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Disclaimer & Disclosures 

The information presented here is for informational and educational purposes only. Seeking Health, 
LLC and Benjamin Lynch will not be liable for any direct, indirect, consequential, special, exemplary, 
or other damages arising from the use or misuse of any materials or information published.  
 
I am President and CEO of SeekingHealth.com, SeekingHealth.org and founder of MTHFR.Net 
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How are these linked? 

•  Orange	  skin	  and	  beta	  carotene	  
•  Low	  RBC	  folate	  yet	  high	  serum	  folate	  
•  Anger	  from	  cheese	  
•  Symptoms	  improve	  during	  pregnancy	  
•  Methylfolate	  and	  Itchiness/Rash	  
•  Depression	  and	  Chronic	  Disease	  
•  Elevated	  serotonin	  in	  auNsm	  
•  Preeclampsia	  and	  nitric	  oxide	  
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Why? 
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Treat the Patient. Not the SNPs 

Key Points about SNPs and Clinical Use 
•  Most SNPs not clinically relevant 
•  Optimizing pregnancy 
•  Increases compliance 
•  Fantastic for disease prevention 
•  Ability to optimize patient’s wellness 
•  Identify possible nutrient deficiencies 
•  Identify predispositions and risks 
•  Contributing cause towards patient signs/symptoms 
•  Ability to create a long-term plan 
•  Forces a need to understand the normal function and interactions. 
•  Identify reasons why patient responds poorly/favorably to treatment. 
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Testing Levels of Various Folate Forms 
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Testing Levels of Various Folate Forms 

12	  hWp://www.hdri-‐usa.com/tests/methylaNon/	  

mislabeled	  
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Genetics: Nuclear DNA 

Folate	  
•  DHFR	  
•  MTHFD	  
•  MTHFR	  
•  SHMT	  
•  FOLR	  
•  TYMS	  
•  SLC19A1	  

B12	  
•  TCN2	  and	  TCN3	  
•  MMAB	  (aka	  cblB)	  

Methionine	  Cycle	  
•  MTR/MTRR	  
•  MAT1	  
•  AHCY	  
•  CBS	  
	  

Methyltransferases	  
•  COMT	  
•  PEMT	  
•  BHMT	  
•  GAMT	  
•  HNMT	  
•  GNMT	  
•  PNMT	  
	  
Glutathione	  
•  GSTM1	  
•  GCS	  
•  GPX1	  
•  GR	  

DetoxificaNon	  
•  Cyt	  P450’s	  
•  SULT	  
•  NAT	  

AddiNonal:	  
•  APOE	  
•  BCMO1	  
•  FUT2	  
•  GAD	  
•  MAOA	  
•  PON1	  
•  SOD2	  
•  DAO	  
•  G6PD	  
•  NOS1,	  2	  and	  3	  

hWp://www.ornl.gov/sci/techresources/Human_Genome/project/info.shtml	  

Nuclear	  DNA	  (nDNA)	  
•  Paternal	  and	  Maternal	  Sets	  
•  Histones	  =	  ProtecNon	  
•  Repair	  mechanisms	  
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Genetics: Mitochondria 

Mitochondrial	  
•  SOD	  
•  CAT	  
•  NDUF	  
•  ATP	  
•  COX	  

hWp://cshperspecNves.cshlp.org/content/5/5/a012641.full.pdf	  and	  
hWp://www.nature.com/scitable/topicpage/mtdna-‐and-‐mitochondrial-‐diseases-‐903	  	  	  and	  
hWp://www.ncbi.nlm.nih.gov/pmc/arNcles/PMC3753274/pdf/pone.0074513.pdf	  

Mitochondrial	  DNA	  (mtDNA)	  
•  Inherited	  only	  from	  Maternal	  side	  (family	  hx	  Important)	  
•  Majority	  of	  ATP	  produced	  in	  mitochondria	  
•  Require	  imporNng	  nDNA	  gene	  products	  to	  funcNon	  
•  SNPS/mutaNons	  in	  mtDNA	  may	  be	  pathological	  

•  Cancer	  
•  Diabetes	  
•  Cardiovascular	  Diseases	  
•  NeurodegeneraNve	  Diseases	  
•  Aging	  
•  DegeneraNve	  Diseases	  

•  Lack	  of	  Histones	  =	  high	  rate	  of	  mtDNA	  mutagenesis	  (10x	  nDNA)	  
•  Mitochondrial	  TranscripNon	  Factor	  A	  (TFAM)	  =	  ProtecNve	  coaNng	  and	  regulaNon	  
•  mtDNA	  copy	  number	  ↑	  cell	  survival	  and	  funcNon	  
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Genetics: Mitochondria 

Acton	  B	  et	  al.	  Mol.	  Hum.	  Reprod.	  2004;10:23-‐-‐-‐32	  European	  Society	  of	  Human	  ReproducNon	  and	  Embryology	  

Mitochondrial DNA (mtDNA) 
•  Sperm – 700 molecules of mitochondria 
•  Oocytes – 200,000 molecules of mitochondria 
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Cell Division and Mitochondria: 
•  Mitochondria ‘float’ in cytoplasm 
•  Lack of Spindles 
•  Randomized 

	  



Cell Division and Replication of ‘Sick’ Cells? 
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Stimulate DNA Bases and ↑ Cell Proliferation 
•  “New” cells created: 

•  ↓ Glutathione 
•  Oxidized cell membrane 
•  ↓ Potassium 
•  ↑ ROS 
•  ↑ Cell death 

Flare	  of	  PaNent	  Symptoms	  with	  
addiNon	  of	  Folate	  /	  B12.	  

Necessitates	  Treatment	  Flow	  



Epigenetics 

“As an organism grows and develops, carefully orchestrated chemical 
reactions activate and deactivate parts of the genome at strategic times 
and in specific locations.  
 
Epigenetics is the study of these chemical reactions and the factors that 
influence them.” 
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http://learn.genetics.utah.edu/content/epigenetics/ and Epigenetics and the 
developmental origins of inflammatory bowel diseases. 

“Epigenetic changes are environmentally responsive mechanisms that can 
modify gene expression independently of the genetic code.” 
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Most	  stable	  
epigeneNc	  
alteraNon	  at	  
CpG	  islands	  
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Epigenetic Example: Inflammatory Bowel Disorders 

High monozygotic twin discordant rates in Crohn disease and UC. 
70+ loci associated with CD. 40+ for UC = epigenetic control. 
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Source: Epigenetics and the developmental origins of inflammatory bowel diseases. 

High monozygotic twin concordant rates in Celiac disease. 
Single HLA locus linked to 40% of heritability = genetic control 

Epigenetic Control in Crohn’s Disease and UC 
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Epigenetics in Action 

a) Lab Setting	   b) Environment	  



Epigene4cs	  1st	  

21	  (c)	  2014:	  Benjamin	  Lynch,	  ND	  



Key ‘Big Picture’ Disturbances 

•  Environment 
•  Lifestyle 
•  Diet 
•  Pathogens 
•  Heavy Metals 
•  Xenobiotics 
•  Oxidative Stress 
•  Nutrient Deficiencies 
•  Nutrient Excess 
•  SNPs 
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System-Wide Dysfunction 



MTHFR:	  Why	  now?	  

23	  (c)	  2014:	  Benjamin	  Lynch,	  ND	  



Folic Acid  GMH 

MTHFR increasing in the population. 
•  Folic acid fortification 

•  ↑ Full-Term Pregnancies 
•  ↑ Folate SNPs 
•  ↑ Methylation SNPs 
•  ↑ Inferior SNPs 
•  ↑ Metabolic Issues 
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↑ Susceptibility to Environmental Exposures 

Natural DeSelection:  
Survival of the ‘Unfittest’ 
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Methyla4on	  
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Diet	  

Diet	  
Diet	  

Diet	  
Diet	  

&	  CpG	  sites	  



Homocysteine	  
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Homocysteine 

•  Methionine = Methyl-Homocysteine 

•  Breakdown product of SAM  SAH via AHCY 
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Methionine	  
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Low	  homocysteine	  (	  <	  6)	  is	  an	  important	  finding	  

Homocysteine Metabolism (Routes) 
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What	  did	  the	  doctor	  do?	  What	  happened	  here?	  
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Here	  is	  the	  consequence.	  What	  happened?	  How	  to	  restore?	  
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Folate	  Cycle	  
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hWp://www.genecards.org	  

Gene	   Variant	   rsID	  &	  (orienta4on)	   Risk	  
Allele	  

Issue	  

SLC19
A1	  

80A>G	   Rs1051266	  (-‐)	   G	   ↑	  Serum	  folate	  levels	  (↓	  RBC	  
Folate)	  

MTHF
D1	  

1958G
>A	  

Rs2236225	  (-‐)	   C	   ↓	  Stability	  and	  AcNvity	  

MTHF
R	  

C677T	   Rs1801133	  (-‐)	   T	   ↓	  One	  carbon	  metabolism	  

MTHF
R	  

A1298
C	  

Rs1801131	  (-‐)	   C	   ↓	  One	  carbon	  metabolism	  
(with	  677)	  
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Abnormal	  Folate	  Metabolism	  and	  Maternal	  Risk	  for	  Down	  Syndrome	  
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OrientaNon	  (+)	  =	  do	  nothing	   OrientaNon	  (-‐)	  =	  Flip	  the	  Base	  
	  A	  	  T 	  G	  	  C	  
	  T	  	  A 	  C	  	  G	  

GG	  
GA	  
GA	  
GA	  



Testing Levels of Various Folate Forms 

38	  hWp://www.hdri-‐usa.com/tests/methylaNon/	  

mislabeled	  
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(Folinic	  acid)	  

(Methylfolate)	  

(Thymine)	  
(5-‐FU	  site)	  



Methionine	  Cycle	  
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Histamine	  
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Gene	   Support	   Func4on	   Issue	  

MTHFR	   B2	   Provides	  substrate	  for	  MTR/MTRR	   ↓	  MTHF	  =	  ↓	  MTR/
MTRR	  

MTR	  
(methion
ine	  
synthase
)	  

B12	  /	  Zinc	   Transfers	  CH3-‐	  from	  MethylB12	  	  
to	  Hcy	  =	  cob(I)alamin	  +	  methionine.	  
Then,	  remethylates	  the	  cob(III)
alamin	  with	  MTHF.	  

↓	  THF,	  ↑	  Hcy,	  ↓	  
SAM,	  	  
↑	  ROS	  

MTRR	  
(methion
ine	  
synthase	  
reductas
e)	  

B2	  (FAD)	   	  Remethylates	  the	  cob(I)alamin	  
with	  MTHF.	  2	  [methionine	  
synthase]-‐cob(II)alamin	  +	  NADPH	  +	  
2	  SAM	  =	  2	  [methionine	  synthase]-‐
methylcob(III)alamin	  +	  2	  SAH	  +	  
NADP(+)	  

↑	  reduced	  Cb(I),	  ↓	  
MTR,	  ↑	  Hcy,	  ↓	  
SAM,	  ↑	  ROS	  

MAT1A	   Magnesiu
m,	  Cobalt,	  

K	  

Catalyzes	  the	  formaNon	  of	  SAM	  
from	  methionine	  and	  ATP	  

↓	  SAM,	  ↑	  Hcy	  

AHCY	   NAD	   catalyzes	  reversible	  hydrolysis	  of	  
SAH	  (AdoHcy)	  to	  adenosine	  (Ado)	  
and	  homocysteine	  

↑	  SAH,	  ↑	  Adenosine	  
	  ↑	  uric	  acid.	  ↑	  
MethylT	  inhibiNon	  

CBS	   P-‐5-‐P,	  
↑SAM	  	  

Hcy	  	  Cystathionine.	  Regulates	  
H2S.	  Start	  of	  Glutathione	  
producNon.	  Brain.	  

↑	  or	  ↓	  Hcy	  and	  H2S	  
(when	  cysteine	  used)	  

CTH	  
(CGL)	  

P-‐5-‐P	   Cystathionine	  	  Cysteine.	  
Regulates	  H2S.	  Start	  of	  Glutathione	  
producNon.	  	  Vascular.	  

↑	  or	  ↓	  Hcy	  and	  H2S	  
(when	  cysteine	  used)	  
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Gene	   Variant	   rsID	  &	  (orienta4on)	   Risk	  
Allele	  

Issue	  

MTR	   A2756
G	  

Rs1805087	  (+)	   G	   ↑	  MTR	  funcNon	  

MTRR	   A66G	   Rs1801394	  (+)	   G	   ↑	  OxidaNon	  of	  B12	  

CBS	   833T>C	   Rs5742905	  (-‐)	   C	   ↓	  Homocysteine	  
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Effects	  of	  methionine	  synthase	  and	  methylenetetrahydrofolate	  reductase	  gene	  
polymorphisms	  on	  markers	  of	  one-‐carbon	  metabolism	  



SAM Deficiency via MATI/III Inhibitors 

Oxidative Stress 
•  NO 
•  TNFα 
•  IL-6 
 
Causes vicious cycle 
↓ SAM  ↓ CBS activity  ↓ Glutathione 
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hWp://emergency.doctorsonly.co.il/wp-‐content/uploads/2011/03/SAMe-‐therapy-‐in-‐liver-‐disease-‐J-‐HEP-‐11.12.pdf	  

Methionine	  intake	  may	  NOT	  ↑	  SAM	  



Choline	  Cycle	  
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Transsulfura4on	  Cycle	  

49	  (c)	  2014:	  Benjamin	  Lynch,	  ND	  



(c)	  2014:	  Benjamin	  Lynch,	  ND	   50	  



Neurotransmission	  
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Neurotransmission: More than SNPs 
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•  Diet 
•  Lifestyle 
•  PAPS (Sulfonation) 
•  IDO (Kyurenine – Tryptophan) 
•  Th1/Th2 (Cytokines) 
•  Methylation (SAM) 
•  Cofactors 
•  Substrate 
•  Infections 
•  Heavy Metals 

SNPs 
•  COMT 
•  MAOA 
•  GAD1 
•  GAD2 
•  HNMT 
•  PNMT 
•  MAOB 



hWp://www.genecards.org	  

Gene	   Cofact
or	  

Func4on	   Variant	   Issue	  

COMT	   SAM,	  
Mg	  

Catalyzes	  catecholamine	  
and	  catechol	  hormones	  

rs4680,	  
rs769224,	  
rs4633	  

DownregulaNon	  
↑	  Catechols/
Catecholamines	  

MAOA	   B2	  
(FAD)	  

Catalyzes	  deaminaNon	  of	  
amines	  (dopa,	  serotonin,	  
epi/norepi)	  

rs6323	  
and	  
rs10548
363	  

DownregulaNon	  
↑	  amines	  

GAD1	  
and	  2	  

Mg,	  B6	   Glutamate	  	  GABA	   many	   DownregulaNon	  
↓	  GABA,	  ↑	  
Glutamate	  
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Stay Informed 

Great	  ways	  to	  stay	  informed:	  
•  NewsleWer	  Available	  at	  www.MTHFR.net	  
•  Facebook:	  hWps://www.facebook.com/drbenjaminlynch	  
•  October	  2013	  Nutrigenomics	  Conference	  www.SeekingHealth.org	  	  
•  March	  2014	  Nutrigenomics	  Conference	  –	  www.SeekingHealth.org	  	  
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Thank You 


