Emory is transforming the way CNS tumors are 
diagnosed, ensuring patients receive precise diagnoses and tai lored 
treatments al igned with the latest WHO standards.
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