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Abstract

Objective—To determine if service members deployed to locations with open air burn pits have
different serum microRNA (miRNA) profiles after deployment compared to length-of-service
matched, non-deployed individuals. We also tested for correlations between miRNA and serum
levels of Polychlorinated Dibenzo-p-Dioxins/Dibenzofurans (PCDD/PCDFsS).

Methods—MIiRNAs were isolated and quantified by PCR array. Groups were analyzed for
differences in miRNA expression. Correlation between serum miRNA and PCDD/PCDFs were
assessed with a linear regression model.

Results—Several miRNAs were differentially expressed after deployment and a partially
overlapping set of miRNAs were identified between deployed and non-deployed individuals.
Significant correlations between miRNAs and PCDD/PCDFs were identified.

Conclusions—Serum miRNA levels show a link between deployment to locations with open
burn pits and environmental exposures that can take place during deployment.

Introduction

Detection and quantification of serum microRNAs (miRNAs) for biomarker discovery or
diagnostic purposes is a rapidly evolving field. MiRNAs are small, non-coding RNAs that
can function to decrease gene expression by binding target mRNASs leading to translational
repression or increased rates of MRNA degradation.() There are over 1500 reported human
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miRNAs with more being identified by multiple genomic approaches.(?) Many of these
miRNAs are grouped in families that are similar in sequence and target the same or related
genes and biological pathways.(®) On average, one miRNA can target approximately 400—
500 different target MRNASs and thus miRNA expression is tightly controlled.( 5)
Interestingly, miRNASs are abundant in the blood, as they are found in red blood cells,
extracellular vesicles and/or in freely circulating protein complexes.(®: 7) MiRNAs have been
shown to be quite stable in serum/plasma samples due to their small size, presence in protein
complexes such as Argonaute-RISC complex and/or presence in small extracellular vesicles
such as exosomes.(7-11)

Numerous reports have identified specific serum/plasma miRNAs to be correlated with
diseases such as cancer, Alzheimer’s disease, Type 2 diabetes and lung diseases such as
COPD.(12-15) \We have previously shown that serum samples from the Department of
Defense Serum Repository (DoDSR) are of sufficient quality to detect important biomarkers
including over 150 different miRNA. Interestingly, specific miRNA show a strong
correlation with other serum markers including cytokines, PAHs and immunoglobulin E
(Woeller et al,, this issue). Key remaining questions include whether the DoDSR samples
can be used to detect specific changes or differences in biomarkers like miRNA expression
that occur as a result of deployment, and whether these biomarkers are useful to identify past
environmental exposures and/or potential resulting health issues.

One mission of the DoDSR is to collect and store serum samples from service members
before and after deployment.(16) Service members have been deployed to various locations
worldwide including recent war zone areas in Afghanistan and Irag.(!”) In these deployment
zones, environmental exposures can be a major occupational hazard for service members.(18)
Smoke from open burn pits, dust storms and diesel exhaust are potential harmful exposures
for deployed service members and these insults may predispose individuals to respiratory
diseases such as COPD, asthma and bronchiolitis.(19-22)

In this study, serum samples were obtained from service members deployed to sites with
open burn pits, and service members who were not deployed (see Mallon et a/, this issue).
Importantly, serum samples were obtained from service members before and after
deployment for the deployed group, and matched with control sera that were drawn from
non-deployed service members who had similar times of service. The objectives of this
study include: 1) identify a set of differentially expressed miRNAs in service members
before and after deployment, 2) identify a set of miRNAs that are different between
deployed (Case) or not deployed (Control) service members, and finally 3) determine
whether specific miRNA levels significantly correlate with serum PAH, polychlorinated
dibenzo-p-dioxin (PCDD) and polychlorinated dibenzofuran (PCDF) data reported in this
issue (Xia and Hopke et al., this issue).

Currently, little is known about how serum miRNA status is affected by environmental PAH
and dioxin/furan exposure. Recent studies have begun to address the relationship between
miRNA expression and exposure to PAHs and dioxins. For example, Song et a/ treated
HepG2 cells with the PAHs benzo[a]anthracene (BA) and benzo[k]fluoranthene (BF) /n
vitro and found an induction of the miR-181 family of miRNAs.(23) In another in vitro
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model Gordon et a/ demonstrated that two p53 targeting miRNAs (miR-25 and miR-92)
were induced by benzo[a]pyrene and dioxin treatment of multiple myeloma cells.(24) Finally,
Deng et al., reported a relationship between several plasma miRNAs and urinary PAH levels
in coke oven workers.(25)

Herein, we sought to identify serum miRNAs that are differentially expressed after
deployment to locations with open burn pits. We also aimed to identify correlations between
serum miRNAs and serum PAH, PCDDs and/or PCDFs. Differentially expressed miRNAS
may represent novel biomarkers of deployment status and/or deployment related
environmental exposure.

Materials and Methods

Eight hundred de-identified serum samples were obtained from the DoDSR for targeted
analysis of miRNA levels. Serum samples were collected from a cohort of service personnel
who were deployed to Joint Base Balad in Iragq (2007-2008) or Bagram Airbase in
Afghanistan (2011-2012). The 200 individuals selected for this study represent a subset of a
larger study (9 21) who had sufficient remaining sera for all the planned analyses at multiple
sites (the Case group). Blood samples were drawn at medical facilities in the US pre- and
post-deployment. The majority of deployments lasted between 6 and 12 months. The
Control group consisted of 200 service members who were not deployed overseas, and who
were selected based on the availability of serum samples collected from routine medical
encounters that matched the Case group for time-in-service. The overall study design is
described in more detail elsewhere (Mallon et a/., this issue) and the serum samples were
handled as previously described (Woeller et al., this issue).

Isolation and analysis of miRNA from serum samples

Briefly, miRNA was extracted from 0.15 ml of serum and reverse-transcribed into
corresponding miRNA cDNA as described previously (Woeller ef al., this issue). The cDNA
was analyzed on low density miRNA PCR arrays that contain serum/plasma focused miRNA
panels (Exigon, Boston, MA). The serum was processed in two batches of 400 samples each.
PCR quantification cycles (Cq) values after quality control were compiled and data was
normalized using the Normfinder.(28) Briefly, Normfinder ranks candidate normalization
miRNAs (or combinations of miRNAS) based on their stability. Mestdagh et al. demonstrate
that mean expression values of commonly expressed miRNAs are superior to other
normalization methods in miRNA profiling studies.(2”) In this study of 800 serum samples,
the most stable normalizer was the mean expression of miRNAs common to all samples (n=
11 miRNAs: miR-451a, miR-16-5p, miR-144-3p, miR-24-3p, miR-23b-3p, miR-21-5p,
miR-25-3p, miR-15a-5p, miR-23a-3p, miR-142-3p and let-7g, stability value = 5.92E-04).
Thus, miRNA levels were normalized to the mean expression (Cq values) of these common
miRNAs. After normalization, data was batch corrected using the Combat program and
converted into relative miRNA levels for each specific miRNA.(28)
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Cotinine analysis

Tobacco use was determined by cotinine analysis. Serum cotinine was measured by EIA as
described previously (Woeller et a/, this issue) and was used as a covariate in subsequent
correlation tests. Values less than 1.0 ng/ml were defined as non-users and greater than
10ng/ml as tobacco users. Values between 1 and 10 ng/ml would meet the criteria for
exposure to second hand tobacco smoke (9 of 800 samples, 1.1%). (29)

Statistical analysis

Results

Statistically significant differences in the miRNA were tested using unpaired Student’s f-test.
Benjamin-Hochberg (BH) method was used wherever indicated to adjust p-values for
multiple hypothesis testing. To test the association of miRNA with PAH, PCDD and PCDF
levels, a linear regression analysis was performed using cotinine and batch as a covariate.
The levels of PAH, PCDD and PCDF were discretized into low and high or low, medium and
high categories because of the zero-inflated distributions. The R package miRNApath(12)
was used to perform the pathway analysis. Pathway information was obtained from
KEGG(0. 31) and Biocarta(®?) databases. All the analysis was performed in R and the
heatmaps were created utilizing gplots.(33)

Serum samples show distinct miRNA expression patterns based on deployment status

To determine if we could identify differentially expressed serum miRNAS in service
members before and after deployment, serum samples were obtained from service members
deployed to sites with open burn pits (Case) and service members who were never deployed
(Control). Importantly, serum was collected before (Pre) and after deployment (Post) or at
matched time-in-service from non-deployed individuals. In total, 800 serum samples were
obtained with 200 samples in each of the four groups: 1) Control Pre, 2) Control Post, 3)
Case Pre and 4) Case Post (See Figure 1). MiRNA isolation and detection was performed as
previously described using the serum/plasma miRNA panel (version 3 or 4) from Exigon
(Woeller et af, this issue). All 800 samples were found to contain miRNA, however, five
samples contained very low amounts of miRNA and were excluded from subsequent
analysis. Another source of unwanted variation in serum sample miRNA expression is
contamination from red blood cell lysis (hemolysis) during serum or plasma collection.(34)
As in Blondal et al., we used the difference in expression between miR-451 (predominantly
a red blood cell miRNA) and miR-23a (predominantly a non-cellular miRNA) to test for red
blood cell miRNA contamination.(34) Here, four samples showed high levels of miR-451
which suggests some hemolysis and these samples were also omitted from subsequent
analysis. Thus, 791 out of 800 (99%) of the samples were used for miRNA profiling.

Expression profiling of serum miRNA revealed that on average, 120 miRNAs from the
serum/plasma panel were detected per sample. 72 miRNAs were expressed in 95% of all
samples indicating robust and consistent miRNA detection in analyzed sera. After quality
control, normalization of mMiRNA expression and subsequent batch correction using Combat,
the relative miRNA expression profiles were separated into their respective groups (Control
Pre, Control Post, Case Pre and Case Post). Our first analysis was to determine if Case and
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Control samples expressed different serum miRNA levels before Case deployment. Thus a
Case Pre vs. Control Pre comparison is provided in Table 1. 19 miRNAs were differentially
expressed between the Case and Control group before Case deployment, with 8 miRNAS
increased and 11 miRNAs decreased in expression in the Case Pre group, respectively (Table
1). These results reveal that, despite the controls being selected randomly, there were
differences in serum miRNA between Control and Case groups before deployment, and thus,
these miRNAs must be taken into account when comparing Control and Case groups after
Case deployment.

The next analysis was to test for differences in miRNA expression in the deployed (Case)
group (Table 2A). Excitingly, six miRNAs were differentially expressed in the Case group
after deployment with 5 miRNAs increasing and 1 miRNA decreasing in expression,
respectively. Next, we compared the Control Post and Case Post groups (Table 2B). Twenty-
four miRNAs were differentially expressed in the Control Post vs. Case Post groups. Seven
of the miRNAs that were significantly different between these two groups were also
identified in the Control Pre vs. Case Pre comparison. These seven miRNAs were removed
from Table 2B (7 miRNAs shaded in Table 1). Taken together, 6 miRNAs were significantly
different in the Case group after deployment and 17 miRNAs were significantly different
between the Case and Control groups after Case deployment to sites with open burn pits.

Figure 2A is a summary of the significantly different miRNA levels between the 4 sample
sets. The most relevant differences to the study of service-related environmental exposures
are Case Pre vs. Case Post and Case Post vs. Control Post (see Table 2). After filtering out
differences between the Case and Control groups that existed pre-exposure, 21 miRNAs of
interest remain that were changed by deployment to locations with open burn pits (Figure
2B). Interestingly, miR-145-5p and miR-17-5p were identified in both the Case Pre vs. Case
Post analysis and the Control Post vs. Case Post analysis (shaded miRNAs in Tables 2A and
2B). Both of these miRNAs showed an increase in expression in the Case Post group when
compared to either Control Post or Case Pre. MiR-145-5p and miR-17-5p have the lowest p
values (0.006 and 0.008, respectively) in the Case Pre vs. Case Post analysis. Additionally,
miR-145-5p has the lowest p-value in the Control Post vs. Case Post analysis (p =
1.28E-05). These data suggest that increased levels of miR-145-5p and miR-17-5p may be
important markers of deployment to locations with open burn pits. Other miRNAs of interest
as potential markers of deployment include let-7 miRNA family members. Let-7 miRNAs
are a set of related miRNAs with similar biological functions. Let-7c-5p was significantly
increased in the Case Pre vs. Case Post analysis while both let-7a-5p and let-7d-5p were
significantly increased in the Control Post vs. Case Post analysis. (See Table 1 and 2B).
These results suggest that an increase in let-7 miRNAs may also be an important marker of
deployment status. Other miRNAs that are sequence related and found to be significantly
associated with deployment were miR-25-3p and miR-32-5p. Both of these miRNAs were
decreased in the Control Post vs. Case Post analysis.

Many of the deployment related miRNAs are from different miRNA families and contain
distinct seed sequences. Even with different seed sequences, some deployment related
miRNAs may target similar signaling pathways that could be of significant biological
relevance. To assess similarities, we grouped predicted miRNA target genes by cognate
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KEGG and Biocarta pathways using miRNApath (Figure 3).(12.35) Interestingly, multiple
cellular pathways are regulated by two or more miRNAs related to deployment (Figure 3).
For example, multiple miRNAs target cell cycle, ErbB, focal adhesion and JAK-STAT
signaling pathways. In particular, ErbB signaling (miR-363-3p, miR-145-5p, miR-23b-3p,
miR-126-3p, let-7c and let-7a) and JAK-STAT signaling (miR-19a-3p, miR-126-3p,
miR-145-5p, miR-23b-3p and miR-424-5p) have 5 or more common deployment related
miRNAs targeting these pathways. These data suggest that strong relationships between
deployment to areas with open burn pits and key cellular pathways are mediated by
mMiRNAs.

Serum PCDD and PCDF levels correlate with specific miRNA levels

Burning solid waste in open burn pits while adding JP-8 jet fuel as an accelerant causes
numerous pollutants to be released into the surrounding air, including carbon monoxide,
respirable particulate matter, polycyclic aromatic hydrocarbons (PAHSs), polychlorinated
dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs).(1% PCDDs and
PCDFs are generated as the result of incomplete combustion of plastics and other materials
present in open burn pits.(36-38) Using the serum PAH, PCDD and PCDF data from Xia et
al., (This issue), we performed a linear regression analysis as described in the Methods
section with serum miRNA data to identify significant associations. Importantly, since
tobacco smoke can also lead to exposure, cotinine status was used as a covariate in the
analysis.

In this analysis, all 800 samples were treated as discreet data points, without regard to
deployment or other sources of PAHs, PCDD and PCDF exposure, which are widespread in
the environment.(3%-41) Significant miRNAs were initially discovered to be associated with
serum levels of PAHs, PCDDs and PCDFs. After false discovery rate correction, PAHs
showed no significantly associated miRNAs in this set. However, 56 miRNAs were found to
have significant correlations with PCDDs and/or PCDFs (Table 3). Since PCDDs and
PCDFs could accumulate in serum as the result of many environmental exposures, not just
deployment and open burn pit smoke, we determined if there were any overlapping miRNAs
that showed significant relationships with both PCDD/PCDFs and deployment to locations
with open burn pits (Figure 4A). We identified 5 miRNAs that were altered with deployment
and with PCDD/PCDFs (Figure 4B). Thus, while 56 miRNAs are impacted by PCDDs and
PCDFs in general, 5 were specifically affected by PCDDs and PCDFs in the context of
deployment to sites with open burn pits. Interestingly, in this analysis two let-7 miRNAs
(let-7a-5p and let-7d-5p) were significantly correlated with total PCDFs, while miR-144-3p,
miR-16-5p and miR-32-5p are associated with heptachlorodibenzofuran (HpCDF).

Discussion

Here, using sera from time-in-service matched service members that were either deployed to
locations with open burn pits or not deployed, we identified several miRNAs that were

associated with environmental exposures and deployment. Even in this large cohort of serum
samples from the DoDSR, the overwhelming majority of samples expressed robust levels of
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many different miRNA species. These results suggest that serum miRNA levels are indeed
powerful biomarkers to gauge deployment and deployment related environmental exposures.

Although the Control subjects were chosen at random (from a database of non-deployed
personnel with available serum samples drawn at matching times-in-service), their miRNA
profile differed significantly from the pre-deployment miRNA profile of the Case subjects.
While the full explanation for this is currently unclear, one potential factor is that the never
deployed group was never deployed, while half of the Case group had one or more prior
deployments to Iraq or Afghanistan area of operations (See Rohrbeck et al,, this issue). Prior
deployments may have changed their miRNA profile through deployment-related factors
such as stress, diet, travel and environmental exposures. Furthermore, some of the
differences may be due to differences in age, gender and general health status in the Control
and Case cohorts. For example, a recent study by Noren Hooten et a/., revealed that certain
serum miRNA levels change depending on subject age.“2) We could not further break down
the Case and Control groups based on age and gender as the detailed demographic data was
under privacy restrictions, however, such subgroup analysis may be fruitful at a later date.

Despite the possible confounding effect of prior deployment in the Case group, we were still
able to identify 21 miRNAs that were associated with deployment to sites with open burn
pits. Some of these miRNAs found to be associated with deployment are members of the
same family. MiRNA families target the same or similar mRNAs and often regulate related
biological pathways.(43) For example, the related miRNAs, miR-25-3p and miR-32-5p, are
predicted to target pathways including MAPK and TGFp signaling.#4) Both miR-25-3p and
miR-32-5p are decreased in serum from deployed personnel and thus these biological
pathways may be affected by these two miRNAs.

While we cannot yet explain differences between the Control and Case cohorts due to
restrictions of necessary demographic data, we did find significant changes in miRNA
expression in the Case group before and after deployment to bases with open burn pits. In
this analysis, the Case group served as its own reference and thus, even without demographic
data, changes are likely due to deployment. Six miRNAs were found to be significantly
different in this analysis and two of these miRNAs, miR-145-5p and miR-17-5p, have a p-
value of less than 0.01. Interestingly, miR-145-5p is predicted to target numerous biological
pathways that are important in exposure and inflammatory related insults including: TLR
signaling, JAK-STAT signaling, p38 signaling and T cell receptor signaling (Figure 3).
Predicted target mRNAs of miR-145-5p that are associated with inflammation include:
IFNB1, MAPK14, and STAT3.(45) A recent report found that miR-145-5p is upregulated in
plasma from asthma patients.(6) Thus, since recent reports suggest an increase in respiratory
problems with personnel deployed to areas with open air burn pits (29, one mechanism may
include induction of miR-145-5p levels which can alter inflammatory gene responses and
promote onset of respiratory diseases such as asthma. Likewise, miR-17-5p has been shown
to be upregulated in various disease states including: pulmonary artery hypertension,
hepatocellular carcinoma and lung cancer.(47=49) Elevated serum miR-17-5p levels have
been proposed as a diagnostic biomarker for lung cancer.(4”) Biological pathways predicted
to be regulated by miR-17-5p include: p53 signaling, mTOR signaling and oxidative
phosphorylation (Figure 3). Target mMRNAs of miR-17-5p include: PCAF, SMAD7 and
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PTEN, which can limit cell proliferation.(8. 50. 51) Additionally, miR-17-5p levels increased
arginase Il expression in pulmonary artery smooth muscle cells, which led to an increase in
cell proliferation, a hallmark of pulmonary artery hypertension.(4®) Thus, induction of
miR-17-5p expression may serve to alter biological pathways leading to aberrant cellular
proliferation. While miR-145-5p and miR-17-5p may be playing a mechanistic role in
increasing respiratory health problems in personnel deployed to open air burn pits, further
validation studies are needed.

Finally, we identified 56 miRNAs that were strongly associated with PCDD and PCDF
exposure regardless of source. To our knowledge, this novel finding represents the first
identification of miRNAs associated with PCDD and PCDF levels from human sera. Even
after false discovery rate analysis, we were surprised to identify that PCDDs and PCDFs
affected approximately 1/3 of the total number of measured serum miRNAs. PCDDs and
PCDFs are long lasting environmental contaminants, with half-lives of months to years.(2)
It is not surprising that some non-deployed Controls and pre-deployment Case subjects had
high levels of PCDD and PCDF as exposure sources include combustion, industrial
processes, air pollution and soil contamination.(®3-56) PCDDs and PCDFs can profoundly
activate cellular detoxification pathways and have effects on important regulatory pathways
including the cell cycle, cell differentiation, and carcinogenesis.(7-69) It may be that one
mechanism whereby these compounds have such broad effects is by altering a large subset
of miRNAs to influence these crucial cellular pathways.

Five miRNAs were co-associated with deployment and with all-source PCDD/PCDFs.
These data suggest that these miRNAs may be activated by combinations of pathways
impacted by deployment such as PCDD/PCDF in combination with non-anthropogenic air
pollution (dust, etc.) or other deployment related factors (pesticides, allergens, stress). Two
of these miRNAs are let-7a and let-7d, both members of the let-7 family. (61) Let-7 miRNAs
are predicted to target many pathways including cell stress, cell proliferation and
differentiation and carcinogenesis.(62-54) These biological pathways are also influenced by
PCDD/PCDFs, suggesting that these are important pathways to monitor in environmentally
exposed, deployed service members.

In conclusion, we identified several miRNAs that were differentially expressed after
deployment to sites with open burn pits. Additionally, when comparing service members
deployed to those not deployed, we found a partially overlapping set of miRNAs.
Furthermore, we discovered significant, novel correlations between serum miRNAs and
serum levels of PCDDs and PCDFs. Interestingly, five miRNAs that were differentially
expressed in the deployed group also correlated with serum PCDD and/or PCDF status. We
conclude that certain serum miRNA levels show a link between deployment and strong
correlation with environmental exposures that can occur during deployment such as
exposure to open air burn pits.
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Figure 1. Study design and sample nomenclature
800 de-identified serum samples were obtained from the Department of Defense Serum

Repository (DoDSR) for targeted analysis of microRNA (miRNA) levels. Serum samples
were collected from a cohort of 200 service personnel who were deployed to either Joint
Base Balad in Iraq (2006—-2008) or Bagram Airbase in Afghanistan (2011-2012). These
samples represent the Case group. Sera was collected Pre and Post deployment (N= 400
Case samples, 200 Pre and 200 Post). The Control group consisted of 200 service members
who were not deployed overseas, and who were selected for matched time-in-service in both
Pre and Post draws (N= 400 Control samples, 200 Pre and 200 Post). These groups were
assigned and miRNA profiling was performed to identify changes in miRNA expression.
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Figure 2. Summary of serum microRNAsthat werefound to be significantly associated with
deployment to siteswith open burn pits

A.) The 4 groups were analyzed for significant changes in miRNA levels. Each group
analyses revealed a number of significant changes as shown by the number next to each
arrow for comparison. B.) Venn diagram revealing the subset of miRNAs that are potentially

deployment related miRNAs. The significant miRNAs in Case Pre vs. Case Post and Control

Post vs. Case Post comparisons but not in the Control Pre vs. Case Pre comparison totaled
21 miRNAs.
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Figure 3. Pathway analysis of miRNAs significantly associated with deployment to siteswith

open burn pits

Pathway analysis (see methods) of miRNAs associated with deployment to locations with
burn pits based on ranking according to p-values was performed in R (R package

miRNApath! for pathway analysis). The color map p-values indicate the strength of the

association between the miRNA and the relevant pathway. Pathways targeted by fewer than

2 miRNAs and miRNAs that targeted fewer than 2 pathways were omitted for clarity.
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Deployment PCDD/PCDF
related related
miRNA miRNA
16 51
miRNA Total.PCDF Total. HXCDF Total. HpCDF
let-7a-5p 0.015 0.807 0.366
let-7d-5p 0.040 0.725 0.564
miR-144-3p 0.187 0.301 0.014
miR-16-5p 0.827 0.014 0.002
miR-32-5p 0.187 0.064 9.03E-08

Figure 4. Summary of serum microRNAsthat were found to be significantly correlated with
specific or total PCDD or PCDFs and associated with deployment

A.) Diagram illustrating the five miRNAs that were correlated with both the deployment
related miRNA group and the PCDD/PCDF miRNA group. B.) List of the five miRNAs
from the above Venn diagram. Highlighted columns show significant p-values (p < 0.05)
after Benjamin-Hochberg false discovery rate correction.
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List of microRNAs significantly different in serum from service membersin the Control

Pre and Case Pre groups

All microRNAs listed are significant with a p value cut off of < 0.05. Specific p values are shown for each
miRNA. Changes denote increase (up) or decrease (down) in Case Pre deployment samples. MiRNAs shaded

in gray are also significantly different in Control Post and Case Post groups and thus these differences
highlight changes independent of both deployment and differences in Control and Case populations.

Control Prevs. CasePre | Change | p-value
miR-101-3p DOWN 0.041
miR-127-3p UpP 0.0296
miR-140-5p upP 0.0268
miR-150-5p DOWN 0.0175
miR-15a-5p DOWN 0.0171
miR-18a-5p UpP 0.0004
miR-191-5p upP 0.0389
miR-20a-5p DOWN 0.0142
miR-21-5p DOWN 0.007
miR-223-5p UpP 0.0448
miR-23a-3p UP 0.0349
miR-301a-3p UpP 0.0143
miR-30b-5p UP 0.008

miR-320b DOWN 0.006
miR-34a-5p DOWN 0.0474
miR-374a-5p DOWN 0.0161
miR-451a DOWN | 0.0078
miR-486-5p DOWN 0.0047
miR-92a-3p DOWN | 0.0003

miRNAs significantly different in Control and Case groups independent of deployment (Significant in Control Pre vs. Case Pre and Control Post vs.

Case Post)

J Occup Environ Med. Author manuscript; available in PMC 2017 August 01.
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Table 2
List of microRNAs significantly changed in serum from service members post deployment

and between deployed vs. non deployed groups

A.) Case Pre vs. Case Post analysis identified significant changes in miRNAs after the Case group returned
from deployment. B.) Control Post vs. Case Post analysis lists significant miRNAs between Case and Control
group after the Case group returned from deployment. All microRNAs listed are significant with a p value cut
off of < 0.05. Specific p values are shown for each miRNA. Changes denote increase (up) or decrease (down)
in Case Post groups. MicroRNAsin bold are also significant in both post deployment comparisons.

A
CasePrevs. CasePost | Change | pvalue
let-7¢-5p upP 0.015
miR-145-5p UP 0.006
miR-17-5p UP 0.008
miR-19a-3p DOWN 0.027
miR-222-3p upP 0.031
miR-29c¢-3p upP 0.048
B
Control Post vs. Case Post | Change | p value
let-7a-5p UP 0.024
let-7d-5p UP 0.001
miR-126-3p UP 0.023
miR-144-3p DOWN 0.015
miR-144-5p UP 0.004
miR-145-5p UP 1.28E-05
miR-16-2-3p DOWN 0.042
miR-16-5p DOWN | 0.039
miR-17-5p UP 0.037
miR-23b-3p UP 0.043
miR-24-3p UP 0.013
miR-25-3p DOWN | 0.028
miR-30c-5p UP 0.047
miR-32-5p DOWN | 0.015
miR-363-3p DOWN 0.007
miR-374b-5p upP 0.046
miR-424-5p UP 0.003

miRNAs significantly different in both comparisons
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