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BACKGROUND: The East Palestine, Ohio, train derailment on February 3rd, 2023, resulted in the exposure of residents and the
surrounding area to numerous hazardous chemicals, which included known acute irritants and human carcinogens. Despite
evacuation and cleanup, both residents and responders reported high occurrences of symptoms associated with exposure in the
months following, such as eye, skin, and respiratory irritation, headaches, and fatigue. The long-term health consequences for
residents remain uncertain.
OBJECTIVE: To assess the potential for immune perturbations resulting from the exposure, we performed a broad investigation of
circulating immune cells and mediators from residents of East Palestine, OH, 5 months following the derailment.
METHODS: We performed exploratory immunophenotyping via flow cytometry and immune mediator profiling via Luminex on
peripheral blood mononuclear cells and plasma collected from 19 participants who resided within an approximately one-mile
radius of the derailment. These results were compared to sex and age-matched controls from an unexposed location.
RESULTS: Immunophenotyping of East Palestine residents revealed decreased overall proportions of T and B lymphocytes and a
shift towards memory subsets. Natural killer cell percentages were increased, particularly the cytotoxic CD56dim subset. Cytokine
assays demonstrated heightened levels of cytokines and growth factors associated with hematopoietic differentiation and tissue
repair.
SIGNIFICANCE: Collectively, our observations demonstrate potential immunomodulation indicative of a response to an
inflammatory insult within this cohort of exposed participants. This investigation indicates the necessity of expanded retrospective
studies to continue immune monitoring of residents for evaluation of long-term health impacts.
IMPACT: This study evaluates immune perturbations in East Palestine, OH, residents five months after the February 3rd, 2023, train
derailment, revealing altered lymphocyte frequencies, increased cytotoxic NK cells, and elevated cytokines linked to regulation of
hematopoiesis and tissue repair. Findings suggest persistent immunomodulation consistent with prior inflammatory exposure and
underscore the need for expanded long-term immune monitoring to understand potential chronic health effects in this exposed
community.
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INTRODUCTION
On February 3rd, 2023, a freight train transporting hazardous
chemical materials derailed in East Palestine, Ohio. Twenty of the
derailed freight cars contained hazardous materials, which included
known respiratory irritants and human carcinogens [1] (vinyl
chloride [2], butyl acrylate [3], ethylhexyl acrylate [4], isobutylene
[5], ethylene glycol monobutyl ether [6], and benzene residue [7]).
These chemicals were subsequently released into the environment
as cars caught fire and their contents drained into nearby water
streams [1]. The derailment prompted an evacuation of nearby
residents, with officials warning of a potential explosion [8]. To avert
this, the five cars containing vinyl chloride underwent a “vent and
burn” on February 6th, releasing toxic fumes into the atmosphere
[9]. Officials declared on February 8th that it was safe for residents to
return, citing that air contaminant levels were below safety
screening thresholds [10]. However, a health survey conducted
within a month of the derailment indicated high occurrences of
headaches (74%), anxiety (64%), coughing (61%), tiredness/fatigue
(58%), and irritation, pain, or burning of the skin (52%) [11]. Acute
symptoms of irritant exposure among residents and responders
were noted in surveys during the months after the derailment [12].
Concerns have been raised over the sensitivity of deployed

screening methods to detect low but harmful concentrations and
the lack of monitoring for potential chemical derivatives that
resulted from the event [13, 14]. Air monitoring studies during the
month following the accident revealed high concentrations of
acrolein (a combustion product and known respiratory irritant) and
identified elevated levels of unique chemical compounds that were
not included in regular monitoring [13]. The long-term health
consequences of the event on residents remain uncertain. The
potential for vinyl chloride exposure is of particular concern due to
its association with increased risk of several cancers and cardiovas-
cular disease [15–18]. Such concerns warrant the continued health
monitoring of those exposed to the East Palestine (EP) derailment to
determine any long-term health impact.
Despite measured levels of released compounds being reported

as below minimal risk thresholds, the symptoms reported by East
Palestine residents and first responders align with those of volatile
organic compound (VOC) exposure [19]. Exposure to environmental
pollutants is known to contribute to immune dysregulation, with
vinyl chloride and butyl acrylate being linked to the induction of
inflammation and disruption of cytokine production [20–22]. Thus,
we performed exploratory immune phenotyping and cytokine
profiling to assess potential impacts on resident immune regulation
using blood samples obtained from 19 participants who resided
within an approximately one-mile radius from the derailment.

MATERIALS AND METHODS
Human participants
Whole blood samples were collected on July 17–18th, 2023, from 19 residents
of East Palestine, OH, approximately 5months following the train derailment of
February 3rd, 2023. EP participants all resided between 0.3 and 1.6 miles from

the derailment, and all but one evacuated by February 6th. The majority
(72.3%) of participants returned between February 8th and 13th. One returned
on February 26th. Three individuals did not return as of July 17th, 2023. For
controls, we utilized samples from 21 healthy individuals (age and sex
matched) who resided in Riverside (California) and were obtained between
March 2015 and July 2016 for an unrelated study evaluating varicella zoster
virus immunity among a generally healthy population (Table 1). Sex
distribution did not differ significantly between East Palestine participants
and controls (p-value: >0.9999, Fisher’s exact test). Differences in age between
the two groups, regardless of sex, were also non-significant (p-value: 0.8367,
unpaired t-test with Welch’s correction). When analyzed separately by sex, the
age difference remained non-significant for both male (p-value: 0.1483) and
female participants (p-value: 0.1652). Enrolled participants in both cohorts self-
reported as non-smokers. Both studies were approved by the Institutional
Review Board at the University of Kentucky (IRB#86158) and the University of
California, Riverside (IRB# HS 14-089).

Sample collection and processing
Whole blood samples were collected in EDTA vacutainers. Complete blood
counts were obtained with a Cell-DYN Emerald Hematology Analyzer
(Abbott, Abbott Park, IL). Samples were processed as previously described
[23, 24]. In short, plasma was obtained from maternal whole blood samples
with SepMate PBMC Isolation Tubes (STEMCELL, Vancouver, Canada) and
Lymphoprep (STEMCELL, Vancouver, Canada) per the manufacturer’s
instructions. The buffy coat was removed and centrifuged at 2000 rpm
for 5 min before peripheral blood mononuclear cells were resuspended in
10% DMSO and FBS freezing media. Cells were stored in liquid nitrogen,
and plasma samples were stored at –80 °C.

Luminex
Cytokine, chemokine, and growth factor immune mediator measurements
in plasma samples were determined with a Milliplex Human Cytokine/
Chemokine/Growth Factor Panel A 38 Plex Premixed Magnetic Bead Panel
(MilliporeSigma, Burlington, MA). Plates were analyzed using a MAGPIX
instrument and xPONENT software (Luminex, Austin, TX).

Flow cytometry analysis of PBMC
5 × 105 freshly thawed PBMCs were stained with ghost dye UV450 (Tonbo, San
Diego, CA) followed by a surface cocktail of the following fluorescently labeled
antibodies—CD56 (BUV615; BD Biosciences, Franklin Lakes, NJ), CD3 (BV650;
BD Biosciences, Franklin Lakes, NJ), CD14 (BV711; BD Biosciences, Franklin
Lakes, NJ), CD8 (cFluor B548; Cytek Biosciences, Fremont, CA), CD4 (cFluor
V610; Cytek Biosciences, Fremont, CA), CD20 (PerCP-Cy5.5; BioLegend, San
Diego, CA), HLA-DR (APC-Cy7; BioLegend, San Diego, CA), CD11c (BUV661; BD
Biosciences, Franklin Lakes, NJ), CD45RA (BV570; BioLegend, San Diego, CA),
CD27 (cFluor YG584; Cytek Biosciences, Fremont, CA), IgD (BV605; BioLegend,
San Diego, CA), CD123 (PE-CF594; BD Biosciences, Franklin Lakes, NJ), CD16
(BUV395; BD Biosciences, Franklin Lakes, NJ), and CD197 (BV785; BioLegend,
San Diego, CA). After a 30-minute incubation, cells were fixed for 2 h, then
permeabilized using the Foxp3/Transcription Factor Staining Buffer Kit (Tonbo,
San Diego, CA) and stained intranuclearly with Ki67 overnight (BV421; BD
Biosciences, Franklin Lakes, NJ). Sample measurements were acquired on an
Aurora cytometer (Cytek, Fremont, CA) and analyzed using the SpectroFlo
Software (Cytek, Fremont, CA). The cells were unmixed with the autofluores-
cence extraction option enabled, and extracted FCS files were analyzed using
FlowJo (Ashland, Oregon). Manual gating was performed as shown in
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Supplementary Fig. 1B. Unsupervised clustering and dimensionality reduction
were performed using FlowSOM (Flow cytometry data analysis using Self-
Organizing Maps) [25]. Debris, doublets, and dead cells were excluded from
analysis. Outliers with heightened MFI values in one or more clusters were
confirmed with the ROUT (Q= 1%) test and excluded from FlowSOM analysis,
leaving n= 17 in both groups. We down-sampled 29,411 events per sample,
concatenated, and exported an FCS file of 999,974 events. The batch effect was
corrected with cyCombine (Cofactor: 6000; SOM Grid Size: 8×8; Z-score
normalization). Unsupervised clustering and metaclustering were performed
using FlowSOM (Metacluster #: 30; SOM Grid Size: 10×10) based on the
expression of 15 markers—HLA-DR, CD16, CD56, CD11c, Ki-67, CD45RA, IgD,
CD3, CD14, CD197, CD20, CD8, CD4, CD27, and CD123. Dimensionality
reduction by UMAP was performed to visualize the data.

Bacterial stimulation
5 × 105 PBMCs were cultured for 16 h in RPMI media with 10% FBS in the
presence or absence of a cocktail of bacterial toll-like receptor ligands
consisting of 1 μg/mL Pam3CSK4, 0.5 μg/mL FSL-1, and 0.5 μg/mL LPS
(Invivogen; San Diego, CA) in 96-well tissue culture plates at 37 °C in a 5%
CO2 incubator. Cells were then stained with the following fluorescently
labeled antibodies—CD3 (BV510; BioLegend, San Diego, CA), CD20 (BV510;
BioLegend, San Diego, CA), HLA-DR (APC-Cy7; BioLegend, San Diego, CA),
CD14 (PE; Invitrogen, Waltham, MA), CD56 (BV711; BioLegend, San Diego,
CA), CD16 (AF700; BioLegend, San Diego, CA), CD11c (PE-Cy7; BioLegend,
San Diego, CA), and CD123 (BV605; BioLegend, San Diego, CA). Cells were
fixed and permeabilized using Biolegend Fixation and Intracellular Staining
Permeabilization Wash Buffer (San Diego, CA) before the addition of the
following intracellular antibodies—TNFα (APC; BioLegend, San Diego, CA),
IL-6 (FITC; Invitrogen, Waltham, MA), IL-1β (PB; BioLegend, San Diego, CA),
and MIP-1β (PerCP-eFluor710; Invitrogen, Waltham, MA). Samples were
acquired with the Attune NxT Flow Cytometer (Invitrogen, Waltham, MA)
and analyzed using FlowJo software (Ashland, OR).

Statistical analysis
Data were analyzed with Prism 10 (GraphPad, Boston, MA). Differences in sex
between East Palestine and control participants were determined via Fisher’s
exact test. Data sets were tested for normality using the Shapiro-Wilk test.
Normally distributed data sets were analyzed using an unpaired t-test with
Welch’s correction. Data sets that were not normally distributed were analyzed
using a nonparametric Mann–Whitney test. A sparse Partial Least Squares
Discriminant Analysis (sPLS-DA) of plasma immune mediator concentrations
was performed for EP and control using the package MixOmics [26].

Ethical approval
The studies to obtain East Palestine and control samples were approved by
the Institutional Review Board at the University of Kentucky (IRB#86158)
and the University of California, Riverside (IRB# HS 14-089), respectively.
Informed consent was obtained from all subjects. All methods were
performed in accordance with the relevant guidelines and regulations.

RESULTS
Altered innate and adaptive immune phenotypes in East
Palestine residents
Peripheral blood composition was first broadly characterized with
complete blood counts (CBC). Red blood cell (RBC) counts,

hematocrit (HCT) levels, mean corpuscular hemoglobin concen-
trations (MCHC), and overall hemoglobin (HBG) concentrations
were significantly higher in EP samples compared to controls
(Supplementary Fig. 1A). Additionally, significantly elevated
platelet (PLT) concentration and mean platelet volume (MPV)
were detected in EP subjects (Supplementary Fig. 1A). Lympho-
cyte percentage was lower in EP residents, while granulocyte
percentage was higher (Supplementary Fig. 1A).
Since CBC data is limited to cell size, shape, and granularity

properties, we next used flow cytometry on PBMC samples to
obtain a deeper insight into cell-specific alterations within the white
blood cell compartment. We initially classified subsets through
manual gating (Supplementary Fig. 1B). In line with the reduced
lymphocyte concentrations noted by CBC analysis, frequencies of
T cells were significantly lower in EP samples (Fig. 1A). Further
partitioning into T cell subsets revealed a reduction of CD4+ cells
accompanied by an expansion of cytotoxic CD8+ cells in the EP
cohort (Fig. 1A). Moreover, EP samples had reduced percentages of
naive CD4+ and CD8 + T cells with an expansion of effector memory
subsets (Fig. 1A). The EP samples additionally had a lower
percentage of B cells with a notably lower frequency of naïve and
higher frequency of MZ-like B cells compared to controls (Fig. 1B). In
contrast, the frequency of innate immune cells was significantly
higher in EP samples (Fig. 1C). Within the innate cells, the frequency
of monocytes was reduced, and the frequency of NK cells was
increased (Fig. 1C). An expansion of immunoregulatory non-classical
monocytes was observed within the monocyte population in the EP
cohort while frequencies of classical and intermediate monocytes
were significantly lower than controls (Fig. 1C). The increase in NK
cells was driven by a significantly higher prevalence of cytotoxic
CD56dim NK cells in the EP group (Fig. 1C).
To further investigate the differences in immune cell frequencies,

we performed a robust integration and batch correction followed
by unsupervised clustering and dimensionality reduction using
FlowSOM (Flow cytometry data analysis using Self-Organizing
Maps), a clustering and visualization algorithm for unsupervised
analysis of high-dimensional cytometry data [25]. Because it
considers all markers simultaneously rather than two at a time
and builds self-organizing maps that provide an overview of marker
expression across all cells, FlowSOM can reveal cell subsets that
might be overlooked as well as identify rare or unexpected
populations that traditional sequential manual gating would miss.
FlowSOM analysis generated 30 distinct clusters (Supplementary
Fig. 1C). Clusters were identified by relative expression of each
marker (Table 2 and Supplementary Fig. 1D). Dimensionality
reduction with UMAP was overlayed with FlowSOM clustering to
generate a two-dimensional visualization (Fig. 2A).
Seven T cell clusters were identified, three CD4+ and four

CD8 + , which aligned well with the manual gating strategy
(Supplementary Fig. 2A). Overlaying of clusters on manual gating
revealed distinct separation between CD4+ and CD8 + T cell
subsets (Supplementary Fig. 2B). The clustering of CD4 + T cells
was driven by expression of costimulatory CD27, which is essential

Table 1. Cohort metadata.

East Palestine Controls

Total Male Female Total Male Female

Age, n 19 8 11 21 9 12

Mean (SD) 55 ± 15 63 ± 12 49 ± 14 56 ± 15 53 ± 15 58 ± 14

Range 31–76 38–76 31–67 31–77 36–77 31–69

Age Group, n (%)

20–29 years 5 (26.3%) 1 (12.5%) 4 (36.36%) 5 (23.8%) 1 (11.1%) 4 (33.3%)

40–59 years 5 (26.3%) 1 (12.5%) 4 (36.36%) 6 (28.6%) 1 (11.1%) 5 (41.7%)

60 years 9 (47.4%) 6 (75.0%) 3 (27.27%) 10 (47.6%) 7 (77.8%) 3 (25.0%)

.
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for the differentiation of T memory cells [27]. This marker is
expressed on all naïve and most memory T cells but is lost in
effector subsets [28]. Within CD4 + T cells, three populations
differentiated by CD27high, CD27 + , and CD27- expression were
identified as clusters 1, 2, and 11 respectively (Supplementary
Fig. 2B). The CD8 + T cells were clustered based on CD197 and
CD45RA marker expression resulting in cluster 18 and 19
containing predominantly CD8+ terminally differentiated effector
memory (TEMRA), cluster 20 containing predominantly naïve
CD8 + , and cluster 26 containing predominantly effector memory
(EM) and central memory (CM) (Supplementary Fig. 2B). T cell
cluster distribution across UMAPs indicated noticeable differences
between EP and Control cohorts (Fig. 2B, C). Aligning with our
manual gating observations, EP samples had a lower percentage
of total T cells, a lower percentage of helper CD4 + T cells, and a
higher percentage of cytotoxic CD8 + T cells (Fig. 2C). Within the
CD4+ subset, the EP cohort had a significantly lower percentage of
likely naïve CD27high cluster 1 and a higher percentage of
memory CD27+ cluster 2 (Fig. 2C). Within the CD8+ subset, a
higher proportion of cluster 18 TEMRA and a lower proportion of
cluster 20 naïve was expressed in EP samples (Fig. 2C). Only one B
cell cluster (#28) was identified. We were therefore unable to
distinguish the naïve and memory B cell subsets through
FlowSOM analysis (Fig. 2D). However, in line with the decrease
of B lymphocytes observed through manual gating, EP samples
had significantly lower B cell cluster 28 percentages compared to
controls (Fig. 2D).
Within innate cells, we identified four monocyte clusters all

expressing CD14 (Supplementary Fig. 3A); clusters 25, 29, and 30
were designated as classical based due to lack of CD16 expression,
while cluster 27 was designated as non-classical/intermediate
monocytes based on the CD14dim CD16+ phenotype (Supple-
mentary Fig. 3B). We combined the frequencies of all monocytes
identified clusters and compared their relative percentage among
all innate clusters which revealed the percentage of monocytes
was significantly lower in the EP cohort, which aligned with the
manual gating results (Fig. 3B). An expansion of classical
monocyte clusters 25 and 29 was noted for the EP samples
(Fig. 3A, B). Six clusters of NK cells were identified based on CD16
and CD56 expression with clusters 12, 21, 22, and 23 being CD16+

CD56dim, cluster 13 being CD16 + CD56-, and cluster 17 being
CD16- CD56bright (Fig. 3C). Overall frequency of NK cells was
higher in the EP group (Fig. 3D). The percentages of cluster 12
CD16+ CD56dim and cluster 13 CD16 + CD56- NK cells were
increased in the EP group (Fig. 3C).

Changes in the inflammatory profiles of East Palestine
residents
We next evaluated circulating immune factors via Luminex to
observe potential impacts of the derailment exposure on systemic
inflammatory markers. Among EP participants, concentrations of
the chemoattractants eotaxin, IL-8, MCP-1, MIP-1β, and CXCL9
were significantly decreased (Fig. 4A). Levels of M-CSF and IL-6,
which promote monocyte and macrophage activation, were also
decreased in the EP cohort (Fig. 4A). On the other hand, levels of
cytokines and growth factors associated with hematopoietic
differentiation (IL-3) and tissue repair (IL-4, PDGF-AB/BB, VEGF)
were increased in EP samples (Fig. 4A). This was accompanied by
elevated levels of proinflammatory cytokines IFNγ, IL-12p40, IL-18,
and TNFα (Fig. 4A). The sPLS-DA of analyte concentrations
revealed that difference between EP and control immune
mediator concentrations was driven predominantly along variate
1 (x-axis) (Fig. 4B). The cytokines which contributed to this
separation included PDGF-AB/BB, IL-3, and VEGF which were more
highly expressed in the EP cohort and IL-8 and eotaxin which were
more highly expressed in the controls (Fig. 4C).
We also investigated functional alteration in the immune cells by

exposing PBMC to a cocktail of bacterial TCR agonists to mimic
infection and assessing cytokine production using flow cytometry. IL-6
production by classical monocytes, non-classical monocytes, plasma-
cytoid dendritic cells (pDC), and myeloid dendritic cells (mDC) was
diminished (Fig. 4D, E) while that of TNFα was heightened within
classical monocytes, pDCs, and mDCs in the EP samples (Fig. 4D, E).
Additionally, reduced IL-1β and enhanced MIP-1β production were
observed within EP classical monocytes (Fig. 4D, E).

DISCUSSION
The East Palestine train derailment resulted in the potential
exposure of residents to a variety of chemical compounds
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Fig. 1 Flow cytometry reveals altered innate and adaptive immune phenotypes among East Palestine residents. A Bar graphs of changes
in the frequencies of total T cells (mean, range; control 57.6, 31.1–74.2; EP 14.2, 1.93–25.8), CD4+ T cells (mean, range; control 65.17, 38.6–86.1;
EP 45.9, 17.5–83.9), CD8+ T cells (mean, range; control 28.9, 11.5–50.0; EP 43.2, 13.3–66.2) and stacked bar graphs of memory subsets derived
from manual gating of flow cytometry phenotyping. Error bars represent the standard error of the mean (SEM). B Bar graphs of changes in the
frequencies of B cells (mean, range; control 9.5, 2.04–19.5; EP 2.6, 0.46–8.78) and stacked bar graphs of memory subsets derived from manual
gating of flow cytometry phenotyping. Error bars represent SEM. C Bar graphs of changes in the frequencies of innate cells (mean, range;
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represent SEM. (#= p < 0.1, * = p < 0.05, ** = p < 0.01, *** = p < 0.001, **** = p < 0.0001).
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associated with detrimental health effects. Environmental pollu-
tant exposure has been linked to immune alterations [22]. VOCs,
such as vinyl chloride, have been linked to increased inflamma-
tion, altered immune cell development, and altered immune
activation [29]. Here, we performed a broad investigation of
circulating immune cells from residents of East Palestine
compared to age and sex matched control participants from
California.
We found increased RBCs and hemoglobin in the EP residents

compared to controls. This increase could indicate a compensa-
tory mechanism to enhance oxygen transport. The increased
RBCs and MPV observed in EP samples align with trends
observed following organic solvent exposure among car painters
and mechanics [30]. Air monitoring performed between the 20th
and 21st of February 2023 revealed high levels of acrolein and
the identification of unique compounds at concentrations above
background levels [13]. Acrolein is a known respiratory [31] and
ocular irritant [32] with potential immunological effects. Rodent
studies have shown decreased bactericidal activity, decreased
frequency of alveolar macrophages, and suppressed pulmonary
inflammatory following acrolein exposure [33]. The difference in
cytokine profile between EP and controls was predominantly
driven by growth factors with increased levels of VEGF and

PDGF. Platelets release both VEGF and PDGR, which are involved
in the expansion of erythropoiesis [34–36], indicating an
involvement of VEGF and PDGR in the increased RBCs and
MPV EP counts. These growth factors are suggestive of increased
wound healing and blood vessel repair, potentially due to
damage caused by irritant exposure. Long-term inhalation
exposure to VOCs is associated with a proinflammatory response
driven by the production of reactive oxygen species (ROS) [29].
These ROS activate transcription factors and result in the
production of proinflammatory mediators, driving oxidative
stress and tissue damage at the site of inflammation [29].
Excessive damage caused by VOC-induced oxidative stress
would likely induce an upregulation of growth factors, such as
VEGF and PDGR, to promote tissue repair.
Our data showed overall T- and B-lymphocyte frequencies

within the expected range in the control group (CD3+ ~50–70% of
total PBMCs, CD4+ ~50–70% of CD3+ cells, CD8+ ~25–35% of
CD3+ cells, and B cells ~10–15% of total PBMCs) [37, 38]. In
contrast, decreased T-lymphocyte percentages, particularly naïve,
were observed in the EP cohort, suggesting a perturbation in East
Palestine participants. In addition to lower lymphocyte frequen-
cies, a shift from naïve to memory subsets was noted in both T
and B cells. Naïve T and B cells differentiate after specific antigen

Table 2. Cluster Identification.

Cluster Markers Identification

1 CD3+ CD4+ CD27high T cells; CD4+ CD27high

2 CD3+ CD4+ CD27+ T cells; CD4+ CD27+

3 MEM Score 1 Unidentified

4 MEM Score 1 Unidentified

5 MEM Score 1 Unidentified

6 MEM Score 1 Unidentified

7 MEM Score 1 Unidentified

8 CD16+ Misc. innate

9 CD16+ Misc. innate

10 MEM Score 1 Unidentified

11 CD3+ CD4+ CD27- T cells; CD4+ CD27-
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exposure to generate long-lived memory cells to respond upon re-
exposure [39]. Decreased naïve CD8 + T cells are associated with
increased susceptibility to infections and immunodeficiency with
aging [40]. ROS are known to contribute to the activation and
proliferation of T cells, with studies indicating VOC exposure
notably alters T cell phenotypes and proportions [29, 41]. VOCs
have been implicated in the skewing of T cell polarization toward
Th2, resulting in increased IgE production and contributing to
heightened allergic response [42, 43]. The ROS induced by VOCs
elicits the production of autoreactive T cells, and exposure is
associated with increased risk of developing autoimmune
disorders, such as rheumatoid arthritis, multiple sclerosis, and
ulcerative colitis [29, 44]. Certain VOCs have specific impacts on T
cell percentages within the peripheral blood. For example,
trichloroethylene exposure is associated with decreased numbers
of CD4+ naïve, CD4 + EM, and CD8+ naïve cells [45, 46]. Overall,
increased percentages of mature lymphocytes indicate heigh-
tened immune activation, potentially indicating a state of chronic
or prolonged inflammation within the EP cohort.
While lymphocyte frequencies decreased in EP residents

compared to controls, granulocytes conversely increased. Due to
the vent and burn of five cars of vinyl chloride, another chemical
class of concern is dioxins, a group of persistent organic pollutants
formed during the combustion of polyvinylchloride (PVC) [47, 48].
Dioxins can alter human hematopoietic stem cell differentiation
toward myeloid lineages, impairing lymphopoiesis and suppres-
sing T and B lymphocyte development [49]. The alteration in
hematopoiesis we observed additionally links to the increase in IL-
3 plasma concentrations among EP samples. IL-3 is a stimulator of
hematopoietic stem cell differentiation and is associated with
emergency hematopoiesis initiated during sepsis and parasitic
infections [50–52]. The increase in IL-3 concentrations potentially
indicates a state of acute inflammation as myeloid cells are

generated for irritant clearance. Despite reduced lymphopoiesis
being observed and the potential for enhanced myelopoiesis due
to increased IL-3, percentages of monocytes remained lower in EP
samples compared to controls. This aligns with prior studies
indicating dioxins interact with the aryl hydrocarbon receptor
(AhR), which is highly expressed on monocytes [53–55]. It has
been shown that AhR ligands interfere with myeloid progenitor
cell commitment to monocyte and dendritic cell linages while
granulopoiesis remains unaffected [56]. Alternatively, the reduc-
tion of monocytes could be driven by migration from the
peripheral blood to the site of inflammation. Acrolein specifically
has been associated with macrophage chemotaxis and migration,
particularly in the context of inhalation via tobacco smoke [57].
Interestingly, our controls exhibited elevated eotaxin concen-

trations comparable to levels reported in individuals with allergic
rhinitis or asthmatic inflammation [58, 59]. Given that these
participants reported no occurrence of allergy or asthma, this
elevation may be attributable to environmental exposures specific
to this geographic region, which experienced a prolonged
drought between 2012 and 2015 and widespread wildfires during
the collection period. Inhalation of wildfire-associated particulate
matter has been observed to elevate eotaxin concentrations.
Although our controls reflect typical immune population percen-
tages that occur in the general population, geographic influences
should be considered.
Importantly, the psychological stress commonly induced

following disasters has repeatedly been linked to immune
dysregulation and noted to alter immune responsiveness and
cytokine production [60–62]. Indeed, during the month following
the derailment, health surveys of East Palestine reported anxiety
as one of the most experienced symptoms [11]. The proinflam-
matory cytokines IL-6 and TNF-α are noted as primary markers of
stress-related inflammation, with concentrations increasing with

-9 0 10

UMAP 1

-9

0

10

U
M

A
P

 2

-9 0 10

UMAP 1

-9

0

10

U
M

A
P

 2
-9 0 10

UMAP 1

-9

0

10

U
M

A
P

 2

-9 0 10

-9

0

10

UMAP 1

U
M

A
P

 2

Control EP Control EP

Cluster 30 (CD14+ CD16-)

Cluster 29 (CD14+ CD16-)Cluster 27 (CD14dim CD16+)

Cluster 25 (CD14+ CD16-)

Ungated

Cluster 21  (CD16+ CD56dim)

Cluster 22  (CD16+ CD56dim)

Cluster 17  (CD16- CD56bright) Cluster 23  (CD16+ CD56dim)

Cluster 12  (CD16+ CD56dim)

Cluster 13  (CD16+ CD56-)

Ungated

B

A

D

C

Cont EP
0

20

40

60

80

100

%
 o

f M
on

oc
yt

e 
C

lu
st

er
s

Cluster 25

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f M
on

oc
yt

e 
C

lu
st

er
s

Cluster 29

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f M
on

oc
yt

e 
C

lu
st

er
s

Cluster 27

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f M
on

oc
yt

e 
C

lu
st

er
s

Cluster 30

0.0748

Cont EP
0

20

40

60

80

100

%
 o

f N
K

 C
lu

st
er

s

Cluster 12

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f N
K

 C
lu

st
er

s

Cluster 13

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f N
K

 C
lu

st
er

s

Cluster 21

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f N
K

 C
lu

st
er

s

Cluster 22

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f N
K

 C
lu

st
er

s

Cluster 23

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f I
nn

at
e 

C
lu

st
er

s

Monocyte Clusters

<0.0001

Cont EP
0

20

40

60

80

100

%
 o

f I
nn

at
e 

C
lu

st
er

s

NK Clusters

<0.0001

Cont EP
0

10

70

80

90

100

%
 o

f N
K

 C
lu

st
er

s

Cluster 17

0.0054

Fig. 3 Altered innate immune phenotype in East Palestine residents. A UMAPs of the Control and EP cohorts colored according to their
monocyte cluster distribution. B Bar plots comparing monocyte cluster percentages between Control and EP. C UMAPs of the Control and EP
cohorts colored according to their NK cluster distribution. D Bar plots comparing NK cluster percentages between Control and EP.

.
S.B. Wagner et al

7

Journal of Exposure Science & Environmental Epidemiology



Control EP
0

20

40

60

80

100

%
 w

ith
in

 C
la

ss
ic

al
 M

on
oc

yt
es

IL-6 +
TNFα - 
<0.0001

Control EP

<0.0001

Control EP

<0.0001

IL-6 +
TNFα + 

IL-6 -
TNFα + 

Control EP

<0.0001

IL-1β +
MIP-1β - 

Control EP

<0.0001

IL-1β +
MIP-1β + 

Control EP

0.0005

IL-1β -
MIP-1β + 

VEGF

TNF−α

PDGF−AB/BB

IL−18

IL−12p40

IL−4

IL−3

IFN-γ

MIP−1β

CXCL9

M−CSF

MCP−1

IL−8

IL−6

Eotaxin

Control EP

Concentration
log10(pg/mL)

0

1

2

3

−log10(p−value)

2

3

4

****

*

****

*

*

**

#

***

****

**

#

*

**

#

****

sPLS DA 

2 0 2
10

5

0

5

X variate 1: 11% expl. var

X
va

ria
te

 2
: 2

4%
 e

xp
l. 

va
r

Legend

EP

Control

Eotaxin

VEGF

IL-8

IL-3

PDGF-AB/BB

0.4 0.2 0.0 0.2 0.4 0.6 0.8

Contribution on comp 1

Outcome

EP
Control

A B

C

D

%
 w

ith
in

 N
on

-C
la

ss
ic

al
 M

on
cy

te
s

Control EP
0

10

20

30

40

60
80

100

0.0486

Control EP

<0.0001

Control EP

IL-6 +
TNFα - 

IL-6 -
TNFα + 

IL-6 +
TNFα + 

Control EP

0.0002

Control EP

0.0948

IL-1β +
MIP-1β - IL-1β -

MIP-1β + 

Control EP

<0.0001

IL-1β +
MIP-1β + 

Control EP
0

10

20

30

40

60
80

100

%
 w

ith
in

 m
D

C
s

<0.0001

Control EP

<0.0001

Control EP

0.0104

IL-6 +
TNFα - 

IL-6 -
TNFα + 

IL-6 +
TNFα + 

Control EP
0

10

20

30

40

60
80

100

%
 w

ith
in

 p
D

C
s

<0.0001

Control EP

0.0128

Control EP

0.0048

IL-6 +
TNFα - 

IL-6 -
TNFα + 

IL-6 +
TNFα + 

E

Fig. 4 Altered inflammatory profile in East Palestine residents. A Bubble plot comparing plasma immune mediators between EP and
control. Size represents analyte concentration, and color represents the calculated p-value between the two groups. (#= p < 0.1, * = p < 0.05,
** = p < 0.01, *** = p < 0.001, **** = p < 0.0001). B Sparse partial least squares discriminant analysis (sPLS-DA) on plasma immune mediator
concentrations. The X- and Y-axis refer to the first and second components, respectively. The percentage of variance for each component is in
parentheses on the associated axis. C The contribution of the immune mediators to the first component. D Frequencies of IL-6/TNFα and IL-1β
/ MIP-1β secretions by classical monocytes and non-classical monocytes following bacterial stimulation. E Frequencies of IL-6 / TNFα and IL-1β
/ MIP-1β secretions by pDCs and mDCs following bacterial stimulation.

S.B. Wagner et al.

8

Journal of Exposure Science & Environmental Epidemiology



depression, anxiety, and post-traumatic stress disorder [60–64].
While we observed heightened TNF-α plasma levels and respon-
siveness to bacterial stimulation in East Palestine samples, IL-6 was
notably diminished.
In summary, this study provides the first immunotoxicological

insights into the impact of exposure to pollutants in East
Palestine residents 5 months following the derailment and
potential exposure. Although this study provides a foundation
for additional investigations into altered immunity among East
Palestine residents, it is not without limitations. Our data is
limited to 19 exposed participants. Future investigations will
increase enrollment and incorporate more residents. Impor-
tantly, the sex and age-matched controls used here were from
southern California, which is geographically and environmentally
varied from East Palestine, Ohio. Geographical factors and
location contribute to altered immune landscapes and pheno-
types. Socioeconomic differences between the two regions are
another important consideration. U.S. Census American Com-
munity Survey (ACS) data indicates that in 2016, Riverside, CA
had a higher median income and a higher percentage of adults
holding a bachelor’s degree compared to East Palestine, OH in
2023 [65]. However, Riverside, CA, had a higher median housing
cost and estimated poverty percentage of 16.5 ± 0.4% compared
to East Palestine, OH, in 2023 at 9.5 ± 3.6% [65]. The largest
socioeconomic differences between these two cohorts are
derived from differences in educational attainment and eco-
nomic diversity that come with a larger, more urban setting.
Retrospective studies with geographically and socioeconomi-
cally matched unexposed controls will be critical.
While both Control and EP samples were collected and

processed with the same methods and then cryopreserved under
the same conditions, it is important to consider the impact of
long-term storage on cell percentages and responsiveness. Long-
term cryopreservation is known to decrease cell viability; however,
studies have shown that PBMC viability remains relatively high
even after long-term storage, with a median viability of
approximately 80% after 11 years [66]. Prior studies comparing
fresh and cryopreserved PBMCs have reported minimal differ-
ences in immune phenotypes across major cell subsets [67, 68].
Nevertheless, it is important to consider the bias introduced by
different durations of cryopreservation on cell proportions and
responsiveness. Future work should incorporate controls collected,
processed, and stored at the same time.
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