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Abstract

Could a combat veteran's horrific experiences in early-2000s Afghanistan have a direct,
biological impact his now-adult daughter's risk of a heart attack later in her life? This concept
would have been unapologetically mocked a mere twenty years ago, and it has only been in the
past decade that the new field of epigenetics has revealed a distinct possibility for this event to
actually take place—for parents' experiences to profoundly influence the biology of their
children. The major objective of this research project is to argue for the legitimacy of this
theoretical phenomenon by discussing the latest data regarding PTSD's interaction with the
epigenome, the various epigenetic markers associated with PTSD, the numerous health
detriments that have been observed in conjunction with these specific biomarkers, and the
reported heritability of these epigenomic alterations. In conclusion, this manuscript will establish
the foundation for this hypothetical event to be cogently argued for while simultaneously calling
for more real, concrete studies to be conducted on the subject matter to evaluate its biological

validity and potential effect on human health.
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Introduction

Current statistics suggest psychological trauma as an established phenomenon of the
human condition, with approximately 80-90% of the population reporting a personal experience
of one or more Diagnostic and Statistical Manual of Mental Disorders (DSM-5) Criterion A
traumatic event(s), such as a natural disaster, warzone combat, or sudden death of a family
member [2, 30, 71]. However, the clinical diagnosis of posttraumatic stress disorder (PTSD)—a
response to trauma that includes persistent flashbacks to the traumatic event, marked avoidance
of sensory associations to the traumatic event, extreme hypervigilance, negative emotional states,
etc. (Figure 1)—occurs at a much lower rate within the population; lifetime prevalence estimates
of PTSD fall around 7% [30]. The central discussion in PTSD research revolves around its cause
and effect; why does this small portion go on to develop the disorder, and how does this long-

term posttraumatic stress biopsychosocially affect the individual?

Figure 1
DSM-5 Diagnostic Criteria for Posttraumatic Stress Disorder (PTSD)
Direct Witnessing Learning about Actual Repeated Exposure to
Exposure in Person or Threatened Death Distressing Stimuli
of a Loved One
L
Symptomatic Intrusive Sympt_c;-ms (Criterion B) Not Due to
> 1 Month ) . ) o Substance or
(Criterion F) Persistent Avoidance of Associated Stimuli (Criterion C) Other
_ + Medical
Functional Negative Cognitions and Mood (Criterion D) Condition
Impan_‘ment + (Criterion H)
(Criterion G) Changes in Arousal and Reactivity (Criterion E)
2l Posttraumatic Stress Disorder (PTSD)

Note: Criteria from the American Psychiatric Association [2]. Figure originally created.
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While past historical research into PTSD, under various colloquialisms such as “shell
shock” and “war neurosis,” has primarily revolved around the psychological, recent
technological and scientific advancements have allowed modern traumatic stress research to
extend into the biological sciences, specifically genetics and immunology [139, 173, 184]. The
studies conducted at this intersection of biology and psychology with respect to PTSD has
contributed significantly to our understanding of traumatic stress alongside more successful
medication options, therapeutic strategies, and prophylactic measures, encouraging researchers to
further untangle this complex disorder by potentially substituting a psychological emphasis for a
physiological one. Arguably, dysregulated immune response has become the most noteworthy
biological relationship with PTSD, with inflammatory disease occurring much more frequently
than in PTSD cases than in the general population [45]. Many studies are identifying much
higher levels of inflammatory biomarkers such as C-reactive protein (CRP) and tumor necrosis
factor (TNF) alongside a significantly higher prevalence of inflammatory diseases such as
cardiac issues, autoimmune disorders, and metabolic diseases in those living with PTSD [104];
[142]. While the exact cause of this PTSD-inflammation relationship is under investigation,
many are pointing to a dysregulation of the HPA-axis that connects the stress response to the
immune system [138]. Even more interestingly, there is mounting evidence that this abnormal
immune response correlates with epigenetic changes within the individual [117].

The term “epigenetic” simply refers to the outside of the genome or the immediate
biochemical environment surrounding the genome that does not affect the sequence of the
genome but rather influences genetic expression [39]. When discussing epigenetics, there are two
main epigenetic modifications that can occur: histone modifications and—the event at the center

of this manuscript—DNA methylation (DNAm) [53]. In short, DNAm occurs when a methyl
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(CH3) group is added to a DNA molecule, usually to the fifth carbon atom of a cytosine ring
[53]. In the vast majority of cases, this addition of a methyl group silences the gene by
obstructing the binding of transcriptional factors to DNA, effectively turning the gene “off” [53].
However, the opposite can also occur, where a previously methylated gene can become
unmethylated or hypomethylated, effectively turning the gene “on” [53]. DNAm levels, while
relatively stable throughout cell replication, are notorious for responding sensitively to certain
environmental stimuli, such as smoking, exposure to toxins, radiation, and diet changes, resulting
in a gene’s methylation status, and therefore genetic expression, to change [154]. These
biological environmental stimuli (smoking, diet, etc.) easily translate into physiological
repercussions, but increasing evidence is supporting the notion of psychological stimuli also
translating into physiological consequences [154]. More specifically, psychological stress is also
making its way onto the list of environmental stimuli that occur in step with specific patterns of
DNAm change, especially in genes relating to the immune system and ensuing health disparities
[4, 16, 52, 57, 81, 89, 99, 140, 173].

PTSD’s involvement with the epigenome then naturally brings into question various
concerns of heritability and whether DNAm patterns could be transmitted to subsequent human
generations. This occurrence, known as epigenetic inheritance (EI) has served as a contentious
topic ever since the introduction of epigenetics in the 1940’s, with traditional genetics rejecting
EIl in mammals (humans) while some leave the door open for possibility [40]. EI has been well-
documented and supported in plants and insects, observed in fish species, and documented
sparsely in mammals [7, 11, 22, 61, 64, 67, 100, 129, 147]. However, this low documentation
rate could easily be explained by the presupposition of most researchers that EI simply does not

occur in mammals, leading to its lack of study and subsequent support, which then erroneously



PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 7

confirms the presupposition of its nonexistence. Additionally, the environmental confounds that
come from studying EI in mammals (gestational period, nursing, etc.) can make studying this
phenomenon exceptionally difficult [148]. Although, many evolutionary arguments exist for EI
occurring in mammals as it does in other organisms, and studies that have been successful in
limiting the confounding variables have found documented cases of EI primarily in mice [34,
185]. In humans, many heritable diseases--including most inflammatory diseases—suffer from a
“missing heritability,” where only a portion of the heritability is designated directly to genetics
[167]. Could EI contribute to these gaps in human health disparities? More specifically in the
context of this paper, could a parent’s experience with PTSD contribute to the child’s
inflammation-related health issues via DNAmM?

In short, many studies have recently implicated a significant relationship between a
PTSD diagnosis, body-wide inflammation, and an epigenetic occurrence known as DNA
methylation that could possibly be inherited. Therefore, the aim of this paper is to build a
collection of recent data addressing the theoretical validity of a heritable dysregulated immune

response originating in parental posttraumatic stress disorder.

the Relationship between PTSD, DNA Methylation, & Inflammation

As stated previously, the past twenty years of psychobiological research into PTSD has
yielded a correlation between a clinical diagnosis, epigenetic changes, and a dysregulated
immune response [99]. The focus of this section is to connect these three variables through the
results of diverse studies thus separating the relationship into its three sub-relationships: PTSD
and inflammation, PTSD and DNA methylation changes, and DNA methylation changes and

inflammation. Once this foundation is laid for an epigenetic contribution to PTSD’s immune
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involvement, the second half of this manuscript will address the possible heritability of these
repercussions.
PTSD & Inflammation/Immune Dysregulation

The idea of a causal relationship between posttraumatic stress and an inflammatory
response appears to be the newest evolution in the study of the stress response. Beginning in
1936, Hans Selye provided experimental evidence of the immune system and gut changing
mechanistically in response to overstimulation of the adrenals—the primary glands involved in
releasing stress-related hormones [159]. Four decades later, Fischer et al. [41] investigated this
phenomenon with major surgery acting as the stimulus for the adrenal overarousal, reporting the
many ramifications that come with extensive surgical trauma, including endocrine and immune
system involvement. Di Padova et al. [33] further specified this involvement as dramatic acute
increases in interleukin-1 (IL-1) inhibitors (hinders leukocyte functioning; [82]), interleukin-6
(IL-6; encourages inflammation at injury site [160]), and C-reactive protein (CRP; indicator of
inflammation presence [171]) in middle-aged women who underwent major surgery. Three
decades later, these results still are supported as Sadahiro et al. [143] found comparable results
among a small cohort of elderly individuals: significant increases in IL-6 and CRP from baseline
to immediately after surgery and to hospital discharge. Over the course of these findings, many
studies pointed to the stress-induced activation of the hypothalamic-pituitary-adrenal axis (HPA)
as a potential origin of this inflammatory response [54, 106, 186], as the HPA has direct access
to both the immune and stress responses [32, 58]. Naturally, this pointed to the HPA as a
mediator between stress and the immune system, leading to many research projects on whether
the “stress” involved in activating the HPA could be generalized beyond physiological trauma

[70, 94, 162, 166]. In other words, could psychological trauma also instigate this inflammatory
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response? If this does occur, what impact would a perpetual state of stress, and therefore
inflammation, have on an individual’s health?

The past twenty years have yielded numerous studies addressing these questions with
consistent and significant results. Miller et al. [105] examined a cohort of 286 US military
veterans and compared CRP levels in PTSD cases (~57%) versus non-PTSD cases (~43%). As
expected, those with PTSD were significantly more likely to have clinically elevated levels of
CRP [105]. Plantinga et al. [132] found similar results when using a sample of twin pairs where
one had a clinical diagnosis of PTSD and the other did not, reporting the largest association
between high-sensitivity (higher threshold for significance) CRP (hsCRP) and PTSD. The twin
with PTSD had an average hsCRP level 30% higher and an average intercellular adhesion
molecule 1 [ICAM-1; crucial in inflammatory process [114]] level 9% higher than their non-
PTSD counterpart after adjusting for potential confounds [132]. A sample of 130 Japanese
women (57 with a PTSD diagnosis and 73 controls) revealed a significantly higher IL-6 levels
among PTSD cases [123]. Among a sample of 60 refugees, the 25 men and women with PTSD
had significantly higher levels of IL-1p (facilitates leukocyte functioning; [82]), IL-6, and TNF-
a (pro-inflammatory protein involved in the immune response [24]) than controls [47]. The most
popular and significant biomarkers within these studies appear to be CRP, IL-6, and TNF—all of
which are pro-inflammatory and play key roles in the immune response—but other biometrics
are also usually explored as well. Most samples within this area of study come from populations
with regular trauma exposure, such as combat veterans, sexually abused women, individuals with
low socioeconomic status (SES), etc. Table 1 presents a summary of recent studies found
comparing inflammatory biomarkers in PTSD/trauma cases versus controls. As can be seen from

Table 1, CRP, IL-6, and TNF are becoming an established biological covariate among those with
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Biomarker Purpose Hypothesis Relevant Findings Population Comparisons Authors
higher concentrations are significantly related to health-related ::snuluvc ey (U
lity of lif - Gilletal 2012
AL women assaultive trauma history and no PTSD ! ﬂ[:s]
" s " . e N vs.
significant positive association with PTSD T e e )
monozygotic and dizygotic twin |z 1 twin was diagnosed with either PTSD and/or depression Planti cal..2013
positive association of hsCRP with past and current PTSD pairs born between 1946 and 1956 |vs. an ITIL;*:;;]I "
(during Vietnam War era) both twins free from PTSD and depression
trauma exposure and PTSD,
) i 5 vs.
women with ]’T'SDhufi significantly higher average levels of CRP rddudle aged women tratmna exposure xad o PTED; Sumner et al., 2017
over a 10-16 year period Vs [158]
no trauma exposure and no PTSD
current PTSD
et - e vs.
ilgm?m“l, r:lincmtmns hc:l:vcn hsCRﬁ’ ‘“t'.d ﬁvdc du;?ncllAmD remitted PTSD
s 0":' ":ngfscm:ﬂd' Tf”:.“ o :f"" i middle-aged African-American | vs. Powers et al. 2010
memory disturbance, and identity dissociation women with diabetes and high |no PTSD wcr!clf;;l..
hsCRP levels significantly higher in women with current and SR s e :;"' N
remitted PTSD compared to controls v:p”““’"
protein secreted by the e
liver during an immune probable PTSD
vs.
response N . i i
. ) increases with P o . . women with history of no probable PTSD
C-Reactive Protein (CRP) probable PTSD was significantly associated with higher CRP R vs Heath et al ., 2013

pro-inflammatory

[171]

trauma/PTSD

5
Lk violence probable depression (56)
vs.
no probable depression
- : hists fs | abus Bertone-Joh tal.,
CRP levels were 20-50% higher in women who reported sexual women v:* . ertone: 2':] l“;"“ et al
abuse compared to those not reporting sexual abuse e O 6]

CRP levels significantly positively associated with PTSD,

traumatic events, and deprivation o PTSD Carvalho et al 2019
individuals of European descent |vs. (18]
CRP levels significantly negatively associated with social no PTSD
support and SES
current PTSD
significant difference in levels of hsCRP between groups of etarany ::llnilltd PTSD O'Donovan et al., 2016
veterans with PTSD, remitted PTSD, and no PTSD : - [125)
no PTSD

lower CRP levels among PTSD cases

Swiss patients

involved in accident requiring surgery with no PTSD
vs.

von Kiinel et al., 2007

PTSD patients Led
. R L3 Soéndergaard et al., 2004
lower CRP levels among Iraqi refugees Iraqi refugees vs. [153]
no PTSD
PTSD
no significant correlation between CRP and PTSD general vs. e
(5]
no PTSD

Note: Studies highlighted in green indicate a significant result, and studies highlighted in red indicate a non-significant result. Biomarkers highlighted in orange indicate a pro-inflammatory effect, and biomarkers

highlighted in yellow indicate an anti-inflammatory effect. Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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assaultive trauma history and PTSD
vs.
higher concentrations of IL-6 were significantly related to 5 : Gilletal 2012
health related quality of life women :'snulnvc trauma history and no PTSD [45]
no assaultive trauma history or PTSD
current PTSD
3 . vs.
solublo T-6 lovels highor in cament PTSD fhan somitted PISD || Lo ooy Coslchy somen withi || 0 o e R O
history of divorce/separation o [119]
no PTSD
IL-6 levels higher in women who reported sexual abuse “omaa ::“ory S Sexuss 30 Bmo"c';,hl";on AR
cylokine ploduwd at the D e o vox i B R no history of sexual abuse (6]
location of inflammation Sesty sthected BXSDD Golaetal 2013
. . IL-6 levels significantly higher levels in PTSD patients general vs. 2
during an immune 47
. X healthy controls
% response increases with veterans with PTSD H
Inter] -6 (IL-6) trauma/PTSD IL-6 levels significantly higher in PTSD cases general vs. [;;I 012
2 healthy controls
pro-inflammatory o — - - :
Ie::lcylshre SES significantly negatively associated with IL-6 Concadiin individasls S5 7% blomarkees (conretation malysis) Cumll[ell;]lq 2011
[la)] N 2 1 twin was diagnosed with cither PTSD and/or
NS pnir:ybsorn belmnl);s946 and depression Plantingaetal ., 2013
1956 (during Vietnam War era) o 2 . I32)
both twins free from PTSD and depression
involved in accident requiring surgery with no PTSD von Kiinel et al.. 2007
NS Swiss patients vs. 1179] o
PTSD patients
PTSD
NS carthquake-exposed individuals [vs. (g ::;;I aois
no PTSD
PTSD : :
NS oombet exnosed males i Lindqvist et al., 2014
X 79
no PTSD (79
hn‘gt:lelr;v:ge I::l‘ of TNF-Il among women with PTSD over amos e s md PSS
PR i Sumner et al.,2017
women with trauma but no PTSD had significantly higher pecdicgoc xowe :'rlumacxposum SO RIED [158]
levels than those without trauma and lower levels than those n-:; trati xposats md no PISD
pm[gin producaj by with trauma and PTSD e
white blood cells during - o ) movously & ecion B petanis Golaetal,,2013
z TNF-alpha levels significantly higher in PTSD patients general vs. [47]
immune response; key healthy controls
rotein in acute : : i - £,
T N is Factor (TNF) . ﬂ::nmm increases with soluble TFNR2 levels significantly higher in women with past S ::;slory OEBERUS Anise Betone J;:‘l";on ok
umor Necrosis r inf ry response i .
trauma/PTSD Aistory of sexual sbuse no history of sexual abuse 6]
% D Lindqvist et al ,2014
pro-inflammatory TFNlevels significantly higher levels in PTSD cases combat-cxposed males  |vs. 4 »
[79]
no PTSD
24 PTSD
i ] TFN levels significantly higher levels in PTSD cases carthquake-exposed individuals |vs. g et o1, 2uLY
no PTSD 362

Swiss patients

involved in accident requiring surgery with no PTSD
vs.
PTSD patients

von Kiinel et al ., 2007
[179]

Note: Studies highlighted in green indicate a significant result, and studies highlighted in red indicate a non-significant result. Biomarkers highlighted in orange indicate a pro-inflammatory effect, and biomarkers

highlighted in yellow indicate an anti-inflammatory effect. Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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PTSD "
IL-18 levels significantly higher levels in PTSD cases combat-exposed males  |vs. Readauistol i, 214
no PTSD (79

Interleukin-18 (IL-18) or Interferon
Gamma Inducing Factor IFN-y

cytokine primarily
produced by
macrophages; modulates
immune responses

pro-inflammatory

[35]

increases with
trauma/PTSD

veterans with PTSD

Hammad et al., 2012

IFN-gamma and IFN-alpha significantly higher in PTSD cases general Vs,
[51]
healthy controls
AL Baumert et al., 2013
NS general vs. (5]
no PTSD
PTSD <
gene exp of IL-18 d d in PTSD cases general vs. Zleker[(;t;sli. 2
controls
) ) Srmecipraasble =L Grasser et al., 2020
NS Iraqi and Syrian refugees vs. (50]
no PTSD
PTSD
NS earthquake-exposed individuals |vs. pang Al 2Ly

no PTSD

[182]

protein created by
macrophages that
facilitates leukocyte

IL-1P levels significantly higher in PTSD patients

general

severely affected PTSD patients
Vs,
healthy controls

Golaetal., 2013
[47]

IL-1P levels significantly higher in PTSD cases

earthquake-exposed individuals

PTSD

VS,

Wang etal.,, 2019

function during [182]
. et . o no PTSD
. infection/immune increases with
Interleukin-1f (IL-1p) o/PTSD PTSD Lindgqvist et al., 2014
response traum NS combat-exposed males vs. 1 (79] ”
no PTSD
pro-inflammatory ; S - ;
) i involved in accident requiring surgery with no PTSD von Kiinel et al., 2007
NS Swiss patients Vs, [179]
[82] PTSD patients
cytokine produced from ) ) involved in accident requiring surgery with no PTSD von Kinel et al., 2007
NS Swiss patients Vs.

Interleukin-10 (IL-10)

varioustypes of immune-
related cells that works to
limit host immune
response

anti-inflammatory

[65]

complex; initial increase
and then decrease

PTSD patients

[179]

IL-10 levels significantly higher in PTSD cases

general

veterans with PTSD
VS,
healthy controls

Hammad et al., 2012
[51]

NS

earthquake-exposed individuals

PTSD
Vs,
no PTSD

Wang etal., 2019
[182]

Note: Studies highlighted in green indicate a significant result, and studies highlighted in red indicate a non-significant result. Biomarkers highlighted in orange indicate a pro-inflammatory effect, and biomarkers

highlighted in yellow indicate an anti-inflammatory effect. Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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Authors

Intercellular Adhesion Molecule 1

(ICAM-1)

crucial molecule in
immune mediation and
inflammation

pro-inflammatory

[114]

increases with
trauma/PTSD

ICAM-1 levels significantly higher levels in twins with PTSD

monozygotic and dizygotic twin
pairs born between 1946 and
1956 (during Vietnam War era)

= | twin was diagnosed with either PTSD and/or
depression

vs.

both twins free from PTSD and depression

Plantinga et al., 2013
[132]

higher average [CAM-1 levels among women with PTSD over

a 10-16 year period

middle-aged women

trauma exposure and PTSD,

Vs,

trauma exposure and no PTSD,
Vs,

no trauma exposure and no PTSD

Sumner et al., 2017
[158]

Interleukin-4 (IL-4)

key cytokine secreted to
regulate antibody
production and
inflammation

decreases with
trauma/PTSD

IL-4 levels significantly lower in PTSD patients

Swiss patients

involved in accident requiring surgery with no PTSD

Vs,
PTSD patients

von Kiinel et al., 2007
[179]

PTSD

Wang etal., 2019

Cc NS earthquake-exposed individuals |vs.
anti-inflammatory no PTSD [182]
[43]
protein produced to monozygotic and dizygotic twin | 1 bl CisaneedRiileEIND udio . 3
: NS airs born between 1946 and R LR
moderate the adhesion of 4 . vs. [132]
1956 (during Vietnam War era) . .
lymphocytes, monocytes both twins free from PTSD and depression
and other immune-related
Vascular Cell Adhesion Molecule 1 |cells to the inner lining of increases with
(VCAM-1) blood vessels trauma/PTSD ::uma exposure and PTSD,
NS middle-aged women trauma exposure and no PTSD, Sumnm{ f;:l] 2oL
pro-inflammatory vs.
no trauma exposure and no PTSD
[73]
lJI‘O?ell‘l B ew(? © R Wang etal., 2019
mediate interactions NS earthquake-exposed individuals |vs. 5“32']'
among leukocytes . . no PTSD
Interleukin-2 (IL-2) increases with
nterleukin- -
infl trauma/PTSD S
(TR R patients ODonovan etal., 2016
NS general vs. [125]
healthy controls

[120]

Note: Studies highlighted in green indicate a significant result, and studies highlighted in red indicate a non-significant result. Biomarkers highlighted in orange indicate a pro-inflammatory effect, and biomarkers

highlighted in yellow indicate an anti-inflammatory effect. Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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cells within the
bloodstream that fight
againSt infection . ) onnzygolicand dizyg ot uin = 1 twin was diagnosed with either PTSD and/or
White Blood Cell (WBC) felkctyes) atats vl (RS paics borm between 1946 and | ST %0400 Plantinga et al., 2013

indicative of inflammation

[59]

trauma/PTSD

1956 (during Vietnam War era)

Vs,
both twins free from PTSD and depression

[132)

Interleukin-1 (IL-1)

regulatory cytokine of
inflammation and innate
immune response

pro-inflammatory

[69]

increases with
trauma/PTSD

IL-1 predicting PTSD severity; negative trend

Iraqi and Syrian refugees

screened probable PTSD
vs.

no PTSD

Grasser et al., 2020
[50]

clotting factor secreted
from the liver in response
to injury

increases with

monozygotic and dizygotic twin

2 1 twin was diagnosed with either PTSD and/or
depression

Plantingaetal., 2013

Fibrinogen NS pairs born between 1946 and
infl trauma/PTSD 1956 (during Vietnam Warera) |*°° . (132]
pro-inflammatory both twins free from PTSD and depression
[3]
cytokine produced in
response to inflammation;
mediator of the immune
. : PTSD
response increases with
Interleukin-8 (IL-8) Pe NS carthquake-exposed individuals |vs. Wang [‘;:;] 2019

trauma/PTSD no PTSD

anti-inflammatory

[31]
regulatory cytokine of the
immune response;
associated with
. . . . PTSD
; inflammation increases with
Interleukin-13 (IL‘] 3) NS carthquake-exposed individuals |vs. Wang et al., 2019

trauma/PTSD no PTSD [152]

anti-inflammatory

[87]

Note: Studies highlighted in green indicate a significant result, and studies highlighted in red indicate a non-significant result. Biomarkers highlighted in orange indicate a pro-inflammatory effect, and biomarkers

highlighted in yellow indicate an anti-inflammatory effect. Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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posttraumatic stress disorder, while other biomarkers (IL-18, IL-1B, ICAM-1) are less studied
and require more data. An important caveat must be noted in analyzing these studies as a whole
and inferring generalization: publishing negative or non-significant results is an extremely
difficult task [108], so the prevalence of such significant results may indeed be unrepresentative
and must be examined with caution. However, non-significant results were not uncommon in this
review; in Table 1, these inflammatory biomarkers were nonsignificant in 25 out of 53 tests—
nearly half. Additionally, the observation that significant findings were nearly uniform under
CRP, IL-6, and TNF and most of the non-significance occurred under less-studied biomarkers
indicates then that this positive publication bias is not of great concern. Overall, the current
biometric data within PTSD cases suggest inflammation as playing a prevalent role within the
stress disorder.

The relationship between PTSD and elevated inflammation also appears to be more
nuanced than a simple dichotomy; rather, this phenomenon has been documented as a
continuous, scaled correlation [158]. For example, Bertone-Johnson et al., [6] found that an
official PTSD diagnosis was not necessary in order for an increase in inflammation: a sample of
sexually abused women with no screening for PTSD revealed higher inflammatory levels than
controls. More specifically, CRP and IL-6 were 20-50% higher in women who reported sexual
abuse compared to those reporting no sexual abuse [6]. Similarly, Carvalho et al. [18] observed a
negative bidirectional relationship between CRP levels and SES, and Carroll et al., [17] also
observed significantly higher IL-6 levels among adults who reported having low SES during the
first two years of their life. However, these studies simply designated life stress/trauma exposure
as the dependent factor or a PTSD diagnosis as the dependent factor; only a select few delineated

between trauma/no PTSD and PTSD cases [45, 158]. For example, Sumner et al. [158] did
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distinguish between trauma and PTSD cases among middle-aged women in their methodology,
and they found the relationship between traumatic stress severity and TNF level to be continuous
and linear [158]. In other words, women with no trauma had the lowest TNF levels, women with
trauma but no PTSD diagnosis had significantly higher TNF levels than those with no trauma,
and women with PTSD had significantly higher TNF levels than the women with trauma but no
PTSD diagnosis [158]. Even within a PTSD diagnosis, more traumatic exposure appears to
correlate to more immune activation [173]. Furthermore, research is beginning to recognize that
individuals who had PTSD but are now recovered have decreased inflammatory levels than their
current-PTSD counterparts [133], or even have levels similar to the general population [63]. As a
whole, the research into this relationship between psychological stress and an immune response
indicates a positive correlation between the two; an increase in the severity of the traumatic
stress leads to a proportional increase in levels of inflammatory biomarkers. For a visualization
of this relationship, refer to Figure 2.

From these data, the next natural question considers whether these increased
inflammatory levels have any clinical significance—is there a significant detriment on the health
of these individuals that can be traced back to this psychoneuroimmunological relationship? If
this effect did exist among this population, then there would be an expectation for an abnormally
high rate of inflammatory/immune disease, such as cardiac issues, autoimmune diseases, certain
metabolic deficiencies, etc. [101]. Indeed, many studies have reported a significantly increased
risk for cardiac events/cardiac-related mortality among those with PTSD [8, 142]. Specifically,
those with PTSD have been found to be nearly twice as likely to have hypercholesterolemia,

insulin resistance, angina, heart attack, and emphysema [168]. Immunologically, rheumatoid
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Figure 2

Summary Chart of Traumatic Stress Severity and Inflammation Levels
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arthritis, an autoimmune disease specifically attacking joint synovium [91], was significantly
more prevalent in individuals who had experienced childhood trauma [156]. Furthermore,
O’Donovan et al. [126] found the rate of diagnosis for specific autoimmune diseases, such as
thyroiditis, inflammatory bowel disease, multiple sclerosis, theumatoid arthritis, and systemic
lupus erythematosus, was significantly higher among Iraq and Afghanistan veterans.

Altogether, the immunological component to PTSD/trauma appears to reach not only a
statistical significance, but also a clinical one, where this increase in inflammation can be
inferred as the culprit for these seemingly unrelated health detriments in those with PTSD. As
stated previously, this translation of traumatic stress into immune response is likely mediated by
the HPA axis [54, 106, 186]. However, the question remains of how and why this bodily

mechanism operates in such fashion. Many recent studies have probed into this inquiry, and the
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finding of epigenetic modifications—namely, DNA methylation—to certain HPA-related and
immune system genes proves to be a consistent one [99]. The following subsection will
accumulate the current data on this association between PTSD and the differential methylation
status of certain inflammatory genes.
PTSD & DNA Methylation

Referring back to an earlier explanation, “epigenetics” refers to genes’ immediate
surrounding biochemical environment that determines the expression of corresponding genes
[39]. An organism’s epigenetic makeup and genetic expression smoothly adapts according to its
ecology, suggesting that environmental factors can induce epigenetic modifications that allow
the organism to better adapt to its circumstances [92]. There are two primary biological
mechanisms through which these epigenetic changes take place: histone modifications and DNA
methylation (DNAm) alterations [53]. DNAm has a much larger body of literature behind it in
this regard [191] and will therefore be the focus of this topic’s epigenetic component. While the
complexity of DNAm is beyond the scope of this manuscript, its fundamental description simply
involves the adding or removing of a methyl (CH3) group typically to the fifth carbon atom of a
cytosine ring in a DNA molecule [53]. In gene sites that are unmethylated, transcriptional factors
bind to the DNA molecule and then the corresponding proteins are produced, allowing for the
gene’s instruction to be expressed within the organism to an extent corresponding to the
prevalence of methylation [109]. However, when a gene is totally methylated, this methyl group
(CHs) prevents the transcriptional factors from binding to the DNA molecule and therefore
prevents the gene’s expression [109]. It is also worthy of note that the methylation status of a
gene is not dichotomous in the sense of whether it is unmethylated or methylated, but rather

levels of methylation exist due to many different loci within single genes [109]. In summary, a
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gene’s hypermethylation usually corresponds to its silencing, and a gene’s hypomethylation
corresponds to its expression. The context of psychological PTSD/trauma presents an intriguing
context to this epigenetic circumstance; the environmental stimuli traditionally considered in this
research setting included variables with direct biological relevance, like diet, exposure to toxins
or radiation, medication intake, etc. [154]. Thus, the addition of psychological stimuli to this list
of possible pathways to epigenetic modification was not considered until nearly a decade ago
when researchers began to discover this link between the immune system and psychological
hardship [17]. This psychoneuroimmunological interaction then invoked the epigenome when
researchers began consistently noting the differential methylation status of various immune-
related genes in PTSD cases.

This connection between posttraumatic stress and the immune system initially appears
disparate and unrelated but becomes entirely sensical when taken in the context of the HPA and
its far-reaching network with a number of biological systems. This being said, the exact
mechanism behind which this process occurs is less clear, but many recent studies are pointing to
epigenetic modifications as a possible avenue, especially considering the prevalent and
consistent observation of immune system genes among PTSD cases. For example, Uddin et al.
[173] noted that genes related to immune system functions were significantly overrepresented
among uniquely unmethylated genes in PTSD cases. Additionally, Hammamieh et al. [52]
conducted a DNAm study including combat veterans with and without PTSD, and approximately
60% of the differentially methylated genes between the two sets of veterans predominantly
functioned in the immune system. However, the question of causality remains: is a pre-trauma
state of heightened inflammation is to blame for PTSD’s development post-trauma, or is trauma

the invoker of immune system response? In both scenarios, DNAm stands as a possible common



PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 20

point of origin between the two. To untangle this issue, Rusiecki et al. [141] took a cohort of
military service members measured pre- and post-deployment methylation levels of two genes
involved in genetic instability and the innate immune system (LINE-1 and Alu). One of the
genes, LINE-1, was found to be significantly hypomethylated in PTSD cases versus the trauma-
exposed controls [141]. The following year, Rusiecki et al. [140] took a similar cohort of US
military members and also measured their pre- and post-deployment DNAm levels of IL-18, a
gene encodes for a protein that attracts immune cells to sites of injury or infection [68]. The IL-
18 gene of members who came back meeting the diagnostic criteria for PTSD was, in fact,
significantly hypomethylated [140]. In both of the Rusiecki et al., studies [140, 141], the data
implicates this hypomethylation as a response to deployment (i.e., trauma exposure) and that a
previous inflammatory state is not necessarily to blame for PTSD development. Rather,
traumatic stress appears as a stimulus of epigenetic changes that induce (or at least contribute to)
inflammation and immune dysregulation.

Before discussing the specific genes of interest, the methodological burdens of studying
epigenetics first need to be addressed in order to properly appreciate the results. The number of
documented genes within the human genome is constantly increasing, and most of them have
multiple functions that are also regularly being updated [144]. Therefore, studies on this topic
typically require a candidate gene method, where researchers presume an effect based on current
scientific consensus and focus only a few specific genes per study [112]. In other words,
scientific technology is currently unable to conveniently test every gene in the entire human
genome for methylation status; therefore, geneticists are obligated to pursue gene hypotheses that
stem from previous lines of study rather than inefficiently test an unwieldy number of genes.

Additionally, negative results are extremely difficult to publish, as previously explained [108],
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and the number of significant/positive results in this domain most likely pale in comparison to
the countless non-significant/negative results. Combining this dominant candidate gene
methodology and a lack of published non-significance, most studies in this realm will present
significant results relating to specific genes. Therefore, the weight of the PTSD-DNAm studies
summarized here is not dependent on frequency of significance, but rather on frequency of
replication.

While methylation’s general impact on gene expression was described earlier, its effect in
the context of specific genes also needs to be elucidated before presenting the most-studied
candidate genes. Referring back to the earlier discussion on the basic mechanisms of DNAm,
(hyper)methylation typically corresponds with a gene’s silencing, and hypo-/demethylation
corresponds with a gene’s expression [53]. The effect of this silencing/expression is, therefore,
subsequently dependent on the gene’s original function within the immune system. For example,
FKBPS5 codes for an immunoregulatory protein, so its observed Aypermethylation in Holocaust
survivors [190] would indicate the silencing of this gene, the lack of its regulatory element, and
ultimately an extent of immune dysregulation. Similarly, the IL-12 gene codes for its protein that
activates T-cells [80], and its observed Aypomethylation in PTSD cases [4] would presumably
result in an over-expression of this gene and a high level of its pro-inflammatory protein. That
being said, Table 2 presents a table summarizing the most common genes studied on the
relationship between methylation and PTSD/trauma.

The linear relationship between inflammation and trauma discussed in the previous
subsection also appears to apply when DNAm is additionally considered; the methylation in
these immune system genes seems to also wax/wane in accordance with the amount of traumatic

exposure and the function of the gene. With an adult cohort of Detroit residents, Bustamante et
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Note: Studies highlighted in red indicate a non-significant result. Most genes presented here are named after the proteins they encode (IL-12 gene encodes for IL-12 protein,

etc.). Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.




Table 2 Cont.

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE

Summary of Findings of Inmune-Related Genes in PTSD/trauma

23

'
Gene Encoded Protein Protein's Inmune Sytem Purpose Relevant Findings Population Comparisons Authors
significant interaction between childhood SES and site type on
P AVP (Vasopressin) can downregulate innate i ity during antigen in AVP general older adults SES vs. DNAm (cormrelation study) h"[': Tl_:"mls
Antiviral Protein (AVP) [90] €xposure AVP DNAm was significantly associated with SES
190] - : - .
ne-::l;b::mdmmld environment was significantly associated gencral US adults aged 5595 |SES vs. (correlation study) Smllhlelt;ll.l. 2017
wi
PTSD patients .
Zicker et al., 2007
L1s influences interferon-y (INFG) production from |1L-18 was differsatially expressed in FTSD paticats general :.mmh (198)
IL-18 T cells and natural killer cells
[115] 115 Afiicen Amecicans with lewgmsy [0 Mehta et al., 2011
[115] IL-18 receptor was differcntially regulated in PTSD - vs.
and high rates of trauma and PTSD ) 98]
. neighborhood socioeconomic disadvantage was significantly § Smith et al 2017
Sohue Carrier Familly 6 M . SLOBIA strongly affects and cells, ek SLCEAR TR general US adults aged 55.95 | SES vs. DNAm (correlation study) [151)
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Note: Studies highlighted in red indicate a non-significant result. Most genes presented here are named after the proteins they encode (IL-12 gene encodes for IL-12 protein,

etc.). Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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Note: Studies highlighted in red indicate a non-significant result. Most genes presented here are named after the proteins they encode (IL-12 gene encodes for IL-12 protein,

etc.). Abbreviations: NS = Non-Significant; DNAm = DNA Methylation; SES = Socioeconomic Status; PTSD = Posttraumatic Stress Disorder.
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al. [14] compared DNAm levels of NR3Cl1, a gene involved in the HPA-immune response,
among individuals exposed and not exposed to maltreatment during childhood. They found a
significant hypermethylation of NR3C1 among the childhood maltreatment group, with no
delineation between PTSD cases and non-PTSD cases [14]. Furthermore, Smith et al. [150]
focused on the DNAm of AHRR, a gene whose methylation could facilitate immune
dysregulation through decreased levels of kynurenine [an immune system activator [72]]. This
study utilized a trauma-exposed sample, comparing those with PTSD to those without PTSD,
and found that their hypothesis was supported: PTSD cases had significantly higher levels of
DNAm of AHRR than the trauma-exposed controls [150]. In other words, Bustamante et al. [14]
found a significant difference in methylation between the trauma-exposed and the not trauma-
exposed, and Smith et al. [150] found a significant difference in methylation between trauma-
exposed/no PTSD and PTSD cases—suggesting a tri-directional correlation between DNAm of
immune-related genes, inflammation, and traumatic stress severity.
DNA Methylation & Inflammation/Immune Dysregulation

In addition to the separate correlations between PTSD and inflammation, and immune
system genes’ DNAm level and PTSD, this third sub-relationship between DNAm and
inflammation is also worth briefly expounding upon. The majority of cases included in this
review either report hypermethylation of immunoregulatory genes, thus decreasing the
expression of the gene and decreasing immunoregulation, or report hypomethylation of pro-
inflammatory genes, thus increasing the gene expression and overall strength of the immune
response (Table 2). Overall, this lack/abundance of DNAm facilitates immune system
dysregulation and appears as a contributing factor to PTSD’s perpetual inflammatory state.

Furthermore, studies implicate this change in DNAm as a hindrance to bodily regulation and a
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catalyst for health issues such as cardiovascular disease, atherosclerosis, hypertension, and
general inflammation [193]—similar consequences previously stated when discussing the
correlation between PTSD and inflammatory disease. While Table 2 presents a mixture of hypo-
and hypermethylation findings, inflammatory disease in the absence of traumatic exposure has
been correlated with the slight trend of hypomethylation across the genome [48], reinforcing this
separate relationship between DNAm and inflammation. Additionally, certain autoimmune
diseases such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), Grave’s disease
(GD), and systemic sclerosis (SSc)—common comorbidities among those with PTSD [156];
[126]—present similar methylation patterns that implicate immune system dysregulation [20].
Moreover, abnormal methylation patterns have been suggested as a potential contributor to
cancer development [180], another detriment prevalent among those with PTSD [137]. Overall,
the connection between abnormal immune-related gene methylation and inflammatory disease
presents intriguing insight into the connection between PTSD, DNAm, and the immune system.
However, as alluded to earlier, the causal direction of this tri-relationship between trauma/PTSD,
methylation changes, and immune dysregulation remains obscure; traumatic stress appears as the
instigator, but does the resulting inflammation/DNAm give way to PTSD symptoms? Or does
PTSD manifest epigenetically and therefore contribute to the chronic inflammation? Or is this an
unfortunate cycle of inflammation causing PTSD which then causes more inflammation?
Relational Direction between PTSD, DNA Methylation, & Inflammation

When discussing the possible causal directions of this relationship, a general consensus
does not necessarily exist. Most studies acknowledge extreme/traumatic stress as the originator
of immune system methylation changes [105, 149, 173], but the mysterious relationship between

the resulting inflammation and PTSD is highly speculative. For example, Speer et al. [155]
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implies inflammation as a driver of PTSD symptoms. Similarly, Mehta et al. [99] noted that
immune system genes were dysregulated in PTSD cases prior to trauma exposure in a few
studies, suggesting that the a priori inflammatory state facilitated the development of PTSD after
the traumatic event. However, Michopoulos et al. [101] argues that the perpetual activation of
the HPA that comes with PTSD—and not PTSD in and of itself—is the originator of this chronic
inflammation. Studies on this specific question are rare, as a longitudinal methodology is needed
for proper inference and such studies are difficult to logistically employ in this research context.
Regardless of the exact sequence of events, which requires considerably more data and
innovative research methods before it could be clarified, the relationship between PTSD, DNAm,
and chronic inflammation is well documented (Tables 1 & 2). Although, this does not exclude
the study of this relationship from many methodological issues and non-significant results.
Non-Significant Results & Insufficient Research Methods

Published negative results are uncommon [108], as established earlier, but this does not
mean they are absent from the literature entirely. In terms of measuring inflammatory biomarkers
within PTSD/trauma, a few studies did not report significance when comparing levels of
inflammatory biomarkers (CRP, IL-6, TNF, IL-18, IL-8, IL-2, IL-4, and IL-10) between
PTSD/trauma and controls [5, 50, 124]. Additionally, this review focused on human studies,
meaning that data collection was limited to non-invasive mediums (saliva, bloodwork, etc.) that
may not be entirely representative of individual’s true biological composition. Lastly, most
studies reviewed in this manuscript (refer to Tables 1 and 2) on the relationship between PTSD
and inflammation took a sample from a very narrow population (Iraqi refugees [153], middle-
aged African American women with diabetes [133], etc.), so the generalizability of findings may

be compromised. These limitations do not nullify the significant results found, however,



PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 29

considering significance has been found across methodological differences and disparate
populations.

When studying DNAm, an entirely different set of challenges must be addressed.
Firstly, the vast majority of studies presented here employ a cross-sectional design, which does
not logically allow for causal inferences [112]. Longitudinal designs are needed, but the logistics
of such a method are onerous, especially when involving genetic research [112]. Additionally,
candidate-gene methods (the majority of studies presented here) are notoriously difficult to
replicate [77]. As previously discussed, the rarity of published non-significant results and the
common employment of candidate-gene methods forces the scientific currency to shift from
significant versus non-significant results to straight replication frequency. For example, in Table
2, the most frequently replicated gene (FKBPS5) was replicated four times. Nevertheless, the
inclusion of DNAm in this relationship between PTSD and inflammation is gaining considerable
support despite these limitations.

This invoking of the (epi)genome via DNAm then organically invokes the novel

possibility of the genetic line and whether these immune system issues could potentially be
passed down through generations, all originating in parental PTSD/trauma. The following

section discusses the theoretical validity and practical feasibility of this prospect.

Epigenetic Inheritance

The concept of epigenetic inheritance—the passing down of the epigenome (i.e., histone
modifications and the DNA methylome)—naturally arises when discussing these changes
associated with PTSD and inflammation since they are closely associated with the actual

genomic sequence. In the context of this manuscript, this possibility more specifically reduces to
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whether a parent’s experience with severe trauma or PTSD could alter his/her epigenome via the
DNAm of (mainly) immune system genes, result in inflammation issues, and even pass this pro-
inflammatory state on his/her children through epigenetic inheritance (EI), potentially resulting
in the child’s increased risk for inflammatory disease. However, EI in mammals (humans) is
extremely controversial, with traditional biology denying its hypothetical existence for reasons
that will be discussed later. The aim of this section is not necessarily to argue for EI in humans,
but rather to argue for open mindedness towards the possibility and push for mammalian EI to be
revisited in the context of recent research exhibiting epigenetic changes associated with
psychopathologies. This section will begin by explaining EI terminology, followed by climbing
up the plant-animal kingdom with respect to documented EI, presenting current evolutionary
arguments for and against EI in mammals/humans, discussing the many obstacles researchers
face in studying this phenomenon, and conclude by calling for human EI to be reconsidered
within biology in this new context of stress-related disorders (PTSD, etc.) having epigenetic
effects that could contribute to disease load.
Epigenetic Inheritance Terminology

Like any other subject, the field of epigenetics carries a unique vocabulary not typically
used in colloquial language. As explained earlier, “epigenetic inheritance” (EI) refers to passing
down of the genome’s immediate biochemical environment alongside the genetic information,
primarily in the form of histone modifications and DNA methylation levels [39, 53]. When this
inheritance is discussed in terms of generations, researchers will commonly use the delineation
of “F0” as the original generation, “F1” as the first offspring, “F2” as the offspring’s offspring,
and so forth. Additionally, some researchers will use “intergenerational” and “transgenerational”

interchangeably when considering EI, but for the purposes of this manuscript, their
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differentiation is necessary. Intergenerational EI (IEI) refers to inheritance in the timespan of
direct exposure to the organism at some point in development [113]. For example, IEI occurs in
males when a stimulus is presented to FO, modifies FO’s epigenome and sperm, and F1 inherits
this modification; F1 was, in a way, directly exposed to the stimulus through the paternal
germline [113]. For females, the extent of IEI is entirely dependent on the organism’s
reproductive process and the female’s reproductive status (pregnant vs. not pregnant). In the
context of this manuscript and its focus on human EI, female IEI in humans can extend to the F2
generation due to the gestational period [113]. If FO was presented a stimulus while pregnant
with female offspring (F1), then F1’s eggs (F2) were technically directly exposed to the stimulus
as a primordial germ cell (PGC) in the F1 female fetus developing in the womb of FO [113]. In
other words, intergenerational EI occurs when offspring are directly exposed to the
environmental stimulus as (primordial) germ cells or a growing fetus and subsequently modifies
the offsprings’ epigenome in a similar manner to FO [113]. Transgenerational EI (TEI), however,
occurs when this inheritance continues on with no direct stimulus exposure; for males, this
would be the F2 generation and beyond, for females, the F3 generation and beyond [113].
Mammalian/Human TEI is documented very rarely and is much more controversial in the field
of genetics for reasons that will be discussed later. In summary, the difference between IEI and
TEI reduces to direct exposure (see Figure 3 for an illustration of this difference). The definitions
and terminology described in this section are germane to this discussion and will be frequently
used throughout the remainder of this manuscript.

Documented Epigenetic Inheritance in the Plant-Animal Kingdom

Since the focus of PTSD’s potential epigenetic effect in previous sections focused on DNAm, the
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EI discussed here will also be limited to DNAm. Generally speaking, EI occurs frequently
among organisms lower on the evolutionary scale and gradually becomes less frequent as
organisms become higher ordered [22]. DNAm EI appears to be best documented in plant
species, with many researchers reporting stable TEI of the methylome in weeds (Arabidopsis
thaliana) [61, 107], flowering plants. (Linaria vulgaris) [28], tomato species [84], oil palms
[121], corn [38], and many others [61, 164]. With insects, stable DNAm EI has been documented
in flies (TEIL, Drosophila) [188], wasps (EI, Nasonia) [183], aphids (TEI, Acyrthosiphon psium)
[157], honeybees (IEI, Apis mellifera) [189], beetles (IEl, Leptinotrsa decemlineata) [12], and
others [165]. Researchers have observed similar DNAm inheritance in fish, specifically recorded
in inland silverside fish (TEL, Menida beryllina) [83], half-smooth tongue sole fish (TEI,
Cynoglossus semilaevis) [21], and zebrafish (IEI, Danio rerio) [67]. Only one study was found
investigating EI in reptiles (specifically, painted turtles, Chrysemys picta), and the results were
non-significant [42]. Mammalian EI—especially TEI—is naturally intriguing due to its human
applications, and so there is a decent repository of literature [22], especially in mice [9, 27, 111,
136]. Studies of note include Wei et al. [185] reporting IEI via DNAm in pre-diabetic mice, and
Dias & Ressler [34] documenting TEI of smell responses due to fear conditioning in mice. In
fact, this TEI observed in Dias & Ressler [34] was traced back to significantly decreased DNAm
at the relevant odorant receptor gene. However, many biologists and geneticists deny its
authentic occurrence because of traditional biological consensus, its evolutionary drawbacks, and
the methodological flaws inherent to these studies.
the Controversy surrounding Mammalian Epigenetic Inheritance

With the prevalence of documented EI in plants, insects, fish, and even mice, why does

modern biology outright reject its possible extrapolation to all mammals and even humans? Why
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is this original prospect of paternal PTSD contributing to offspring inflammatory disease met
with automatic dismissal? The established observation of epigenetic erasure—the resetting of the
epigenome in mammalian development [122]—primarily answers this inquiry, in addition to the
seeming lack of evolutionary benefit and common issues in current research designs. Within
mammalian—and therefore, human—development, DNAm patterns are completely reset
(demethylated) at the moment of conception and during the production of cells that will
eventually become the individual’s gametes [primordial germ cells (PGCs)] [122]. In other
words, mammalian embryos start with little to no epigenetic baggage; even if the DNA
methylation patterns within a female’s egg or a male’s sperm are altered due to environmental
stimuli experienced throughout the lifespan, the moment of fertilization would largely erase both
unique patterns of methylation from the mother and father. Therefore, mammalian EI is
considered abnormal and a result of a failure of the “typical” erasure process [7, 22, 78, 88].
Additionally, the documented cases of mammalian EI rarely offer any long-term benefits;
McCarthy et al. [93] reported TEI in mice but documented the phenotype to be detrimental rather
than adaptive. Furthermore, erasure ensures that the embryonic cells are able to differentiate into
specialized cells (totipotency) [25]. Wang et al. [181] even postulates that this epigenetic erasure
may be critical to placental development during gestation. The overall evolutionary argument
against mammalian EI is lacking, but its effect is widely seen as maladaptive while the opposing
epigenetic reset is widely seen as developmentally necessary for one reason or another [64].
Consequently, mammalian IEI is characterized is rare, and mammalian TEI as baseless within
the biological realm [64]. The compounding rarity of mammalian EI appears to add to this
evolutionary argument [64]: if it has no benefit and is even detrimental, it would not be regularly

occurring or else the entire species would devolve. Finally, the difficulty in producing studies
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that would allow for a direct causal inference and a ruling out of environmental confounders and
unforeseen variables is nearly impossible with mammals and their gestational period, and this
escalates into further problems when studying incredibly complex, socially interwoven, highly
intelligent human beings. Based on these assertions, researchers have thoroughly rendered
mammalian/human EI out of biological bounds and not worth attempting to research. However,
the founding premise of this argument upon which the evolutionary and methodological
objections stand (the epigenetic erasure process) is rising again into literature in light of new
scientific and technological advancements. In other words, the totality of mammalian epigenetic
erasure is slowly becoming less solid in research, alongside more evolutionary arguments for
mammalian EI and the deconstruction of methodological excuses for this theoretical
phenomenon to go on uninvestigated.

It has long been known that a small subset of ~100 genes—intracisternal A particle (IAP)
genes—are resistant to this methylation erasure, or “imprinted” [102, 148]. IAPs remain almost
wholly protected through both phases of epigenetic reprogramming and could very possibly act
as vessel for mammal/human EI [102]. Although, studies are beginning to discover more sites
that are resistant to this erasure beyond IAPs. For example, Seisenberger et al. [144] reported
IAPs’ general protection from reprogramming in mice (a common model for human research),
but also found 233 other sites that did not undergo reprogramming. Furthermore, Tang et al.
[161] explored these sites in mice that resist erasure and found epigenetic marks specifically
associated with multiple sclerosis (MS), obesity, and schizophrenia. While no studies on non-
IAP, erasure-resistant genes have been conducted with human samples, many researchers are
considering the number of human IAPs to be much greater than ~100 [29]. Moreover, Szyf [152]

documents more than 40% of all methylation sites retaining their methylation patterns in adult
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PCGs. Overall, these studies give an interesting precedent for researchers to investigate,
especially when the potential health detriments of inflammatory epigenetics associated with
PTSD/trauma is implicated.

There are also a number of evolutionary arguments for regular mammalian/human EI
postulated in recent literature. As previously explained, the initially adaptive EI observed in mice
from McCarthy et al. [93] progressed into maladaptive phenotypes that negatively affected the
generational lines. At face value, this argues against mammalian EI, but Prokopuk et al. [134]
explains how (epi)genetic mutations prioritize immediate survival over potential long-term
issues. This then circles back to the initial topic of this manuscript: PTSD, inflammation, the
HPA, etc. Theoretically, what would be the evolutionary benefit of increased inflammation in
response to extreme stress or trauma? Clearly, our modern existence is far removed from our
natural roots, but Miller & Raison [103] argue that the inflammatory response during
psychological stress is ingrained from our evolutionary beginnings when instances of severe
stress almost exclusively occurred alongside the body’s inflammatory response to injury
(predator attacks, sickness, etc.). Overtime, this association presumably manifested biologically,
hence this present-day physiological relationship between psychological trauma and
inflammation [103]. Even in our twenty-first century lives, this association between
inflammation and PTSD/trauma remains via survival threats; for example, the horrific injuries
sustained by combat veterans undoubtedly invoked a massive inflammatory response that
occurred alongside a psychological trauma. In the context of PTSD, this inflammation-associated
trauma is chronically re-experienced through flashbacks, nightmares, and other PTSD symptoms,
likely resulting in this chronic immune dysregulation. Additionally, many rheumatologists and

immunologists consider chronic stress as an instigator of immune diseases [49], and immune
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diseases in turn increase the risk of psychopathology [66]. However, what survival reasons exist
for this phenomenon to be passed down to offspring? Extrapolating this idea, the inheritance of
this response would potentially be prophylactic and preparatory to offspring if they were to
experience the same survival threats as their ancestors, even with the negative long-term effects
of this pro-inflammatory state. Admittedly, this is conjecture and not documented evidence, but
mammalian EI would additionally help explain the heritable adaptations that develop much faster
than typical natural selection [167]. Furthermore, Sharma [147] argues, “epidemiological data
supports existence of germline epigenetic inheritance also in humans,” implying that recent data
on the origins of human diseases very much allows for the occurrence of human EI. Overall, this
evolutionary reasoning for the EI of PTSD-instigated chronic inflammation is far from irrational
or outlandish.

Methodologically, several problems do exist in contemporary research with confounding
variables, logistical difficulties, etc. [55, 64, 110, 118, 134, 148], but most of the opposition and
lack of literature on this potential phenomenon comes from a presupposition that it does not
regularly occur and is therefore not worth exploring. In light of this discussion of an expanding
literature on erasure-resistant genes and evolutionary explanations, the premise of biological
rarity or irregularity is moot. Furthermore, if EI has a significant impact on human health, as
hypothesized here with PTSD and inflammation, the issue of research becomes soberly more
pressing.

Any evidence of human epigenetic inheritance via DNA methylation?

In spite of these methodological troubles that come from studying human DNAm EI, a

small number of researchers have reported significant results that decrease in frequency as the EI

progresses towards transgenerational. Usually, EI is in the context of an environmental stimuli
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being presented to a pregnant mother and the methylation changes also being detected in the
child (technically termed “fetal programming”) [22]. For example, Hilakivi-Clarke & de Assis
[60] argue that a mother’s diet while pregnant with a female fetus can significantly affect the
child’s risk for breast cancer during adulthood. Intergenerationally, Dr. Marcus Pembrey
presented work at the Latsis Symposium in 2017 that detailed a peculiar relationship between
maternal grandmother smoking during pregnancy and granddaughters’ higher risk for autism that
is suspected to be mediated by DNAm changes [10]. Pembrey et al. [129) also found that a
father’s childhood smoking was correlated with increased body mass index (BMI) in sons, but
not daughters. Transgenerationally, Pembrey et al. [130] also found an association between
paternal grandfathers’ childhood food supply and mortality risk in grandsons, and between
paternal grandmothers’ childhood food supply and mortality risk in granddaughters. Altogether,
these few documented instances of EI in humans should exhort more researchers to investigate
this possibility as well. However, only three studies were found observing results that are
relevant to the specific phenomenon proposed in this manuscript—trauma, DNAm changes,
inflammation, and potential epigenetic inheritance of immune system dysregulation.

El as it relates to PTSD has been explored by three recent studies: Mehta et al. [100],
Perroud et al [131], and Cao-Lei et al. [16]. Mehta et al. [100] gathered a cohort of veterans (with
and without PTSD) and tested for a correlation between the veterans’ DNAm levels at sixty-nine
(69) erasure-resistant candidate genes in their sperm to the mental health history of their now
adult children. Ninety percent (90%) of these candidate genes had significantly different DNAm
levels in veterans associated with adult child mental illness [100]. Specifically, two genes were
significantly associated with veteran (paternal) PTSD and adult child mental health condition(s):

FKBP5 and NR3C1 [100]. Looking back to Table 2, these two genes were among the most
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studied and best replicated among immune system related genes that were differentially
methylated in PTSD. The old adage of “correlation does not equal causation” rings especially
true in this study, but the significant association should be given its due credence. Similarly,
Perroud et al. [131] examined Rwandan women who were pregnant during the Tutsi genocide of
1995. They compared Rwandan women who lived through this horrific time and Rwandan
women who were not living in Rwanda when they were pregnant, and measured DNAm levels of
candidate genes in these women and the children of their pregnancy. Perroud et al. [131], too,
found significantly higher levels of DNAm of NR3C1 among mothers with PTSD and their
children. Cao-Lei et al. [16] approached similarly, where they gathered women who were
pregnant during (or were soon pregnant after) the Quebec ice storm of 1998, and measured their
objective and subjective “maternal hardship,” and then measured the DNAm levels in the
children of their pregnancy. Cao-Lei et al. [16] found that prenatal maternal objective hardship
was significantly correlated with DNAm levels in 1,675 methylation sites in the children, with
957 (~57%) of these sites were primarily involved in immune system functioning. Interestingly,
they report that the children’s LTA gene (an immunoregulatory gene, also presented in Table 2)
had the most (18) differentially methylated sites that correlated with objective maternal hardship
[16]. Again, these studies present correlations in situations where causality would be extremely
difficult to infer, but they set a notable precedent for experts to conduct innovative research
where such causality could be practically examined. Together, the relationship between PTSD,
inflammation, and DNAm changes is considerably well-documented, but the realistic possibility
of passing on this PTSD-associated immune dysregulation to descendants is severely lacking in
data presumably due to an outdated, common consensus of mammalian EI rarity that has been

thoroughly challenged in this section.
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IV.  Conclusions & Calls for Research

Finally, it should be noted that should this phenomenon prove supported in future
research, it would very likely extend to other stress-related and anxiety disorders such as reactive
attachment disorder, adjustment disorder, generalized anxiety disorder, obsessive-compulsive
disorder, etc., considering the intimate relationship shared between the immune system and
chronic stress/anxiety via the HPA. While PTSD was the center of this manuscript, it should
serve only as a representative and not as a stand-alone disorder. PTSD occurs in about 7% of the
population [30], but lifetime prevalence of all stress-related and anxiety disorders ranges from
<1% [62] to 30% [128]. In the same vein, up to 45% of Americans suffer from at least one
chronic disease [135], and most immunologic conditions are innately tied to chronic stress and
psychopathology [49, 66]. In fact, a large portion (~50%, [187] of heritability in these conditions
is usually unaccounted for and generally unexplained [85], and many researchers are now
considering epigenetic modifications as a possible explanation [167, 194]. Could it be that our
modern, stressful lives are not only hurting us, but also our progeny?

As a whole, the aim of this manuscript was to present a data-driven, scientific argument
for researchers to investigate the potential for epigenetic inheritance of the pro-inflammatory
state associated with PTSD. In other words, this paper sought to build a case for the realistic
questioning of whether a parent’s experience with PTSD could theoretically lead to the child’s
diagnosis of autoimmune disease, eventual cardiovascular disease, etc. The first half of this
manuscript comprehensively details the complex relationship documented between
PTSD/trauma, body-wide inflammation, and corresponding DNAm changes, presenting the most

common inflammatory biomarkers associated with PTSD (CRP, IL-6, TNF, etc.; Table 1) and
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the most differentially methylated immune system genes in PTSD/trauma (FKBP5, NR3Cl1, etc.;
Table 2). The entire first half of this manuscript implicated PTSD/trauma as the first event in the
sequence that induced DNAm changes and a chronic inflammatory state that has been associated
with many chronic diseases like autoimmune diseases, cardiovascular issues, cancer, etc. This
invoking of the epigenome and its contribution to serious health detriments naturally led to the
second half of this paper: an address of the current evidence on whether this PTSD-associated
immune dysregulation could be passed on down the generational line despite the lack of
exposure to psychological trauma. The data on epigenetic inheritance occurring in lower-level
organisms (plants, insects) up to mammals/humans was shown, alongside a discussion on why
mammalian/human EI data is significantly lacking, the evolutionary arguments for and against
human EI, and an explanation of the few studies who specifically researched EI in the context of
PTSD. As a whole, this manuscript offers an extensive review of the current literature regarding
PTSD/trauma, inflammatory response, DNAm, and EI, and argues for this phenomenon to be
creatively researched in light of the many health detriments associated with chronic
inflammation alongside the potential for doctors and families to take action in preventing

heritable inflammatory disease should it originate in parental PTSD.



PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 42

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Ahmad, S., Mu, X., Yang, F., Greenwald, E., Park, J. W., Jacob, E., ... Hur, S. (2018). Breaching Self-
Tolerance to Alu Duplex RNA Underlies MDAS5-Mediated Inflammation. Cell, 172(4), 797-810.
https://doi.org/10.1016/j.cell.2017.12.016

American Psychiatric Association (2013). Trauma- and Stressor-Related Disorders. In Diagnostic and
Statistical Manual of Mental Disorders (5" ed.). https://doi.org/10.1176/appi.books.9780890425596
Augustyn, A. (2021). Encyclopadia Britannica. https://www.britannica.com/science/fibrinogen.

Bam, M., Yang, X., Zhou, J., Ginsberg, J. P., Leyden, Q., Nagarkatti, P. S., & Nagarkatti, M. (2015).
Evidence for Epigenetic Regulation of Pro-Inflammatory Cytokines, Interleukin-12 and Interferon Gamma,
in Peripheral Blood Mononuclear Cells from PTSD Patients. Journal of Neuroimmune Pharmacology,
11(1), 168—181. https://doi.org/10.1007/s11481-015-9643-8

Baumert, J., Lukaschek, K., Kruse, J., Emeny, R. T., Koenig, W., von Kénel, R., & Ladwig, K.-H. (2013).
No evidence for an association of posttraumatic stress disorder with circulating levels of CRP and IL-18 in
a population-based study. Cytokine, 63(2), 201-208. https://doi.org/10.1016/j.cyt0.2013.04.033
Bertone-Johnson, E. R., Whitcomb, B. W., Missmer, S. A., Karlson, E. W., & Rich-Edwards, J. W. (2012).
Inflammation and Early-Life Abuse in Women. American Journal of Preventive Medicine, 43(6), 611-620.
https://doi.org/10.1016/j.amepre.2012.08.014

Blake, G. E. T., & Watson, E. D. (2016). Unravelling the complex mechanisms of transgenerational
epigenetic inheritance. Current Opinion in Chemical Biology, 33, 101-107.
https://doi.org/10.1016/j.cbpa.2016.06.008

Blessing, E. M., Reus, V., Mellon, S. H., Wolkowitz, O. M., Flory, J. D., Bierer, L., ... Marmar, C. R.
(2017). Biological predictors of insulin resistance associated with posttraumatic stress disorder in young
military veterans. Psychoneuroendocrinology, 82, 91-97. https://doi.org/10.1016/j.psyneuen.2017.04.016
Blewitt, M. E., Vickaryous, N. K., Paldi, A., Koseki, H., & Whitelaw, E. (2006). Dynamic Reprogramming
of DNA Methylation at an Epigenetically Sensitive Allele in Mice. PLoS Genetics, 2(4).
https://doi.org/10.1371/journal.pgen.0020049

Bohacek, J., Engmann, O., Germain, P.-L., Schelbert, S., & Mansuy, [. M. (2018). Transgenerational
epigenetic inheritance: from biology to society—Summary Latsis Symposium Aug 28-30, 2017, Ziirich,
Switzerland. Environmental Epigenetics, 4(2). https://doi.org/10.1093/eep/dvy012

Boks, M. P., Derks, E. M., Weisenberger, D. J., Strengman, E., Janson, E., Sommer, I. E., ... Ophoff, R. A.
(2009). The Relationship of DNA Methylation with Age, Gender and Genotype in Twins and Healthy
Controls. PLoS ONE, 4(8). https://doi.org/10.1371/journal.pone.0006767

Brevik, K., Bueno, E. M., McKay, S., Schoville, S. D., & Chen, Y. H. (2020). Insecticide exposure affects
intergenerational patterns of DNA methylation in the Colorado potato beetle, Leptinotarsa decemlineata.
Evolutionary Applications, 14(3), 746—757. https://doi.org/10.1111/eva.13153

Bright, N. J., Carling, D., & Thornton, C. (2008). Investigating the Regulation of Brain-specific Kinases 1
and 2 by Phosphorylation. Journal of Biological Chemistry, 283(22), 14946—14954.
https://doi.org/10.1074/jbc.m710381200

Bustamante, A. C., Aiello, A. E., Galea, S., Ratanatharathorn, A., Noronha, C., Wildman, D. E., & Uddin,
M. (2016). Glucocorticoid receptor DNA methylation, childhood maltreatment and major depression.
Journal of Affective Disorders, 206, 181-188. https://doi.org/10.1016/j.jad.2016.07.038

CALIPHO Team - SIB - Swiss Institute of Bioinformatics. (2021, February 18). PRR35 - Function.
neXtProt the human protein database, platform and annotation knowledge base.
https://www.nextprot.org/entry/NX POCG20/.

Cao-Lei, L., Massart, R., Suderman, M. J., Machnes, Z., Elgbeili, G., Laplante, D. P., ... King, S. (2014).
DNA Methylation Signatures Triggered by Prenatal Maternal Stress Exposure to a Natural Disaster: Project
Ice Storm. PLoS ONE, 9(9). https://doi.org/10.1371/journal.pone.0107653

Carroll, J. E., Cohen, S., & Marsland, A. L. (2011). Early childhood socioeconomic status is associated
with circulating interleukin-6 among mid-life adults. Brain, Behavior, and Immunity, 25(7), 1468—1474.
https://doi.org/10.1016/].bbi.2011.05.016

Carvalho, C. M., Wendt, F. R., Maihofer, A. X., Stein, D. J., Stein, M. B., Sumner, J. A., ... Polimanti, R.
(2019). Dissecting the association of C-reactive protein levels with PTSD, traumatic events, and social
support. https://doi.org/10.1101/19009134



https://doi.org/10.1016/j.cell.2017.12.016
https://doi.org/10.1176/appi.books.9780890425596
https://www.britannica.com/science/fibrinogen
https://doi.org/10.1007/s11481-015-9643-8
https://doi.org/10.1016/j.cyto.2013.04.033
https://doi.org/10.1016/j.amepre.2012.08.014
https://doi.org/10.1016/j.cbpa.2016.06.008
https://doi.org/10.1016/j.psyneuen.2017.04.016
https://doi.org/10.1371/journal.pgen.0020049
https://doi.org/10.1093/eep/dvy012
https://doi.org/10.1371/journal.pone.0006767
https://doi.org/10.1111/eva.13153
https://doi.org/10.1074/jbc.m710381200
https://doi.org/10.1016/j.jad.2016.07.038
https://www.nextprot.org/entry/NX_P0CG20/
https://doi.org/10.1371/journal.pone.0107653
https://doi.org/10.1016/j.bbi.2011.05.016
https://doi.org/10.1101/19009134

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 43

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cecil, C. A. M., Zhang, Y., & Nolte, T. (2020). Childhood maltreatment and DNA methylation: A
systematic review. Neuroscience & Biobehavioral Reviews, 112,392-409.
https://doi.org/10.1016/j.neubiorev.2020.02.019

Chen, S., Pu, W., Guo, S., Jin, L., He, D., & Wang, J. (2019). Genome-Wide DNA Methylation Profiles
Reveal Common Epigenetic Patterns of Interferon-Related Genes in Multiple Autoimmune Diseases.
Frontiers in Genetics, 10. https://doi.org/10.3389/fgene.2019.00223

Chen, S., Zhang, G., Shao, C., Huang, Q., Liu, G., Zhang, P., ... Wang, J. (2014). Whole-genome sequence
of a flatfish provides insights into ZW sex chromosome evolution and adaptation to a benthic lifestyle.
Nature Genetics, 46(3), 253-260. https://doi.org/10.1038/ng.2890

Chong, S., & Whitelaw, E. (2004). Epigenetic germline inheritance. Current Opinion in Genetics &
Development, 14(6), 692—696. https://doi.org/10.1016/j.gde.2004.09.001

Choteau, L., Vancraeyneste, H., Le Roy, D., Dubuquoy, L., Romani, L., Jouault, T., ... Jawhara, S. (2017).
Role of TLR1, TLR2 and TLR6 in the modulation of intestinal inflammation and Candida albicans
elimination. Gut Pathogens, 9(1). https://doi.org/10.1186/s13099-017-0158-0

Chu, W.-M. (2013). Tumor necrosis factor. Cancer Letters, 328(2), 222-225.
https://doi.org/10.1016/j.canlet.2012.10.014

Condic, M. L. (2014). Totipotency: What It Is and What It Is Not. Stem Cells and Development, 23(8),
796-812. https://doi.org/10.1089/scd.2013.0364

Converse, P. J. (2014, March 21). PYRIN DOMAIN-CONTAINING PROTEIN I; PYDCI. OMIM Entry.
https://www.omim.org/entry/615700.

Cropley, J. E., Suter, C. M., Beckman, K. B., & Martin, D. 1. (2006). Germ-line epigenetic modification of
the murine Avy allele by nutritional supplementation. Proceedings of the National Academy of Sciences,
103(46), 17308-17312. https://doi.org/10.1073/pnas.0607090103

Cubas, P., Vincent, C., & Coen, E. (1999). An epigenetic mutation responsible for natural variation in floral
symmetry. Nature, 401(6749), 157-161. https://doi.org/10.1038/43657

Daxinger, L., & Whitelaw, E. (2012). Understanding transgenerational epigenetic inheritance via the
gametes in mammals. Nature Reviews Genetics, 13(3), 153—162. https://doi.org/10.1038/nrg3 188

de Vries, G.-J., & OIff, M. (2009). The lifetime prevalence of traumatic events and posttraumatic stress
disorder in the Netherlands. Journal of Traumatic Stress, 22(4), 259-267. https://doi.org/10.1002/jts.20429
Delaleu, N., & Bickel, M. (2004). Interleukin-1beta and interleukin-18: regulation and activity in local
inflammation. Periodontology 2000, 35(1), 42—52. https://doi.org/10.1111/.0906-6713.2004.003569.x
DeMorrow, S. (2018). The Hypothalamic-Pituitary-Adrenal Axis in Health and Disease. International
Journal of Molecular Sciences, 19(986), 1-5. https://doi.org/10.1007/978-3-319-45950-9

Di Padova, F., Pozzi, C., Tondre, M. J., & Tritapepe, R. (1991). Selective and early increase of IL-1
inhibitors, IL-6 and cortisol after elective surgery. Clinical & Experimental Immunology, 85(1), 137-142.
https://doi.org/10.1111/1.1365-2249.1991.tb05694.x

Dias, B. G., & Ressler, K. J. (2013). Parental olfactory experience influences behavior and neural structure
in subsequent generations. Nature Neuroscience, 17(1), 89—96. https://doi.org/10.1038/nn.3594

Dinarello, C. A., Novick, D., Kim, S., & Kaplanski, G. (2013). Interleukin-18 and IL-18 Binding Protein.
Frontiers in Immunology, 4. https://doi.org/10.3389/fimmu.2013.00289

Du, L., Lin, L., Li, Q., Liu, K., Huang, Y., Wang, X, ... Shi, Y. (2019). IGF-2 Preprograms Maturing
Macrophages to Acquire Oxidative Phosphorylation-Dependent Anti-inflammatory Properties. Cell
Metabolism, 29(6). https://doi.org/10.1016/j.cmet.2019.01.006

Du, Z.-P., Wu, B.-L., Wu, X., Lin, X.-H., Qiu, X.-Y., Zhan, X.-F., ... Li, E.-M. (2015). A systematic
analysis of human lipocalin family and its expression in esophageal carcinoma. Scientific Reports, 5(1).
https://doi.org/10.1038/srep12010

Eichten, S. R., Swanson-Wagner, R. A., Schnable, J. C., Waters, A. J., Hermanson, P. J., Liu, S, ...
Springer, N. M. (2011). Heritable Epigenetic Variation among Maize Inbreds. PLoS Genetics, 7(11).
https://doi.org/10.1371/journal.pgen.1002372

Elnitski, L. (2014). Epigenetics. Genome.gov. https:/www.genome.gov/genetics-glossary/Epigenetics.
Felsenfeld, G. (2014). A Brief History of Epigenetics. Cold Spring Harbor Perspectives in Biology, 6(1),
1-10. https://doi.org/10.1101/cshperspect.a018200

Fischer, C. L., Gill, C., Forrester, M. G., & Nakamura, R. (1976). Quantitation of “Acute-phase Proteins”
Postoperatively: Value in Detection and Monitoring of Complications. American Journal of Clinical
Pathology, 66(5), 840-846. https://doi.org/10.1093/ajcp/66.5.840



https://doi.org/10.1016/j.neubiorev.2020.02.019
https://doi.org/10.3389/fgene.2019.00223
https://doi.org/10.1038/ng.2890
https://doi.org/10.1016/j.gde.2004.09.001
https://doi.org/10.1186/s13099-017-0158-0
https://doi.org/10.1016/j.canlet.2012.10.014
https://doi.org/10.1089/scd.2013.0364
https://www.omim.org/entry/615700
https://doi.org/10.1073/pnas.0607090103
https://doi.org/10.1038/43657
https://doi.org/10.1038/nrg3188
https://doi.org/10.1002/jts.20429
https://doi.org/10.1111/j.0906-6713.2004.003569.x
https://doi.org/10.1007/978-3-319-45950-9
https://doi.org/10.1111/j.1365-2249.1991.tb05694.x
https://doi.org/10.1038/nn.3594
https://doi.org/10.3389/fimmu.2013.00289
https://doi.org/10.1016/j.cmet.2019.01.006
https://doi.org/10.1038/srep12010
https://doi.org/10.1371/journal.pgen.1002372
https://www.genome.gov/genetics-glossary/Epigenetics
https://doi.org/10.1101/cshperspect.a018200
https://doi.org/10.1093/ajcp/66.5.840

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 44

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Flores, D. V. (2019). Epigenetic variation in a reptile with temperature-dependent sex determination and
inspiring a diverse future for STEM. Graduate Theses and Dissertations.
https://doi.org/https:/lib.dr.iastate.edu/etd/17679

Gadani, S. P., Cronk, J. C., Norris, G. T., & Kipnis, J. (2012). IL-4 in the Brain: A Cytokine To Remember.
The Journal of Immunology, 189(9), 4213—4219. https://doi.org/10.4049/jimmunol.1202246

GeneCards Human Gene. (2021). SKAP2 Gene (Protein Coding). GeneCards.
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SKAP2.

Gill, J. M., Saligan, L., Lee, H., Rotolo, S., & Szanton, S. (2012). “Women in recovery from PTSD have
similar inflammation and quality of life as non-traumatized controls” [J Psychosom Res 74 (2013) 301—
306]. Journal of Psychosomatic Research, 75(1), 301-306.
https://doi.org/10.1016/j.jpsychores.2013.03.012

Giacobbo, B. L., Doorduin, J., Klein, H. C., Dierckx, R. A., Bromberg, E., & de Vries, E. F. (2018). Brain-
Derived Neurotrophic Factor in Brain Disorders: Focus on Neuroinflammation. Molecular Neurobiology,
56(5), 3295-3312. https://doi.org/10.1007/s12035-018-1283-6

Gola, H., Engler, H., Sommershof, A., Adenauer, H., Kolassa, S., Schedlowski, M., ... Kolassa, L.-T.
(2013). Posttraumatic stress disorder is associated with an enhanced spontaneous production of pro-
inflammatory cytokines by peripheral blood mononuclear cells. BMC Psychiatry, 13(1), 1-8.
https://doi.org/10.1186/1471-244x-13-40

Gonzalez-Jaramillo, V., Portilla-Fernandez, E., Glisic, M., Voortman, T., Ghanbari, M., Bramer, W, ...
Nano, J. (2019). Epigenetics and Inflammatory Markers: A Systematic Review of the Current Evidence.
International Journal of Inflammation, 2019, 1-14. https://doi.org/10.1155/2019/6273680

Gouin, J.-P. (2009). Chronic Stress, Immune Dysregulation, and Health. American Journal of Lifestyle
Medicine, 5(6), 476-485. https://doi.org/10.1177/1559827610395467

Grasser, L. R., Burghardt, P., Daugherty, A. M., Amirsadri, A., & Javanbakht, A. (2020). Inflammation and
Trauma-Related Psychopathology in Syrian and Iraqi Refugees. Behavioral Sciences, 10(4).
https://doi.org/10.3390/bs10040075

Hammad, S. M., Truman, J.-P., Al Gadban, M. M., Smith, K. J., Twal, W. O., & Hamner, M. B. (2012).
Altered Blood Sphingolipidomics and Elevated Plasma inflammatory Cytokines in Combat Veterans with
Post-Traumatic Stress Disorder. Neurobiology of Lipids, 10(2).

Hammamieh, R., Chakraborty, N., Gautam, A., Muhie, S., Yang, R., Donohue, D., Kumar, R., ... Jett, M.
(2017). Whole-genome DNA methylation status associated with clinical PTSD measures of OIF/OEF
veterans. Translational Psychiatry, 7(7). https://doi.org/10.1038/tp.2017.129

Handy, D. E., Castro, R., & Loscalzo, J. (2011). Epigenetic Modifications. Circulation, 123(19), 2145—
2156. https://doi.org/10.1161/circulationaha.110.956839

Haroutounian, S. (2017). Postoperative opioids, endocrine changes, and immunosuppression. PAIN
Reports, 3(2), 1-5. https://doi.org/10.1097/pr9.0000000000000640

Heard, E., & Martienssen, R. A. (2014). Transgenerational Epigenetic Inheritance: Myths and Mechanisms.
Cell, 157(1), 95-109. https://doi.org/10.1016/j.cell.2014.02.045

Heath, N. M., Chesney, S. A., Gerhart, J. 1., Goldsmith, R. E., Luborsky, J. L., Stevens, N. R., & Hobfoll,
S. E. (2013). Interpersonal violence, PTSD, and inflammation: Potential psychogenic pathways to higher
C-reactive protein levels. Cytokine, 63(2), 172—178. https://doi.org/10.1016/j.cyt0.2013.04.030
Heinzelmann, M., & Gill, J. (2013). Epigenetic Mechanisms Shape the Biological Response to Trauma and
Risk for PTSD: A Critical Review. Nursing Research and Practice, 1-10.
https://doi.org/10.1155/2013/417010

Herman, J. P., Figueiredo, H., Mueller, N. K., Ulrich-Lai, Y., Ostrander, M. M., Choi, D. C., & Cullinan,
W. E. (2003). Central mechanisms of stress integration: hierarchical circuitry controlling hypothalamo—
pituitary—adrenocortical responsiveness. Frontiers in Neuroendocrinology, 24(3), 151-180.
https://doi.org/10.1016/j.yfrne.2003.07.001

Higuera, V. (2018, September 17). WBC (White Blood Cell) Count: Purpose, Procedure, and Results.
Healthline. https://www.healthline.com/health/wbc-count.

Hilakivi-Clarke, L., & de Assis, S. (2006). Fetal origins of breast cancer. Trends in Endocrinology &
Metabolism, 17(9), 340-348. https://doi.org/10.1016/j.tem.2006.09.002

Hofmeister, B. T., Lee, K., Rohr, N. A, Hall, D. W., & Schmitz, R. J. (2017). Stable inheritance of DNA
methylation allows creation of epigenotype maps and the study of epiallele inheritance patterns in the
absence of genetic variation. Genome Biology, 18(1). https://doi.org/10.1186/s13059-017-1288-x



https://doi.org/10.4049/jimmunol.1202246
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SKAP2
https://doi.org/10.1016/j.jpsychores.2013.03.012
https://doi.org/10.1007/s12035-018-1283-6
https://doi.org/10.1186/1471-244x-13-40
https://doi.org/10.1155/2019/6273680
https://doi.org/10.1177/1559827610395467
https://doi.org/10.3390/bs10040075
https://doi.org/10.1038/tp.2017.129
https://doi.org/10.1161/circulationaha.110.956839
https://doi.org/10.1097/pr9.0000000000000640
https://doi.org/10.1016/j.cell.2014.02.045
https://doi.org/10.1016/j.cyto.2013.04.030
https://doi.org/10.1155/2013/417010
https://doi.org/10.1016/j.yfrne.2003.07.001
https://www.healthline.com/health/wbc-count
https://doi.org/10.1016/j.tem.2006.09.002
https://doi.org/10.1186/s13059-017-1288-x

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 45

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Hong, M., Moon, D. S., Chang, H., Lee, S. Y., Cho, S. W, Lee, K.-S., ... Bahn, G. H. (2018). Incidence
and Comorbidity of Reactive Attachment Disorder: Based on National Health Insurance Claims
Data,2010-2012 in Korea. Psychiatry Investigation, 15(2), 118-123.
https://doi.org/10.30773/pi.2017.11.01

Hori, H., & Kim, Y. (2019). Inflammation and post-traumatic stress disorder. Psychiatry and Clinical
Neurosciences, 73(4), 143—153. https://doi.org/10.1111/pcn.12820

Horsthemke, B. (2018). A critical view on transgenerational epigenetic inheritance in humans. Nature
Communications, 9(1), 1-4. https://doi.org/10.1038/s41467-018-05445-5

Iyer, S. S., & Cheng, G. (2012). Role of Interleukin 10 Transcriptional Regulation in Inflammation and
Autoimmune Disease. Critical Reviews™ in Immunology, 32(1), 23—63.
https://doi.org/10.1615/critrevimmunol.v32.i1.30

Jeppesen, R., & Benros, M. E. (2019). Autoimmune Diseases and Psychotic Disorders. Frontiers in
Psychiatry, 10. https://doi.org/10.3389/fpsyt.2019.0013 1

Jiang, L., Zhang, J., Wang, J.-J., Wang, L., Zhang, L., Li, G, ... Liu, J. (2013). Sperm, but Not Oocyte,
DNA Methylome Is Inherited by Zebrafish Early Embryos. Cell, 153(4), 773-784.
https://doi.org/10.1016/j.cell.2013.04.041

Jiang, W. G., Sanders, A. J., Ruge, F., & Harding, K. G. (2011). Influence of interleukin-8 (IL-8) and IL-8
receptors on the migration of human keratinocytes, the role of PLC-y and potential clinical implications.
Experimental and Therapeutic Medicine, 3(2), 231-236. https://doi.org/10.3892/etm.2011.402

Kaneko, N., Kurata, M., Yamamoto, T., Morikawa, S., & Masumoto, J. (2019). The role of interleukin-1 in
general pathology. Inflammation and Regeneration, 39(1). https://doi.org/10.1186/s41232-019-0101-5
Karin, O., Raz, M., Tendler, A., Bar, A., Kohanim, Y. K., Milo, T., & Alon, U. (2020). A new model for
the HPA axis explains dysregulation of stress hormones on the timescale of weeks. Molecular Systems
Biology. https://doi.org/10.1101/2020.01.01.892596

Kilpatrick, D. G., Resnick, H. S., Milanak, M. E., Miller, M. W., Keyes, K. M., & Friedman, M. J. (2013).
National estimates of exposure to traumatic events and PTSD Prevalence Using DSM-IV and DSM-5
Criteria. Journal of Traumatic Stress, 26(5), 537-547. https://doi.org/10.1002/jts.21848

Kindler, J., Lim, C. K., Weickert, C. S., Boerrigter, D., Galletly, C., Liu, D., ... Weickert, T. W. (2019).
Dysregulation of kynurenine metabolism is related to proinflammatory cytokines, attention, and prefrontal
cortex volume in schizophrenia. Molecular Psychiatry, 25(11), 2860-2872. https://doi.org/10.1038/s41380-
019-0401-9

Kong, D.-H., Kim, Y. K., Kim, M. R, Jang, J. H., & Lee, S. (2018). Emerging Roles of Vascular Cell
Adhesion Molecule-1 (VCAM-1) in Immunological Disorders and Cancer. International Journal of
Molecular Sciences, 19(4). https://doi.org/10.3390/ijms 19041057

Kuan, P. F., Waszczuk, M., Kotov, R., Marsit, C., Guffanti, G., Yang, X, ... Luft, B. (2017). 904. DNA
Methylation Associated with PTSD and Depression in World Trade Center Responders: An Epigenome-
Wide Study. Biological Psychiatry, 81(10). https://doi.org/10.1016/j.biopsych.2017.02.629

Kuehnemuth, B., Piseddu, I., Wiedemann, G. M., Lauseker, M., Kuhn, C., Hofmann, S., ... Anz, D. (2018).
CCL1 is a major regulatory T cell attracting factor in human breast cancer. BMC Cancer, 18(1).
https://doi.org/10.1186/s12885-018-5117-8

Kunimura, K., Uruno, T., & Fukui, Y. (2019). DOCK family proteins: key players in immune surveillance
mechanisms. International Immunology, 32(1), 5—15. https://doi.org/10.1093/intimm/dxz067

Kwon, J. M., & Goate, A. M. (2000). The Candidate Gene Approach. Alcohol Research & Health , 24(3),
164-168.

Legoff, L., D’Cruz, S. C., Tevosian, S., Primig, M., & Smagulova, F. (2019). Transgenerational Inheritance
of Environmentally Induced Epigenetic Alterations during Mammalian Development. Cells, 8(12).
https://doi.org/10.3390/cells8121559

Lindqvist, D., Wolkowitz, O. M., Mellon, S., Yehuda, R., Flory, J. D., Henn-Haase, C., ... Dhabhar, F. S.
(2014). Proinflammatory milieu in combat-related PTSD is independent of depression and early life stress.
Brain, Behavior, and Immunity, 42, 81-88. https://doi.org/10.1016/].bbi.2014.06.003

Liu, J., Cao, S., Kim, S., Chung, E., Homma, Y., Guan, X., ... Ma, X. (2005). Interleukin-12: An Update
on its Immunological Activities, Signaling and Regulation of Gene Expression. Current Immunology
Reviews, 1(2), 119-137. https://doi.org/10.2174/1573395054065115

Logue, M., Wolf, E., Morrison, F., Zhou, Z., Smith, A., Daskalakis, N. P., ... Miller, M. (2020). 28. An
Epigenome-Wide Association Study of PTSD in Veterans Implicates Several New DNA Methylation Loci.
Biological Psychiatry, 85(10). https://doi.org/10.1016/j.biopsych.2019.03.042



https://doi.org/10.30773/pi.2017.11.01
https://doi.org/10.1111/pcn.12820
https://doi.org/10.1038/s41467-018-05445-5
https://doi.org/10.1615/critrevimmunol.v32.i1.30
https://doi.org/10.3389/fpsyt.2019.00131
https://doi.org/10.1016/j.cell.2013.04.041
https://doi.org/10.3892/etm.2011.402
https://doi.org/10.1186/s41232-019-0101-5
https://doi.org/10.1101/2020.01.01.892596
https://doi.org/10.1002/jts.21848
https://doi.org/10.1038/s41380-019-0401-9
https://doi.org/10.1038/s41380-019-0401-9
https://doi.org/10.3390/ijms19041057
https://doi.org/10.1016/j.biopsych.2017.02.629
https://doi.org/10.1186/s12885-018-5117-8
https://doi.org/10.1093/intimm/dxz067
https://doi.org/10.3390/cells8121559
https://doi.org/10.1016/j.bbi.2014.06.003
https://doi.org/10.2174/1573395054065115
https://doi.org/10.1016/j.biopsych.2019.03.042

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 46

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Lopez-Castejon, G., & Brough, D. (2011). Understanding the mechanism of IL-1f secretion. Cytokine &
Growth Factor Reviews, 22(4), 189-195. https://doi.org/10.1016/j.cytogfr.2011.10.001

Major, K. M., DeCourten, B. M., Li, J., Britton, M., Settles, M. L., Mehinto, A. C., ... Brander, S. M.
(2020). Early Life Exposure to Environmentally Relevant Levels of Endocrine Disruptors Drive
Multigenerational and Transgenerational Epigenetic Changes in a Fish Model. Frontiers in Marine Science,
7. https://doi.org/10.3389/fmars.2020.00471

Manning, K., Toér, M., Poole, M., Hong, Y., Thompson, A. J., King, G. J., ... Seymour, G. B. (2006). A
naturally occurring epigenetic mutation in a gene encoding an SBP-box transcription factor inhibits tomato
fruit ripening. Nature Genetics, 38(8), 948-952. https://doi.org/10.1038/ng1841

Manolio, T. A., Collins, F. S., Cox, N. J., Goldstein, D. B., Hindorff, L. A., Hunter, D. J., ... Visscher, P.
M. (2009). Finding the missing heritability of complex diseases. Nature, 461(7265), 747-753.
https://doi.org/10.1038/nature08494

Marinova, Z., Maercker, A., Kiiffer, A., Robinson, M. D., Wojdacz, T. K., Walitza, S., ... Burri, A. (2017).
DNA methylation profiles of elderly individuals subjected to indentured childhood labor and trauma. BMC
Medical Genetics, 18(1). https://doi.org/10.1186/s12881-017-0370-2

Marone, G., Granata, F., Pucino, V., Pecoraro, A., Heffler, E., Loffredo, S., ... Varricchi, G. (2019). The
Intriguing Role of Interleukin 13 in the Pathophysiology of Asthma. Frontiers in Pharmacology, 10.
https://doi.org/10.3389/fphar.2019.01387

Martos, S. N., Tang, W.-yee, & Wang, Z. (2015). Elusive inheritance: Transgenerational effects and
epigenetic inheritance in human environmental disease. Progress in Biophysics and Molecular Biology,
118(1-2), 44-54. https://doi.org/10.1016/j.pbiomolbio.2015.02.011

Matosin, N., Cruceanu, C., & Binder, E. B. (2017). Preclinical and Clinical Evidence of DNA Methylation
Changes in Response to Trauma and Chronic Stress. Chronic Stress, 1,247054701771076.
https://doi.org/10.1177/2470547017710764

Mavani, G. P., DeVita, M. V., & Michelis, M. F. (2015). A Review of the Nonpressor and Nonantidiuretic
Actions of the Hormone Vasopressin. Frontiers in Medicine, 2. https://doi.org/10.3389/fmed.2015.00019
Mayo Foundation for Medical Education and Research. (2019, March 1). Rheumatoid arthritis. Mayo
Clinic. https://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/symptoms-causes/syc-
20353648.

Mazzio, E. A., & Soliman, K. F. (2014). Epigenetics and Nutritional Environmental Signals. Integrative
and Comparative Biology, 54(1), 21-30. https://doi.org/10.1093/icb/icu049

McCarthy, D. M., Morgan, T. J., Lowe, S. E., Williamson, M. J., Spencer, T. J., Biederman, J., & Bhide, P.
G. (2018). Nicotine exposure of male mice produces behavioral impairment in multiple generations of
descendants. PLOS Biology, 16(10). https://doi.org/10.1371/journal.pbio.2006497

McEwen, B. S. (1993). Stress and the individual. Mechanisms leading to disease. Archives of Internal
Medicine, 153(18), 2093-2101. https://doi.org/10.1001/archinte.153.18.2093

McKay, E. C., & Counts, S. E. (2020). Oxytocin Receptor Signaling in Vascular Function and Stroke.
Frontiers in Neuroscience, 14. https://doi.org/10.3389/fnins.2020.574499

McKusick, V. A. (2020, January 21). LYMPHOTOXIN-ALPHA; LTA. OMIM Entry.
https://omim.org/entry/153440.

Mehta, D., Bruenig, D., Carrillo-Roa, T., Lawford, B., Harvey, W., Morris, C. P., ... Voisey, J. (2017).
Genomewide DNA methylation analysis in combat veterans reveals a novel locus for PTSD. Acta
Psychiatrica Scandinavica, 136(5), 493-505. https://doi.org/10.1111/acps.12778

Mehta, D., Gonik, M., Klengel, T., Rex-Haffner, M., Menke, A., Rubel, J., Mercer, K.B., Piitz, B., Bradley,
B., Holsboer, F., Ressler, K.J., Miiller-Myhsok, B., Binder, E.B. (2011). Using Polymorphisms in FKBP5
to Define Biologically Distinct Subtypes of Posttraumatic Stress Disorder. Archives of General Psychiatry,
68(9). https://doi.org/10.1001/archgenpsychiatry.2011.50

Mehta, D., Miller, O., Bruenig, D., David, G., & Shakespeare-Finch, J. (2020). A Systematic Review of
DNA Methylation and Gene Expression Studies in Posttraumatic Stress Disorder, Posttraumatic Growth,
and Resilience. Journal of Traumatic Stress, 33(2), 171-180. https://doi.org/10.1002/jts.22472

100.Mehta, D., Pelzer, E. S., Bruenig, D., Lawford, B., McLeay, S., Morris, C. P, ... Lawford, B. (2019). DNA

methylation from germline cells in veterans with PTSD. Journal of Psychiatric Research, 116, 42-50.
https://doi.org/10.1016/j.jpsychires.2019.06.001

101.Michopoulos, V., Powers, A., Gillespie, C. F., Ressler, K. J., & Jovanovic, T. (2016). Inflammation in

Fear- and Anxiety-Based Disorders: PTSD, GAD, and Beyond. Neuropsychopharmacology, 42(1), 254—
270. https://doi.org/10.1038/npp.2016.146



https://doi.org/10.1016/j.cytogfr.2011.10.001
https://doi.org/10.3389/fmars.2020.00471
https://doi.org/10.1038/ng1841
https://doi.org/10.1038/nature08494
https://doi.org/10.1186/s12881-017-0370-2
https://doi.org/10.3389/fphar.2019.01387
https://doi.org/10.1016/j.pbiomolbio.2015.02.011
https://doi.org/10.1177/2470547017710764
https://doi.org/10.3389/fmed.2015.00019
https://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/symptoms-causes/syc-20353648
https://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/symptoms-causes/syc-20353648
https://doi.org/10.1093/icb/icu049
https://doi.org/10.1371/journal.pbio.2006497
https://doi.org/10.1001/archinte.153.18.2093
https://doi.org/10.3389/fnins.2020.574499
https://omim.org/entry/153440
https://doi.org/10.1111/acps.12778
https://doi.org/10.1001/archgenpsychiatry.2011.50
https://doi.org/10.1002/jts.22472
https://doi.org/10.1016/j.jpsychires.2019.06.001
https://doi.org/10.1038/npp.2016.146

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 47

102.Migicovsky, Z., & Kovalchuk, I. (2011). Epigenetic Memory in Mammals. Frontiers in Genetics, 2.
https://doi.org/10.3389/fgene.2011.00028

103.Miller, A. H., & Raison, C. L. (2015). The role of inflammation in depression: from evolutionary
imperative to modern treatment target. Nature Reviews Immunology, 16(1), 22-34.
https://doi.org/10.1038/nri.2015.5

104.Miller, M. W., Lin, A. P., Wolf, E. J., & Miller, D. R. (2019). Oxidative Stress, Inflammation, and
Neuroprogression in Chronic PTSD. Harvard Review of Psychiatry, 26(2), 57—69.
https://doi.org/10.1097/hrp.0000000000000167

105.Miller, M. W., Maniates, H., Wolf, E. J., Logue, M. W., Schichman, S. A., Stone, A., ... McGlinchey, R.
(2017). CRP polymorphisms and DNA methylation of the AIM2 gene influence associations between
trauma exposure, PTSD, and C-reactive protein. Brain, Behavior, and Immunity, 67, 194-202.
https://doi.org/10.1016/j.bbi.2017.08.022

106.Miller, T., Gibbison, B., & Russell, G. M. (2016). Hypothalamic—pituitary—adrenal function during health,
major surgery, and critical illness. BJA Education, 17(1), 16-21. https://doi.org/10.1093/bjaed/mkw042

107.Mittelsten Scheid, O., Afsar, K., & Paszkowski, J. (2003). Formation of stable epialleles and their
paramutation-like interaction in tetraploid Arabidopsis thaliana. Nature Genetics, 34(4), 450-454.
https://doi.org/10.1038/ng1210

108.Mlinari¢, A., Horvat, M., & Supak Smol¢i¢, V. (2017). Dealing with the positive publication bias: Why you
should really publish your negative results. Biochemia Medica, 27(3).
https://doi.org/10.11613/bm.2017.030201

109.Moore, L. D., Le, T., & Fan, G. (2012). DNA Methylation and Its Basic Function.
Neuropsychopharmacology, 38(1), 23-38. https://doi.org/10.1038/npp.2012.112

110.Morgan, D. K., & Whitelaw, E. (2008). The case for transgenerational epigenetic inheritance in humans.
Mammalian Genome, 19(6), 394-397. https://doi.org/10.1007/s00335-008-9124-y

111.Morgan, H. D., Sutherland, H. G. E., Martin, D. L. K., & Whitelaw, E. (1999). Epigenetic inheritance at the
agouti locus in the mouse. Nature Genetics, 23(3), 314-318. https://doi.org/10.1038/15490

112.Morrison, F. G., Miller, M. W., Logue, M. W., Assef, M., & Wolf, E. J. (2019). DNA methylation
correlates of PTSD: Recent findings and technical challenges. Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 90, 223-234. https://doi.org/10.1016/].pnpbp.2018.11.011

113.Merkve Knudsen, T., Rezwan, F. L, Jiang, Y., Karmaus, W., Svanes, C., & Holloway, J. W. (2018).
Transgenerational and intergenerational epigenetic inheritance in allergic diseases. Journal of Allergy and
Clinical Immunology, 142(3), 765-772. https://doi.org/10.1016/j.jaci.2018.07.007

114.Miiller, N. (2019). The Role of Intercellular Adhesion Molecule-1 in the Pathogenesis of Psychiatric
Disorders. Frontiers in Pharmacology, 10. https://doi.org/10.3389/fphar.2019.01251

115.Nakanishi, K. (2018). Unique Action of Interleukin-18 on T Cells and Other Immune Cells. Frontiers in
Immunology, 9. https://doi.org/10.3389/fimmu.2018.00763

116.Naufer, M. N, Callahan, K. E., Cook, P. R., Perez-Gonzalez, C. E., Williams, M. C., & Furano, A. V.
(2015). L1 retrotransposition requires rapid ORF1p oligomerization, a novel coiled coil-dependent property
conserved despite extensive remodeling. Nucleic Acids Research, 44(1), 281-293.
https://doi.org/10.1093/nar/gkv1342

117.Needham, B. L., Smith, J. A., Zhao, W., Wang, X., Mukherjee, B., Kardia, S. L., ... Diez Roux, A. V.
(2015). Life course socioeconomic status and DNA methylation in genes related to stress reactivity and
inflammation: The multi-ethnic study of atherosclerosis. Epigenetics, 10(10), 958-969.
https://doi.org/10.1080/15592294.2015.1085139

118.Nestler, E. J. (2016). Transgenerational Epigenetic Contributions to Stress Responses: Fact or Fiction?
PLOS Biology, 14(3). https://doi.org/10.1371/journal.pbio.1002426

119.Newton, T. L., Fernandez-Botran, R., Miller, J. J., & Burns, V. E. (2014). Interleukin-6 and soluble
interleukin-6 receptor levels in posttraumatic stress disorder: Associations with lifetime diagnostic status
and psychological context. Biological Psychology, 99, 150-159.
https://doi.org/10.1016/j.biopsycho.2014.03.009

120.0Oellerich, M., Brandhorst, G., Shipkova, M., & Wieland, E. (2012). Chapter 16 - Biomarkers: The Link
between Therapeutic Drug Monitoring and Pharmacodynamics of Immunosuppressants. In Therapeutic
drug monitoring: newer drugs and biomarkers (pp. 349-372). essay, Elsevier/Academic Press.

121.0ng-Abdullah, M., Ordway, J. M., Jiang, N., Ooi, S.-E., Kok, S.-Y., Sarpan, N., ... Martienssen, R. A.
(2015). Loss of Karma transposon methylation underlies the mantled somaclonal variant of oil palm.
Nature, 525(7570), 533-537. https://doi.org/10.1038/nature15365



https://doi.org/10.3389/fgene.2011.00028
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1097/hrp.0000000000000167
https://doi.org/10.1016/j.bbi.2017.08.022
https://doi.org/10.1093/bjaed/mkw042
https://doi.org/10.1038/ng1210
https://doi.org/10.11613/bm.2017.030201
https://doi.org/10.1038/npp.2012.112
https://doi.org/10.1007/s00335-008-9124-y
https://doi.org/10.1038/15490
https://doi.org/10.1016/j.pnpbp.2018.11.011
https://doi.org/10.3389/fphar.2019.01251
https://doi.org/10.3389/fimmu.2018.00763
https://doi.org/10.1093/nar/gkv1342
https://doi.org/10.1080/15592294.2015.1085139
https://doi.org/10.1371/journal.pbio.1002426
https://doi.org/10.1016/j.biopsycho.2014.03.009
https://doi.org/10.1038/nature15365

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 48

122.0rtega-Recalde, O., & Hore, T. A. (2019). DNA methylation in the vertebrate germline: balancing memory
and erasure. Essays in Biochemistry, 63(6), 649—-661. https://doi.org/10.1042/ebc20190038

123.0tsuka, T., Hori, H., Yoshida, F., Itoh, M., Lin, M., Niwa, M., ... Kim, Y. (2020). Association of CRP
genetic variation with symptomatology, cognitive function, and circulating proinflammatory markers in
civilian women with PTSD. Journal of Affective Disorders, 279, 640—649.
https://doi.org/10.1016/j.jad.2020.10.045

124.0'Donovan, A. (2017). PTSD is associated with elevated inflammation: any impact on clinical practice?
Evidence Based Mental Health, 19(4), 120—120. https://doi.org/10.1136/eb-2016-102376

125.0’Donovan, A., Ahmadian, A. J., Neylan, T. C., Pacult, M. A., Edmondson, D., & Cohen, B. E. (2016).
Current posttraumatic stress disorder and exaggerated threat sensitivity associated with elevated
inflammation in the Mind Your Heart Study. Brain, Behavior, and Immunity, 60, 198-205.
https://doi.org/10.1016/j.bbi.2016.10.014

126.0’Donovan, A., Cohen, B. E., Seal, K. H., Bertenthal, D., Margaretten, M., Nishimi, K., & Neylan, T. C.
(2015). Elevated Risk for Autoimmune Disorders in Iraq and Afghanistan Veterans with Posttraumatic
Stress Disorder. Biological Psychiatry, 77(4), 365-374. https://doi.org/10.1016/j.biopsych.2014.06.015

127.Palmer, V. L., Nganga, V. K., Rothermund, M. E., Perry, G. A., & Swanson, P. C. (2015). Cd1d regulates
B cell development but not B cell accumulation and IL10 production in mice with pathologic CD5+ B cell
expansion. BMC Immunology, 16(1). https://doi.org/10.1186/s12865-015-0130-z

128.Parekh, R. (2017). What Are Anxiety Disorders? https://www.psychiatry.org/patients-families/anxiety-
disorders/what-are-anxiety-
disorders#:~:text=Anxiety%20disorders%20are%20the%20most.some%20point%20in%20their%20lives.

129.Pembrey, M. E. (2010). Male-line transgenerational responses in humans. Human Fertility, 13(4), 268-271.
https://doi.org/10.3109/14647273.2010.524721

130.Pembrey, M. E., Bygren, L. O., Kaati, G., Edvinsson, S., Northstone, K., Sjostrom, M., & Golding, J.
(2006). Sex-specific, male-line transgenerational responses in humans. European Journal of Human
Genetics, 14(2), 159-166. https://doi.org/10.1038/sj.ejhg.5201538

131.Perroud, N., Rutembesa, E., Paoloni-Giacobino, A., Mutabaruka, J., Mutesa, L., Stenz, L., ... Karege, F.
(2014). The Tutsi genocide and transgenerational transmission of maternal stress: epigenetics and biology
of the HPA axis. The World Journal of Biological Psychiatry, 15(4), 334-345.
https://doi.org/10.3109/15622975.2013.866693

132.Plantinga, L., Bremner, J. D., Miller, A. H., Jones, D. P., Veledar, E., Goldberg, J., & Vaccarino, V. (2013).
Association between posttraumatic stress disorder and inflammation: A twin study. Brain, Behavior, and
Immunity, 30, 125-132. https://doi.org/10.1016/].bbi.2013.01.081

133.Powers, A., Dixon, H. D., Conneely, K., Gluck, R., Munoz, A., Rochat, C., ... Gillespie, C. F. (2019). The
differential effects of PTSD, MDD, and dissociation on CRP in trauma-exposed women. Comprehensive
Psychiatry, 93, 33-40. https://doi.org/10.1016/j.comppsych.2019.06.007

134.Prokopuk, L., Western, P. S., & Stringer, J. M. (2015). Transgenerational epigenetic inheritance: adaptation
through the germline epigenome? Epigenomics, 7(5), 829-846. https://doi.org/10.2217/epi.15.36

135.Raghupathi, W., & Raghupathi, V. (2018). An Empirical Study of Chronic Diseases in the United States: A
Visual Analytics Approach to Public Health. International Journal of Environmental Research and Public
Health, 15(3). https://doi.org/10.3390/ijerph15030431

136.Rakyan, V. K., Chong, S., Champ, M. E., Cuthbert, P. C., Morgan, H. D., Luu, K. V., & Whitelaw, E.
(2003). Transgenerational inheritance of epigenetic states at the murine AxinFu allele occurs after maternal
and paternal transmission. Proceedings of the National Academy of Sciences, 100(5), 2538-2543.
https://doi.org/10.1073/pnas.0436776100

137.Roberts, A. L., Huang, T., Koenen, K. C., Kim, Y., Kubzansky, L. D., & Tworoger, S. S. (2019).
Posttraumatic Stress Disorder Is Associated with Increased Risk of Ovarian Cancer: A Prospective and
Retrospective Longitudinal Cohort Study. Cancer Research, 79(19), 5113-5120.
https://doi.org/10.1158/0008-5472.can-19-1222

138.Rodgers, A. B., Morgan, C. P., Leu, N. A., & Bale, T. L. (2015). Transgenerational epigenetic
programming via sperm microRNA recapitulates effects of paternal stress. Proceedings of the National
Academy of Sciences, 112(44), 13699—13704. https://doi.org/10.1073/pnas.1508347112

139.Roth, T. L. (2014). How Traumatic Experiences Leave Their Signature on the Genome: An Overview of
Epigenetic Pathways in PTSD. Frontiers in Psychiatry, 5. https://doi.org/10.3389/fpsyt.2014.00093

140.Rusiecki, J. A., Byrne, C., Galdzicki, Z., Srikantan, V., Chen, L., Poulin, M., ... Baccarelli, A. (2013).
PTSD and DNA Methylation in Select Immune Function Gene Promoter Regions: A Repeated Measures



https://doi.org/10.1042/ebc20190038
https://doi.org/10.1016/j.jad.2020.10.045
https://doi.org/10.1136/eb-2016-102376
https://doi.org/10.1016/j.bbi.2016.10.014
https://doi.org/10.1016/j.biopsych.2014.06.015
https://doi.org/10.1186/s12865-015-0130-z
https://www.psychiatry.org/patients-families/anxiety-disorders/what-are-anxiety-disorders#:~:text=Anxiety%20disorders%20are%20the%20most,some%20point%20in%20their%20lives
https://www.psychiatry.org/patients-families/anxiety-disorders/what-are-anxiety-disorders#:~:text=Anxiety%20disorders%20are%20the%20most,some%20point%20in%20their%20lives
https://www.psychiatry.org/patients-families/anxiety-disorders/what-are-anxiety-disorders#:~:text=Anxiety%20disorders%20are%20the%20most,some%20point%20in%20their%20lives
https://doi.org/10.3109/14647273.2010.524721
https://doi.org/10.1038/sj.ejhg.5201538
https://doi.org/10.3109/15622975.2013.866693
https://doi.org/10.1016/j.bbi.2013.01.081
https://doi.org/10.1016/j.comppsych.2019.06.007
https://doi.org/10.2217/epi.15.36
https://doi.org/10.3390/ijerph15030431
https://doi.org/10.1073/pnas.0436776100
https://doi.org/10.1158/0008-5472.can-19-1222
https://doi.org/10.1073/pnas.1508347112
https://doi.org/10.3389/fpsyt.2014.00093

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 49

Case-Control Study of U.S. Military Service Members. Frontiers in Psychiatry, 4.
https://doi.org/10.3389/fpsyt.2013.00056

141.Rusiecki, J. A., Chen, L., Srikantan, V., Zhang, L., Yan, L., Polin, M. L., & Baccarelli, A. (2012). DNA
methylation in Repetitive elements AND post-traumatic Stress Disorder: A case—control study of US
military service members. Epigenomics, 4(1), 29—40. https://doi.org/10.2217/epi.11.116

142.Ryder, A. L., Azcarate, P. M., & Cohen, B. E. (2018). PTSD and Physical Health. Current Psychiatry
Reports, 20(12). https://doi.org/10.1007/s11920-018-0977-9

143.Sadahiro, R., Knight, B., James, F., Hannon, E., Charity, J., Daniels, I. R., ... Mill, J. (2020). Major surgery
induces acute changes in measured DNA methylation associated with immune response pathways.
Scientific Reports, 10(1), 1-13. https://doi.org/10.1038/s41598-020-62262-x

144.Salzberg, S. L. (2018). Open questions: How many genes do we have? BMC Biology, 16(1).
https://doi.org/10.1186/s12915-018-0564-x

145.Seisenberger, S., Andrews, S., Krueger, F., Arand, J., Walter, J., Santos, F., ... Reik, W. (2012). The
Dynamics of Genome-wide DNA Methylation Reprogramming in Mouse Primordial Germ Cells.
Molecular Cell, 48(6), 849—862. https://doi.org/10.1016/j.molcel.2012.11.001

146.Shajib, M. S., & Khan, W. 1. (2014). The role of serotonin and its receptors in activation of immune
responses and inflammation. Acta Physiologica, 213(3), 561-574. https://doi.org/10.1111/apha.12430

147.Sharma, A. (2017). Transgenerational epigenetics: Integrating soma to germline communication with
gametic inheritance. Mechanisms of Ageing and Development, 163, 15-22.
https://doi.org/10.1016/j.mad.2016.12.015

148.Skvortsova, K., Iovino, N., & Bogdanovi¢, O. (2018). Functions and mechanisms of epigenetic inheritance
in animals. Nature Reviews Molecular Cell Biology, 19(12), 774—790. https://doi.org/10.1038/s41580-018-
0074-2

149.Smith, A. K., Conneely, K. N., Kilaru, V., Mercer, K. B., Weiss, T. E., Bradley, B., ... Ressler, K. J.
(2012). Differential immune system DNA methylation and cytokine regulation in post-traumatic stress
disorder. American Journal of Medical Genetics Part B: Neuropsychiatric Genetics, 156(6), 700-708.
https://doi.org/10.1002/ajmg.b.31212

150.Smith, A. K., Ratanatharathorn, A., Maihofer, A. X., Naviaux, R. K., Aiello, A. E., Amstadter, A. B., ...
Youssef, N. A. (2020). Epigenome-wide meta-analysis of PTSD across 10 military and civilian cohorts
identifies methylation changes in AHRR. Nature Communications, 11(5965).
https://doi.org/https://doi.org/10.1038/s41467-020-19615-x

151.Smith, J. A., Zhao, W., Wang, X., Ratliff, S. M., Mukherjee, B., Kardia, S. L., ... Needham, B. L. (2017).
Neighborhood characteristics influence DNA methylation of genes involved in stress response and
inflammation: The Multi-Ethnic Study of Atherosclerosis. Epigenetics, 12(8), 662—673.
https://doi.org/10.1080/15592294.2017.1341026

152.Szyf, M. (2014). Nongenetic inheritance and transgenerational epigenetics. Trends in Molecular Medicine,
21(2), 134-144. https://doi.org/10.1016/j.molmed.2014.12.004

153.S6ndergaard, H. P., Hansson, L.-O., & Theorell, T. (2004). The inflammatory markers C-reactive protein
and serum amyloid A in refugees with and without posttraumatic stress disorder. Clinica Chimica Acta,
342(1-2), 93-98. https://doi.org/10.1016/j.cccn.2003.12.019

154.Soubry, A., Hoyo, C., Jirtle, R. L., & Murphy, S. K. (2014). A paternal environmental legacy: Evidence for
epigenetic inheritance through the male germ line. BioEssays, 36(4), 359-371.
https://doi.org/10.1002/bies.201300113

155.Speer, K., Upton, D., Semple, S., & McKune, A. (2018). Systemic low-grade inflammation in post-
traumatic stress disorder: a systematic review. Journal of Inflammation Research, Volume 11, 111-121.
https://doi.org/10.2147/jir.s 155903

156.Spitzer, C., Wegert, S., Wollenhaupt, J., Wingenfeld, K., Barnow, S., & Grabe, H. J. (2013). Gender-
specific association between childhood trauma and rheumatoid arthritis: A case—control study. Journal of
Psychosomatic Research, 74(4), 296-300. https://doi.org/10.1016/j.jpsychores.2012.10.007

157.Srinivasan, D. G., & Brisson, J. A. (2011). Aphids: A Model for Polyphenism and Epigenetics. Genetics
Research International, 2012, 1-12. https://doi.org/10.1155/2012/431531

158.Sumner, J. A., Chen, Q., Roberts, A. L., Winning, A., Rimm, E. B., Gilsanz, P., ... Kubzansky, L. D.
(2017). Cross-Sectional and Longitudinal Associations of Chronic Posttraumatic Stress Disorder With
Inflammatory and Endothelial Function Markers in Women. Biological Psychiatry, 82(12), 875-884.
https://doi.org/10.1016/j.biopsych.2017.06.020



https://doi.org/10.3389/fpsyt.2013.00056
https://doi.org/10.2217/epi.11.116
https://doi.org/10.1007/s11920-018-0977-9
https://doi.org/10.1038/s41598-020-62262-x
https://doi.org/10.1186/s12915-018-0564-x
https://doi.org/10.1016/j.molcel.2012.11.001
https://doi.org/10.1111/apha.12430
https://doi.org/10.1016/j.mad.2016.12.015
https://doi.org/10.1038/s41580-018-0074-2
https://doi.org/10.1038/s41580-018-0074-2
https://doi.org/10.1002/ajmg.b.31212
https://doi.org/https:/doi.org/10.1038/s41467-020-19615-x
https://doi.org/10.1080/15592294.2017.1341026
https://doi.org/10.1016/j.molmed.2014.12.004
https://doi.org/10.1016/j.cccn.2003.12.019
https://doi.org/10.1002/bies.201300113
https://doi.org/10.2147/jir.s155903
https://doi.org/10.1016/j.jpsychores.2012.10.007
https://doi.org/10.1155/2012/431531
https://doi.org/10.1016/j.biopsych.2017.06.020

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 50

159.Taché, Y., & Brunnhuber, S. (2008). From Hans Selye's Discovery of Biological Stress to the Identification
of Corticotropin- Releasing Factor Signaling Pathways. Annals of the New York Academy of Sciences,
1148(1), 29-41. https://doi.org/10.1196/annals.1410.007

160.Tanaka, T., Narazaki, M., & Kishimoto, T. (2014). IL-6 in Inflammation, Immunity, and Disease. Cold
Spring Harbor Perspectives in Biology, 6(10). https://doi.org/10.1101/cshperspect.a016295

161.Tang, W. W. C., Dietmann, S., Irie, N., Leitch, H. G., Floros, V. 1., Bradshaw, C. R., ... Surani, M. A.
(2015). A Unique Gene Regulatory Network Resets the Human Germline Epigenome for Development.
Cell, 161(6), 1453—1467. https://doi.org/10.1016/j.cell.2015.04.053

162.Tarullo, A. R., & Gunnar, M. R. (2006). Child maltreatment and the developing HPA axis. Hormones and
Behavior, 50(4), 632—639. https://doi.org/10.1016/j.yhbeh.2006.06.010

163.Tau, G., & Rothman, P. (1998). Biologic functions of the IFN-gamma receptors. Allergy, 54(12), 1233—
1251. https://doi.org/10.1034/1.1398-9995.1999.00099.x

164.Thiebaut, F., Hemerly, A. S., & Ferreira, P. C. (2019). A Role for Epigenetic Regulation in the Adaptation
and Stress Responses of Non-model Plants. Frontiers in Plant Science, 10.
https://doi.org/10.3389/fpls.2019.00246

165.Tollefsbol, T. O., Mukherjee, K., & Vilcinskas, A. (2019). In Transgenerational epigenetics (Vol. 13, pp.
315-329). essay, Elsevier/Academic Press.

166.Traustadottir, T., Bosch, P. R., & Matt, K. S. (2004). The HPA axis response to stress in women: effects of
aging and fitness. Psychoneuroendocrinology, 30(4), 392—402.
https://doi.org/10.1016/j.psyneuen.2004.11.002

167.Trerotola, M., Relli, V., Simeone, P., & Alberti, S. (2015). Epigenetic inheritance and the missing
heritability. Human Genomics, 9(1). https://doi.org/10.1186/s40246-015-0041-3

168.Tsai, J., & Shen, J. (2017). Exploring the Link Between Posttraumatic Stress Disorder and inflammation-
Related Medical Conditions: An Epidemiological Examination. Psychiatric Quarterly, 88(4), 909-916.
https://doi.org/10.1007/s11126-017-9508-9

169.U.S. National Library of Medicine. (2020, August 18). F'§ gene: MedlinePlus Genetics. MedlinePlus.
https://medlineplus.gov/genetics/gene/{f8/#:~:text=The%20F8%20gene%20provides%?20instructions.and%2
Opreventing%?20further%20blood%20loss.

170.U.S. National Library of Medicine. (2020, August 18). NLRP12 gene: MedlinePlus Genetics. MedlinePlus.
https://medlineplus.gov/genetics/gene/nlrp12/.

171.U.S. National Library of Medicine. (2020, December 3). C-Reactive Protein (CRP) Test: MedlinePlus
Medical Test. MedlinePlus. https://medlineplus.gov/lab-tests/c-reactive-protein-crp-test/.

172.U.S. National Library of Medicine. (2021, March 2). SECI14L4 SEC14 like lipid binding 4 [Homo sapiens
(human)] - Gene - NCBI. National Center for Biotechnology Information.
https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd=DetailsSearch& Term=284904.

173.Uddin, M., Aiello, A. E., Wildman, D. E., Koenen, K. C., Pawelec, G., de los Santos, R., ... Galea, S.
(2010). Epigenetic and immune function profiles associated with posttraumatic stress disorder. Proceedings
of the National Academy of Sciences, 107(20), 9470-9475. https://doi.org/10.1073/pnas.0910794107

174.UniProt Consortium European Bioinformatics Institute Protein Information Resource SIB Swiss Institute of
Bioinformatics. (2021, April 7). Aryl hydrocarbon receptor repressor. UniProt Consortium European
Bioinformatics Institute Protein Information Resource SIB Swiss Institute of Bioinformatics.
https://www.uniprot.org/uniprot/A9YTQ3.

175.UniProt Consortium European Bioinformatics Institute Protein Information Resource SIB Swiss Institute of
Bioinformatics. (2021, April 7). Killer cell lectin-like receptor subfamily G member 1. UniProt Consortium
European Bioinformatics Institute Protein Information Resource SIB Swiss Institute of Bioinformatics.
https://www.uniprot.org/uniprot/Q96E93.

176.UniProt Consortium European Bioinformatics Institute Protein Information Resource SIB Swiss Institute of
Bioinformatics. (2021, April 7). Toll-like receptor 3. UniProt Consortium European Bioinformatics
Institute Protein Information Resource SIB Swiss Institute of Bioinformatics.
https://www.uniprot.org/uniprot/O15455.

177.UniProt Consortium European Bioinformatics Institute Protein Information Resource SIB Swiss Institute of
Bioinformatics. (2021, April 7). Glucocorticoid receptor. UniProt Consortium European Bioinformatics
Institute Protein Information Resource SIB Swiss Institute of Bioinformatics.
https://www.uniprot.org/uniprot/P04150.



https://doi.org/10.1196/annals.1410.007
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1016/j.cell.2015.04.053
https://doi.org/10.1016/j.yhbeh.2006.06.010
https://doi.org/10.1034/j.1398-9995.1999.00099.x
https://doi.org/10.3389/fpls.2019.00246
https://doi.org/10.1016/j.psyneuen.2004.11.002
https://doi.org/10.1186/s40246-015-0041-3
https://doi.org/10.1007/s11126-017-9508-9
https://medlineplus.gov/genetics/gene/f8/#:~:text=The%20F8%20gene%20provides%20instructions,and%20preventing%20further%20blood%20loss
https://medlineplus.gov/genetics/gene/f8/#:~:text=The%20F8%20gene%20provides%20instructions,and%20preventing%20further%20blood%20loss
https://medlineplus.gov/genetics/gene/nlrp12/
https://medlineplus.gov/lab-tests/c-reactive-protein-crp-test/
https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd=DetailsSearch&Term=284904
https://doi.org/10.1073/pnas.0910794107
https://www.uniprot.org/uniprot/A9YTQ3
https://www.uniprot.org/uniprot/Q96E93
https://www.uniprot.org/uniprot/O15455
https://www.uniprot.org/uniprot/P04150

PARENTAL PTSD AND OFFSPRING INFLAMMATORY DISEASE 51

178.Vale, W., Spiess, J., Rivier, C., & Rivier, J. (1981). Characterization of a 41-residue ovine hypothalamic
peptide that stimulates secretion of corticotropin and beta-endorphin. Science, 213(4514), 1394-1397.
https://doi.org/10.1126/science.6267699

179.von Kinel, R., Hepp, U., Kraemer, B., Traber, R., Keel, M., Mica, L., & Schnyder, U. (2007). Evidence for
low-grade systemic proinflammatory activity in patients with posttraumatic stress disorder. Journal of
Psychiatric Research, 41(9), 744—752. https://doi.org/10.1016/j.jpsychires.2006.06.009

180.Wajed, S. A., Laird, P. W., & DeMeester, T. R. (2001). DNA Methylation: An Alternative Pathway to
Cancer. Annals of Surgery, 234(1), 10-20. https://doi.org/10.1097/00000658-200107000-00003

181.Wang, L., Zhang, J., Duan, J., Gao, X., Zhu, W., Lu, X., ... Liu, J. (2014). Programming and Inheritance of
Parental DNA Methylomes in Mammals. Cell, 157(7), 979-991. https://doi.org/10.1016/j.cell.2014.05.029

182.Wang, W., Wang, L., Xu, H., Cao, C., Liu, P., Luo, S., ... Zhang, X. (2019). Characteristics of pro- and
anti-inflammatory cytokines alteration in PTSD patients exposed to a deadly earthquake. Journal of
Affective Disorders, 248, 52—58. https://doi.org/10.1016/j.jad.2019.01.029

183.Wang, X., Werren, J. H., & Clark, A. G. (2016). Allele-Specific Transcriptome and Methylome Analysis
Reveals Stable Inheritance and Cis-Regulation of DNA Methylation in Nasonia. PLOS Biology, 14(7).
https://doi.org/10.1371/journal.pbio.1002500

184.Wang, Z., & Young, M. R. (2016). PTSD, a Disorder with an Immunological Component. Frontiers in
Immunology, 7. https://doi.org/10.3389/fimmu.2016.00219

185.Wei, Y., Yang, C.-R., Wei, Y.-P., Zhao, Z.-A., Hou, Y., Schatten, H., & Sun, Q.-Y. (2014). Paternally
induced transgenerational inheritance of susceptibility to diabetes in mammals. Proceedings of the National
Academy of Sciences, 111(5), 1873—1878. https://doi.org/10.1073/pnas.1321195111

186.Weissman, C. (1990). The Metabolic Response to Stress. Anesthesiology, 73(2), 308-327.
https://doi.org/10.1097/00000542-199008000-00020

187.Wray, N. R., & Maier, R. (2014). Genetic Basis of Complex Genetic Disease: The Contribution of Disease
Heterogeneity to Missing Heritability. Current Epidemiology Reports, 1(4), 220-227.
https://doi.org/10.1007/s40471-014-0023-3

188.Xing, Y., Shi, S., Le, L., Lee, C. A, Silver-Morse, L., & Li, W. X. (2007). Evidence for Transgenerational
Transmission of Epigenetic Tumor Susceptibility in Drosophila. PLoS Genetics, 3(9).
https://doi.org/10.1371/journal.pgen.0030151

189.Yagound, B., Remnant, E. J., Buchmann, G., & Oldroyd, B. P. (2020). Intergenerational transfer of DNA
methylation marks in the honey bee. Proceedings of the National Academy of Sciences, 117(51), 32519—
32527. https://doi.org/10.1073/pnas.2017094117

190.Yehuda, R., Daskalakis, N. P., Bierer, L. M., Bader, H. N., Klengel, T., Holsboer, F., & Binder, E. B.
(2016). Holocaust Exposure Induced Intergenerational Effects on FKBPS Methylation. Biological
Psychiatry, 80(5), 372-380. https://doi.org/10.1016/j.biopsych.2015.08.005

191.Yong, W.-S., Hsu, F.-M., & Chen, P.-Y. (2016). Profiling genome-wide DNA methylation. Epigenetics &
Chromatin, 9(1). https://doi.org/10.1186/s13072-016-0075-3

192.Zannas, A. S., Wiechmann, T., Gassen, N. C., & Binder, E. B. (2015). Gene—Stress—Epigenetic Regulation
of FKBPS5: Clinical and Translational Implications. Neuropsychopharmacology, 41(1), 261-274.
https://doi.org/10.1038/npp.2015.235

193.Zhong, J., Agha, G., & Baccarelli, A. A. (2016). The Role of DNA Methylation in Cardiovascular Risk and
Disease. Circulation Research, 118(1), 119—131. https://doi.org/10.1161/circresaha.115.305206

194.Zhou, Y., Simpson, S., Holloway, A. F., Charlesworth, J., van der Mei, 1., & Taylor, B. V. (2014). The
potential role of epigenetic modifications in the heritability of multiple sclerosis. Multiple Sclerosis
Journal, 20(2), 135—-140. https://doi.org/10.1177/135245851452091 1

195.Zieker, J., Zieker, D., Jatzko, A., Dietzsch, J., Nieselt, K., Schmitt, A., ... Gebicke-Haerter, P. J. (2007).
Differential gene expression in peripheral blood of patients suffering from post-traumatic stress disorder.
Molecular Psychiatry, 12(2), 116—118. https://doi.org/10.1038/sj.mp.4001905



https://doi.org/10.1126/science.6267699
https://doi.org/10.1016/j.jpsychires.2006.06.009
https://doi.org/10.1097/00000658-200107000-00003
https://doi.org/10.1016/j.cell.2014.05.029
https://doi.org/10.1016/j.jad.2019.01.029
https://doi.org/10.1371/journal.pbio.1002500
https://doi.org/10.3389/fimmu.2016.00219
https://doi.org/10.1073/pnas.1321195111
https://doi.org/10.1097/00000542-199008000-00020
https://doi.org/10.1007/s40471-014-0023-3
https://doi.org/10.1371/journal.pgen.0030151
https://doi.org/10.1073/pnas.2017094117
https://doi.org/10.1016/j.biopsych.2015.08.005
https://doi.org/10.1186/s13072-016-0075-3
https://doi.org/10.1038/npp.2015.235
https://doi.org/10.1161/circresaha.115.305206
https://doi.org/10.1177/1352458514520911
https://doi.org/10.1038/sj.mp.4001905

	A conceptual proposal for the epigenetically causal relationship between parental PTSD and inflammatory disease in post hoc offspring.
	Recommended Citation

	tmp.1620671163.pdf.d0pPL

