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Supplemental Table Al Sleep Disruption

Significant Genes- Genomic Findings

Authors

CLOCK (neurotrophic receptor tyrosine kinase 2)

The results of this study indicate that polymorphisms in several circadian genes

(i.e., CLOCK, CRY1, PER1, PER2, PER3) are associated with poor sleep maintenance and
disturbed sleep-wake rhythms

(Lee et al., 2015)

CRY1 (Cryptochrome Circadian Clock 1)

The results of this study indicate that polymorphisms in several circadian genes

(i.e., CLOCK, CRY1, PER1, PER2, PER3) are associated with poor sleep maintenance and
disturbed sleep-wake rhythms

(Lee et al., 2015)

PERL1 (Period Circadian Clock 1)

The results of this study indicate that polymorphisms in several circadian genes

(i.e., CLOCK, CRY1, PER1, PER2, PER3) are associated with poor sleep maintenance and
disturbed sleep-wake rhythms

(Lee et al., 2015)

PER2 (Period Circadian Clock 2)

The results of this study indicate that polymorphisms in several circadian genes

(i.e., CLOCK, CRY1, PER1, PER2, PER3) are associated with poor sleep maintenance and
disturbed sleep-wake rhythms

Using a standard approach to significance testing, there was a significant association between
the PER2 SNP rs2304672 and sleep paralysis using an additive model of inheritance

PER2 (and possibly for other circadian repressors), and this mode of regulation can also provide
a highly sensitive system to track the timing of the clock

(Lee et al., 2015)

(Denis et al., 2015)

(Jones, Huang, Ptacek, & Fu, 2013)

PERS3 (Period Circadian Clock 3)

The results of this study indicate that polymorphisms in several circadian genes

(i.e., CLOCK, CRY1, PER1, PER2, PER3) are associated with poor sleep maintenance and
disturbed sleep-wake rhythms

Rs10861688 harbored by PER3 displayed a trend of association with sleep disruption

Participants with the 4/5 or 5/5 Per3 variable tandem repeat sequence had elevated IL-6
concentrations compared to those with the 4/4 genotype

(Lee et al., 2015)

(Drago, Monti, De Ronchi, & Serretti, 2015)

(Guess et al., 2009)

BDNF (Brain Derived Neurotrophic Factor)
Met allele was associated with an interaction of Gl and sleep quality.

(Reddy et al., 2014)
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HAT Tip60 (Tip60 histone acetyltransferase)
Sleep disruption associated with AD is driven by epigenetic changes mediated by the histone
acetyltransferase (HAT) Tip60

(Pirooznia & Elefant, 2013)

rs10861688
rs10861688 harbored by PER3 displayed a trend of association with sleep disruption

(Drago et al., 2015)

PERK (EIF2AK3 Eukaryotic Translation Initiation Factor 2 Alpha Kinase 3)
Expression of PERK mRNA increases with 8 hours of sleep deprivation

(Cirelli, Gutierrez, & Tononi, 2004)

NTRK2 Neurotrophic Receptor Tyrosine Kinase 2)
NTRK2 SNP rs1212171 was associated with sleep disturbance and fatigue in breast cancer patients.

(Young et al., 2017)

IL1B (interleukin 1 beta)
Alzheimer’s disease patients with the IL-1beta-31TT genotype plus homozygous APOEepsilon4
have an increased risk of developing AD with sleep disturbance

(Yin et al., 2016)

Significant Genes- Epigenomic Findings

Authors

HAT (Tip60) (Tip60 histone acetyltransferase)
Sleep disruption associated with AD is driven by epigenetic changes mediated by the histone
acetyltransferase (HAT) Tip60

(Pirooznia & Elefant, 2013)

CLOCK-BMAL1 (neurotrophic receptor tyrosine kinase 2-ARNTL Aryl Hydrocarbon
Receptor Nuclear Translocator Like)

Further observation revealed that activation of CCGs by CLOCK—-BMAL1 is coupled to circadian
changes in histone acetylation at their promoters

(Etchegaray, Lee, Wade, & Reppert, 2003)

SIRT1 (Sirtuin 1)
The activity of SIRT1 counterbalances the rhythmic HAT function of CLOCK, although other
HATSs are likely to be implicated

(Masri & Sassone-Corsi, 2010)

dTIP60
Changes in these sleep parameters with the dTip60RNA and dTip60 E431Q indicate that sleep
becomes highly fragmented during the night

(Pirooznia, Chiu, Chan, Zimmerman, & Elefant, 2012)

Significant Genes- Transcriptomic Findings

Authors
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CLOCK (neurotrophic receptor tyrosine kinase 2)
Core clock transcription factors CLOCK and BMAL1 promote expression by rhythmic binding to
E-box motifs in the promoters of core clock genes

Sleep disturbances and circadian misalignment have been associated with alterations of the
physiological oscillations of CLOCK gene expression in humans, affecting the neurobiological
response to stress

Clock gene expression was lower in CJL males than in control males

(Mohawk, Green, & Takahashi, 2012)

(Ackermann et al., 2013)

(Hadden, Soldin, & Massaro, 2012)

BMAL1 (ARNTL Aryl Hydrocarbon Receptor Nuclear Translocator Like)
Core clock transcription factors CLOCK and BMAL1 promote expression by rhythmic binding to
E-box motifs in the promoters of core clock genes

In CJL females, Bmall gene expression was lower than in controls

(Mohawk et al., 2012)

(Hadden et al., 2012)

CRY2 (Cryptochrome Circadian Clock 2)
Cry2 gene expression was higher in CJL females, but not in CJL males

Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Hadden et al., 2012)

(Archer et al., 2014)

ARNTL (Aryl Hydrocarbon Receptor Nuclear Translocator Like)
Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Archer et al., 2014)

NPAS2 (Neuronal PAS Domain Protein 2)
Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Archer et al., 2014)

PER2 (Period Circadian Clock 2)
Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Archer et al., 2014)

PERS3 (Period Circadian Clock 3)
Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Archer et al., 2014)

NR1D2 (Nuclear Receptor Subfamily 1 Group D Member 2)
Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Archer et al., 2014)

CSKNI1E (Casein Kinase 1 Epsilon)
Known clock genes classified as circadian while sleeping in phase included ARNTL, NPAS2,
PER2, PER3, CRY2, NR1D2, and the protein kinase CSKN1E

(Archer et al., 2014)
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Supplemental Table A2 Cognitive Impairment

Significant Genes — Genomic Findings

Authors

11BHSD1 (11 beta-Hydroxysteroid dehydrogenase type 1)
Polymorphisms in the 11BHSD1 and NR3C1 genes were associated with impaired cognitive
function in Cushing's Syndrome

(Ragnarsson et al., 2014)

5-HTTLPR (SLC6A4 Solute Carrier Family 6 Member 4)

We observed a significant interaction between 5-HTTLPR variants and childhood trauma across
cognitive domains; here, homozygotic s-carriers exposed to high levels of childhood trauma
(physical neglect and abuse) had significantly poorer cognitive functioning than all other groups.

Participants homozygous for the Met allele of the COMT polymorphism showed impaired
inhibition of prepotent responses, whereas individuals homozygous for the s-allele of the 5-
HTTLPR showed a restricted ability to update information in working memory.

(Aas et al., 2012)

(Weiss et al., 2014)

ABCAY7 (ATP Binding Cassette Subfamily A Member 7)
ABCA7 SNP rs3752232 correlated with Rey Complex Figure Test (RCFT) copy score in
Alzheimer’s Disease patients

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

(Chung et al., 2014)

(Andrews, Das, Cherbuin, Anstey, &
Easteal, 2016)

ACE (Angiotensin | Converting Enzyme)

A significant difference in the serum ACE level was observed among the three
genotypes(DD>DI>II) in both the aMCI (mild cognitive impairment) and the control groups (all
p<0.01)

The findings indicated that ACE genotype was associated with episodic memory, serum levels
of ACE, and resting-state brain activity in aMCI (mild cognitive impairment) patients, and the
findings of cognitive function and brain activity further suggests that the ACE D allele may have
a specific role in semantic memory dysfunction and brain activity in aMCI (mild cognitive
impairment).

The ACE DD genotype carriers had an increased risk of cognitive impairment

The cognitive results suggest that Apo E or ACE genotypes may modify the effects of ethanol on
cognitive deterioration in alcoholic patients

(Z. Zhang et al., 2012)

(Z. Zhang et al., 2010)

(Amouyel et al., 1996)

(Bartres-Faz, Clemente, et al., 2002)
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The ACE-DD genotype may be associated with post-stroke cognitive decline while the APOE-
epsilon4 allele is not

Results suggest that ACE D alleles are associated with memory impairment in the elderly.

Subjects carrying the Apo E epsilon4 allele exhibit lower memory performance on tests of both
declarative and procedural memory.

D allele carrier patients performed worse than those with I/l polymorphism on tests involving
attention and processing speed.

The ACE-DD genotype may be associated with post-stroke cognitive decline while the APOE-
epsilon4 allele is not

The finding suggests that ACE might be involved in the pathophysiology of cognitive dysfunction
in remitted geriatric depression patients

(Bour et al., 2010)

(Bartres-Faz et al., 2000)

(Bartres-Faz et al., 1999)

(Ariza et al., 2006)

(Bour et al., 2010)

(Hou et al., 2010)

ACT (Actin-Like Protein (ACT) Gene)
APOE is a risk gene for amnestic MCI (mild cognitive impairment) and that ACT and CHRNA7
may act in these patients as modifier genes for the time of progression to AD.

(Barabash et al., 2009)

ADD1, ADD2, ADD3 (Adducin 1,2,3)

The analysis showed significant effects of ADD2 genotype on almost every cognitive domain.
Moreover, significant interactions between ADD1 and ADD3 were also observed on some BACS
(brief assessment of cognition in Schizophrenia) subtests, namely Symbol Coding and Verbal
Memory

(Bosia et al., 2016)

ADRAZ2B (Adrenoceptor Alpha 2B)
Our data demonstrate for the first time an independent contribution of the ADRA2B genetic
polymorphism to memory impairment

(Koutroumani et al., 2013)

AKT1 (AKT Serine/Threonine Kinase 1)
DRD2 and AKT1 polymorphisms altered dose-response effects of anti-psychotic drugs on
cognition in schizophrenia

(Tan et al., 2012)

AMPK (PRKAA1 Protein Kinase AMP-Activated Catalytic Subunit Alpha 1)
These findings collectively support a hypothesis that AMPK has a role not only in metabolic
functioning but also in cognitive functioning in humans.

(Kim et al., 2012)

ANK3 (Ankyrin 3)
The ANKS3 risk allele rs1938526 appears to be associated with general cognitive impairment and
widespread cortical thinning in patients with first episode psychosis.

Post-hoc analyses showed that patients with rs10994336T/T genotype had significantly lower
accuracy rate and more reaction time at 2-back task than those with T/C and C/C genotypes

(Cassidy et al., 2014)

(C. Zhang et al., 2014)
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APBB2 (Amyloid Beta Precursor Protein Binding Family B Member 2)

After stratification of centenarians upon their cognitive performance, the APBB2 rs13133980 G
allele was over-represented in centenarians with severe cognitive impairment compared to
individuals without this disability. Also the hCV1558625-rs13133980 AG haplotype increased
relative risk for severe cognitive impairment in centenarians

(Golanska et al., 2013)

APOA1 (Apolipoprotein Al)

APOAL1 A-allele carriers displayed superior overall cognitive performance compared with non-
carriers (P 0.008) and had a three-fold decrease in the relative risk of overall cognitive
impairment

Our results suggest an impact of the G-->A polymorphism at position -75 bp in the APOAL gene
on cognitive impairment, but not on the risk of Alzheimer's Disease

(Koutsis et al., 2009)

(Helbecque, Codron, Cottel, & Amouyel,
2008)

APOC1 (Apolipoprotein C1)
We found significant associations both for APOE and APOC1 loci and their combinations with
the AAMI (age-associated memory impairment) condition.

(Bartres-Faz et al., 2001)

APOE (Apolipoprotein E)
Presence of the epsilon4 allele poses a minor risk for late cognitive impairment after the
subacute phase of aneurysmal SAH.

Apolipoprotein E €4 significantly accelerated rates of cognitive decline, and women in all cohorts
had higher rates of decline than men

The patients exhibited amnestic mild cognitive impairment across multiple domains. Cognitive
performance was worse in patients who carried the ApoE €4 allele.

Among the elderly veterans, people who carry APOE €4 were found to have worse performance
on the total Cognitive Ability Screening Instrument scores, the abstraction/judgment subscores
and the list-generating fluency subscores

APOE SNP rs2075650 correlated with the percentile of Rey Complex Figure Test (RCFT) copy
score in Alzheimer’s Disease patients

Mild Cognitively Impaired individuals with an €4 allele showed increased cognitive decline
across a range of cognitive tasks, putatively reflecting early cognitive signs of Alzheimer's
disease.

These findings suggest that nondemented APOE ¢4 allele carriers with memory complaints may
have a greater genetic risk for AD and should be monitored more closely

(Louko, Vilkki, & Niskakangas, 2006)

(Holland, Desikan, Dale, McEvoy, &
Alzheimer's Disease Neuroimaging, 2013)

(Suarez et al., 2014)

(C.S.Chu etal., 2014)

(Chung et al., 2014)

(Albrecht et al., 2015)

(X. Wang, Wang, Li, Li, & Yu, 2014)
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APOE €4 carriers and participants with the AA allele of CYP46 have decreased mental
manipulation ability

An effect of BDNF genotype was found in APOE E4 carriers for episodic memory (logical
memory and ADAS-Cog) and semantic fluency measures, with Met carriers performing worse
cognitively in all cases

MTHFR C677T TT was associated with higher tHcy but did not affect cognitive performance per
se. However, when combined with the apolipoprotein E (APOE)-¢4 allele, it was a risk factor for
lower executive performance, independently of tHcy levels.

Specific neurodegenerative-related genetic polymorphisms (i.e. APOE and CLU) moderate and
magnify the risk contributed by selected personality trait levels (i.e. openness to experience,
extraversion) on declarative memory performance in non-demented aging

In MCI (mild cognitive impairment), the risk of cognitive decline, hippocampal volumetric loss
and progression to AD seems to be the greatest in individuals who carry at least one copy of
both the BCHE-K and APOE epsilon4 alleles.

The APOE ¢4 allele related to worsening in executive function, as well as visuospatial function,
activation retrieval, and performance on the Mini-Mental State Examination.

The study suggests that amnestic cognitive impairment is characterized by memory impairment
and associated with SNPs in three systems relating to the pathogenesis of AD—those of the
amyloid cascade, tau and cholesterol metabolism pathways

Severe WMHs (white matter hyperintensity) appear to be predominantly associated with
frontal/executive dysfunction, irrespective of APOE €4 allele presence. WMH severity and APOE
€4 had an interactive effect on memory function, with WMH severity affecting memory
impairment only in APOE €4 noncarriers.

Individuals with at least one APOE-¢2 allele showed less functional decline over time and better
performance on neuropsychological measures than those without an €2 allele, even after
controlling for potential confounders

Follow up showed higher conversion to Alzheimer's disease in mild cognitive impairment €4
carriers than in non €4 carriers.

(Lai, Liou, Liu, Yang, & Lin, 2014)

(Gomar et al., 2016)

(Polito et al., 2016)

(Sapkota, Wiebe, Small, & Dixon, 2016)

(Lane et al., 2008)

(Gomperts et al., 2013)

(X. Liu et al., 2012)

(Son et al., 2012)

(Bonner-Jackson, Okonkwo, Tremont, &
Alzheimer's Disease Neuroimaging, 2012)

(Biundo et al., 2011)
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We provide further evidence of both independent and interactive influences of APOE ¢4+ and
AP on cognitive function in mild cognitive impairment, with APOE €4+ and AB showing
dissociable effects on executive and non-executive functions, respectively.

APOE €4 carriers performed more poorly on all spatial navigation subtasks

In the mild cognitive impairment group, €4 carriers had elevated current frontal systems behavior
Scale Executive Dysfunction scores in comparison with noncarriers.

APOE-¢4 allele is protective against attention deficit and especially against poor working
memory in HCV-infected subjects with mild liver disease.

The results indicated the APOE epsilon 4 allele was associated with increased risk for cognitive
dysfunction in Non-Hispanic white and white Hispanics after controlling for the effects of age,
education, and gender

Subjects with Apo-E(4) genotype did significantly worse in scores of intentional memory test
(sensory memory) when compared with other genotypes.

Increased risk for global cognitive dysfunction and poorer verbal recall performance were linked
with the APOE epsilon4 allele

Higher urinary albumin to creatinine ratio values were significantly associated with cognitive
dysfunction in the general Korean population, with cognition in APOE E4 carriers being more
severely affected.

This study provides further support for the medial temporal lobe dysfunction and relative integrity
of fronto-striatal systems in mild cognitive impairment, and indicates the influence of ApoE
genotype on implicit learning even in healthy older individuals without cognitive impairment.

The PI (A2) -allele of the platelet glycoprotein-llla (ITGB-3) gene was present in 13 (42%) and
25 (20%) patients with and without cognitive dysfunction, respectively, p = 0.012. The
apolipoprotein E-g4 allele was present in 9 (29%) and 24 (19%) patients with and without
cognitive dysfunction, respectively, p = 0.24. Both the PI(A2) and apolipoprotein-¢4 alleles were
present together in 6 (19%) and 5 (4%) patients with and without cognitive dysfunction,
respectively, p = 0.003

APOE4 is significantly associated with dementia and cognitive impairment no dementia due to
AD pathology, but not with vascular cognitive impairment.

(Seo et al., 2016)

(Laczo et al., 2014)

(Mikos, Piryatinsky, Tremont, & Malloy,
2013)

(Wozniak et al., 2016)

(Harwood, Barker, Ownby, Mullan, &
Duara, 2002)

(Elwan et al., 2003)

(Harwood et al., 2002)

(Shin et al., 2014)

(Negash et al., 2007)

(A. Stewart et al., 2013)

(Chai et al., 2016)
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The results show an increase of amyloid accumulation and allele frequency of APOE4 in the
mTBI patients with cognitive impairment

Four variables were found to be independent risk factors for cognitive impairment after stroke:
ApoE epsilon4, Informant Questionnaire on Cognitive Decline in the Elderly score > or =3.44,
total or partial anterior stroke syndromes, and National Institutes of Health Stroke Scale total
score >5

Only in Middle Europe was the APOE ¢4 allele significantly associated with poor performance on
tests of delayed recall and learning, as well as with the amnestic subtype of mild cognitive
impairment.

Cognitive impairment was negatively associated with epsilon2 and positively but more weakly
associated with epsilon4. Effects of both alleles increased markedly after age 70.

Apo E €4 positively predicted four cognitive scores measured every 6 months over 30 months.

In older stroke patients with early cognitive impairment, the presence of an APOE epsilon4 allele
is associated with greater progression of cognitive decline

The ApoE epsilon4-allele constitutes an independent risk factor for cognitive impairment at 13
months post-stroke, and is associated with progression of cognitive decline in tasks related to
verbal learning and memory.

A strong association was found between the presence of APOE epsilon 4 and cognitive deficits
in patients with Multiple Sclerosis, particularly in the domains of learning and memaory.

ApoE epsilon4 allele-bearing individuals had greater risk of having late-onset AD or non-
vascular cognitive impairment

APOE is a risk gene for amnestic mild cognitive impairment and ACT and CHRNA7 may act in
these patients as modifier genes for the time of progression to Alzheimer’s Disease.

This study suggests that apolipoprotein E genotype is related to cognitive dysfunction after
cardiopulmonary bypass

There was a strong association between the apolipoprotein E €4 and postoperative cognitive
dysfunction in elderly patients undergoing inhalation anesthetics.

10

(S.T. Yang et al., 2015)

(Wagle et al., 2009)

(Norberg et al., 2011)

(R. Stewart et al., 2001)

(Regal, Nair, & Hetherington, 2013)

(Ballard et al., 2004)

(Wagle et al., 2010)

(J. Shi, Zhao, Vollmer, Tyry, & Kuniyoshi,
2008)

(Traykov et al., 1999)

(Barabash et al., 2009)

(Tardiff et al., 1997)

(Caietal., 2012)
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The presence of Met-BDNF allele, particularly in association with APOE*E4, may predict a
worse cognitive outcome in patients with mild cognitive impairment.

The AA homozygous state of the -491 A/T polymorphism of the APOE regulatory region is
associated with cognitive impairment in patients with Multiple Sclerosis

While the APOE epsilon4 allele was associated with slightly lower memory test performance for
persons without cognitive impairment at baseline, it only increased their risk of developing
dementia if their memory was below average.

In The Chinese Han population, APOE ¢4 increased the risk of Alzheimer's Disease and mild
cognitive impairment in a dose-dependent manner and €2 decreased the risk of Alzheimer's
Disease as reported previously

This study confirms in a population sample that the epsilon 4 allele is a risk factor for dementia,
but refutes the suggestion that homozygosity for the epsilon 4 allele is sufficient for the
development of Alzheimer's disease

Higher cortisol levels, lower high-density lipoprotein (HDL-c) and very low-density lipoprotein
(VLDL-c), presence of €4 allele of APOE, and aging were associated with cognitive impairment
and dementia

APOE genotype may influence the cognitive phenotype of Parkinson's Disease, and specifically
that absence of the epsilon4 allele is associated with working memory impairment.

The APOE E4 allele was observed to have a dramatic effect on cognitive impairment, especially
in homozygotes

While ApoE4(+) status appears to be a sex neutral risk factor for dementia, its association with
verbal memory and learning decline and impairment was stronger among women

The apoE-¢4 polymorphism is an independent risk factor for cognitive dysfunction as early as 1
day after carotid endarterectomy and at 1 month as well

(1) Patients with mild cognitive impairment can be clinically defined, (2) many members of this
group progress to Alzheimer's disease, and (3) APOE epsilon 4 allele status appears to be a
strong predictor of clinical progression

11

(Forlenza et al., 2010)

(Oliveri et al., 1999)

(Klages & Fisk, 2002)

(K. L. Chen et al., 2016)

(Henderson et al., 1995)

(Lara et al., 2016)

(Troster, Fields, Paolo, & Koller, 2006)

(S. R. Quintino-Santos et al., 2012)

(Beydoun et al., 2012)

(Heyer et al., 2014)

(Petersen et al., 1995)
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At least two genetic loci affect the rate of AB-related cognitive decline. AB(+)e4(+)/BDNF(Met)
individuals can expect to show clinically significant memory impairment after 3 years, whereas
AB(+)e4(+)/BDNF(Val/Val) individuals can expect a similar degree of impairment after 10 years.

The epsilon4 group was significantly slower in performing all of the Cognometer memory tasks

The results of this study suggest that, among these Puerto Rican non-demented nonagenarians,
being an APOE epsilon4 allele carrier is associated with better cognition

The data indicates that the APOE-rs405509 interaction impairs elderly's cognitive performance
through brain functional network.

APOE-epsilon4 is associated with cognitive decline among a high-functioning elderly cohort,
with effects most pronounced after 7 years of follow-up

The APOE epsilon4 allele was associated with increased risk for cognitive deficits, whereas the
MBL2 O/O genotype was associated with increased risk for progressive cognitive decline in
Chinese individuals infected with HIV through contaminated blood products.

Carriage of APOE €4 in cognitively normal older adults with low A was associated with a
significantly increased rate of decline in learning and unexpectedly, improved cognitive
performance on measures of verbal episodic memory over 18 months.

Those who remained cognitively intact had better memory at entry and were less likely to have
APOE4 than those who developed cognitive decline.

The cognitive results suggest that Apo E or ACE genotypes may modify the effects of ethanol on
cognitive deterioration in alcoholic patients

The negative effect of ApoE4 on episodic memory and hippocampal volume in subjective
memory impairment supports this as a prodromal condition of Alzheimer's Disease.

The main finding is a strong negative association between the presence of APOE ¢4 allele and
memory dimension in the MMSE

APOE E4 may have a more robust cognitive influence on female than on male individuals with
age associated memory impairment.
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(Lim et al., 2015)

(O'Hara et al., 2008)

(Carrion-Baralt et al., 2009)

(C. Maetal., 2016)

(Bretsky et al., 2003)

(Spector et al., 2010)

(Thai et al., 2015)

(Howieson et al., 2003)

(Bartres-Faz, Clemente, et al., 2002)

(Striepens et al., 2011)

(S. Quintino-Santos et al., 2015)

(Bartres-Faz, Junque, et al., 2002)
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Older professional football players who possessed the APOE epsilon4 allele scored lower on
cognitive tests than did players without this allele or less experienced players of any genotype

APOE-epsilon4 predicts longitudinal memory decline in healthy controls and that MRI
morphometry of hippocampus adds slightly to predictive value.

Relatively higher levels of CSF APOE in € 4+ HIV+ (having primarily APOE4 isoforms) may
negatively impact the brain and lead to poorer cognitive outcomes, while those individuals
without the ¢ 4 allele (with primarily APOE2 or APOE3 isoforms) may show compensatory
responses that lead to better cognitive performance.

HIMS replication analysis supported rs439401 (APOE regulatory region), and rs2297660 and
rs3737983 (APOER?2), with an effect on memory performance in normal aging subjects
consistent with the findings in schizophrenia cases.

The APOE €4 group exhibited greater activation than the Low Risk group at baseline, but they
subsequently showed a progressive decline in activation during the follow-up periods with
corresponding emergence of episodic memory loss and hippocampal atrophy

This study and meta-analysis suggest an association between delirium and the APOE sigma4
allele.

APOE (*)3 was associated with overall severe dysfunction on cognitive performance

Drinking was associated with a decreased risk of cognitive deterioration in non-ApoE epsilon4
carriers, whereas an opposite association was observed in ApoE epsilon4 carriers.

In combined Alzheimer's Disease + mild cognitive impairment analyses, epsilon 4 homozygosity
was associated with poorer retention, learning, and verbal comprehension at a given disease
duration

Data demonstrate that SIGMAR1 and APOE interact to influence Alzheimer’s Disease severity
across ethnic populations.

Subjects carrying the Apo E epsilon4 allele exhibit lower memory performance on tests of both
declarative and procedural memory.
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(Kutner, Erlanger, Tsai, Jordan, & Relkin,
2000)
(Tupler et al., 2007)

(Andres et al., 2011)

(Verbrugghe et al., 2012)

(Rao et al., 2015)

(van Munster, Korevaar, Zwinderman,
Leeflang, & de Rooij, 2009)

(Soeira-de-Souza et al., 2010)

(Dufouil et al., 2000)

(Smith et al., 1998)

(Huang et al., 2011)

(Bartres-Faz et al., 1999)
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Behaviorally, epsilon4+ subjects performed significantly worse than epsilon4- subjects in item
memory and spatial context retrieval.

The APOE ¢4 allele segregated dose-dependently and selectively with worse episodic memory
performance in a pool of older subjects across a cognitive spectrum.

Findings support the hypothesis of the beneficial effect of APO¢2 and education, both which
seem to act as contributing factors in delaying or forestalling the clinical manifestations of
Alzheimer's Disease despite consistent levels of pathology

APOE €4 homozygotes declined more quickly than non-carriers on mental arithmetic tests
related to frontal lobe-mediated working memory ability.

Single polymorphisms within the saitohin and APOE genes were associated with increased
cognitive impairment and functional dependence.

APOE4 on episodic memory was modest in women, the risk for impairment was found to occur
in about 30%. APOE4 was observed to have a dramatic effect on episodic memory in men, but
only in homozygotes.

The APOE-¢4 allele is associated with a moderately increased risk for progression from mild
cognitive impairment to Alzheimer's Disease-type dementia

The results suggest that the APOE epsilon 4 allele influences risk of Alzheimer's Disease by a
relatively selective effect on episodic memory.

Persons with one or two epsilon 4 alleles were more likely to have a family history of dementia
than those with none

This work provides evidence for an alteration in cognitive performance as a function of the
presence of the ApoE epsilon4 allele, and points to the critical role of disease duration itself for
cognitive impairment in temporal lobe epilepsy

We found significant associations both for APOE and APOC1 loci and their combinations with
age-associated memory impairment.

In early stages of Alzheimer's Disease, patients from the epsilon4+ group had greater deficits in
delayed recall of new information. On the other hand, working memory appeared to be more
impaired in the epsilon4- group of patients
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(Kukolja, Thiel, Eggermann, Zerres, &
Fink, 2010)

(Kerchner et al., 2014)

(lacono et al., 2015)

(Caselli et al., 2011)

(Schutte, Reed, Decrane, & Ersig, 2011)

(Lehmann et al., 2006)

(Elias-Sonnenschein, Viechtbauer,
Ramakers, Verhey, & Visser, 2011)
(Wilson et al., 2002)

(Henderson et al., 1995)

(Gambardella et al., 2005)

(Bartres-Faz et al., 2001)

(Luczywek et al., 2002)
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Memory declined in APOE e4 carriers before the symptomatic presentation of mild cognitive
impairment in a cohort whose mean age was 60 years over a median period of 33 months

APOE-epsilon4 was associated with memory decline in subjects with cognitive impairment, but
not in normally functioning subjects.

Our data indicate that the APOE ¢4 allele is an important predictor of cognitive function in
Parkinson's Disease across multiple domains

Our data confirm a specific effect caused by the presence and amount of ApoE epsilon4 allele.

E4 carriers had a sixfold increase in the relative risk of impairment in verbal learning vs
noncarriers

In Alzheimer's Disease and vascular dementia groups epsilon4 present patients showed
impairment in selective attention.

APOE E4 allele frequency was significantly higher in cognitive impairment, no dementia patients
versus healthy controls

The data suggests that the PICALM genotype modulates both brain atrophy and cognitive
performance in APOE €4 carriers.

The findings suggest that patients with brain tumors who are carriers of the APOE ¢4 allele may
have increased vulnerability to developing memory and executive dysfunction, and that
additional SNPs in the APOE gene may be associated with cognitive outcome

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

In the Western Australian Family Study of Schizophrenia sample, we observed significant
association of APOE, APOER2, VLDLR, and DAB1 SNPs with pre-morbid intelligence and
verbal memory in cases. Health in Men Study replication analysis supported rs439401 (APOE
regulatory region), and rs2297660 and rs3737983 (APOER2), with an effect on memory
performance in normal aging subjects consistent with the findings in schizophrenia cases

(Caselli et al., 2004)

(Dik et al., 2000)

(Mata et al., 2014)

(Nacmias et al., 2004)

(Koutsis et al., 2007)

(McGuinness, Carson, Barrett, Craig, &
Passmore, 2010)

(Dube et al., 2013)

(Morgen et al., 2014)

(Correa et al., 2014)

(Andrews et al., 2016)

(Verbrugghe et al., 2012)
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Across mild cognitive impairment and Alzheimer's Disease patients, carriers of the
apolipoprotein E €4 allele displayed a leftward spatial bias, which was the more pronounced in
younger age and in earlier disease onset

Results are showing the association of apathy and APOE4 with reduced serum BDNF levels in
Alzheimer's Disease, and are suggesting that BDNF reductions might contribute to the worse
cognitive performance exhibited by Alzheimer's Disease apathetic patients and female APOE4
carriers.

Older age, a lower Mini-Mental State Examination recall score, APOE4 carrier, and a lower
verbal delayed recall score were the most relevant predictors of progression in memory
impairment

During low-working memory-load tasks, the APOE4 carriers recruited significantly greater
additional processing resources than the non-APOE4 carriers. During moderate- and high-
working memory-load tasks, the APOE4 carrier group displayed fewer increases in activation
than the non-APOE4 carrier group, suggest possible subclinical impairment of WM capacity in
APOEA4 carriers
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(Redel et al., 2012)

(Alvarez, Aleixandre, Linares, Masliah, &
Moessler, 2014)

(Hong et al., 2015)

(C.J. Chenetal., 2013)

APOER?2 (LRP8 LDL Receptor Related Protein 8)
In the Western Australian Family Study of Schizophrenia sample, we observed significant
association of APOE, APOER2, VLDLR, and DAB1 SNPs with disease outcome

(Verbrugghe et al., 2012)

AR (Androgen Receptor)
Greater CAG repeat length was associated with lower scores on three cognitive tests

(Yaffe et al., 2003)

BCHE-K (Butyrylcholinesterase)

K variant: In mild cognitive impairment, the risk of cognitive decline, hippocampal volumetric loss
and progression to Alzheimer’s Disease seems to be the greatest in individuals who carry at
least one copy of both the BCHE-K and APOE epsilon4 alleles.

Sex and BUChE genotype seem to differentially influence the type of decline in mild cognitive
impairment patients, with more rapid progression of cognitive decline in male BuChE-K, and
more incident AD and functional decline in female BUChE wt/wt

(Lane et al., 2008)

(Ferris, Nordberg, Soininen, Darreh-Shori,
& Lane, 2009)

BDNF (brain-derived neurotrophic factor)

At least two genetic loci affect the rate of ApR-related cognitive decline. AR(+)e4(+)/BDNF(Met)
individuals can expect to show clinically significant memory impairment after 3 years, whereas
AB(+)e4(+)/BDNF(Val/Val) individuals can expect a similar degree of impairment after 10 years

(Chung et al., 2014)
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Participants with the Met allele performed significantly more poorly than participants with the Val
allele, and a group by allele interaction was observed, the BDNF Met allele being associated
with a poorer executive factor score in the healthy adult children of alcoholics group.

An effect of BDNF genotype was found in APOE E4 carriers for episodic memory (logical
memory and ADAS-Cog) and semantic fluency measures, with Met carriers performing worse in
all cases

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

In individuals with amnestic mild cognitive impairment and high AB, Met carriers showed
significant and large decline in episodic memory

Among patients with only a mild stage of Alzheimer's Disease, the Frontal Assessment Battery
total and go/no-go scores were significantly lower (p < 0.05) among the subjects with the Val/Val
genotype than among the Met carriers

Of the known BDNF polymorphisms, the C270T SNP may influence executive dysfunction as a
non-memory cognitive impairment in Japanese patients with Alzheimer's Disease

Found a positive association between the BDNF(Met) variant and poor medial temporal lobe-
related memory performance

The presence of Met-BDNF allele, particularly in association with APOE*E4, may predict a
worse cognitive outcome in patients with mild cognitive impairment.

The BDNF(AA) homozygote genotype is over-represented in Parkinson's Disease patients
compared with normal individuals; this genotype was significantly correlated to cognitive
impairment, age and disease severity

At least two genetic loci affect the rate of AB-related cognitive decline. AB(+)e4(+)/BDNF(Met)
individuals can expect to show clinically significant memory impairment after 3 years, whereas
AB(+)e4(+)/BDNF(Val/Val) individuals can expect a similar degree of impairment after 10 years.
The BDNF Met66 allele was associated with better cognitive functioning in the psychomotor and
motor domains
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(Benzerouk et al., 2013)

(Gomar et al., 2016)

(Andrews et al., 2016)

(Lim et al., 2014)

(Nagata, Shinagawa, Nukariya, Yamada,
& Nakayama, 2012)

(Nagata, Shinagawa, Nukariya, Ochiai, et
al., 2011)
(B. C. Ho et al., 2006)

(Forlenza et al., 2010)

(Guerini et al., 2009)

(Lim et al., 2015)

(Oroszi et al., 2006)
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We found a statistically significant association between genotypic variation and memory function
at both baseline (NRSF: rs1105434, rs2227902 and BDNF: rs1491850, rs2030324, rs11030094)
and in our longitudinal analysis (NRSF: rs2227902 and BDNF: rs12273363).

The mean age of Parkinson's Disease onset among BDNF Met/Met carriers was later
(65.00+6.13) in comparison to Val/Val (57.45+10.68) and Val/Met (56.33+10.91) subjects and
patients with Met/Met alleles demonstrated better delayed recall of information than patients with
Val/Val alleles.

Carriers of at least one BDNF 66Met allele presented a higher prevalence of cognitive
impairment

Carriers of the BDNF Met allele are protected against chemotherapy-associated cognitive
impairment.

The association between decreased BDNF serum levels and cognitive impairment in
schizophrenia is dependent on the BDNF Val66Met polymorphism

We demonstrated significant impairment on some aspects of cognitive function and increased
BDNF levels in methamphetamine-dependent patients as well as genotypic differences in the
relationships between BDNF levels and Repeatable battery for Assessment of
Neuropsychological status scores on the BDNF Val66Met polymorphism only in these patients

In healthy adults with high AB, Met carriers showed significant and moderate-to-large declines in
episodic memory, executive function, and language, and greater hippocampal atrophy over 36
months, compared with Val/Val homozygotes

At least two genetic loci affect the rate of Ap-related cognitive decline. AR(+)e4(+)/BDNF(Met)
individuals can expect to show clinically significant memory impairment after 3 years, whereas
AB(+)e4(+)/BDNF(Val/Val) individuals can expect a similar degree of impairment after 10 years

Our results further implicate variation in putative regulatory regions in the DYX2 locus,
particularly in DCDC2, influencing language and cognitive traits

(Warburton et al., 2016)

(Gill et al., 2016)

(Altmann et al., 2016)

(Ng et al., 2016)

(X. Y. Zhang et al., 2012)

(Su et al., 2015)

(Lim et al., 2013)

(Lim et al., 2015)

(Eicher et al., 2015)
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C20RF3 (GCFC2 GC-Rich Sequence DNA-Binding Factor 2)

These findings suggest that this locus, originally identified as being associated with dyslexia, is
likely to harbor genetic variants associated with general cognitive abilities by influencing white
matter structure in localized neuronal regions.

(Scerri et al., 2012)

CACNAILC (Calcium Voltage-Gated Channel Subunit Alphal C)
In patients with Bipolar Disorder, the CACNA1C genotype Met/Met was associated with worse
performance on all four executive function tests compared to Val/Val.

(Soeiro-de-Souza et al., 2013)
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CAMK2A (Calcium/Calmodulin Dependent Protein Kinase Il Alpha)

A significant association between the genotypes RELN (rs528528 and rs2299356), PLK2
(rs15009 and rs702723), and CAMK2A (rs3756577 and rs3822606) and Alzheimer's Disease or
mild cognitive impairment was found

(Bufill et al., 2015)

CAMTAL (Calmodulin Binding Transcription Activator 1)

Results indicate that CAMTAL genotype is associated with cognitive function in older adults with
cardiovascular disease, because carriers of the T allele performed more poorly on tests of
attention, executive function, and psychomotor speed

(Miller et al., 2011)

CASP1 (Caspase 1)

CASP1 is a modifier gene for the time of progression from mild cognitive impairment to
Alzheimer's Disease, in that it might identify patients with mild cognitive impairment who are
more likely to rapidly convert to Alzheimer's Disease during a short follow-up period

(Pozueta et al., 2011)

CASP7 (Caspase 7)

Among these genes, APOE and APOC1 are known AD risk genes. For the other five genes
TNFRSF1A, CDH1, CASP7, LRP1B and TG, this is the first genetic association study which
showed the significant association between these five genes and Alzheimer's Disease
susceptibility in Caribbean Hispanic individuals.

(Shang et al., 2015)

CBP (CREBBP CREB Binding Protein)

The intron 4CT and intron 3AC polymorphisms in the CBP gene were associated with better
cognitive performance at baseline and during follow-up. Genetic variation in the CBP gene is
associated with better cognitive performance in an elderly population.

(Trompet et al., 2011)

CD33 (CD33 Molecule)
CR1, TOMMA40, BIN1, and CD33 contribute to late-onset Alzheimer's Disease susceptibility and
cognitive impairment, in addition to apolipoprotein E.

(Omoumi et al., 2014)

CDH1 (Cadherin 1)

Among these genes, APOE and APOC1 are known AD risk genes. For the other five genes
TNFRSF1A, CDH1, CASP7, LRP1B and TG, this is the first genetic association study which
showed the significant association between these five genes and Alzheimer's Disease
susceptibility in Caribbean Hispanic individuals.

(Shang et al., 2015)

CETP (Cholesteryl Ester Transfer Protein)

Subjects with MMSE (Mini Mental status exam) > 25 were twice as likely to have the CETP VV
Genotype, and those with the VV genotype were more likely to have MMSE > 25. Subjects with
the VV genotype had lower levels of CETP, higher high-density lipoprotein (HDL) levels, and
larger lipoprotein particles

(Barzilai, Atzmon, Derby, Bauman, &
Lipton, 2006)

CHAT (Choline O-Acetyltransferase)
Results demonstrated that sequence variants of CHAT were associated with human cognitive
ability in not only patients with psychiatric disorders but also normal healthy individuals

ChAT 2384 A allele is a risk factor for Alzheimer's Disease and mild cognitive impairment

(X. Liu et al., 2016)

(Tang et al., 2008)
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CHRFAM7A(CHRNA7 (Exons 5-10) And FAM7A (Exons A-E) Fusion)
Meta-analysis of CHRFAMT7A indicated a significant association of the gene with Alzheimer's
Disease and/or mild cognitive impairment

(Swaminathan et al., 2012)

CHRNAZ7 (Cholinergic Receptor Nicotinic Alpha 7 Subunit)
APOE is a risk gene for amnestic mild cognitive impairment and that ACT and CHRNA7 may act
in these patients as modifier genes for the time of progression to Alzheimer's Disease.

(Barabash et al., 2009)

CLU (Clusterin)

The Alzheimer's Disease risk variant CLU influences longitudinal changes in brain function in
asymptomatic individuals and is associated with faster cognitive decline in presymptomatic
stages of disease progression

Specific neurodegenerative-related genetic polymorphisms (i.e. APOE and CLU) moderate and
magnify the risk contributed by selected personality trait levels (i.e. openness to experience,
extraversion) on declarative memory performance in non-demented aging

(Thambisetty et al., 2013)

(Sapkota et al., 2016)

CNP (2',3'-Cyclic Nucleotide 3' Phosphodiesterase)
Combined genetics and neuroimaging data showed that variants from the MAG, OLIG2, and
CNP genes influenced white matter tract integrity and cognitive performance

(Voineskos et al., 2013)

CNR1 (Cannabinoid Receptor 1)
Our findings suggest that heavy cannabis use in the context of specific CNR1 genotypes may
contribute to greater white matter volume deficits and cognitive impairment

(B. C. Ho, Wassink, Ziebell, & Andreasen,
2011)

CNTNAP?2 (Contactin Associated Protein-Like 2)
A new male-specific association with cognitive impairment in aging is reported for a CNV in the
CNTNAP2 gene

(lakoubov, Mossakowska, Szwed, &
Puzianowska-Kuznicka, 2015)

COMT (Catechol-O-Methyltransferase)

Patients undergoing mania and mixed episodes carrying the COMT allele G had better
performance on executive function, memory, verbal fluency, and intelligence tests. Moreover, an
interaction was detected between the COMT allele G and the Young Mania Rating Scale in
Bipolar disorder and cognitive dysfunction

Analyses of covariance revealed that Met-hemizygous patients performed significantly better on
a composite measure of executive function (comprising set-shifting, verbal fluency, attention,
and working memory) than did Val-hemizygous patients.

Among COMT-Val/Val participants, MTHFR-C/C made more spatial working memory errors
(p=0.033) and solved fewer attentional flexibility and planning problems (p=0.025) than MTHFR-
T carriers. In patients, there was a significant COMTxMTHFR interaction on full scale 1Q
(p=0.035): among COMT-Met carriers, MTHFR-T carriers performed significantly worse than
MTHFR-C/C (p=0.021), which was driven by a COMTxMTHFR interaction involving
performance 1Q (p=0.047).

(Soeiro-de-Souza, Machado-Vieira,
Soares Bio, Do Prado, & Moreno, 2012)

(Bearden et al., 2004)

(Kontis et al., 2013)



Symptom Science Common Genes Supplemental table A1 Sleep Disruption

We found significant associations between COMT and variability in the Signal Detection Theory
indices d’ and Inf3 across blocks, as well as a statistical trend for association between COMT
and commission errors. Higher externalizing psychopathology was associated with general
impairment on AX-CPT performance, and for some indices (i.e., d' variability and Inf variability)
the effect of COMT was stronger at higher levels of psychopathology.

The Val/Val COMT group was also associated with significantly more gambling disorder
diagnostic criteria being met, greater frequency of gambling behavior, and significantly worse
cognitive performance on the Cambridge Gamble Task (risk adjustment and delay aversion) and
the Spatial Working Memory task (total errors).

COMT genotype modulates cognitive functioning in Parkinson's Disease

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

Infections with HSV-1 and the COMT Vall158Val genotype are risk factors for cognitive deficits in
non-elderly persons without a psychiatric disorder.

Genotype had a critical impact on task strategy: whilst patients with high activity COMT
genotypes (val/val) adopted a typical approach of preferentially shifting attention within rather
than between dimensions, those with low activity genotypes (met/met) failed to adopt such a
strategy, suggesting an inability to form an attentional 'set'. Moreover, this behavior was
associated with significant underactivation across the frontoparietal attentional network.

COMT Val(158)Met polymorphism influences executive functions in schizophrenia and the
neuromotor performance in the deficit subtype only.

Both the COMT Vall158Met polymorphism and serological evidence of HSV-1 infection affect
cognitive functioning in individuals with bipolar disorder.

Data showed significantly impaired performance in several neuro-cognitive tests in carriers of
Met/Met genotype in patients with dementia compared to either Met/Val or Val/VVal genotype
carriers

Participants homozygous for the Met allele of the COMT polymorphism showed impaired
inhibition of prepotent responses, whereas individuals homozygous for the s-allele of the 5-
HTTLPR showed a restricted ability to update information in working memory.

(Park & Waldman, 2014)

(Grant, Leppink, Redden, Odlaug, &
Chamberlain, 2015)

(Fallon et al., 2015)

(Andrews et al., 2016)

(F. Dickerson et al., 2008)
(Williams-Gray, Hampshire, Barker, &

Owen, 2008)

(Galderisi et al., 2005)

(F. B. Dickerson et al., 2006)

(Nedic et al., 2011)

(Weiss et al., 2014)
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COMT genotype impacts on executive function in Parkinson's Disease through directly
influencing frontoparietal activation

For Parkinson’s Disease patients, the met homozygous group performed differently on tests of
executive function compared with the val homozygous group

COMT genetic variation at SNP rs165599 is associated with BPD (bipolar disorder 1) | and
influences prefrontal aspects of verbal memory in bipolar patients and healthy controls

We found a Met advantage for tasks requiring cognitive stability in both schizophrenia patients
and healthy controls

Our data support a potentially critical role of the Met allele of the Catechol-O-methyltransferase
(COMT) Val158Met polymorphism in externally paced sequential recall

Significant effects of the COMTp.Vall58Met polymorphism were identified for attention and
cognitive flexibility in the younger but not the older cohort

Cortical synaptic dopamine monitored by the COMT Val158Met polymorphism influenced
prefrontal control of both parietal processing in working memory maintenance and striatal
processing in working memory manipulation.
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(Williams-Gray, Hampshire, Robbins,
Owen, & Barker, 2007)

(Leroi et al., 2013)

(Burdick et al., 2007)

(Rosa, Dickinson, Apud, Weinberger, &
Elvevag, 2010)

(Hill et al., 2013)

(Degen et al., 2016)

(Tan et al., 2012)

COX2 (Prostaglandin-Endoperoxide Synthase 2)
Cognitive impairment in Mexican patients with diabetes is associated with less exposure to the
CG genotype of the ¢.1-765G>C polymorphism of COX2

(Diaz De Leon Gonzalez et al., 2014)

CPLX2 (Complexin 2)

Six single-nucleotide polymorphisms, distributed over the whole CPLX2 gene, were found to be
highly associated with current cognition of schizophrenic subjects but only marginally with
premorbid intelligence

(Begemann et al., 2010)

CR1 (Complement C3b/C4b Receptor 1 (Knops Blood Group)
CR1 SNP rs11803956 correlated with Mini-Mental State Examination (MMSE) score in
Alzheimer’s Disease patients

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

CR1, TOMM40, BIN1, and CD33 contribute to late-onset Alzheimer's Disease susceptibility and
cognitive impairment, in addition to apolipoprotein E.

(Chung et al., 2014)

(Andrews et al., 2016)

(Omoumi et al., 2014)
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CREB1 (CAMP Responsive Element Binding Protein 1)
There was an effect of CREB1 polymorphism on selective attention and retrieval of long-term
memory, but not on immediate memory for Chinese patients with major depression.

(Guo et al., 2014)

CRHRL1 (Corticotropin Releasing Hormone Receptor 1)

Our data indicate that GG-homozygotes of CRHR1 rs110402 and rs242924 represent a
genetically driven subtype of early working memory impairments due to alterations in
hippocampal CRHR1 activation

(Grimm et al., 2015)

CRP (C-reactive Protein)
Elevated serum levels of C-reactive protein in schizophrenia are associated with the severity of
cognitive impairment but not of psychiatric symptoms

(F. Dickerson, Stallings, Origoni,
Boronow, & Yolken, 2007)

CTNNBL (catenin beta 1)

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

(Andrews et al., 2016)

CYP46 (Cytochrome P450 Family 46 Subfamily A Member 1)
Apoe4 carriers and participants with the AA allele of CYP46 have decreased mental
manipulation ability

CYP46A1 gene may act to modulate the course of cognitive deterioration in late life

(Lai et al., 2014)

(B. Y. Fuetal., 2009)

CYTB (MT-CYB Mitochondrially Encoded Cytochrome B)
The m.15244A>G, p.G166G, CytB variant was associated with a significant decline in Digit
Symbol Substitution Test score for elderly adults

(Tranah et al., 2012)

DAOA (D-Amino Acid Oxidase Activator)
The DAOA haplotype GAGGCT was associated with worse scores in Trail making test B in
schizophrenic patients only

(Soler et al., 2016)

DARS2 (Aspartyl-TRNA Synthetase 2, Mitochondrial)
Cognitive impairment seems to be common among patients with LBSL and DARS2 mutations.
The cognitive profile in LBSL shares similarities with that reported in multiple sclerosis

(Martikainen, Ellfolk, & Majamaa, 2013)

DAT1 (SLC6A3 Solute Carrier Family 6 Member 3)
The minor allele was more common in Alzheimer's Disease patients than in both individuals with
mild cognitive impairment and healthy elderly controls

Results suggest that DAT1 is a QTL for cognitive endophenotype of response inhibition.

Findings confirm a significant effect of the SLC6A3 genotype on the neurophysiological
correlates of cognitive response control in ADHD

(Roussotte et al., 2015)

(Cornish et al., 2005)

(Dresler et al., 2010)
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DBH (Dopamine Beta-Hydroxylase)

The 19bp insertion/deletion polymorphism of the DBH gene influences cognition in elderly
women and might have a stronger effect than APOE epsilon4 allele status on mild cognitive
impairment

(Togsverd et al., 2007)

DCDC2 (Doublecortin Domain Containing 2)
BV677278 interacts nonadditively with KIAA0319, an Dyslexia-associated gene, to adversely
affect several reading and cognitive phenotypes

Our results further implicate variation in putative regulatory regions in the DYX2 locus,
particularly in DCDC2, influencing language and cognitive traits

(Powers et al., 2013)

(Eicher et al., 2015)

DISC1 (Disrupted In Schizophrenia 1)

Patients carrying the A allele of rs1000731 exhibited a significant improvement in Working
Memory and Attention domains, and the homozygosity of the A allele of rs821616 showed a
significant improvement in Motor Dexterity performance over 3 years of follow-up post psychosis

ZNF804A, DISC1 and KIAA0319 were associated with language and speech, verbal learning
and recall processes, and processing speed in schizophrenic patients

(Vazquez-Bourgon et al., 2015)

(Nicodemus et al., 2014)

DNM2 (Dynamin 2)

We found a significant association of late-onset Alzheimer’s Disease with single nucleotide
polymorphism markers of the DNM2 gene, especially in non-carriers of the apolipoprotein E-
epsilon4 allele

(Aidaralieva et al., 2008)

DP (dystrophin isoform 140)

Comparison of molecular and psychometric findings demonstrated that deletions and
duplications that were localized in the distal part of the gene seemed to be preferentially
associated with cognitive impairment in Duchenne’s muscular dystrophy

Impairment of cognitive abilities in Duchenne muscular dystrophy and Becker muscular
dystrophy patients might be related to a dysfunction of Dp140 brain isoform.

(Moizard et al., 1998)

(Bardoni et al., 2000)

DRB1 (HLA-DRB1 Major Histocompatibility Complex, Class Il, DR Beta 1)

We observed that both DRB1*0801 and DRB1*1101 were significantly associated with
vocabulary ability (cross-sectional and longitudinal scores) and that the effects were in opposite
directions with DRB1*0801 associated with lower score and faster cognitive decline

(Payton et al., 2016)

DRD2 (Dopamine Receptor D2)
The DRD2 and AKT1 polymorphisms altered dose-response effects of anti-psychotic drugs on
cognition in schizophrenia

The study shows that variants (rs6277 DRD2 gene and DRD4 48 bp VNTR) may be risk factors
for deficits in executive function and cognitive flexibility.

(Tan et al., 2012)

(Villalba, Devieux, Rosenberg, & Cadet,
2015)
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DRD4 (Dopamine Receptor D4)
The study shows that variants (rs6277 DRD2 gene and DRD4 48 bp VNTR) may be risk factors
for deficits in executive function and cognitive flexibility.

(Villalba et al., 2015)

DTNBP1 (Dystrobrevin Binding Protein 1)

The present study supports the involvement of DTNBP1 in the regulation of cognitive processes
and demonstrates association in particular with sustained attention and set-shifting in
schizophrenia patients.

We report an association between DTNBP1 genotype and general cognitive ability

(Bakanidze et al., 2016)

(Burdick et al., 2006)

DYX2 (Dyslexia Susceptibility 2 KIAA0319)
Our results further implicate variation in putative regulatory regions in the DYX2 locus,
particularly in DCDC2, influencing language and cognitive traits

ZNF804A, DISC1 and KIAA0319 were associated with language and speech, verbal learning
and recall processes, and processing speed in schizophrenic patients

Analyses of covariance revealed that individuals with the TT genotype of the rs12193738
polymorphism exposed to high maternal stress during pregnancy possessed significantly poorer
reading ability during adolescence compared with TT carriers exposed to low maternal stress.
TT carriers of the rs12193738 SNP also obtained lower 1Q scores at age 7 than C allele carriers

(Eicher et al., 2015)

(Nicodemus et al., 2014)

(D'Souza et al., 2016)

EAAT (SLC1A3 Solute Carrier Family 1 Member 3 and SLC1A2 member 2)

ANOVA showed a significant difference among both EAAT1 and EAAT?2 genotype groups on
different cognitive measures. Worse performances were observed among carriers of the
genotypes associated with lower EAAT expression

(Spangaro et al., 2014)

ESR1 (estrogen receptor 1)
We found that among non-demented community elders, several SNPs in the ESR1 and ESR2
genes were associated with risk of developing cognitive impairment

Estrogen receptor 1 polymorphisms are associated with risk of developing cognitive impairment
in older women

(Yaffe et al., 2009)

(Yaffe, Lui, Grady, Stone, & Morin, 2002)

ESR2 (estrogen receptor 2)

Our large multicenter prospective study provides preliminary evidence that ESR2 genetic
variants may be associated with specific cognitive domains and suggests that further
examination of the role of this gene in cognitive function is warranted.

We found that among non-demented community elders, several SNPs in the ESR1 and ESR2
genes were associated with risk of developing cognitive impairment

(Ryan et al., 2013)

(Yaffe et al., 2009)
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FASTKD2 (FAST Kinase Domains 2)

Using a genome-wide screen, we discovered a novel association of a polymorphism in the pro-
apoptotic gene FASTKD2 (fas-activated serine/threonine kinase domains 2; rs7594645-G) and
in the MTOR pathway with better memory performance and replicated this finding in
independent samples.

(Ramanan, Nho, et al., 2015)

FMR1 (Fragile X Mental Retardation 1)

Male carriers of midsize to large premutation alleles had a sixfold increased risk of developing
cognitive decline and the risk increases with allele size. In addition, it was observed that
cognitive impairment may precede motor symptoms.

FXTAS (fragile X-associated tremor/ataxia syndrome) involves impairment of general intellectual
functioning, with marked impairment of executive cognitive abilities.

Our findings indicate a specific vulnerability in premutation males on tasks that require
simultaneous manipulation and storage of new information

(Sevin et al., 2009)

(Grigsby et al., 2007)

(Cornish et al., 2009)

FRMD4A (FERM Domain Containing 4A)

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

(Andrews et al., 2016)

FTO (FTO, Alpha-Ketoglutarate Dependent Dioxygenase)
These findings suggest that the FTO risk allele is associated with reduced memory
performance, particularly on aspects of memory encoding and delayed recall.

Obese and overweight but not normal weight FTO A allele carriers showed a lower performance
on verbal fluency than non-carriers

(Alosco et al., 2013)

(Benedict et al., 2011)

GABRR2 (Gamma-Aminobutyric Acid Type A Receptor Rho2 Subunit)
Results showed a significant influence of GABRR2 gene polymorphism on individuals' Raven's
Standard Progressive Matrices

(Z. Ma et al., 2017)

GBA (Glucosylceramidase Beta)

Both GBA mutations and E326K are associated with a distinct cognitive profile characterized by
greater impairment in working memory/executive function and visuospatial abilities in
Parkinson's Disease patients

GBA mutation carriers performed more poorly than noncarriers on the Mini-Mental State
Examination, and on the memory and visuospatial domains. The most prominent differences
were observed in nonverbal memory performance.

(Mata et al., 2016)

(Alcalay et al., 2012)
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The results showed that GBA mutation carriers were more likely to receive a diagnosis of mild
cognitive impairment or dementia and performed worse than noncarrier patients on the Mini-
Mental State Examination and on tasks assessing visual memory and visuospatial abilities

The N370S GBA mutation is the risk factor for cognitive impairment in Parkinson's Disease
patients
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(Daniele & Albanese, 2012)

(Malec-Litwinowicz et al., 2014)

GHRL (Ghrelin And Obestatin Prepropeptide)
Glucose impairment and L90G Ghrelin gene variant influence cognitive function in old dwelling
individuals participating in the Mataré Ageing Study

(Mora et al., 2014)

GIGYF2 (GRB10 Interacting GYF Protein 2)

A novel genetic variant (p.Arg610Gly) in the GIGYF2 gene, previously known to be associated
with Parkinson's Disease, was identified as potential disease-causing mutation with cognitive
impairment.

(Ruiz-Martinez et al., 2015)

GRN (Granulin Precursor)
Measurable cognitive differences exist before the development of frontotemporal dementia in
subjects with GRN mutations.

(Hallam et al., 2014)

GSTM1 (Glutathione S-Transferase Mu 1)
GSTM1 and GSTT1 polymorphisms may predict adverse events, including cognitive impairment
after therapy, in patients with medulloblastoma

(Barahmani et al., 2009)

GSTT1 (Glutathione S-Transferase Theta 1)
GSTM1 and GSTT1 polymorphisms may predict adverse events, including cognitive impairment
after therapy, in patients with medulloblastoma

(Barahmani et al., 2009)

GTF2IRD2 (GTF2l Repeat Domain Containing 2)

Cognitive, behavioral and psychological functioning in Williams-Beuren syndrome patients
showed that those with slightly larger deletions encompassing GTF2IRD2 were significantly
more cognitively impaired in the areas of spatial functioning, social reasoning, and cognitive
flexibility

(Porter et al., 2012)

H2AFZ (H2A Histone Family Member 2)
Our findings suggest that the H2AFZ gene may confer a risk for schizophrenia and contribute to
the impairment of executive function in Han Chinese patients with schizophrenia

(Chang, Sun, Liu, Sun, & You, 2015)

HD (HTT Huntingtin)
Participants with CAG expansions showed significant worsening in motor, cognitive, and
functional measures compared with those without expansion

We found distinct group differences in frequency of impairment on measures of Executive
functions and psychomotor speed in manifest and premanifest Huntington's Disease gene-
expansion carriers

(Huntington Study Group et al., 2016)

(Unmack Larsen, Vinther-Jensen, Gade,
Nielsen, & Vogel, 2015)
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Cognitive decline appears to start before clinical onset of Huntington disease and is correlated
with the number of trinucleotide repeats

A broad neuropsychological assessment battery was administered to 24 asymptomatic gene
carriers (HD+) and 31 noncarriers (HD-). The gene carriers revealed inferior cognitive
functioning as compared with the noncarriers in memory and executive functions.

(Jason et al., 1997)

(Robins Wahlin, Lundin, & Dear, 2007)
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HLA-DQAL1 (Major Histocompatibility Complex, Class Il, DQ Alpha 1)
The most strongly associated single nucleotide polymorphism (SNP) in the CAM pathway
(rs9272105 within HLA-DQAJ1) explained 1-3% of the variance in attentional control

(Hargreaves et al., 2014)

HSPAS8 (Heat Shock Protein Family A (Hsp70) Member 8)

One SNP (rs1136141) in HSPAS8 met these criteria, yielding a significant allelic frequency
difference between cases with mental impairment and normal controls for individual genotyping
and a significant correlation within the control group

(Butcher et al., 2005)

IL6 (interleukin 6)
GG genotype was more frequent among global cognitive score non-decliners while carriers of at
least one C allele were more frequent in the group with global cognitive score decliners

Our results suggest that elevated IL-6 levels may play the role in cognitive impairment and serve
as potential inflammatory biomarker of deterioration in schizophrenia

(Fraga et al., 2015)

(Frydecka et al., 2015)

IL10 (interleukin 10)

Logistic regression analysis showed that the IL-10 1082G/A (AA) genotype decreased (Odds
ratio=0.440, p=0.042), while the IL-117A rs8193036 (CC) genotype increased the risk of
cognitive impairment in Parkinson's disease (OR=1.838, p=0.048).

(Nie et al., 2013)

IL-17A (interleukin 17A)

Logistic regression analysis showed that the IL-10 1082G/A (AA) genotype decreased (Odds
ratio=0.440, p=0.042), while the IL-117A rs8193036 (CC) genotype increased the risk of
cognitive impairment in Parkinson's disease (OR=1.838, p=0.048).

(Nie et al., 2013)

ILIRAP (Interleukin 1 Receptor Accessory Protein)
ILARAP rs12053868-G carriers were more likely to progress from mild cognitive impairment to
Alzheimer's disease and exhibited greater longitudinal temporal cortex atrophy on MRI

(Ramanan, Risacher, et al., 2015)

INOS (NOS2 nitric oxide synthase 2)
iINOS promoter polymorphism variant provides protection against moderate/severe cognitive
dysfunction 1 month after carotid endarterectomy

(Yocum et al., 2009)

IRS1 (Insulin Receptor Substrate 1)
The Arg972 IRS1 polymorphism is an independent risk factor for Alzheimer's Disease and the A
allele has a gene dosage effect on severity in Han Chinese

(W.Wang et al., 2014)
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ITGB3 (integrin subunit beta 3)

The PI(A2) -allele of the platelet glycoprotein-llla (ITGB-3) gene was present in 13 (42%) and 25
(20%) patients with and without cognitive dysfunction, respectively, p = 0.012. The
apolipoprotein E-g4 allele was present in 9 (29%) and 24 (19%) patients with and without
cognitive dysfunction, respectively, p = 0.24. Both the PI(A2) and apolipoprotein-g4 alleles were
present together in 6 (19%) and 5 (4%) patients with and without cognitive dysfunction,
respectively, p = 0.003

(A. Stewart et al., 2013)

KIBRA (WW And C2 Domain Containing 1)

An association between the KIBRA gene and episodic memory (immediate free recall) and
suggests a differential effect of this genetic variant in early onset schizophrenia and healthy
siblings

rs17070145 associates with cognitive function in depression

(Vyas et al., 2014)

(J.J. Liu, Lavebratt, Lou, & Forsell, 2015)

KLOTHO (KL Klotho)

GA+AA genotype subjects had a significantly lower risk of cognitive impairment (odds ratio 0.66;
95 % confidence interval 0.44 to 0.98) than GG genotype individuals after adjusting for age,
gender, and other relevant risk factors.

(Hao, Ding, Gao, Yang, & Dong, 2016)

LDLR (Low Density Lipoprotein Receptor)

The study suggests that amnestic cognitive impairment is characterized by memory impairment
and associated with SNPs in three systems relating to the pathogenesis of AD—those of the
amyloid cascade, tau and cholesterol metabolism pathways

(X. Liu et al., 2012)

LRP1 (LDL Receptor Related Protein 1)

We identified haplotypes within the region containing the LRP1 gene. Of these, haplotype TAA
(T: rs1800194; A: rs11837145; A: rs10876967) was significantly associated with amnestic mild
cognitive impairment

(Y. M. Shi et al., 2009)

LRP1B (LDL Receptor Related Protein 1B)

Among these genes, APOE and APOC1 are known AD risk genes. For the other five genes
TNFRSF1A, CDH1, CASP7, LRP1B and TG, this is the first genetic association study which
showed the significant association between these five genes and Alzheimer's Disease
susceptibility in Caribbean Hispanic individuals.

(Shang et al., 2015)

LRRK2 (Leucine Rich Repeat Kinase 2)

Subjects with G2019S and R1441G mutations of the LRRK-2 gene showed less impairment on
scales for general cognition (Mattis dementia rating scale 131.2 + 10.9 vs. 119 + 24.0,

p = 0.022), episodic verbal memory (Rey's auditory verbal learning test, immediate recall
39.2+9.5vs.27.6 +£12.8 p<0.001, delayed recall 7.2 £ 3.7 vs. 4.7 + 4.0 p = 0.022), and the
Neuropsychiatric Inventory (9.7 £ 9.2 vs. 20.5 + 14.3, p = 0.004, significant differences for
apathy and hallucinations).

(Somme et al., 2015)
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These results indicate that non-manifesting carriers of the G2019S mutation in the LRRK2 gene
have a specific cognitive profile with executive functions, demonstrating significant impairment
but with working memory remaining relatively intact

Parkinson’s Disease patients who carried A419V have a lower Minimum-Mental State
Examination scores than PD patients who did not (p = 0.04)
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(Thaler et al., 2016)

LTA (Lymphotoxin Alpha)
The LTA Cys13Arg polymorphism may represent a risk factor for cognitive impairment in
individuals with schizophrenia.

(F. Dickerson, Boronow, Stallings,
Origoni, & Yolken, 2007)

MAG (Myelin Associated Glycoprotein)
Combined genetics and neuroimaging data showed that variants from the MAG, OLIG2, and
CNP genes influenced white matter tract integrity and cognitive performance

(Voineskos et al., 2013)

MAPT (Myelin Associated Glycoprotein)
MAPT H1/H1 genotype was an independent predictor of dementia risk.

These results firstly suggest that the risk of mild cognitive impairment is influenced by tau
protein gene variations and that mild cognitive impairment shares a common genetic
background with Alzheimer's disease

Cognitive decline and the development of Parkinson's disease dementia are strongly associated
with the inversion polymorphism containing MAPT. We also found a novel synergistic interaction
between the MAPT inversion polymorphism and the single nucleotide polymorphism rs356219
from the 3' region of SNCA

Common variation in MAPT is not only associated with the dementia of Parkinson's disease but
also differences in the neural circuitry underlying aspects of cognition in normal aging

The study suggests that amnestic cognitive impairment is characterized by memory impairment
and associated with SNPs in three systems relating to the pathogenesis of AD—those of the
amyloid cascade, tau and cholesterol metabolism pathways

(Williams-Gray et al., 2009)

(Di Maria et al., 2010)

(Goris et al., 2007)

(Winder-Rhodes et al., 2015)

(X. Liu et al., 2012)

MBL2 (Mannose Binding Lectin 2)

The APOE epsilon4 allele was associated with increased risk for cognitive deficits, whereas the
MBL2 O/O genotype was associated with increased risk for progressive cognitive decline in
Chinese individuals infected with HIV through contaminated blood products.

(Spector et al., 2010)

MRPL19 (Mitochondrial Ribosomal Protein L19)
MRPL19/C20RF3 locus showed statistically significant association with measures of general
cognitive abilities

(Scerri et al., 2012)
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MS (MTR 5-Methyltetrahydrofolate-Homocysteine Methyltransferase)

The A2756G polymorphism in the MS gene was shown to be an independent risk factor for mild
cognitive impairment in the Xinjiang Uygur population. The A>G mutation in the MS gene at the
rs1805087 locus was another independent risk factor for mild cognitive impairment in the
Uyghur population. The risk of mild cognitive impairment in G allele carriers was 2.265 times
higher than that in matched control individuals

(Luo, Ji, Zhou, Liang, & Zou, 2015)

MS4A4E (Membrane Spanning 4-Domains A4E)

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

(Andrews et al., 2016)

MSRA (Methionine Sulfoxide Reductase A)

Allele frequencies of the rs4840463 polymorphism were significantly different between bipolar
disorder patients and controls, and between patients with psychotic symptoms and controls. BD
| patients performed more poorly in 11 of the 13 neurocognitive measurements compared with
controls

(Ni et al., 2015)

MTHFR (Methylenetetrahydrofolate Reductase)

Compared with the wild CC genotype, participants with the MTHFR-TT genotype had 46%
greater odds of cognitive impairment (OR 1.46, 95% CI 1.01-2.11, P=0.043)

Among COMT-Val/Val participants, MTHFR-C/C made more spatial working memory errors
(p=0.033) and solved fewer attentional flexibility and planning problems (p=0.025) than MTHFR-
T carriers. In patients, there was a significant COMTxMTHFR interaction on full scale 1Q
(p=0.035): among COMT-Met carriers, MTHFR-T carriers performed significantly worse than
MTHFR-C/C (p=0.021), which was driven by a COMTxMTHFR interaction involving
performance 1Q (p=0.047).

When MTHFR C677T TT was combined with the apolipoprotein E (APOE)-¢4 allele, it was a risk
factor for lower executive performance.

Compared with the wild CC genotype, participants with the MTHFR-TT genotype had 46%
greater odds of cognitive impairment

T/T subjects exhibited significantly greater deficits on the Verbal Fluency Test and had more
difficulty achieving the first category on the Wisconsin Card Sort Test

(Ford et al., 2012)

(Kontis et al., 2013)

(Polito et al., 2016)

(Ford et al., 2012)

(Roffman et al., 2007)

MTOR (Mechanistic Target Of Rapamycin)

Using a genome-wide screen, we discovered a novel association of a polymorphism in the pro-
apoptotic gene FASTKD2 (fas-activated serine/threonine kinase domains 2; rs7594645-G) and
in the MTOR pathway with better memory performance and replicated this finding in
independent samples.

(Ramanan, Nho, et al., 2015)
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MTR (5-Methyltetrahydrofolate-Homocysteine Methyltransferase)
People with late life depression carrying MTR2756 AA genotype have higher risk of cognitive
impairment than those carrying G allele.

(Yang et al., 2017)

MYD88 (Myeloid Differentiation Primary Response 88)
Carriers of the MYD88 rs6853 variant were half as likely to have cognitive dysfunction than wild-
type patients.

(Barratt, Klepstad, Dale, Kaasa, &
Somogyi, 2015)

ND6 (Mitochondrially Encoded NADH:Ubiquinone Oxidoreductase Core Subunit 6)
m.14178T>C, p.1166V, ND6 variant was associated with a significant decline in the modified
mini mental state score in elderly adults

(Tranah et al., 2012)

NEDD9 (Neural Precursor Cell Expressed, Developmentally Down-Regulated 9)
Our study identified rs760678 within NEDD9 gene in association with the risk of Alzheimer
disease and cognitive performance in Chinese older persons.

(Y.Fuetal., 2012)

NGF (Nerve Growth Factor)

A significant difference was noted for the go/no-go scores (p < 0.01) between C/C and T
carriers. The NGF gene rs6330 might influence the inhibition task in Japanese patients with
early-stage Alzheimer's Disease or mild cognitive impairment

(Nagata, Shinagawa, Nukariya,
Nakayama, et al., 2011)

NOS3 (nitric oxide synthase 3)

Though no association between NOS3 gene variation and mild cognitive impairment status was
observed, cases carrying the Asp variant (T+) performed worse in the Mini-Mental State
Examination, Wechsler Memory Scale (Revised) long-term visual memory and the phonetic
verbal fluency tests.

(Sole-Padulles et al., 2004)

NOTCHS3 (Notch 3)
CADASIL subjects carrying mutations in NOTCH 3 had pronounced impairments of the timed
measures (Stroop Il and Ill, Trail Making Test, symbol digit, digit cancellation).

The 2 mutation carrier groups without dementia and the controls could be reliably distinguished
using 3 tests that assessed working memory/attention, executive function, and mental speed.

The NOTCH3 R544C is associated with lower frequency of anterior temporal involvement, later
age at onset and higher frequency of cognitive dysfunction.

(Peters et al., 2005)

(Amberla et al., 2004)

(Liao et al., 2015)

NOX (NAPDH oxidase)

Polymorphisms within the NOX gene or its functional subunits may account for important
components of the variance in cognitive function deficits associated with obstructive sleep
apnea in children.

(Gozal et al., 2012)

NPC1 (NPC Intracellular Cholesterol Transporter 1)
Patients with mutations in the gene coding for the cholesterol trafficking protein NPC1 had more
marked deficits in verbal working memory than in visuospatial working memory.

(Klarner, Klunemann, Lurding, Aslanidis,
& Rupprecht, 2007)

NR3C1(Nuclear Receptor Subfamily 3 Group C Member 1)
Polymorphisms in the 11BHSD1 and NR3C1 genes were associated with impaired cognitive
function in Cushing's Syndrome

(Ragnarsson et al., 2014)
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NRG1 (Neuregulin 1)
NRG1 (SNP8NRG221533; rs35753505) status was determined and correlated with a linear
effect on semantic but not on lexical verbal fluency.

(Kircher et al., 2009)

NRSF (REST REL1 Silencing Transcription Factor)

We found a statistically significant association between genotypic variation and memory function
at both baseline (NRSF: rs1105434, rs2227902 and BDNF: rs1491850, rs2030324, rs11030094)
and in our longitudinal analysis (NRSF: rs2227902 and BDNF: rs12273363).

(Warburton et al., 2016)

NT3 (3'-Nucleotidase)

These results suggested that an NT-3 polymorphism, rs6332, may significantly influence
executive function, reflecting interference performances among patients with mild-stage
Alzheimer's Disease.

(Kobayashi et al., 2012)

OLIG2 (Oligodendrocyte Transcription Factor 2)
Combined genetics and neuroimaging data showed that variants from the MAG, OLIG2, and
CNP genes influenced white matter tract integrity and cognitive performance

(Voineskos et al., 2013)

PDE4D (Phosphodiesterase 4D)

The C/C genotype of SNP 83 is significantly associated with the highest incidence of cognitive
dysfunction 1 day following carotid endarterectomy in comparison with the C/T and T/T
genotypes

(Heyer et al., 2013)

PDE7A (Phosphodiesterase 7A)

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

(Andrews et al., 2016)

PGRN (Granulin Precursor)
The clinical presentation of an Alzheimer disease-like phenotype of cognitive impairment was
associated with the c.154delA mutation in progranulin.

(Kelley et al., 2010)

PICALM (Phosphatidylinositol Binding Clathrin Assembly Protein)

The data suggest a neural mechanism for APOE-PICALM interactions in patients with manifest
Alzheimer's Disease and indicate that the PICALM genotype modulates both brain atrophy and
cognitive performance in APOE €4 carriers.

PICALM rs3851179 was associated with cognitive impairment (MMSE < 24) in Parkinson's
Disease subjects > 70 years old (OR=2.3; adjusted p-value=0.017; n=250) but not in
Parkinson's Disease subjects < 70 years old.

(Morgen et al., 2014)

(Barrett, Koeppel, Flanigan, Turner, &
Worrall, 2016)

PLAU (Plasminogen Activator, Urokinase)

The study suggests that amnestic cognitive impairment is characterized by memory impairment
and associated with SNPs in three systems relating to the pathogenesis of AD—those of the
amyloid cascade, tau and cholesterol metabolism pathways

(X. Liu et al., 2012)
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PLK2 (Polo Like Kinase 2)

A significant association between the genotypes RELN (rs528528 and rs2299356), PLK2
(rs15009 and rs702723), and CAMK?2A (rs3756577 and rs3822606) and

Alzheimer's Disease or mild cognitive impairment was found

(Bufill et al., 2015)

PPARG (Peroxisome Proliferator Activated Receptor Gamma)
The PPAR-gamma Alal2 allele carriers may have less risk of developing cognitive decline

These data suggest that although the Ala variant is associated with a reduced risk of type 2
diabetes, it may increase the risk of cognitive impairment in individuals once diabetes has
developed. Male Ala carriers may also have a greater risk of dementia and cognitive
impairment.

(Yaffe et al., 2008)

(West, Haan, & Morgenstern, 2010)

PRNP (Prion Protein)
The 6-OPRI polymorphism variant patients had more widespread and severe cognitive
dysfunction than the P102L group in inherited prion disease.

Variability of the PRNP locus may be associated with cognitive performance in the elderly

These findings provide evidence that variability of the PRNP gene at codon 129 might contribute
to accelerating the rate of earlier cognitive decline in Down Syndrome subjects.

(Alner et al., 2012)

(Berr et al., 1998)

(Del Bo et al., 2003)

PSENL1 (Presenilin 1)
The familial AD carriers showed significant dual memory task decrements compared to those
family members without the variation in presenilin-1.

The presence of the Glu318Gly mutation was associated with significantly lower cognitive
performance when compared to controls

Clinical deterioration can be detected as measurable cognitive impairment around two decades
before dementia onset in PSEN1 E280A carriers

The PSEN1 F177S mutation leads to typical Alzheimer's Disease starting at age 30 and a
homogeneous phenotype with rapid cognitive decline and prominent neurological symptoms

Variation in the third transmembrane domain of PSEN1 is characterized by fast cognitive decline
with progressive memory impairment, early involvement of executive functions, behavioral
disturbances, and extrapyramidal signs

(MacPherson, Parra, Moreno, Lopera, &
Della Sala, 2015)

(Laws et al., 2002)

(Acosta-Baena et al., 2011)

(Hausner et al., 2014)

(Piscopo et al., 2010)

RELN (Reelin)

A significant association was found between the genotypes RELN (rs528528 and rs2299356),
PLK2 (rs15009 and rs702723), and CAMK2A (rs3756577 and rs3822606) and Alzheimer's
Disease or mild cognitive impairment

(Bufill et al., 2015)
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RNASE13 (Ribonuclease A Family Member 13 (Inactive))
Gene-based analyses found a genome-wide significant association between RNASE13 and
executive function resilience

(Mukherjee et al., 2014)

SELP (Selectin P)
Older patients with cardiovascular disease and the SELP 1087A allele performed more poorly
on neuropsychological testing.

(Gunstad et al., 2009)

SHANK (SHANK group SH3 And Multiple Ankyrin Repeat Domains 1, 2, 3)
Mutations of the SHANK genes were detected in the whole spectrum of autism with a gradient of
severity in cognitive impairment

(Leblond et al., 2014)

SIGMARL1 (Sigma Non-Opioid Intracellular Receptor 1)
Data demonstrate that SIGMAR1 and APOE interact to influence
Alzheimer's Disease severity across ethnic populations.

(Huang et al., 2011)

SLC1A2 (Solute Carrier Family 1 Member 2)
Genetic variation (rs4354668 and its haplotypes) in SLC1A2 may be involved in impaired
executive function for schizophrenic patients

(B. Zhang et al., 2015)

SLC5A7 (Solute Carrier Family 5 Member 7)
These results are the first to demonstrate a specific impairment in cognitive control associated
with the 1le89Val polymorphism

(Berry et al., 2014)

SLC6A4 (Solute Carrier Family 6 Member 4)
We found that elderly volunteers homozygous for the VNTR2 12 allele had a faster rate of
decline for all cognitive tests.

The presence of STin2.10 and absence of STin2.12 allele may be related to a possible genetic
endophenotype for characteristic cognitive dysfunctions detected in major depressive disorder

(Payton et al., 2005)

(Sarosi et al., 2008)

SNAP25 (Synaptosome Associated Protein 25)

Results showed that the intronic rs363050 (A) and rs363043 (T) alleles, as well as the
rs363050/rs363043 A-T haplotype are significantly more frequent in Alzheimer's Disease and
amnesic mild cognitive impairment and are associated with pathological scores of categorical
fluency in AD.

Homozygote T/T allele carriers of the Ddel polymorphism showed significant better
neuropsychological test results in cognitive domains verbal memory and executive functions
than those with the combined T/C and C/C genotypes (P < 0.01)

(Guerini et al., 2014)

(Spellmann et al., 2008)

SNCA (Synuclein Alpha)

Cognitive decline and the development of Parkinson's Disease dementia are strongly associated
with the inversion polymorphism containing MAPT. We also found a novel synergistic interaction
between the MAPT inversion polymorphism and the single nucleotide polymorphism rs356219
from the 3' region of SNCA

(Goris et al., 2007)




Symptom Science Common Genes Supplemental table A1 Sleep Disruption

36

SORL1 (Sortilin Related Receptor 1)

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

The strongest gene-phenotype association was between SORL1 (rs1131497; p = 3.2 x 10(-6))
and abstract reasoning

(Andrews et al., 2016)

(Seshadri et al., 2007)

SPG11 (SPG11, Spatacsin Vesicle Trafficking Associated)

This study reveals the high frequency of SPG11 mutations in patients with hereditary spastic
paraplegias, a thin corpus callosum, and cognitive impairment and extends the associated
phenotype

(Stevanin et al., 2008)

SPG4 (SPAST Spastin)

Asymptomatic cognitive impairment mostly affecting executive functions is present in SPG4
mutation carriers and is more frequent in those with missense mutations

This data demonstrates that cognitive decline and dementia is a feature of SPG4-HSP due to a
deletion of exon 17 of the spastin gene

Haplotype carriers affected by HSP had lower total Cambridge Cognitive exam scores than
control subjects

(Tallaksen et al., 2003)

(Murphy et al., 2009)

(Byrne et al., 2000)

STH (Saitohin)
Among the patients with schizophrenia, stratified for age and gender, the STH polymorphism
resulted in a significant predictor of Wisconsin Card Scoring Test performance

(Bosia et al., 2012)

SYNPO (Synaptopodin)

From the gene SYNPO, rs6579797 (MAF = 0.032) shows significant associations with
abstraction and mental flexibility (P = .015) and schizophrenia (P = .040), as well as jointly (P =
.0027). In the Mexican American pedigrees, rs6579797 exhibits significant associations with 1Q
(P =.011), indicating more global effects on neurocognition.

(Kos et al., 2016)

TG (thyroglobulin)

Among these genes, APOE and APOC1 are known AD risk genes. For the other five genes
TNFRSF1A, CDH1, CASP7, LRP1B and TG, this is the first genetic association study which
showed the significant association between these five genes and Alzheimer's Disease
susceptibility in Caribbean Hispanic individuals.

(Shang et al., 2015)

TNFRSF1A (TNF Receptor Superfamily Member 1A)

Among these genes, APOE and APOC1 are known AD risk genes. For the other five genes
TNFRSF1A, CDH1, CASP7, LRP1B and TG, this is the first genetic association study which
showed the significant association between these five genes and Alzheimer's Disease
susceptibility in Caribbean Hispanic individuals.

(Shang et al., 2015)
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TOMMA4O0 (Translocase Of Outer Mitochondrial Membrane 40)

These results suggest that previous findings of an association of the TOMMA40 short allele with
better cognitive performance, independently from the APOE variant status, are pertinent to
elderly with diabetes.

The study suggests that amnestic mild cognitive Impairment is associated with SNPs in three
systems relating to the pathogenesis of AD—those of the amyloid cascade, tau and cholesterol
metabolism pathways

CR1, TOMM40, BIN1, and CD33 contribute to late-onset Alzheimer's Disease susceptibility and
cognitive impairment, in addition to apolipoprotein E.

(Greenbaum et al., 2014)

(X. Liu et al., 2012)

(Omoumi et al., 2014)

UBRS5 (Ubiquitin Protein Ligase E3 Component N-Recognin 5)
rs7840202 at chr8 in UBR5 was associated with a significant decline in cognition as well as the
conversion of subjects with mild cognitive impairment to a diagnosis of Alzheimer's Disease.

(Hu et al.,, 2011)

YWHAE (Tyrosine 3-Monooxygenase/Tryptophan 5-Monooxygenase Activation Protein
Epsilon)

Individuals who are HIV-seropositive and heterozygous at the rs4790084/rs1204828 loci in the
YWHAE gene were 3x more likely to display reduced cognitive functioning

(Morales, Hechavarria, Wojna, &
Acevedo, 2013)

ZNF224 (Zinc Finger Protein 224)

Significant associations with cognitive performance were observed for APOE ¢4 allele, ABCA7-
rs3764650, CR1-rs3818361, MS4A4E-rs6109332, BDNF-rs6265, COMT-rs4680, CTNNBL-
rs6125962, FRMD4A-rs17314229, FRMD4A-rs17314229, intergenic SNP chrX-rs12007229,
PDE7A-rs10808746, SORL1-rs668387, and ZNF224-rs3746319

(Andrews et al., 2016)

ZNF804A (Zinc Finger Protein 804A)
ZNF804A, DISC1 and KIAA0319 were associated with language and speech, verbal learning
and recall processes, and processing speed in schizophrenic patients

A significant ZNF804A genotype-diagnosis interaction was found for visual memory
performance. Patients with the high-risk T/T genotype scored significantly lower on visual
memory tasks than G carriers did

(Nicodemus et al., 2014)

(Hashimoto et al., 2010)

Significant Genes — Epigenomic Findings

Authors

BACEL (Beta-Secretase 1)
BACEL1 promoter region was less accessible due to histone H3 acetylation in peripheral blood
mononuclear cells from individuals with mild cognitive impairment.

(Marques et al., 2012)

FMR1 (Fragile X Mental Retardation 1)
The data suggest that hypermethylation of the FMR1 intron 1 sites in blood is predictive of
cognitive impairment in Fragile X carrier females.

(Godler et al., 2012)
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HMOX1 (Heme Oxygenase 1)
We observed lower methylation of HMOX1 at the -374 promoter CpG site in Alzheimer’s disease
patients compared to mild cognitive impairment and control individuals

(Sung et al., 2016)

KLOTHO (KL Klotho)
Our results showed that KLOTHO promoter hypermethylation contributed to the risk of mild
cognitive impairment in Xinjiang Han Chinese but not in Xinjiang Uygur Chinese.

(Luo, Zhou, et al., 2015)

NCAPH2/LMF2 (Non-SMC Condensin Il Complex Subunit H2/ Lipase Maturation Factor 2)
DNA methylation in the NCAPH2/LMF2 promoter region was significantly decreased in the AD
(n =30) and aMCI (n = 28) groups as compared to the NC group (n = 30) (P < 0.0001,
ANCOVA)

(Kobayashi et al., 2016)

SORL1 ( Sortilin Related Receptor 1)

The methylation ratio (86.9%) of SORL1 in mild cognitive impairment patients was significantly
higher than in patients without cognitive impairment patients (35.9%, P<0.05) and in the control
group (11.3%, P<0.05).These results suggested that the DNA methylation of the SORL1 5'-
flanking region may significantly influence the manifestation of mild cognitive impairment in Type
2 diabetes, and might be associated with its heurocognitive presentation

(Yuetal., 2016)

Significant Genes — Transcriptomic Findings

Authors

ABCB1 (ATP Binding Cassette Subfamily B Member 1)
ABCBL1 gene expression exhibited significantly positive correlation with mini mental state exam
scores among normal controls, mild cognitive impairment, and Alzheimer's Disease subjects

(K. D. Chen et al., 2011)

APOE (Apolipoprotein E)

Activation of peripheral circulating GSK-33, expression of ApoE €4 and increase of olfactory
score are diagnostic for the mild cognitive impairment in Type 2 diabetes patients, and
combination of these biomarkers can improve the diagnostic accuracy.

(Xu et al., 2016)

APP (Amyloid Beta Precursor Protein)

Differential gene expression measurements revealed a significant up-regulation in expression of
APP in both Alzheimer's disease and frontotemporal lobar degeneration patients compared to
the controls

(Vignini et al., 2013)

ASMT (Acetylserotonin O-Methyltransferase)
Data suggest a relationship between decreased mRNA and protein expression levels of ASMT
and cognitive impairment.

(Talarowska, Szemraj, Zajaczkowska, &
Galecki, 2014)

ATM (ATM Serine/Threonine Kinase)

The expression of CCL-checkpoint and DNA damage response genes: MDM4, ATM and ATR
was strongly upregulated and associated with progression of dementia (cognitive dementia
rating, CDR), appearing as early as questionable or mild dementia (CDRs 0.5-1).

(Katsel, Tan, Fam, Purohit, &
Haroutunian, 2013)
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ATR (ATR Serine/Threonine Kinase)

The expression of CCL-checkpoint and DNA damage response genes: MDM4, ATM and ATR
was strongly upregulated and associated with progression of dementia (cognitive dementia
rating, CDR), appearing as early as questionable or mild dementia (CDRs 0.5-1).

(Katsel et al., 2013)

BACEL (Beta-Secretase 1)
BACEL1 mRNA levels tended to increase as miR-107 levels decreased in the progression of
Alzheimer’s disease

(W. X. Wang et al., 2008)

BAX (BCL2 Associated X, Apoptosis Regulator)

Results show that Bax and Sod1 mRNA levels are altered in PBMCs from both mild cognitive
impairment and Alzheimer's Disease patients and indicate these changes as potential
biomarkers in the early diagnosis of cognitive impairment

(Gatta et al., 2009)

BDNF (brain derived neurotrophic factor)
Higher brain BDNF expression is associated with slower cognitive decline and may also reduce
the deleterious effects of Alzheimer's Disease pathology on cognitive decline

A marked decrease in the expression of miR-29c was observed in the Alzheimer's Disease
group compared with the normal control group, accompanied by a decrease in the expression of
BDNF. Additionally, a significant increase in the expression of DNMT3 was observed in the CSF
from the patients with Alzheimer's Disease

Associative and logical verbal memory improved significantly and showed a significant
correlation with changes in PMC BDNF and GABA-A beta3 receptor mRNA, which increased
during SSRI treatment.

(Buchman et al., 2016)

(G. Yang et al., 2015)

(Silver et al., 2015)

BIN1 (Bridging Integrator 1)

We found that temporal lobe epilepsy patients with severe memory impairment carried the single
nucleotide polymorphism rs744373 C-allele, which was also associated with high mRNA levels
of bridging integrator 1 (BIN1)/Amphiphysin 2, i.e. a major component of the endocytotic
machinery and located in a crucial genetic Alzheimer’s Disease risk locus.

(Bungenberg et al., 2016)

CCR2 (C-C Motif Chemokine Receptor 2)
CCR2 expression is associated with lower MMSE scores in an older human population.

(Harries et al., 2012)

CD36 (CD36 Molecule)
Data indicate that the reduction of CD36 expression in leukocytes is a disease-related
phenomenon, occurring since the early stages of Alzheimer's disease/mild cognitive impairment

(Giunta et al., 2007)

CHRNAZ7 (Cholinergic Receptor Nicotinic Alpha 7 Subunit)

Cholinergic nucleus basalis neurons displayed a statistically significant up-regulation of alpha7
nicotinic receptor messenger RNA expression in subjects with mild to moderate Alzheimer’s
Disease compared with those with no cognitive impairment and mild cognitive impairment

(Counts et al., 2007)

DNM2 (Dynamin 2)
Expression of DNM2 mRNA in the hippocampus was decreased in the patients compared to
non-demented controls.

(Aidaralieva et al., 2008)
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DNMT3 (DNA methyltransferase 3)

A marked decrease in the expression of miR-29c was observed in the Alzheimer's Disease
group compared with the normal control group, accompanied by a decrease in the expression of
BDNF. Additionally, a significant increase in the expression of DNMT3 was observed in the CSF
from the patients with Alzheimer's Disease

(G. Yang et al., 2015)

EPHB2 (EPH Receptor B2)
Cognitive associations were limited to the cingulate, where decreased levels of EPHB2 mRNA
were associated with better global cognitive status for HIV subjects.

(Yuferov et al., 2013)

FMR1 (Fragile X Mental Retardation 1)
There was a significant reduction in FMRP expression and an elevated FMR1 mRNA expression
level associated with moderate cognitive deficit

(Tassone et al., 2000)

FMRP (fragile X mental retardation protein also FMR1)
There was a significant reduction in FMRP expression and an elevated FMR1 mRNA expression
level associated with moderate cognitive deficit

(Tassone et al., 2000)

GABRB3 (Gamma-Aminobutyric Acid Type A Receptor Beta3 Subunit)

Associative and logical verbal memory improved significantly and showed a significant
correlation with changes in PMC BDNF and GABA-A beta3 receptor mRNA, which increased
during SSRI treatment.

(Silver et al., 2015)

GHRL (Ghrelin And Obestatin Prepropeptide)

We found a striking reduction in mRNA levels for ghrelin, and its newly discovered In2-ghrelin
variant, as well as for the enzyme responsible for ghrelin acylation, ghrelin-O-acyltransferase
and GHS-R1a, while expression of GHS-R1b was markedly increased. In addition, expression
levels of NTSR1 and NTSR2 were profoundly decreased in Alzheimer’s Disease, whereas
MRNA levels of NTS only declined slightly, and those of NTSR3 (which is involved in neuronal
apoptosis) did not vary.

(Gahete et al., 2010)

GHS-R1a (Growth Hormone Secretagogue Receptor)

We found a striking reduction in mRNA levels for ghrelin, and its newly discovered In2-ghrelin
variant, as well as for the enzyme responsible for ghrelin acylation, ghrelin-O-acyltransferase
and GHS-R1a, while expression of GHS-R1b was markedly increased. In addition, expression
levels of NTSR1 and NTSR2 were profoundly decreased in Alzheimer’s Disease, whereas
MRNA levels of NTS only declined slightly, and those of NTSR3 (which is involved in neuronal
apoptosis) did not vary.

(Gahete et al., 2010)

GHS-R1b (Growth Hormone Secretagogue Receptor)

We found a striking reduction in mRNA levels for ghrelin, and its newly discovered In2-ghrelin
variant, as well as for the enzyme responsible for ghrelin acylation, ghrelin-O-acyltransferase
and GHS-R1a, while expression of GHS-R1b was markedly increased. In addition, expression
levels of NTSR1 and NTSR2 were profoundly decreased in Alzheimer’s Disease, whereas
MRNA levels of NTS only declined slightly, and those of NTSR3 (which is involved in neuronal
apoptosis) did not vary.

(Gahete et al., 2010)
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HLA-DQ/HLA-DR (Major Histocompatibility Complex, Class Il, DQ and DR)

Compared to non-demented high-pathology controls, the hippocampus of AD cases with
mild/moderate dementia had increased gene expression of the inflammatory molecule major
histocompatibility complex (MHC) II, as assessed with microarray analysis. MHC Il protein levels
were also increased and inversely correlated with cognitive ability.

(Parachikova et al., 2007)

HO-1 (Heme Oxygenase 1)

Astroglial HO-1 expression in the temporal cortex was associated with decreased scores for
global cognition, episodic memory, semantic memory and working memory. Hippocampal
astroglial HO-1 expression was associated with lower scores for global cognition, semantic
memory and perceptual speed.

(Schipper et al., 2006)

LR11 (SORL1 Sortilin Related Receptor 1)

LR11 expression in brain tissue was heterogeneous in mild cognitive impairment, forming low-
and high-level LR11 subgroups. Those subjects with low LR11 were significantly more
cognitively impaired than the high LR11 subjects. We also found a significant correlation
between cognitive performance and LR11 levels across all clinical groups examined (normal,
Alzheimer’s disease, mild cognitive impairment).

(Sager et al., 2007)

MAPT (SORL1 Sortilin Related Receptor 1)

Results revealed a shift in the ratio of three-repeat tau (3Rtau) to four-repeat tau (4Rtau)
MRNAs within individual human cholinergic basal forebrain neurons within nucleus basalis and
CAL1 hippocampal neurons during the progression of Alzheimer’s Disease, but not during normal

aging

(Ginsberg, Che, Counts, & Mufson, 2006)

MCP-1 (C-C Motif Chemokine Ligand 2)
Data showed elevated MCP-1 expression in the frontal cortex of mild cognitive impairment
cases that are at high risk for developing Alzheimer's disease

(L. Ho et al., 2012)

MDM4 (MDM4, P53 Regulator)

The expression of CCL-checkpoint and DNA damage response genes: MDM4, ATM and ATR
was strongly upregulated and associated with progression of dementia (cognitive dementia
rating, CDR), appearing as early as questionable or mild dementia (CDRs 0.5-1).

(Katsel et al., 2013)

miR-193b (MicroRNA 193b)

Dementia of Alzheimer type patients had lower exosomal miR-193b levels in blood as compared
with the mild cognitive impairment group. A decreased exosomal miR-193b expression level
was additionally observed in the cerebral spinal fluid (CSF) of dementia of Alzheimer type
patients

(C. G. Liu, Song, Zhang, & Wang, 2014)

miR-29¢ (MicroRNA 29c)

A marked decrease in the expression of miR-29¢ was observed in the Alzheimer's Disease
group compared with the normal control group, accompanied by a decrease in the expression of
BDNF. Additionally, a significant increase in the expression of DNMT3 was observed in the CSF
from the patients with Alzheimer's Disease

(G. Yang et al., 2015)
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miRNA107 (MicroRNA 107)
The miRNA107 expression in plasma has a high capability to discriminate between patients with
amnestic mild cognitive impairment and healthy controls.

BACEL1 mRNA levels tended to increase as miR-107 levels decreased in the progression of
Alzheimer’s disease

(T. Wang et al., 2015)

(W. X. Wang et al., 2008)

NEP (MME Membrane Metalloendopeptidase)
NEP expression was correlated with AR accumulation and clinical diagnosis, being lower in
Alzheimer’s Disease than in no cognitive impairment.

(S. Wang et al., 2010)

NTS (Neurotensin)

We found a striking reduction in mRNA levels for ghrelin, and its newly discovered In2-ghrelin
variant, as well as for the enzyme responsible for ghrelin acylation, ghrelin-O-acyltransferase
and GHS-R1a, while expression of GHS-R1b was markedly increased. In addition, expression
levels of NTSR1 and NTSR2 were profoundly decreased in Alzheimer’s Disease, whereas
MRNA levels of NTS only declined slightly, and those of NTSR3 (which is involved in neuronal
apoptosis) did not vary.

(Gahete et al., 2010)

NTSR1 (Neurotensin Receptor 1)

We found a striking reduction in mRNA levels for ghrelin, and its newly discovered In2-ghrelin
variant, as well as for the enzyme responsible for ghrelin acylation, ghrelin-O-acyltransferase
and GHS-R1a, while expression of GHS-R1b was markedly increased. In addition, expression
levels of NTSR1 and NTSR2 were profoundly decreased in Alzheimer’s Disease, whereas
MRNA levels of NTS only declined slightly, and those of NTSR3 (which is involved in neuronal
apoptosis) did not vary.

(Gahete et al., 2010)

NTSR2 (Neurotensin Receptor 1)

We found a striking reduction in mRNA levels for ghrelin, and its newly discovered In2-ghrelin
variant, as well as for the enzyme responsible for ghrelin acylation, ghrelin-O-acyltransferase
and GHS-R1a, while expression of GHS-R1b was markedly increased. In addition, expression
levels of NTSR1 and NTSR2 were profoundly decreased in Alzheimer’s Disease, whereas
MRNA levels of NTS only declined slightly, and those of NTSR3 (which is involved in neuronal
apoptosis) did not vary.

(Gahete et al., 2010)

OGG1 (8-Oxoguanine DNA Glycosylase)
The data suggest oxidative damage to nucleic acids and a compensatory increase in OGG1
expression occur early in the pathogenesis of Alzheimer's disease

(Lovell, Soman, & Bradley, 2011)

RAB5 (RAB5A, Member RAS Oncogene Family)

Expression levels of genes regulating early endosomes (rab5) and late endosomes (rab7) are
selectively upregulated in homogeneous populations of CA1 neurons from individuals with mild
cognitive impairment and Alzheimer’s Disease. The levels of these genes are selectively
increased as antemortem measures of cognition decline during Alzheimer’s Disease
progression. Elevation of select rab GTPases regulating endocytosis paralleled the
downregulation of genes encoding the neurotrophin receptors TrkB and TrkC.

(Ginsberg et al., 2010)
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RAB7 (RAB5A, Member RAS Oncogene Family)

Expression levels of genes regulating early endosomes (rab5) and late endosomes (rab7) are
selectively upregulated in homogeneous populations of CA1 neurons from individuals with mild
cognitive impairment and Alzheimer’s Disease. The levels of these genes are selectively
increased as antemortem measures of cognition decline during Alzheimer’s Disease
progression. Elevation of select rab GTPases regulating endocytosis paralleled the
downregulation of genes encoding the neurotrophin receptors TrkB and TrkC.

(Ginsberg et al., 2010)

RIG1 (DDX58 DExD/H-Box Helicase 58)
Retinoic acid-inducible gene-I (RIG-1) is significantly elevated in the temporal cortex and plasma
in patients with mild cognitive impairment.

(de Rivero Vaccari et al., 2014)

RYR2 (Ryanodine Receptor 2)

We find an increase in RyR2 transcripts in mild cognitive impairment brains compared with no
cognitive impairment. In addition, there is a reduction in a RyR2 splice variant, associated with
an antiapoptotic function, in mild cognitive impairment and Alzheimer's Disease brains.

(Bruno et al., 2012)

SOD1 (Superoxide Dismutase 1)

Results show that Bax and Sod1 mRNA levels are altered in PBMCs from both mild cognitive
impairment and Alzheimer's Disease patients and indicate these changes as potential
biomarkers in the early diagnosis of cognitive impairment

(Gatta et al., 2009)

TNF (tumor necrosis factor)
Results show increased expression of the TNF, TNFRSF1A and TNFRSF1B genes on both
MRNA and protein levels in depression

(Bobinska, Galecka, Szemraj, Galecki, &
Talarowska, 2017)

TNFRSF1A (TNF Receptor Superfamily Member 1A)
Results show increased expression of the TNF, TNFRSF1A and TNFRSF1B genes on both
MRNA and protein levels in depression

(Bobinska et al., 2017)

TNFRSF1B (TNF Receptor Superfamily Member 1B)
Results show increased expression of the TNF, TNFRSF1A and TNFRSF1B genes on both
MRNA and protein levels in depression

(Bobinska et al., 2017)

TRKA (NTRK1 Neurotrophic Receptor Tyrosine Kinase 1)

Individual cholinergic NB neurons displayed a significant down regulation of trkA, trkB, and trkC
expression during the progression of Alzheimer’s Disease. An intermediate reduction was
observed in mild cognitive impairment, with the greatest decrement in mild to moderate
Alzheimer’s Disease as compared to controls. Importantly, trk down regulation is associated with
cognitive decline measured by the Global Cognitive Score (GCS) and the Mini-Mental State
Examination (MMSE).

Reduced trkA mRNA levels were associated with poorer global cognitive performance and
higher Braak scores in the female subjects.

Individuals with mild cognitive impairment and Alzheimer's Disease displayed significant
reductions in trkA mRNA relative to aged-matched controls, indicating that alterations in trkA

(Ginsberg, Che, Wuu, Counts, & Mufson,
2006)

(Ikemoto, Yoshida, & Oda, 1992)

(Y. Chu, Cochran, Bennett, Mufson, &
Kordower, 2001)
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gene expression occur early in the disease process.

TRKB (NTRK2 Neurotrophic Receptor Tyrosine Kinase 2)
Neurotrophin receptor tyrosine kinase receptor B (TrkB) and is differentially expressed in the
cortex of demented AIDS patients vs those without cognitive impairment +/- AIDS or HIV.

Individual cholinergic NB neurons displayed a significant down regulation of trkA, trkB, and trkC
expression during the progression of Alzheimer’s Disease. An intermediate reduction was
observed in mild cognitive impairment, with the greatest decrement in mild to moderate
Alzheimer’s Disease as compared to controls. Importantly, trk down regulation is associated with
cognitive decline measured by the Global Cognitive Score (GCS) and the Mini-Mental State
Examination (MMSE).

Expression levels of genes regulating early endosomes (rab5) and late endosomes (rab7) are
selectively upregulated in homogeneous populations of CA1 neurons from individuals with mild
cognitive impairment and Alzheimer’s Disease. The levels of these genes are selectively
increased as antemortem measures of cognition decline during Alzheimer’s Disease
progression. Elevation of select rab GTPases regulating endocytosis paralleled the
downregulation of genes encoding the neurotrophin receptors TrkB and TrkC.

(Wildemann et al., 2001)

(Ginsberg, Che, Wuu, et al., 2006)

(Ginsberg et al., 2010)

TRKC (NTRK3 Neurotrophic Receptor Tyrosine Kinase 3)

Individual cholinergic NB neurons displayed a significant down regulation of trkA, trkB, and trkC
expression during the progression of Alzheimer’s Disease. An intermediate reduction was
observed in mild cognitive impairment, with the greatest decrement in mild to moderate
Alzheimer’s Disease as compared to controls. Importantly, trk down regulation is associated with
cognitive decline measured by the Global Cognitive Score (GCS) and the Mini-Mental State
Examination (MMSE).

Expression levels of genes regulating early endosomes (rab5) and late endosomes (rab7) are
selectively upregulated in homogeneous populations of CA1 neurons from individuals with mild
cognitive impairment and Alzheimer’s Disease. The levels of these genes are selectively
increased as antemortem measures of cognition decline during Alzheimer’s Disease
progression. Elevation of select rab GTPases regulating endocytosis paralleled the
downregulation of genes encoding the neurotrophin receptors TrkB and TrkC.

(Ginsberg, Che, Wuu, et al., 2006)

(Ginsberg et al., 2010)
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Significant Genes — Genomic Findings

Authors

COMT (catechol-O-methyltransferase)
Women with breast cancer and met/met reported higher fatigue scores

(Fernandez-de-las-Penas et al., 2012)

IL1B (interleukin 1 Beta)
Among analyzed cytokine genes, polymorphisms in IL1B were associated with higher fatigue
class among women after breast cancer surgery.

IL1B rs1071676 and rs1143627 polymorphisms are two of five SNPs found to be associated
with increased fatigue among patients with HIV/AIDS suggesting an association between
inflammation and fatigue.

(Kober et al., 2016)

(Lee, Gay, Lerdal, Pullinger, &
Aouizerat, 2014)

TNF (tumor necrosis factor)
Variant alleles in the TNFA and IL6 genes were more susceptible to fatigue after androgen
deprivation therapy in prostate cancer patients.

TNFA polymorphisms rs1800683 and rs1041981 are two of the five SNPs found to be
associated with increased fatigue in patients with HIV/AIDS suggesting an association between
inflammation and fatigue.

Individual SNPs from promotor regions of cytokine genes TNF-308 G>A (rs1800629) and IL6-
174 G>C (rs1800795) were independently associated with fatigue among patients with breast
cancer.

(Jim et al., 2012)

(Lee et al., 2014)

(Bower et al., 2013)

IL6 (interleukin 6)
Variant alleles in the TNFA and IL6 genes were more susceptible to fatigue after androgen
deprivation therapy in prostate cancer patients.

Individual SNPs from promotor regions of cytokine genes TNF-308 G>A (rs1800629) and IL6-
174 G>C (rs1800795) were independently associated with fatigue among patients with breast
cancer.

(Jim et al., 2012)

(Bower et al., 2013)

IL4 (interleukin 4)
IL4 rs2243274 polymorphism as one of five SNPs associated with high fatigue pattern in
patients living with HIV/AIDS suggesting an association between inflammation and fatigue.

(Lee et al., 2014)

IL-10 (interleukin 10)
Variations in IL-10 genotype was associated with lower risk of severe fatigue compared to
other genotypes among women with early stage non-small cell lung cancer.

Among analyzed cytokine genes, polymorphisms in IL1B were associated with higher fatigue
class among women after breast cancer surgery.

(Reyes-Gibby et al., 2013)

(Kober et al., 2016)
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IFN (interferon gamma)
Of several SNPs in the cytokine genes thought to be associated with fatigue, IFN-y +874 T/A
SNP was associated with increased fatigue in the acute sickness response to infection.

(Piraino, Vollmer-Conna, & Lloyd,
2012)

IL-8 (interleukin 8)
IL-8-T251A was associated with increased fatigue, as well as depressed mood, and pain,
among patients with advanced stage lung cancer patients.

(Reyes-Gibby et al., 2013)

NTRK2 (neurotrophic receptor tyrosine kinase 2)
NTRK2 SNP rs1212171 was associated with sleep disturbance and fatigue in breast cancer
patients.

(Young et al., 2017)

Significant Genes — Epigenomic Findings

Authors

sTNFR2 (plasma soluble tumor necrosis factor receptor 2)
Increases in STNFR2, regardless of CpG methylation status, was associated with fatigue in
breast cancer patients receiving chemotherapy.

(Smith et al., 2014)

Significant Genes — Transcriptomic Findings

Authors

IL-6 (interleukin 6)
After controlling for age, smoking, BMI, treatment type, and antidepressant use, expression of
IL6 and CRP was associated with fatigue after IMRT in head and neck cancer patients.

(Nishimura, 2015)

CRP (C-reactive protein)
After controlling for age, smoking, BMI, treatment type, and antidepressant use, expression of
IL6 and CRP was associated with fatigue after IMRT in head and neck cancer patients

(Nishimura, 2015)

IF127 (interferon alpha-inducible protein 27)
Correlation between increased IFI27 expression and fatigue scores among men undergoing
external beam radiation for prostate cancer.

(Hsiao, Araneta, Wang, & Saligan,
2013)

NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells)
Increased NF-kB response elements in promoters of genes that are upregulated in persistently
fatigued breast cancer survivors.

(Bower, Ganz, Irwin, Arevalo, & Cole,
2011)

GR (glucocorticoid receptor)
Decreased glucocorticoid expression in the promoters of genes up-regulated in persistently
fatigued breast cancer survivors regardless of cortisol output.

(Bower et al., 2011)

MS4A1 (membrane-spanning four domains, subfamily A, member)

Downregulation of MS4A1 was associated with increased fatigue in men receiving external
beam radiation for prostate cancer suggesting the possibility of an impaired B-cell immune
response.

(Hsiao, Reddy, Chen, & Saligan,
2016)
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Significant Genes — Genomic Findings

Authors

HTR1A (5-hydroxytryptamine receptor 1A)
HRT1A rs6295 was associated with increased diarrhea in patients treated with SSRI’s for
depression.

(Garfield et al., 2014)

HTR3A ((5-hydroxytryptamine receptor 3A)
Genetic variations are associated with the individual risk of developing postoperative nausea
and vomiting (PONV).

rs33940208(C/T) and rs10160548 were found to be protective for PONV and rs1985242 was
found to be associated with increased risk in surgical patients from Taiwan.

Pregnant women who are carriers of a variant rs1062613 allele had significantly worse final
Pregnancy Unique Quantification of Emesis (PUQE) scores.

(Reuffert et al., 2009)

(Joy Lin, Hsu, Hsieh, Tseng, & Sun,
2014)

(Lehmann et al., 2013)

HTR3B (5-hydroxytryptamine receptor 3B)

Patients homozygous for the deletion c.-104.102delAGA reported higher scores of
chemotherapy-induced nausea and vomiting (CINV)

Large European study found HTR3B was associated with increased risk for (CINV).

The -AAG deletion variant of this serotonin receptor gene may contribute to variability in
response to antiemetic therapy (serotonin antagonists) for CINV regardless of dose escalation.

Patients homozygous for the -100_-102delAAG deletion polymorphism of the promoter region
experienced chemotherapy induced vomiting more frequently than did all the other patients.

Genetic variations are associated with the individual risk of developing postoperative hausea
and vomiting (PONV).

Pregnant women with rs3782025 had significantly better initial and final emesis scores.

Psychiatric patients with the rs11766744 and treated with paroxetine have significantly more
nausea. Patients with an AA genotype present with a 4 fold increased risk.

A significant association was found between the incidence of nausea and the -100_-102AAG
insertion/deletion polymorphism of the 5-HT3B receptor gene.

(Kaiser et al., 2002)

(Laugsand et al., 2011)

(Kang et al., 2017)

(Tremblay et al., 2003)

(Reuffert et al., 2009)

(Lehmann et al., 2013)

(Sugai et al., 2006)

(Tanaka et al., 2008)
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Response to ondansetron was reduced (Increased PONV) in those patients who were
homozygous for the -100_-102AAG deletion polymorphism.

Increased postoperative vomiting was significantly associated with the rs3758987 SNP in
Chinese women following gynecological surgery.

(Kim, Lee, Choi, Kim, & Choi, 2015)

(Ma, Chen, Wu, Hu, & Fang, 2013)

HTR3C (5-hydroxytryptamine receptor 3C)
A variant (rs6766410) was strongly associated with vomiting in patients receiving chemotherapy.

Rs6806362 and rs6807670 were found to be associated with pregnancy-induced nausea and
vomiting.

rs6766410 was associated with increased frequency of CIN

(Fasching et al., 2008)

(Goecke et al., 2010)

(Mukoyama et al., 2016)

HTR3D (5-hydroxytryptamine receptor 3D)
A coding variant Gly36Ala (rs6443930) was moderately associated with vomiting in patients
receiving chemotherapy.

(Hammer et al., 2010)

ABCB1 (ATP binding cassette, subfamily B, member 1)
Compared with palonosetron, ramosetron may be superior for reducing PONV severity,
especially in patients with ABCB1 3435TT or 2677TT genotype.

Another study found that the ABCB1 (C1236T genotype) may be a good predictor of
responsiveness to ondansetron.

In the acute phase, patients (taking serotonin antagonists )with ABCB13435TT, 1236TT or
2677TT genotypes had a higher control rate of CINV than other genotype groups: Subjects
carrying homozygous variant alleles together (TT-TT-TT) showed a significantly higher
protection from nausea and vomiting

ABCBL1 genotype (2677G>T/A) has also been noted to be a clinical predictor of
responsiveness for ondansetron

ABCB1 was associated with the frequency of vomiting in Japanese cancer patients taking
morphine for pain.

Multivariate analysis identified that the ABCB1 GG-CC diplotype was a borderline-significant (P
=.07) predictive factor of morphine induced nausea and vomiting in postoperative patients.

Carriers of the CTG haplotype of the ABCB1 gene experienced Grade 3 and 4 chemotherapy-
induced nausea and vomiting more often than other haplotypes in the delayed phase (P< 0.05)

(Song et al., 2016)

(Farhat et al., 2015)

(Zoto et al., 2015)

(Choi, Lee, Choi, & Choi, 2010)

(Fujita et al., 2010)

(Coulbault et al., 2006)

(Perwitasari et al., 2011)
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CHRM3 (cholinergic receptor muscarinic 3)
Large European study found CHRM3 was associated with increased risk for chemotherapy-
induced nausea and vomiting

In the only GWAS study the association with PONV was confirmed for one SNP (rs2165870),
which is located upstream of the promoter for the muscarinic acetylcholine receptor 3 subtype
(CHRM3) gene.

(Laugsand, et al., 2011)

(Janicki et al., 2011)

COMT (catechol-O-methlytransferase)
Large European study found COMT (rs4680 and rs4633) was associated with increased risk for
chemotherapy-induced nausea and vomiting.

Nausea and sedation scores were significantly lower during all observed postoperative periods
for heterozygous patients of rs4680 (Val158Met).

rs4680 was associated with increased frequency of CIN

Following surgery for breast cancer, subjects who were homozygous Val/Val and Met/Met
reported higher levels of nausea than subjects who carried the Val/Met genotype.

COMT 158Met was significantly more prevalent in the IBS group (P=0.040) and significantly
more prevalent in Chinese patients with diarrhea (P=0.029). 158Met was also more prevalent in
those patients who had experienced symptoms for over 5 years

(Laugsand, et al., 2011)

(Kolesnikov et al., 2013)

(Mukoyama et al., 2016)

(Wesmiller, et al., 2017)

(Wang, Wu, Qiao, & Zhang, 2014)

CD14 (NDUFA2 gene NADH:ubiquinone oxidoreductase subunit A2)
Rs2569190 CT genotype was related to higher nausea burden scores in patients with functional
dyspepsia.

(Triantafyllou, Kourikou, Gazouli,
Karamanolis, & Dimitriadis, 2017)

CYP2D6 (cytochrome P450 family 2 subfamily D member 6)
Postoperative patients who were CYP2D6 ultra-metabolizers experienced significantly more
PONYV than patients who fell in the other metabolic categories.

Trauma surgical patients who were classified as poor metabolizers had less postoperative
nausea and vomiting compared to extensive or intermediate metabolizers in this study.

Approximately 30% of all patients receiving chemotherapy experienced nausea and vomiting.
Genetically defined ultrarapid meta-bolizers of CYP2D6 substrates had higher frequency

of vomiting within the first 4 hours (P <.001) and within the period 5 to 24 hours (P <.03) after
treatment than all the other patients

(Candiotti et al., 2005)

(S. Wesmiller et al., 2013)

(Kaiser et al., 2002)

CYP2J2 (cytochrome P450 family 2, subfamily J, member 2)

The CYP2J2 c.-76T allele was associated with increased risk for treatment-induced nausea
and/or vomiting in kidney transplant patients. (OR: 5.30, 95% confidence interval 1.49-18.79,
p<0.05).

(Genvigir et al., 2017)
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DRD2 (Dopamine Receptor D2) /ANKK (Ankyrin Repeat And Kinase Domain Containing 1)
The DRD2 Tagq IA polymorphism was associated with increased frequency of early PONV
(PONV occurring in the post anesthesia care unit (PACU).

In a white cohort, the TaglA A2 allele was significantly associated with a history of PONV.

Rs1076560 was associated with increased frequency of CINV

The incidence of nausea was significantly higher in the DRD2 TaqlA A1A2+A1A1l group than in
the A2A2 group

(Nakagawa et al., 2008)

(Frey et al., 2016)
(Mukoyama et al., 2016)

(Tashiro, Naito, Ohnishi, Kagawa, &
Kawakami, 2014)

DRD3 (Dopamine Receptor D3)
Odds ratios demonstrated that all)eles for the DRD3 gene were associated with decreased
PONV.

(S. W. Wesmiller et al., 2017)

HNF-1a (HNF1 homeobox A)

In patients receiving mycophenolic acid post renal transplant, HNF1a genotypes were
significantly different at week 1 in the overall Gastrointestinal Symptom Rating Scale, and for
acid reflux and constipation subscales.

(Vu et al., 2013)

IL-1A (interleukin 1 alpha)
IL-1 haplotypes may be associated with susceptibility to gastroesophogeal reflux

(Izakovicova Holla et al., 2013)

IL-IB (interleukin 1 beta)
IL-1B haplotypes may be associated with susceptibility to gastroesophogeal reflux

(Izakovicova Holla et al., 2013)

IL-1RN (Interleukin 1 Receptor Antagonist)
IL-1RN haplotypes may be associated with susceptibility to gastroesophogeal reflux

(Izakovicova Holla et al., 2013)

OCT1 (POU2F1 Gene POU Class 2 Homeobox 1)
OCT1 polymorphism rs12208357 was associated with high incidences of PONV and PONV
leading to prolonged post anesthesia care unit stay in children

(Balyan et al., 2017)

OPRM1 (Opioid Receptor Mu 1)
The severity of PONV in carriers of the GGGAACGC haplotype was significantly lower than in
the carriers of the other haplotypes

OPRM1 splice variant SNP, rs540825 was significantly associated with fentanyl-induced emesis
in women undergoing minor gynaecological surgery.

The results showed that 118G allele variant carriers consumed more opioids for analgesia, but
reported less nausea and vomiting than the homozygous 118AA patients during the first 24
hours following surgery.

The patients who carried the homozygous GG alleles for the A118G polymorphism, consumed
more morphine than the others yet experienced less nausea and vomiting following total knee
surgery.

(Sugino et al., 2014)

(Pang et al., 2012)

(Ren et al., 2015)

(Chou et al., 2006)
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The AA group at A118G was associated with the highest incidence of nausea (P=0.02; 9.6%)
versus AG (5.6%) and GG (1.2%) groups

(Sia et al., 2008)

SLC6A4 (Solute Carrier Family 6 Member 4)
Women who inherited the LA/LA genotypes were at greater risk for nausea and vomiting when
compared to women who carried any other combination of genotype.

Individuals with amyloidotic polyneuropathy who are LA carriers, are noted to have decreased
diarrhea than the other genotype groups.

(S. Wesmiller et al., 2014)

(Obayashi et al., 2008)

TACR1 (Tachykinin receptor 1)
In patients following lower abdominal surgery, rs3755468 showed significant association with
the incidence and severity of postoperative nausea and vomiting.

(Hayase, Sugino, Moriya, & Yamakage,
2015)

TPH1 (Tryptophan Hydroxylase 1)

Among IBS patients, five TPH1 SNPs showed some association with diarrhea and loose type of
stool consistency, However, no P-values were less than the conservative multiple-comparison-
adjusted threshold of 0.001 and hence these results must be interpreted cautiously.

Odds ratios demonstrated that alleles for the TPH gene were associated with decreased PONV.

(Jun, Kohen, Cain, Jarrett, &
Heitkemper, 2011)

(S. W. Wesnmiller et al., 2017)

UGT1A9 (UDP Glucuronosyltransferase Family 1 Member A9)

In patients receiving mycophenolic acid post renal transplant, the UGT1A9 alleles are
associated with the severity of early Gl side effects as measured by the Gastrointestinal
Symptom Rating Scale.

(Vu et al., 2013)

UGT2B7 (UDP Glucuronosyltransferase Family 2 Member B7)
Patient reported nausea was statistically significantly associated with UGT2B7 (-G840A)

The frequency of nausea was higher in patients without UGT2B7*2 allele in Japanese cancer
patients taking morphine.

(Xia, Persaud, & Birnbaum, 2015)

(Fujita et al., 2010)

XPD (ERCC2 Gene ERCC Excision Repair 2, TFIIH Core Complex Helicase Subunit)
€.934GA or AA genotypes were at decreased risk for CINV from cisplatin chemoradiation in
patients treated for head and neck cancers.

(Lopes-Aguiar et al., 2017)

Significant Genes — Epigenomic Findings none

Authors

Significant Genes — Transcriptomic Findings

Authors
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CCL-16 (C-C Motif Chemokine Ligand 16)
Pro-inflammatory chemokine CCL-16 gene expression was over expressed by over 130 fold in
IBS constipation patients compared to IBS diarrhea patients and healthy controls.

(Del Valle-Pinero et al., 2011)

TNF (tumor necrosis factor0
TNF was significantly elevated (2.05-fold, p = 0.025) in patients experiencing CINV for treatment
of esophageal cancer.

(Bowen et al., 2015)

82



Symptom Science Common Genes Supplemental table A1 Sleep Disruption 83

References

Balyan, R., Zhang, X., Chidambaran, V., Martin, L. J., Mizuno, T., Fukuda, T., . .. Sadhasivam, S. (2017). OCT1 genetic variants are associated
with postoperative morphine-related adverse effects in children. Pharmacogenomics, 18(7), 621-629. doi:10.2217/pgs-2017-0002

Bowen, J. M., White, I., Smith, L., Tsykin, A., Kristaly, K., Thompson, S. K., . .. Keefe, D. M. (2015). Pre-therapy mRNA expression of TNF is
associated with regimen-related gastrointestinal toxicity in patients with esophageal cancer: a pilot study. Support Care Cancer, 23(11),
3165-3172. doi:10.1007/s00520-015-2696-7

Candiotti, K. A., Birnbach, D. J., Lubarsky, D. A., Nhuch, F., Kamat, A., Koch, W. H., .. . Andrews, D. (2005). The impact of pharmacogenomics on
postoperative nausea and vomiting: Do CYP2D6 allele copy number and polymorphisms affect the success or failure of ondansetron
prophylaxis? Anesthesiology, 102(3), 543-549. doi:00000542-200503000-00011 [pii]

Choi, E. M., Lee, M. G., Choi, K. W., & Choi, S. H. (2010). Association of ABCB1 polymorphisms with the efficacy of ondansetron for postoperative
nausea and vomiting. Anaesthesia, 65, 996-1000.

Chou, W., Yang, L., Lu, H., Ko, J., Wang, C., Lin, S., . . . Hsu, C. (2006). Association of mu-opioid receptor gene polymorphism (Al18G0) with
variations in morphine consumption for analgesia after total knee arthroplasty. Acta Anaestesiologica Scandinavica, 50(7), 787-792.

Coulbault, L., Beaussier, M., Verstuyft, C., Weickmans, H., Dubert, L., Tregouet, D., . . . Becquemont, L. (2006). Environmental and genetic factors
associated with morphine response in the postoperative period. Clin Pharmacol Ther, 79(4), 316-324. doi:10.1016/j.clpt.2006.01.007

Del Valle-Pinero, A. Y., Martino, A. C., Taylor, T. J., Majors, B. L., Patel, N. S., Heitkemper, M. M., & Henderson, W. A. (2011). Pro-inflammatory
chemokine C-C motif ligand 16 (CCL-16) dysregulation in irritable bowel syndrome (IBS): a pilot study. Neurogastroenterol Motil, 23(12),
1092-1097. d0i:10.1111/j.1365-2982.2011.01792.x

Farhat, K., Waheed, A., Hussain, A., Ismail, M., Mansoor, Q., Pasha, A. K., & Jafery, N. (2015). Influence of genetic variations in ABCB1 on the
clinical efficacy of ondansetron - A pharmacogenetic analysis of Pakistani population. J Pak Med Assoc, 65(9), 963-966.

Fasching, P. A., Kollmannsberger, B., Strissel, P. L., Niesler, B., Engel, J., Kreis, H., . . . Strick, R. (2008). Polymorphisms in the novel serotonin
receptor subunit gene HTR3C show different risks for acute chemotherapy-induced vomiting after anthracycline chemotherapy. J Cancer
Res Clin Oncol, 134(10), 1079-1086. doi:10.1007/s00432-008-0387-1

Frey, U. H., Schnee, C., Achilles, M., Silvanus, M. T., Esser, J., & Peters, J. (2016). Postoperative nausea and vomiting: The role of the dopamine
D2 receptor TaglA polymorphism. Eur J Anaesthesiol, 33(2), 84-89. doi:10.1097/eja.0000000000000320

Fujita, K., Ando, Y., Yamamoto, W., Miya, T., Endo, H., Sunakawa, Y., . . . Sasaki, Y. (2010). Association of UGT2B7 and ABCB1 genotypes with
morphine-induced adverse drug reactions in Japanese patients with cancer. Cancer Chemother Pharmacol, 65(2), 251-258.
doi:10.1007/s00280-009-1029-2

Garfield, L. D., Dixon, D., Nowotny, P., Lotrich, F. E., Pollock, B. G., Kristjansson, S. D., . . . Lenze, E. J. (2014). Common selective serotonin
reuptake inhibitor side effects in older adults associated with genetic polymorphisms in the serotonin transporter and receptors: data from
a randomized controlled trial. Am J Geriatr Psychiatry, 22(10), 971-979. doi:10.1016/j.jagp.2013.07.003

Genvigir, F. D. V., Nishikawa, A. M., Felipe, C. R., Tedesco-Silva, H., Jr., Oliveira, N., Salazar, A. B. C., . . . Hirata, R. D. C. (2017). Influence of
ABCC2, CYP2C8, and CYP2J2 Polymorphisms on Tacrolimus and Mycophenolate Sodium-Based Treatment in Brazilian Kidney
Transplant Recipients. Pharmacotherapy, 37(5), 535-545. doi:10.1002/phar.1928

Goecke, T. W., Ekici, A. B., Niesler, B., Loehberg, C. R., Hammer, C., Rappold, G., . . . Fasching, P. A. (2010). Two naturally occurring variants of
the serotonin receptor gene HTR3C are associated with nausea in pregnancy. Acta Obstet Gynecol Scand, 89(1), 7-14.
doi:10.3109/00016340903322727



Symptom Science Common Genes Supplemental table A1 Sleep Disruption 84

Hammer, C., Fasching, P. A., Loehberg, C. R., Rauh, C., Ekici, A. B., Jud, S. M., . . . Niesler, B. (2010). Polymorphism in HTR3D shows different
risks for acute chemotherapy-induced vomiting after anthracycline chemotherapy. Pharmacogenomics, 11(7), 943-950.
doi:10.2217/pgs.10.67

Hayase, T., Sugino, S., Moriya, H., & Yamakage, M. (2015). TACR1 gene polymorphism and sex differences in postoperative nausea and
vomiting. Anaesthesia, 70(10), 1148-1159. doi:10.1111/anae.13082

Izakovicova Holla, L., Borilova Linhartova, P., Hrdlickova, B., Marek, F., Dolina, J., Rihak, V., & Kala, Z. (2013). Haplotypes of the IL-1 gene
cluster are associated with gastroesophageal reflux disease and Barrett's esophagus. Hum Immunol, 74(9), 1161-1169.
doi:10.1016/j.humimm.2013.06.026

Janicki, P., Vealey, R., Liu, J., Escajeda, J., Postula, M., & Welker, K. (2011). Genome-wide association study using pooled DNA to identify
candidate markers mediating susceptibility to postoperative hausea and vomiting. Anesthesiology, 115(1), 54-64.
doi:10.1097/ALN.0b013e31821810c7

Joy Lin, Y. M., Hsu, C. D., Hsieh, H. Y., Tseng, C. C., & Sun, H. S. (2014). Sequence variants of the HTR3A gene contribute to the genetic
prediction of postoperative nausea in Taiwan. J Hum Genet, 59(12), 655-660. doi:10.1038/jhg.2014.89

Jun, S., Kohen, R., Cain, K. C., Jarrett, M. E., & Heitkemper, M. M. (2011). Associations of tryptophan hydroxylase gene polymorphisms with
irritable bowel syndrome. Neurogastroenterol Motil, 23(3), 233-239, e116. doi:10.1111/j.1365-2982.2010.01623.x

Kaiser, R., Sezer, O., Papies, A., Bauer, S., Schelenz, C., Tremblay, P., . . . Brockmdller, J. (2002). Patient-tailored anti-emetic treatment with
5HT3 receptor antagonists according to cytochrome P-450 2D6 genotypes. Journal of Clinical Oncology, 20, 2805-2811.

Kang, G., Kim, K. R., Shim, H. J., Hwang, J. E., Bae, W. K., Chung, I. J., ... Cho, S. H. (2017). Effect of the allelic variants of ABCB1, CYP2D6
and HTR3B on response of ramosetron to prevent chemotherapy-induced nausea and vomiting in Korean cancer patients. Asia Pac J Clin
Oncol, 13(1), 53-60. doi:10.1111/ajco.12575

Kim, M. S., Lee, J. R., Choi, E. M., Kim, E. H., & Choi, S. H. (2015). Association of 5-HT3B Receptor Gene Polymorphisms with the Efficacy of
Ondansetron for Postoperative Nausea and Vomiting. Yonsei Med J, 56(5), 1415-1420. doi:10.3349/ym|.2015.56.5.1415

Kolesnikov, Y., Gabovits, B., Levin, A., Veske, A., Qin, L., Dai, F., & Belfer, I. (2013). Chronic pain after lower abdominal surgery: do catechol-O-
methyl transferase/opioid receptor mu-1 polymorphisms contribute? Mol Pain, 9, 19. doi:10.1186/1744-8069-9-19

Laugsand, E. A., Fladvad, T., Skorpen, F., Maltoni, M., Kaasa, S., Fayers, P., & Klepstad, P. (2011). Clinical and genetic factors associated with
nausea and vomiting in cancer patients receiving opioids. Eur J Cancer, 47(11), 1682-1691. doi:10.1016/j.ejca.2011.04.014

Lehmann, A. S., Renbarger, J. L., McCormick, C. L., Topletz, A. R., Rouse, C., & Haas, D. M. (2013). Pharmacogenetic predictors of nausea and
vomiting of pregnancy severity and response to antiemetic therapy: a pilot study. BMC Pregnancy Childbirth, 13, 132. doi:10.1186/1471-
2393-13-132

Lopes-Aguiar, L., Costa, E. F., Nogueira, G. A, Lima, T. R., Visacri, M. B., Pincinato, E. C., . .. Lima, C. S. (2017). XPD ¢.934G>A polymorphism
of nucleotide excision repair pathway in outcome of head and neck squamous cell carcinoma patients treated with cisplatin
chemoradiation. Oncotarget, 8(10), 16190-16201. doi:10.18632/oncotarget.7668

Ma, X. X., Chen, Q. X., Wu, S. J.,, Hu, Y., & Fang, X. M. (2013). Polymorphisms of the HTR3B gene are associated with post-surgery emesis in a
Chinese Han population. J Clin Pharm Ther, 38(2), 150-155. doi:10.1111/jcpt.12033

Mukoyama, N., Yoshimi, A., Goto, A., Kotani, H., Ishikawa, K., Miyazaki, N., . .. Noda, Y. (2016). An Analysis of Behavioral and Genetic Risk
Factors for Chemotherapy-Induced Nausea and Vomiting in Japanese Subjects. Biol Pharm Bull, 39(11), 1852-1858.
doi:10.1248/bpb.b16-00440

Nakagawa, M., Kuri, M., Kambara, N., Tanigami, H., Tanaka, H., Kishi, Y., & Hamajima, N. (2008). Dopamine D2 receptor Taq IA polymorphism is
associated with postoperative nausea and vomiting. J Anesth, 22(4), 397-403. doi:10.1007/s00540-008-0661-z



Symptom Science Common Genes Supplemental table A1 Sleep Disruption 85

Obayashi, K., Olsson, M., Anan, |., Ueda, M., Nakamura, M., Okamoto, S., . . . Suhr, O. B. (2008). Impact of serotonin transporter and catechol-O-
methyl transferase genes polymorphism on gastrointestinal dysfunction in Swedish and Japanese familial amyloidotic polyneuropathy
patients. Clin Chim Acta, 398(1-2), 10-14. doi:10.1016/j.cca.2008.07.033

Pang, G. S., Ithnin, F., Wong, Y. Y., Wang, J. B., Lim, Y., Sia, A. T., & Lee, C. G. (2012). A non-synonymous single nucleotide polymorphism in an
OPRM1 splice variant is associated with fentanyl-induced emesis in women undergoing minor gynaecological surgery. PLoS One, 7(11),
e48416. doi;:10.1371/journal.pone.0048416

Perwitasari, D. A., Wessels, J. A., van der Straaten, R. J., Baak-Pablo, R. F., Mustofa, M., Hakimi, M., . . . Guchelaar, H. J. (2011). Association of
ABCBL1, 5-HT3B receptor and CYP2D6 genetic polymorphisms with ondansetron and metoclopramide antiemetic response in Indonesian
cancer patients treated with highly emetogenic chemotherapy. Jpn J Clin Oncol, 41(10), 1168-1176. doi:10.1093/jjco/hyr117

Ren, Z. Y., Xu, X. Q., Bao, Y. P., He, J., Shi, L., Deng, J. H., . . . Lu, L. (2015). The impact of genetic variation on sensitivity to opioid analgesics in
patients with postoperative pain: A systematic review and meta-analysis. Pain Physician, 18(2), 131-152.

Reuffert, H., Thieme, V., Wallenborn, J., Lemnitz, N., Bergmann, A., Rudolf, K., . . . Kaisers, U. (2009). Do variations in the 5-HTsa and 5-HT3s
serotonin receptor genes (HTR3A and HTR3B) influence the occurrence of postoperative vomiting? Ambulatory Anesthesiology, 109(5),
1442-1447.

Sia, A. T., Lim, Y., Lim, E. C., Goh, R. W, Law, H. Y., Landau, R., . .. Tan, E. C. (2008). A118G single nucleotide polymorphism of human mu-
opioid receptor gene influences pain perception and patient-controlled intravenous morphine consumption after intrathecal morphine for
postcesarean analgesia. Anesthesiology, 109(3), 520-526. doi:10.1097/ALN.0b013e318182af21

Song, J. W., Shim, J. K., Choi, S. H., Soh, S., Jang, J., & Kwak, Y. L. (2016). Comparison of Ramosetron and Palonosetron for Preventing Nausea
and Vomiting after Spinal Surgery: Association With ABCB1 Polymorphisms. J Neurosurg Anesthesiol.
doi:10.1097/ana.0000000000000361

Sugai, T., Suzuki, Y., Sawamura, K., Fukui, N., Inoue, Y., & Someya, T. (2006). The effect of 5-hydroxytryptamine 3A and 3B receptor genes on
nausea induced by paroxetine. Pharmacogenomics J, 6(5), 351-356. doi:10.1038/s).tpj.6500382

Sugino, S., Hayase, T., Higuchi, M., Saito, K., Moriya, H., Kumeta, Y., . . . Janicki, P. K. (2014). Association of mu-opioid receptor gene (OPRM1)
haplotypes with postoperative nausea and vomiting. Exp Brain Res, 232(8), 2627-2635. doi:10.1007/s00221-014-3987-9

Tanaka, M., Kobayashi, D., Murakami, Y., Ozaki, N., Suzuki, T., Iwata, N., . . . Mine, K. (2008). Genetic polymorphisms in the 5-hydroxytryptamine
type 3B receptor gene and paroxetine-induced nausea. Int J Neuropsychopharmacol, 11(2), 261-267. doi:10.1017/s1461145707007985

Tashiro, M., Naito, T., Ohnishi, K., Kagawa, Y., & Kawakami, J. (2014). Impact of genetic and non-genetic factors on clinical responses to
prochlorperazine in oxycodone-treated cancer patients. Clin Chim Acta, 429, 175-180. doi:10.1016/j.cca.2013.12.011

Tremblay, P. B., Kaiser, R., Sezer, O., Rosler, N., Schelenz, C., Possinger, K., . . . Brockmoller, J. (2003). Variations in the 5-hydroxytryptamine
type 3B receptor gene as predictors of the efficacy of antiemetic treatment in cancer patients. J Clin Oncol, 21(11), 2147-2155.
doi:10.1200/jc0.2003.05.164

Triantafyllou, K., Kourikou, A., Gazouli, M., Karamanolis, G. P., & Dimitriadis, G. D. (2017). Functional dyspepsia susceptibility is related to CD14,
GNB3, MIF, and TRPV1 gene polymorphisms in the Greek population. Neurogastroenterol Motil, 29(1). doi:10.1111/nmo0.12913

Vu, D., Tellez-Corrales, E., Yang, J., Qazi, Y., Shah, T., Naraghi, R., . . . Min, D. I. (2013). Genetic polymorphisms of UGT1A8, UGT1A9 and HNF-
lalpha and gastrointestinal symptoms in renal transplant recipients taking mycophenolic acid. Transpl Immunol, 29(1-4), 155-161.
doi:10.1016/j.trim.2013.05.005

Wang, Y., Wu, Z., Qiao, H., & Zhang, Y. (2014). A genetic association study of single nucleotide polymorphisms in GNbeta3 and COMT in elderly
patients with irritable bowel syndrome. Med Sci Monit, 20, 1246-1254. doi:10.12659/msm.890315



Symptom Science Common Genes Supplemental table A1 Sleep Disruption 86

Wesmiller, S., Bender, C., Sereika, S., Ahrendt, G., Bonaventura, M., Bovbjerg, D., & Conley, Y. (2014). The association of the serotonin transport
gene and post discharge nausea and vomiting in women following breast cancer surgery. Oncology Nursing Forum, 41(2), 195-202.
doi:10.1188/14.0NF.195-202

Wesmiller, S., Henker, R. A., Sereika, S. M., Donovan, H. S., Meng, L., Gruen, G. S., ... Conley, Y. P. (2013). The association of CYP2D6
genotype and postoperative nausea and vomiting in orthopedic trauma patients. Biol Res Nurs, 15(4), 382-389.
doi:10.1177/1099800412449181

Wesmiller, S. W., Sereika, S. M., Bender, C. M., Bovbjerg, D., Ahrendt, G., Bonaventura, M., & Conley, Y. P. (2017). Exploring the multifactorial
nature of postoperative nausea and vomiting in women following surgery for breast cancer. Auton Neurosci, 202, 102-107.
doi:10.1016/j.autneu.2016.09.017

Xia, S., Persaud, S., & Birnbaum, A. (2015). Exploratory study on association of single-nucleotide polymorphisms with hydromorphone analgesia
in ED. Am J Emerg Med, 33(3), 444-447. doi:10.1016/j.ajem.2014.12.008

Zoto, T., Kilickap, S., Yasar, U., Celik, I., Bozkurt, A., & Babaoglu, M. O. (2015). Improved anti-emetic efficacy of 5-HT3 receptor antagonists in
cancer patients with genetic polymorphisms of ABCB1 (MDR1) drug transporter. Basic Clin Pharmacol Toxicol, 116(4), 354-360.
doi:10.1111/bcpt.12334



Symptom Science Common Genes Supplemental table A1 Sleep Disruption

Supplemental Table A5. Pain.

Significant Genes — Genomic Findings

Authors

ABCB1 (ATP binding cassette, subfamily B, member 1)
C3435T Cancer patients with the wild-type (CC) are more sensitive to pain.

Children who underwent surgery and who had CC alleles were more likely to have more severe
pain episodes than CT or TT (using facial pain scale).

(Wang et al., 2015)

(Mamie, Rebsamen, Morris, & Morabia,
2013)

ACTN3 (Actinin Alpha 3 Gene/Pseudogene)
R577X Post marathon, runners with one or 2 X alleles reported more pain.

(Del Coso et al., 2017)

ADRB1 (Adrenoceptor Beta 1)
Postoperative patients with Arg/Arg genotype experience more pain (visual analog scale) at 2
hours post-surgery.

A145G patients with A alleles were more sensitive to cold induced pain, especially males.

(W. Wei et al., 2015)

(Moriyama et al., 2013)

ADRB2 (Adrenoceptor Beta 2)
rs12654778 and rs1042713 were associated chronic widespread pain or pain status.
Researchers found common haplotypes associated with pain too.

rs2053044 was associated with comorbid neck and back pain and pain in 3 to 4 pain areas in the

past month.

(Hocking et al., 2010)

(Skouen et al., 2012)

ADRAI1A (Alphala-adrenoceptor)
rs1048101 polymorphism is complex is associated with development of regional pain syndrome

type .

(Herlyn et al., 2010)

ApoE
The epsilon4 allele is associated with headache (tension and migraine grouped together) in a
meta-analysis.

(Miao, Wang, Zheng, & Zhuang, 2015)

BDNF (brain-derived neurotrophic factor)

Val®®Met allele In presence of chronic pain, BDNF Met carriers experienced a greater pain
response to Event Related Potentials compared with Val homozygotes. In absence of chronic
pain, the Met response was weaker than Val.

Met carriers indicated more pain (Chronic Pain Grade questionnaire) than the Val®®Val group.
BDNF expression did not differ between the groups.

Val%Met is associated with reduced response to repeated evoked potentials in healthy
participants, and may be related to plasticity.

Those with Met/Met allele evoked potentials did not show a significant difference in response

(Vossen et al., 2010)

(Generaal et al., 2016)

(Di Lorenzo et al., 2012)

(Hwang, Kim, Yoon, Uhm, & Chang,
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between sub- and supra-thresholds, possibly due to difference in plasticity.
In women with primary dysmenorrhea, those with Met/Met reported more pain.

Met/met report more pain (McGill Pain Inventory) in dysmenorrhea and demonstrated less
neuroplasticity.

2015)
(L. C. Lee et al., 2014)

(S.Y.Weietal., 2016)

CACNG?2 (calcium voltage-gated channel auxiliary subunit gamma 2)
This gene is associated with chronic pain in women post mastectomy.

(Nissenbaum et al., 2010)

CNR1 (cannabinoid receptor 1)
Patients with irritable bowel syndrome who have >10/>10 AAT repeats report higher pain scores.

(Park et al., 2011)

COMT (catechol-O-methyltransferase)

Val*®Met allele In participants with chronic pain, the COMT Met carriers experienced an
increased the cortical pain response on Event Related Potentials compared with the Val
homozygotes. In absence of chronic pain, the Met response was weaker than Val.

Val'*®Met allele (rs4680) In patients with temporomandibular disorder, this COMT was
associated with pain (1 or 2 copies of met produce reduced activity), and the Val allele is
protective.

Minor A allele of SNP rs165774. A meta-analysis on 2 separate cohorts (patients with
temporomandibular disorder), this allele provided a protective effect and decreased pain
sensitivity (qQuantitative sensory testing with heat and pressure pain).

Cancer patients with Val/Val reported more pain (Brief Pain Inventory, numeric rating scale) than
those with Val/Met.

Val'*®Met allele Met/Met cardiac patients undergoing a painful procedure reported more pain
(numeric rating scale) than Val/Met or Val/Val.

In patients 6 weeks after motor vehicle accident, less pain (numeric rating scale 0-10) was
reported in those with CGGG haplotype plus TCG.

Patients with fiboromyalgia and Met/Met alleles had lower nocioceptive flexion reflex threshold
(quantitative sensory testing) than Val/Val. Met/Met tended to have higher pain scores (ns).

Participants homozygous for low pain sensitivity (Val/Val) had lower pain scores (visual analog
scores) to stimuli.

Met/met was associated with lower pain pressure thresholds in children with chronic tension
headaches.

(Vossen et al., 2010)

(Smith et al., 2014)

(Meloto et al., 2015)

(Wang et al., 2015)

(Ahlers et al., 2013)

(Bortsov, Diatchenko, & McLean, 2014)

(Desmeules et al., 2014)

(Diatchenko et al., 2006)

(Fernandez-de-las-Penas et al., 2011)

88



Symptom Science Common Genes Supplemental table A1 Sleep Disruption

89

Women with depression and the low pain sensitivity haplotype SNPs rs6269,

rs4633, rs4818, and rs4680 reported more overall pain and pain while awake. This haplotype
result was not the same for men.

Patients who had disc herniation and Met/Met reported more pain (visual analog scale).

Healthy participants with met/met reported more pain (visual analog scale 0-100) to the painful
stimuli for the experiment than Val/val.

Minor alleles were associated with less pain for rs165774 (heat pain intensity) and rs887200
(cold pain intensity).

In children post-surgery, facial pain scores were higher for AA or GA alleles than for GG.

In post-surgical trauma patients, those with rs4680 A/A alleles reported more pain at 45 minutes
time point in PACU.

In women with carpal tunnel syndrome, Met/Met carriers reported more pain.

rs4680 Met/Met genotype was more frequent in patients with multiple sclerosis with pain.

rs4818 and rs6269 rare alleles were associated with less pain at rest and on movement.
rs6267 the T allele is associated with pain in Parkinson’s disease.

rs6269, rs4633, rs4818, and rs4680. Patients with fibromyalgia and met/met for rs4680 or with
haplotypes for high or average pain sensitivity had higher thermal pain and pressure sensitivity.

ACCG, a haplotype of high sensitivity to pain, showed an interaction with stress. Number of
copies of the haplotype are associated with pain in nonstressed participants and in one cohort
this was influenced by sex (occurred in males only).

In healthy volunteers, rs4680 A allele carriers report a higher bone pain tolerance.

rs4633 and rs4680 were associated with less pain in patients with low back pain, but the two
were perfectly correlated. In rs4680, the heterozygote had the most reduction in pain after

(Fijal, Perlis, Heinloth, & Houston, 2010)

(Jacobsen et al., 2012)

(Jensen, Lonsdorf, Schalling, Kosek, &
Ingvar, 2009)

(Kambur et al., 2013)

(Mamie et al., 2013)

(Henker et al., 2013)

(Fernandez-de-las-Penas, Ambite-
Quesada, Ortega-Santiago, et al., 2013)

(Fernandez-de-las-Penas, Ambite-
Quesada, Ortiz-Gutierrez, et al., 2013)
(P. J. Lee, Delaney, Keogh, Sleeman, &
Shorten, 2011)

(W. Li, Chen, Yin, & Zhang, 2014)

(Martinez-Jauand et al., 2013)

(Meloto et al., 2016)

(Nielsen, Olesen, Sato, Christrup, &
Drewes, 2016)
(Omair, Lie, Reikeras, Holden, & Brox,
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intervention.

COMT *“vulnerable genotype” is associated with higher pain ratings in patients with thermal
burns.

Those with rs6269 AA, rs4633 TT, rs4818 CC, and rs4680 AA reported lower preop pain
intensity and 1 year postop.

rs6269, rs4633, and rs4680 were associated with FLACC pain scores in children postop.

As number of met alleles increases, heat pain sensation decreased (lower temperature causes
pain) in healthy participants, but no effect was found in those with borderline personality
disorder. fMRI measuring pain response differed between healthy and those with borderline
personality disorder.

Depressive symptoms moderate the relationship between COMT and temporomandibular pain:

rs5993882 is associated with pain in those without depressive symptoms and rs1544325 is
found in those with depressive symptoms and TMD pain.

rs4818 is associated with time-averaged pain scores in women postop hysterectomy.
Female carriers of Met allele were more likely to have osteoarthritic hip pain than Val/Val.

Only one SNP, rs4633 was associated with pain in male Han Chinese during transcutaneous
electrical acupoint stimulation.

Val'58Met. In healthy men and women, the met/met allele showed less response in y opioid
receptor binding potentials in the brain to sustained pain and greater sensory and affective
ratings. (McGill pain scale and visual analog scale, MRI) Val/Val was the opposite.

2012)

(Orrey et al., 2012)

(Rut et al., 2014)

(Sadhasivam et al., 2014)

(Schmahl et al., 2012)

(Schwahn et al., 2012)

(Tan et al., 2016)
(van Meurs et al., 2009)

(Xiang et al., 2012)

(Zubieta et al., 2003)

DAT dopamine transporter gene (or SLC6A3)
VNTR 10 allele was associated with a lower cold pain tolerance.

(Treister et al., 2009)

DRD3 (Dopamine Receptor D3)
Ser9Gly predicts diffuse nocioreceptive inhibitory control in patients with fibromyalgia and
controls and is associated with the thermal pain threshold in fibromyalgia.

(Potvin et al., 2009)
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DRD4 (Dopamine Receptor D4)

Alleles with less than 4 repeats were considered “short”. The Short/Short genotype was
associated with more pain in patients undergoing cosmetic surgery.

DRD4-521C/T modulates cold pain response and may influence opioid dependence.

957C>T polymorphism TT exhibits lower thermal and pain sensitivity.

(Aoki et al., 2013)

(Ho, Tang, Cheung, & Stadlin, 2008)

(Jaaskelainen et al., 2014)

ESR1 (estrogen receptor 1)
In women with TMJ osteoarthritis, those with the PX haplotype were more likely to report
moderate/severe pain.

Higher back pain scores (visual analog scale) were associated with GG genotype.

(Kang et al., 2007)

(Roh et al., 2013)

FAAH (fatty acid amide hydrolase)
P129T rs324420 is associated with cold pain sensitivity in women with breast cancer.

rs324419 was associated with pain in Parkinson’s Disease patients.

(Cajanus et al., 2016)

(Greenbaum et al., 2012)

FKBP5 (FK506 binding protein 5)
rs3800373, rs9380526, rs9394314, rs2817032, and rs2817040 were associated with pain in 2
cohorts of patients with MVA trauma and victims of sexual assault.

rs2817038 moderated the relationship between musculoskeletal pain after motor vehicle
accident and neighborhood disadvantage.

(Bortsov et al., 2013)

(Ulirsch et al., 2014)

GNB3 (G Protein Subunit Beta 3)
825 TT was associated with more epigastric pain in patients with dyspepsia.

(Oshima et al., 2010)

GCH1 (GTP Cyclohydrolase 1)

rs4411417, rs3783641, and rs752688 uncommon alleles were associated with less capsaicin
pain in healthy participants.

A pain protective haplotype was associated with lower pain scores in outpatient pain centers.

GCH1 CCTA haplotypes may protect against fiboromyalgia pain.

(Campbell et al., 2009)

(Doehring et al., 2009)

(S. K. Kim et al., 2013)

HLA-DRB1 (Major Histocompatibility Complex, Class Il, DR Beta 1)
In Japanese patients with post herpetic neuralgia (visual analog scale) HLA-A*3303, HLA-
B*4403, and HLA-DRB1*1320 were associated with pain.

HLA-DRB1*04 — DQB1*03:02 haplotype increased risk of developing post-surgical pain in 2
cohorts.

(M. Sato et al., 2002)

(Dominguez et al., 2013)

HTR1A (5-hydroxytryptamine receptor 1A)
rs6295 minor G allele is associated with less sensitivity to thermal pain, but increased their
response at high intensities.

(Lindstedt et al., 2012)

91



Symptom Science Common Genes Supplemental table A1 Sleep Disruption

HTR2A (5-hydroxytryptamine receptor 2A)

Localized temporomandibular disorder facial pain was associated with 6 serotonergic pathway
SNPs to create a risk index: rs9316233 (HTR2A); rs4776783 (MAP2K1) rs12439516 (MAP2K1);
rs2276008 (MAPK1); rs6928 (MAPK1); and rs3813928 (HTR2C).

5-Ht2A receptor gene is associated with abdominal pain ratings (visual analog scale) in patients
with irritable bowel syndrome with TT having higher scores.

rs17289394 and rs12584920, T allele, were associated with more pain sites, and having chronic
widespread pain (American College of Rheumatology criteria).

(Slade et al., 2013)

(Pata et al., 2004)

(Nicholl et al., 2011)

HTR2C (5-hydroxytryptamine receptor 2C)

Localized temporomandibular disorder facial pain was associated with 6 serotonergic pathway
SNPs to create a risk index: rs9316233 (HTR2A); rs4776783 (MAP2K1) rs12439516 (MAP2K1);
rs2276008 (MAPK1); rs6928 (MAPK1); and rs3813928 (HTR2C).

(Slade et al., 2013)

HTR3B (5-hydroxytryptamine receptor 3B)
In patients taking certain statins, myalgia was associated with rs2276307.

(Ruano et al., 2007)

HTR7 ( 5-Hydroxytryptamine Receptor 7)
In patients taking certain statins, myalgia was associated with rs1935349.

(Ruano et al., 2007)

IL-10 (interleukin 10)

Men with chronic pelvic pain syndrome (pain measured by the NIH-Chronic Prostatitis Symptom
Index) were more likely to have the IL10 AA genotype, which is associated with lower IL-10
expression.

IL-10 haplotype A8 was associated with persistent breast pain in women after breast cancer
surgery.

rs1800871 was associated with pain (less) in patients with lung cancer.

(Shoskes, Albakri, Thomas, & Cook,
2002)

(Stephens et al., 2014)

(Rausch et al., 2010)

IL13 (interleukin 13)
Women with breast cancer and rs1295686 minor allele were more likely to report breast pain
before surgery.

(McCann et al., 2012)

IL18RAP (Interleukin 18 Receptor Accessory Protein)
T-C-C-A-T haplotype with IL1A, IL18R1 and IL18RAP are associated with improvement in pain
in patients with low back pain.

(Omair, Holden, Lie, Reikeras, & Brox,
2013)

IL18R1 (Interleukin 18 Receptor 1)
T-C-C-A-T haplotype with IL1A, IL18R1 and IL18RAP are associated with improvement in pain
in patients with low back pain.

(Omair et al., 2013)

IL-1A (interleukin 1 alpha)
Patients with low back pain who had CT/TT genotype reported more pain intensity and had a
lower pain threshold versus CC.

(Schistad, Jacobsen, Roe, & Gjerstad,
2014)
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Patients with low back pain IL-1aT889 (with IL-1IRNA1812) reported a greater pain intensity.

T-C-C-A-T haplotype with IL1A, IL18R1 and IL18RAP are associated with improvement in pain
in patients with low back pain.

In patients with back pain, ILLA T allele in combination with ILLRN A allele report more pain on
follow-up.

(Solovieva et al., 2004)

(Omair et al., 2013)

(Moen, Schistad, Rygh, Roe, &
Gjerstad, 2014)

IL-1B (interleukin 1 beta)
rs1143634 This was associated with increased pain in a sample of veterans with low back pain.

(Loncar, Curic, Mestrovic, Mickovic, &
Bilic, 2013)

IL1R1 ( Interleukin 1 Receptor Type 1)
rs2110726 minor allele was associated with less pain preop in women with breast cancer.

(McCann et al., 2012)

IL-1R2 (interleukin 1 receptor 2)
rs11674595 was associated with persistent breast pain in women after breast cancer surgery.

(Stephens et al., 2014)

ILIRN (Interleukin 1 Receptor Antagonist)
In patients with back pain, ILLA T allele in combination with ILLRN A allele report more pain on
follow-up.

(Moen et al., 2014)

IL6 (interleukin 6)

—147 G/G This cytokine genotype was associated with more pain in patients with juvenile
rheumatoid arthritis.

-174 G/C Female cancer patients with the G/G allele reported more pain severity (hnumeric rating
0-10) than G/C or C/C. Males did not differ statistically.

(Oen et al., 2005)

(Reyes-Gibby et al., 2008)

IL8 (interleukin 8)
-251T/A This was significantly associated with more pain in a group of patients with pancreatic
cancer, in AT and TT versus AA in Caucasians.

In patients with non-small cell lung cancer, TA and AA reported more pain than TT in
Caucasians.

IL8-T251T/A In patients with advanced stage non-small cell lung cancer, TT reported less pain
severity (and less severe fatigue) than AT or AA.

(Reyes-Gibby, Shete, et al., 2009)

(Reyes-Gibby et al., 2007)

(Reyes-Gibby et al., 2013)

KCNJ3 (Potassium Voltage-Gated Channel Subfamily J Member 3)
rs7574878 Women with breast cancer who had preoperative pain in the breast and the TT allele
were more likely to report this pain. One haplotype also increased likelihood of pain.

(Langford et al., 2014)
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KCNJ6 (Potassium Voltage-Gated Channel Subfamily J Member 6)
Surgical patients with the A/A genotype required more analgesia post-op (clinical data and pain
rating).

rs2835859 C allele carriers are less sensitive to cold and mechanical pain stimuli.

rs2835914 Women with breast cancer who had preoperative pain in the breast and the GG
allele were more likely to report this pain. KCNJ6 rs8129919: Women with the A allele were
more likely to report this pain in a dose-dependent manner. KCNJ6 rs2836050: women with TT
were more likely to report this pain.

(Nishizawa et al., 2009)

(Nishizawa et al., 2014)

(Langford et al., 2014)

KCNK9 (Potassium Two Pore Domain Channel Subfamily K Member 9)

rs3780039 Women with breast cancer who had preoperative pain in the breast and the G allele
(hetero- or homozygous) were more likely to report this pain and for rs11166921 were more
likely to report pain if they had the AA allele.

(Langford et al., 2014)

KCNS1 (Potassium Voltage-Gated Channel Modifier Subfamily S Member 1)
Val allele rs734784 Participants across 5 cohorts were more likely to have higher pain scores if
they have a Val allele, and this is increased more for 2 Val alleles.

rs4499491 Women with breast cancer who had preoperative pain in the breast and the AA allele
were more likely to report this pain.

(Costigan et al., 2010)

(Langford et al., 2014)

LTA (lymphotoxin alpha)
rs1799964 was associated with pain (SF-8) in >5-year lung cancer survivors. Those with one or
2 G alleles were associated with less pain.

(Rausch et al., 2012)

MAO-A (Monoamine Oxidase A)
VNTR—-carriers of the 4 allele have a lower cold tolerance.

(Treister et al., 2009)

MAO-B (Monoamine Oxidase B)
In males the A/G polymorphism in intron 13 G allele experienced a more intense pain than those
with A allele post tonsillectomy.

(Sery et al., 2006)

MAPK1 (Mitogen-Activated Protein Kinase 1)

Localized temporomandibular disorder facial pain was associated with 6 serotonergic pathway
SNPs to create a risk index: rs9316233 (HTR2A); rs4776783 (MAP2K1) rs12439516 (MAP2K1);
rs2276008 (MAPK1); rs6928 (MAPK1); and rs3813928 (HTR2C).

MAPK1/ERK?2 rs8136867 was associated with severe pain in head and neck cancer patients.

(Slade et al., 2013)

(Reyes-Gibby et al., 2016)

MAP2K1 (Mitogen-Activated Protein Kinase Kinase 1)

Localized temporomandibular disorder facial pain was associated with 6 serotonergic pathway
SNPs to create a risk index: rs9316233 (HTR2A); rs4776783 (MAP2K1) rs12439516 (MAP2K1);
rs2276008 (MAPK1); rs6928 (MAPK1); and rs3813928 (HTR2C).

(Slade et al., 2013)
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MMP1 (Matrix Metallopeptidase 1)
rs1799750 2G/2G genotype reported more pain (visual analog scale, McGill Pain Questionnaire)
in patients with low back and sciatic pain.

(Jacobsen et al., 2013)

MMP3 (Matrix Metallopeptidase 3)
rs72520913 A/A is associated with less pain reduction versus other allele combinations in
patients with low back pain.

(Omair et al., 2013)

NTRK1 (Neurotrophic Receptor Tyrosine Kinase 1_
Pain scores (facial pain score) in children post-surgery were higher during mobilization for CT or
TT alleles than for CC allele.

(Mamie et al., 2013)

OPG (TNFRSF11B TNF Receptor Superfamily Member 11b)
rs2073618 was associated with severity of pain in patients with breast cancer treated with
aromatase inhibitors.

(Lintermans et al., 2016)

OPRKZ1 (Opioid Receptor Kappa 1)
rs6473799 was associated with sensitivity to heat pain and rs7016778 and rs7824175 were
associated with pressure pain in healthy participants.

rs7016778 and rs7824175 was associated with baseline cuff pressure response in healthy
participants.

In healthy volunteers, rs6473799 C allele carriers report a higher mechanical visceral pain
tolerance threshold.

(H. Sato et al., 2013)

(R. Olsen et al., 2016)

(Nielsen et al., 2016)

OPRM1 (Opioid Receptor Mu 1)
(A118G) Postoperative patients with AG or GG alleles (versus AA) appear to experience more
pain and need more pain medication in this study.

Children who underwent surgery and had the GA allele were more likely to have severe pain
than those with the AA allele (facial pain scale).

The G allele was associated with more pain in breast cancer patients post-surgery.

In patients with diabetic foot ulcers, AG and GG were more likely to be assigned to the painless
group versus AA in painful group (by self-reported pain).

Healthy participants with AG and GG alleles were associated with less pain sensitivity to
pressure pain; for heat pain, males with those alleles were associated with less pain and females
associated with more pain.

Post-surgical trauma patients with A118G reported higher pain scores (numeric rating) at 15
minutes timepoint in the PACU.

(Bartosova, Polanecky, Perlik, Adamek,
& Slanar, 2015)

(Mamie et al., 2013)

(Cajanus, Kaunisto, Tallgren, Jokela, &
Kalso, 2014)
(Cheng, Lin, Chang, Wang, & Lai, 2010)

(Fillingim et al., 2005)

(Henker et al., 2013)

(Ochroch, Vachani, Gottschalk, &
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In post-thoracotomy patients, rs634479, rs499796, rs548646, and rs679987 were associated
with pain.

In women post-op caesarean section, 118G/G reported higher pain scores than those with A
alleles.

In women with pain post sexual assault, the G allele is associated with less pain and a reduced
extent of pain.

Heterozygous and wild-type have different pain responses (surgical patients, visual analog
scale).

rs7824175 was associated with residual pain in cancer patients.

In healthy Han Chinese women, those with the GA allele of the IVS2+31G>A polymorphism had
a higher pressure pain threshold than GG.

In patients with chronic postsurgical pain, rs1799971 carrying at least one copy of the G allele
had more pain.

In migraine sufferers, A118G G allele is associated with more pain than A allele.

A118G women with G allele reported more pain at lyear post disc herniation than men and no
difference between men and women with AA.

rs563649 was associated with pain perception in healthy volunteers.

A118G AA pain scores were lower and GG were the highest post cesarean surgery.
Minor allele 118G was associated with higher pain scores in hysterectomy patients.
A118G polymorphism. Pain tolerance threshold was measured (electrical stimulation) in

preoperative women and the G allele had a dose dependent effect on pain (lessening the
tolerance).

Kanetsky, 2012)
(Tan et al., 2009)

(Ballina et al., 2013)

(De Capraris et al., 2011)
(Droney et al., 2013)

(Huang et al., 2008)

(Kolesnikov et al., 2013)

(Menon et al., 2012)

(M. B. Olsen et al., 2012)

(Shabalina et al., 2009)
(Sia et al., 2008)
(Sia et al., 2013)

(zZhang et al., 2010)

P2RY12 (Purinergic Receptor P2Y12)
Minor allele is associated with increased pain (numeric rating scale) in cancer and postoperative
pain cohorts.

(Sumitani et al., 2017)

P2RX7 (Purinergic Receptor P2X 7)
rs1718125 in those who did not have the A allele, pain score (visual analog) was lower.

(Ide et al., 2014)
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An association with low pain intensity and His270 rs7958311 in cohorts with pain after
mastectomy and one with osteoarthritis.

(Sorge et al., 2012)

PTGS2 (Prostaglandin-endoperoxide synthetase 2)
rs5277 was associated with pain in 3-5 year lung cancer survivors, and those with one or 2 G
alleles were associated with higher pain scores.

COX-2 Endodontic patients post-operative with the haplotype rs2383515 G, rs5277 G, rs5275 T,
and rs2206593 were associated with pain.

rs5275 CC genotype was associated with less severe pain in non-small cell lung cancer (not
alone, but if adding protective effects of TNF-alpha AA and NFKBIA TT, pain severity risk
decreases substantially.

(Rausch et al., 2012)

(Applebaum, Nackley, Bair, Maixner, &
Khan, 2015)

(Reyes-Gibby, Spitz, et al., 2009)

Chromosome 17 upstream of RHBDF2

rs12948783 Cancer patients with the GG genotype exhibited nearly complete pain relief with
opioids when compared with AA or GA. Found 7 other SNPs associated with pain relief: on
chromosomes 2, 6, 10 11, and 19.

(Galvan et al., 2011)

SCNO9A (Sodium Voltage-Gated Channel Alpha Subunit 9)
rs16851778 was associated with low mechanical pain sensitivity in healthy women of Chinese
descent.

rs4286289 and rs6746030 were associated with greater postoperative pain (numeric rating
scale) in Chinese women.

In patients with Parkinson’s Disease, rs6746030 was associated with pain susceptibility.

Val991Leu/Met932Leu was associated with pain (numeric pain rating) in patients with diabetic
peripheral neuropathy.

rs6746030 A allele was associated with more pain in osteoarthritis and held in additional cohorts.

(Duan et al., 2015)

(Duan et al., 2016)

(Greenbaum et al., 2012)

(Q. S. Lietal., 2015)

(Reimann et al., 2010)

SLC6A4 (Solute Carrier Family 6 Member 4)
Serotonin Transporter 5-HTTLPR genotype Short/Short carriers report more pain in trigeminal
neuralgia.

5-HTT La/Lachanged their perception of pain based on their emotional state. If emotional state
was negative, pain was rated worse; if positive, pain was rated less.

Carriers of the S allele reported lower pain thresholds and increased pain catastrophizing.

Those men with short allele 5-HTTLPR have a higher pain threshold and tolerance.

(Cui, Yu, & Zhang, 2014)

(Horjales-Araujo et al., 2013)

(Kunz, Hennig, Karmann, &
Lautenbacher, 2016)
(Palit et al., 2011)
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Those with SHTTLPR short allele had a decreased pain inhibition.

Postoperative women with SHTTLPR La/Laand rs25331 G alleles reported more pain (brief pain
inventory).

(Treister et al., 2011)

(Wesmiller et al., 2014)

TAOKS3 (TAO Kinase 3)
rs795484 was associated with pain in pediatric patients postoperatively, European Caucasian
and African American.

(Cook-Sather et al., 2014)

TCL1A Chromosome 14 near T-cell Leukemia 1A

SNPs rs47158782, rs7159713, rs2369049, rs11849538 In an aromatase inhibitor (breast
cancer) trial, GWAS was done to determine genes associated with musculoskeletal pain and 4
SNPs were found to be associated with greater pain. In a follow-up article, these SNPs were
related to expression of several interleukins.

(Ingle et al., 2010) and
(M. Liu et al., 2012)

rs13361160, rs2386592 upstream of CCT5 and downstream of FAM173B
In a GWAS and meta-analysis of numerous studies, two SNPs were significantly associated with
chronic widespread pain (Fibromyalgia Criteria American College Rheumatology).

(Peters et al., 2013)

TNF (tumor necrosis factor)

-308G/A Men with cancer and the G/G allele reported less pain severity. There was not a
statistical difference in women.

In black South African patients with HIV, rs28445017*A was associated with more pain.

-308GA AA is associated with less severe pain in patients with non-small cell lung cancer.

(Reyes-Gibby et al., 2008)

(Hendry et al., 2016)

(Reyes-Gibby, Spitz, et al., 2009)

TRPAZ1 (Transient Receptor Potential Cation Channel Subfamily A Member 1)
Variations in heat pain sensitivity and gender were found.

(H. Kim, Mittal, ladarola, & Dionne,
2006)

TRPVL1 (transient receptor potential cation channel, subfamily V, member 1)

585 lle-lle genotype; rs8065080 This genotype was associated with less osteoarthritic knee
pain in a meta-analysis of 7 large cohorts. Pain indicates “symptomatic” OA as radiologic
examination is not a reliable indication of knee OA pain. This gene is also associated with less
thermal pain sensitivity.

Females with the Val (585) Val allele had longer cold withdrawal times.

(Valdes et al., 2011)

(H. Kim et al., 2004)

Significant Genes — Epigenomic Findings

Authors

OPRM1 (Opioid Receptor Mu 1)

CpGisland 5 UTR In former heroin users on methadone (smoking as a covariate) DNA position
+126 showed higher methylation (trend) and at global methylation site LINE-1. Patients with
chronic pain on opioids for more than a year, showed a similar increase in methylation and LINE-

(Doehring, Oertel, Sittl, & Lotsch, 2013)
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1 methylation was associated with increased pain.

Methylation at CpG sites 13 and 22 were associated with chronic postsurgical pain (0-10) in
adolescent scoliosis patients after controlling for preop pain and other variables.

(Chidambaran et al., 2017)

PRDM12 (PR/SET Domain 12)

Polyalanine expansion (nocioreceptor) Studied congenital insensitivity to pain (CIP,
autosomal recessive); expansion decreases bioavailability of PRDM12; think loss of histone
modification d/t missense affects neurogenesis

(Chen et al., 2015)

SPARC (Secreted Protein, Acidic, Rich in Cysteine)

Promoter methylation When comparing a small sample of preoperative patients with chronic
low back pain with healthy controls, promoter methylation was shown to silence the SPARC
gene and is associated with increased pain (pain scale 0-100).

(Tajerian et al., 2011)

TRPA1 (Transient Receptor Potential Cation Channel Subfamily A Member 1)
Differentially methylated region showed more methylation in twins with a lower pain threshold,
established by using quantitative sensory testing, in discordant monozygotic twins (50) and
compared with healthy unrelated participants (50). Methylation in the promoter could cause
downregulation in gene expression for this ion channel gene.

(Bell et al., 2014)

Significant Genes — Transcriptomic Findings

Authors

ADRB1 (Adrenoceptor Beta 1)
Higher expression of this adrenergic receptor was associated with greater pain severity (0-100)
in prostate cancer patients.

(Light et al., 2013)

ADRA2A (Alpha-2a adrenergic receptor)
Higher expression of this adrenergic receptor was associated with greater pain severity (0-100)
in prostate cancer patients.

Higher expression correlated with post-exercise pain (visual analog scale) in patients with
chronic fatigue syndrome and in MS patients with lower a-2a levels pre-exercise (compared with
MS patients with higher levels), increased pain scores were associated with increased
expression.

(Light et al., 2013)

(White, Light, Hughen, Vanhaitsma, &
Light, 2012)

ADRAZ2C (Adrenoceptor Alpha 2C)
Higher expression of this adrenergic receptor was associated with greater pain severity (0-100)
in prostate cancer patients.

(Light et al., 2013)

BATF2 (basic leucine zipper transcription factor, ATF-like)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited increased
gene expression.

(Lukkahatai, Majors, Reddy, Walitt, &
Saligan, 2013)

BDKRB1 (Bradykinin receptor B1)
BDKRB1 expression correlated with pain intensity (visual analog scale) in patients with minor
surgery taking keterolac. TRPV1 was correlated with BDKRBL1.

(Hamza et al., 2010)
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BDKRB2 (Bradykinin receptor B2)
BDKRB2 expression correlated with pain intensity (visual analog scale) in patients with minor
surgery taking keterolac.

(Hamza et al., 2010)

CASP5 (caspase 5, apoptosis-related cysteine peptidase)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited increased
gene expression.

(Lukkahatai et al., 2013)

CCR1 (chemokine (C-C motif) receptor 1)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited increased
gene expression.

(Lukkahatai et al., 2013)

CD26 macrophage (DPP4 Dipeptidyl Peptidase 4)
Increased CD205 numbers were found in the pain group tendons versus pain-free.

(Dean et al., 2015)

CD45 pan-leucocyte (PTPRC Protein Tyrosine Phosphatase, Receptor Type C)
Increased CD45 numbers were found in pain versus pain-free tendons.

(Dean et al., 2015)

CD69 Molecule
CD69 molecule In patients with fibromyalgia, the high pain score (Brief Pain Inventory) group
exhibited increased gene expression.

(Lukkahatai et al., 2013)

CEACAML1 (carcinoembryonic antigen-related cell adhesion molecule 1 biliary
glycoprotein)

In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited increased
gene expression.

(Lukkahatai et al., 2013)

FAK (PTK2 Protein Tyrosine Kinase 2)
In women with endometriosis, elevated FAK protein and mRNA expression was associated with
pelvic pain.

(Mu et al., 2008)

FLJ12541(STRAG6 stimulated by retinoic acid 6)
MEF2C and FLJ12541 expression correlated with pain (0-5 scale) in patients with infectious
mononucleosis and accounted for more than 80% of the variance in the regression analysis.

(Vernon et al., 2006)

GZMM (Granzyme M)
Expression was associated with heat pain sensitivity in a twin study.

(Williams et al., 2012)

IL-1B (Interleukin 1 Beta)

Three cohort of OA patients and controls were assessed for OA pain (visual analog, WOMAC,
American College of Rheumatology criteria). Peripheral blood leukocytes were evaluated for
potential diagnostic biomarkers. IL-1p expression was elevated in the subgroup with more
pain/symptomatic OA.

Expression was elevated in surgical intervertebral disc samples in patients with pain (rated by

patients during discography). Cadaver samples of persons without back pain history were also
used (but some living patients were in the pain-free group). IL-6 and IL-8 expressions were not
significant.

(Attur et al., 2011)

(Kepler et al., 2013)

IL-10 (interleukin 10)
Higher expression was found in sural nerve samples of patients with painful neuropathies (0-10

(Uceyler, Riediger, Kafke, & Sommer,
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scale) compared with painless neuropathies and it was expressed more in both inflammatory
and noninflammatory.

2015)

IL-33 (interleukin 33)

Using skin biopsies, patients with psoriatic arthritis had a higher IL-33 expression than healthy
controls and those patients reporting more pain (versus patients with no pain) had a greater
expression as well.

(Patruno et al., 2015)

IL-6 (interleukin 6)

Higher expression was found in sural nerve samples of patients with painful neuropathies (0-10
scale) compared with painless neuropathies and it was expressed more in both inflammatory
and non-inflammatory. However, it did not correlate with current pain levels.

IL-6 levels in peritoneal fluid correlated with pelvic pain (0-10 scale) in women with
endometriosis.

(Uceyler et al., 2015)

(Velasco, Acien, Campos, Acien, &
Ruiz-Macia, 2010)

LTA (lymphotoxin alpha)
Increased expression of this gene was associated with higher pain severity scores (0-100) in
patients with chronic fatigue syndrome.

(Light et al., 2013)

LY6E (Lymphocyte Antigen 6 Complex, Locus E)
Lymphocyte antigen 6 complex, locus E In patients with fiboromyalgia, the high pain score (Brief
Pain Inventory) group exhibited decreased gene expression.

(Lukkahatai et al., 2013)

MEF2C (Myocyte Enhancer Factor 2C)
MEF2C and FLJ12541 expression correlated with pain (0-5 scale) in patients with infectious
mononucleosis and accounted for more than 80% of the variance in the regression analysis.

(Vernon et al., 2006)

miR-145-5p (MicroRNA 145)

In a small study, decreased expression of this microRNA in cerebrospinal fluid of fiboromyalgia
patients was found but increased levels were associated with greater pain, assessed with a
visual analog scale in the fiboromyalgia impact questionnaire.

(Bjersing, Lundborg, Bokarewa, &
Mannerkorpi, 2013)

miR-199 a/b (MicroRNA 199 al a2)
In IBS patients, decreased expression of miR-199 a and b were associated with increased
visceral pain scores and increased TRPV1.

(Q. Zhou et al., 2016)

Fractalkine (CX3CR1 C-X3-C Motif Chemokine Receptor 1)
Fractalkine mRNA, a chemokine, showed increased expression in chronic pancreatic pain (Likert
scale, self-report).

(Ceyhan et al., 2009)

KA1 (kainate receptor 1)

Using the Oxford Shoulder Score to measure pain in preoperative and postoperative patients
and dividing them into pain and pain-free groups, respectively, KA1l was expressed more in the
pain group tendons.

(Dean et al., 2015)

MGIluR2 (metabotropic glutamate receptor 2)
In pain versus pain-free groups of shoulder surgery patients, mGIluR2 was expressed more in
the pain group tendons.

(Dean et al., 2015)

MRNA ATP5E (ATP Synthase, H+ Transporting, Mitochondrial F1 Complex, Epsilon
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Subunit)
Higher pain scores (0-100) correlated with greater expression of this mitochondrial mRNA in
patients with prostate cancer.

(Light et al., 2013)

MRNA HSPA (HSPBP1 HSPA (Hsp70) Binding Protein 1)
Higher pain scores (0-100) correlated with greater expression of this mitochondrial mMRNA in
patients with prostate cancer.

(Light et al., 2013)

MRNA NDUFS5 (NDUFS5 NADH:Ubiquinone Oxidoreductase Subunit S5)
Higher pain scores (0-100) correlated with greater expression of this mitochondrial mRNA in
patients with prostate cancer.

(Light et al., 2013)

Nav1.3 (SCN3A Sodium Voltage-Gated Channel Alpha Subunit 3)
Patients with trigeminal neuralgia pain (visual analog scale) exhibited an upregulation of Nav1.3.

(Siqueira, Alves, Malpartida, Teixeira, &
Siqueira, 2009)

Navl.7 (SCN9A Sodium Voltage-Gated Channel Alpha Subunit 9)
Patients with trigeminal neuralgia pain (visual analog scale) exhibited a downregulation of
Navl.7.

(Siqueira et al., 2009)

NK-1R (neurokinin 1 receptor) mRNA

In patients with chronic pancreatitis, NK-1R levels were associated with increased pain (as well
as frequency and duration). Pain severity and frequency was assessed using a 4 point Likert
scale.

(Shrikhande et al., 2001)

NPY (neuropeptide Y)

In healthy and patients with major depressive disorder (MDD), low expression of NPY was
associated with negative affect during a pain stressor. The MDD patients were more likely to
have this low expression. Authors think that this low expression may make people more
sensitive to negative stimuli.

Lower expression is associated with amygdala activation and less resiliency to pain/stress
activation in opioid transmission regions of the brain. rs16147 appears to alter the expression.

(Mickey et al., 2011)

(Z. Zhou et al., 2008)

PARP14 (poly (ADP-ribose) polymerase family, member 14)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited
decreased gene expression.

(Lukkahatai et al., 2013)

P2RY1 (Purinergic Receptor P2Y1)
Expression of this gene was correlated with higher pain severity scores (0-100) in patients with
prostate cancer.

(Light et al., 2013)

P2X4 (Purinergic Receptor P2X 4)
Using a visual analog scale to measure pain post-exercise, patients with chronic fatigue
syndrome and MS who had higher expression of P2X4 reported higher levels of pain.

(White et al., 2012)

RANTES (CCL5 C-C Motif Chemokine Ligand 5)

RANTES expression was 3.6 times more elevated in surgical intervertebral disc samples in
patients with pain (rated by patients during discography). Cadaver samples of persons without
back pain history were also used (but some living patients were in the pain-free group).

(Kepler et al., 2013)
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RPL23 (ribosomal protein L23)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited
decreased gene expression.

(Lukkahatai et al., 2013)

RPL7 (ribosomal protein L7)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited
decreased gene expression.

(Lukkahatai et al., 2013)

SCO2 (SCO2 cytochrome c oxidase assembly protein)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited
decreased gene expression.

(Lukkahatai et al., 2013)

SERPINGLI1 (serpin peptidase inhibitor, clade G (C1 inhibitor), member 1)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited
decreased gene expression.

(Lukkahatai et al., 2013)

SH2D1B S(H2 domain containing 1B)
In patients with fiboromyalgia, the high pain score (Brief Pain Inventory) group exhibited
decreased gene expression.

(Lukkahatai et al., 2013)

SIRT1 (sirtuin 1)
Increased expression of this gene was associated with higher pain severity scores (0-100) in
patients with chronic fatigue syndrome.

(Light et al., 2013)

SLC6A4 (Solute Carrier Family 6 Member 4)

Serotonin Transporter 5-HTTLPR genotype Healthy participants with low expression, Sa/Sa
and Lao/Sa (versus high expression group La/La) showed a higher state anxiety and reduced
conditioned pain modulation mediated pain inhibition for both pressure pain thresholds and heat
pain testing.

(Lindstedt et al., 2011)

Substance P (TAC1 Tachykinin Precursor 1)
There was greater expression of substance P in dental pulp of patients with tooth pain versus
those without tooth pain (self-reported pain history pre-op extraction).

(Rodd & Boissonade, 2000)

TNF-a (tumor necrosis factor-alpha)
TNF-a was upregulated in the pain group shoulder tendons versus the pain-free group.

TNF-a levels in plasma were negatively associated with oral pain intensity in stem cell transplant
patients. However, buccal samples showed increase TNF-alpha RNA expression which
correlated with pain when swallowing.

(Dean et al., 2015)

(Fall-Dickson, Ramsay, Castro, Woltz, &
Sportes, 2007)

TRPV1 (Transient Receptor Potential Cation Channel Subfamily V Member 1)
TRPV1-immunoreactive nerve fiber density was associated with increased bladder pain (visual
analog scale) in patients with interstitial cystitis and bladder pain syndrome.

TRPV1 was expressed more in a family with known hyposensitivity to pain, capsaicin, and
thermal stimuli when compared with healthy control subjects.

(B. L. Liu et al., 2014)

(Spinsanti et al., 2008)
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