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Workplace exposure to respirable crystalline silica dust (cSiOy) has been etiologically
linked to the development of lupus and other human autoimmune diseases. Lupus
triggering can be recapitulated in female NZBWF1 mice by four weekly intranasal
instillations with 1 mg cSiO». This elicits inflammatory/autoimmune gene expression and
ectopic lymphoid structure (ELS) development in the lung within 1 week, ultimately
driving early onset of systemic autoimmunity and glomerulonephritis. Intriguingly, dietary
supplementation with docosahexaenoic acid (DHA), an -3 polyunsaturated fatty
acid (PUFA) found in fish oil, beginning 2 week prior to cSiO, challenge, prevented
inflammation and autoimmune flaring in this novel model. However, it is not yet known
how w-3 PUFA intervention influences established autoimmunity in this murine model
of toxicant-triggered lupus. Here we tested the hypothesis that DHA intervention after
cSiOs-initiated intrapulmonary autoimmunity will suppress lupus progression in the
NZBWF1 mouse. Six-week old NZWBF1 female mice were fed purified isocaloric diet
for 2 weeks and then intranasally instilled with 1 mg cSiO» or saline vehicle weekly for
4 consecutive weeks. One week after the final instillation, which marks onset of ELS
formation, mice were fed diets supplemented with 0, 4, or 10 g/kg DHA. One cohort
of mice (n = 8/group) was terminated 13 weeks after the last cSiO» instillation and
assessed for autoimmune hallmarks. A second cohort of mice (n = 8/group) remained
on experimental diets and was monitored for proteinuria and moribund criteria to
ascertain progression of glomerulonephritis and survival, respectively. DHA consumption
dose-dependently increased w-3 PUFA content in the plasma, lung, and kidney at the
expense of the w-6 PUFA arachidonic acid. Dietary intervention with high but not low
DHA after cSiO» treatment suppressed or delayed: (i) recruitment of T cells and B cells
to the lung, (i) development of pulmonary ELS, {jii) elevation of a wide spectrum of plasma
autoantibodies associated with lupus and other autoimmune diseases, (iv) initiation
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FIGURE 9 | High DHA supplementation inhibits a broad spectrum of IgG autoantibodies induced by cSiO». (A) Heat maps with unsupervised clustering (Euclidian
distance method) of 122 AAbs depict Ab-score values for IgG expression in BALF. White, black, and red in the top key indicates the Veh/CON, ¢SiO2/CON, and
cSiOy/high DHA experimental groups, respectively. Scale bar values reflect the range of variance-stabilized Ab scores, which were centered across rows. (B) Volcano
plots depicting cSiO»-induced IgG AAb responses in plasma at 13 week post final exposure in lung of cSiO»-treated NZBWF1 mice. The individual AAg within each
treatment group are plotted as logs (fold change) vs. -log1p (p-value). Black dots indicate cSiO»/CON relative to Veh/CON treated mice; red dots indicate cSiO/high
DHA relative to Veh/Con. The vertical blue lines represent the cut-off levels logy fold change < —0.5 or >0.5. The horizontal red line represents the cut-off levels
p-values > 0.05 (log10 P> 1.2). (C) DHA intake suppressed cSiO,-induced IgG AAb responses against selected AAgs. Data presented as mean + SEM. Statistical
comparisons were performed as described in the Methods section. ***

0 < 0.001, **p < 0.01, *p < 0.05, ns = not significant.
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FIGURE 10 | High DHA diet slightly inhibits cSiO»-triggered
glomerulonephritis. Representative periodic acid Schiff-stained kidney tissue
sections (A-D) from mice fed control diet and intranasally instilled with saline
vehicle (Veh/CON; A), fed control diet and intranasally instilled with cSiO»
(cSiO2/CON; B), fed 0.4% DHA diet starting one week after the end of the
intranasal cSiO» instillations (cSiO2/low DHA; C), or fed 1.0% DHA diet starting
one week after the end of the intranasal cSiO; instillations (cSiO,/high DHA;
D). Kidney histopathology consisting of shrunken glomerular tufts, mesangial
matrix expansion, in glomeruli (asterisk), crescent-shaped masses of
proliferating cells in Bowman'’s space (solid arrow), regenerative tubular
epithelium, and tubular protein accumulation (dotted arrows) were evident only
in cSiO»-instilled mice that received no or low DHA treatment (D). No renal
histopathology was present in Veh/CON or ¢SiOz/high DHA treatment. g,
glomerulus; rt, cortical renal tubules. (E) Semiquantitative scoring based on
histopathology conducted as described in Materials and Methods. **p < 0.01,
ns = not significant.

sacrificed at 13 week PI had the most severe pulmonary
lesions due to cSiO, (Figure 5B). These lesions were most
prominent in the hilar region of the lung lobe. cSiO,-induced
histopathology consisted of conspicuous mononuclear lymphoid
cell accumulations in the interstitial space surrounding small-
and large-diameter blood vessels (arterial and venous) and
to a lesser extent in the interstitium around bronchiolar
airways (Figure 5B).These perivascular and peribronchiolar
accumulations contained CD3™ T cells (Figures 6A,B), CD45R™
B cells (Figures 7A,B), CD217/CD34" FDC (Figures 8A,B) that
together were morphologically consistent with ELS formation.
In addition to ELS in these cSiO;-instilled mice, there were
adjacent areas of alveolitis characterized by alveolar infiltration
of a mixed inflammatory cell population of neutrophils,
monocytes/macrophages, and lymphocytes along with alveolar
airspace accumulation of amorphous proteinaceous material
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FIGURE 11 | High DHA diet suppresses cSiO,-induced CD3" T cell infiltration
into the kidney. Light photomicrographs of hematoxylin and eosin-stained
renal tissue sections (A,C,E,G) from the hilar region and light
photomicrographs of kidney tissue sections immunohistochemically stained
(arrows) for CD3* T cells (B,D,F,H). Kidneys taken from mice at 13 weeks
after the final intranasal saline intranasal instillation and fed control diet
(Veh/CON, A,B), cSiO: instillation and fed control diet (cSiO»/CON, C,D),
¢SiO instillation and fed 0.4% DHA diet (cSiO./low DHA, E,F), and cSiO»
instillation and fed 1.0% DHA diet (cSiO»/high DHA, G,H).Lymphoid cell
accumulations (arrows) in the interstitial tissue adjacent to interlobular blood
vessels (v) in the renal cortex (c) (C,E,G)). Marked perivascular accumulation of
lymphoid cells in the renal cortex (c) from ¢SiO./CON mouse (C). Moderate,
mild and no perivascular accumulations of lymphoid cells in the kidneys of
¢SiOz/low DHA (E), cSiO2/high DHA (G), and Veh/CON (A) mice, respectively.
Marked perivascular accumulation of CD3* T cells (arrows) in kidney of
¢SiO,/CON mouse (D). Moderate, minimal and no perivascular accumulations
of T lymphoid cells in the kidneys of cSiOz/low DHA (F), cSiO2/high DHA (H),
and Veh/CON (B) mice, respectively. m, medulla of the renal papilla that
extends into the renal pelvis. (I) depicts the percentage of CD3™" renal tissue.
Statistical comparisons were performed as described in the Methods section.
*p < 0.05, ns = not significant.

(proteinosis), cellular/nuclear debris, and birefringent cSiO,
particles within and outside of vacuolated alveolar macrophages.
cSiO;-induced lung lesions, especially ELS, were similar in
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FIGURE 12 | High DHA diet delays cSiO,-triggered onset of proteinuria and
prolongs survival in cSiO;-treated lupus-prone NZBWF1 mice. Animals in
Cohort 2 were initiated on control diets 1 week following the final cSiO»
instillation and animals monitored for proteinuria (=300 mg/dl) using clinical
dipsticks (A) and for survival using moribund criteria (B).

cellular and distributional character in cSiO,/low DHA and
cSi02/CON mice (Figures 5B,C,E), but markedly less severe
in ¢SiO2/high DHA mice (Figures 5D,E). Consumption of
high but not low DHA diet similarly reduced perivascular
and peribronchiolar accumulations containing CD3" T
cells (Figures 6C-E) and CD45R™ B cells (Figures 7C-E)
with a similar trend being evident for CD217/CD34%
FDC (Figures 8C-E). The severity of alveolar proteinosis
and accumulation of cellular/debris and birefringent cSiO,
particles, however, were not noticeably different among the
lungs of cSiO,/CON, cSiO,/low DHA, and cSiO,/high DHA
mice (Figures 5B-D).

mRNA Signatures in the Lungs

Repeated ¢SiO, exposure has been previously shown to
induce expression of numerous inflammation-, chemokine-,
and IFN-associated genes (42) and, furthermore, these
responses can be suppressed by prophylactically feeding
low and high DHA diets (25). In distinction from that
preventive study, we found in Cohort 1 that DHA
intervention after the insult did not impact expression

IgG AAb Responses in Plasma and BALF

A vast repertoire of IgG AAbs associated with lupus and
other autoimmune diseases was elicited in plasma of Cohort
1 mice following cSiO, treatment, many of which were
suppressed by high DHA supplementation (Figures9A,B).
These included anti-complement 3 (lupus), anti-complement
Clq (lupus), anti-SP100 (lupus), PR-3 (vasculitis), anti-LC-1
(autoimmune hepatitis), anti-Nup62 (primary biliary cirrhosis),
anti-MI-2 (myositis), and anti-vimentin (rheumatoid arthritis)
(Figure 9C). Although cSiO; likewise induced a diverse array of
IgG AAbs in BALF these were largely unaffected by feeding DHA
(Supplementary Figure 3).

Glomerulonephritis and T Cell Infiltration in

the Kidney

No histopathology was present in the kidneys of Veh/CON
mice (Figure 10A). Moderate to marked membranoproliferative
glomerulonephritis was evident in the cSiO,/CON group
(Figure 10B). This was characterized by thickening of PAS™T
interstitial tissue in glomeruli, hyperplasia of glomerular
mesangial cells, parietal epithelial hyperplasia in Bowman’s
capsule (crescent formation), mixed inflammatory cell
infiltration in the renal cortex (neutrophils and mononuclear
cells), regenerative hyperplasia of renal tubular epithelium, and
amorphous accumulation of proteinaceous and hyaline material
in dilated renal tubules. Similar histopathology but of slightly
less severity was evident in the kidneys of cSiO,/low DHA mice
(Figure 10C). Minimal to no renal histopathology was present in
cSiO,/high DHA mice (Figure 10D). Semiquantitative scoring
indicated that there was a trend toward inhibition of cSiO;
induced glomerulonephritis by high DHA supplementation
(Figure 10E).

Cohort 1 kidneys were further subjected to cellularity
assessment in H&E-stained sections (Figures 11A,C,E,G)
and immunohistochemical localization of CD3T T cells
(Figures 11B,D,H,I). Accumulations of renal lymphoid cells
(Figure 11A) or CD3™" cells (Figure 11B) were not evident
in Veh/CON mice. However, in the renal cortex at the hilar
region of the kidney of Veh/cSiO; mice, there were mononuclear
lymphoid cell accumulations resembling ELS in interstitial tissue
adjacent to interlobular blood vessels (arteries and veins) and the
renal pelvis (Figure 11C). These increases corresponded with
elevated CD3" cells (Figure 11D). There were less lymphoid
and CD3" T cells in cSiO,/low DHA mice (Figures 11E,F)
with decreases being more marked in cSiO»/high DHA mice
(Figures 11G,H). Morphometry confirmed that cSiO; treatment
induced the accumulation of CD3™" T cells, which was inhibited
by feeding high DHA diet (Figure 11I).

Proteinuria and Survival

The kidney histopathology in Cohort 1 mice was highly
predictive of the development of proteinuria in Cohort 2 mice
(Figure 12A). Proteinuria onset occurred at age 21 week in
cSiO2/CON and cSiO,/low DHA groups, whereas proteinuria

of ¢SiO,-triggered mRNA  signatures associated with  was first evident at 25 and 29 week age in cSiO,/high DHA
inflammation, chemokine production, or IFN signaling and Veh/CON groups, respectively. Further consonant with
(Supplementary Figure 2). glomerulonephritis findings, Kaplan-Meier analysis of Cohort 2
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revealed that median survival times for c¢SiO,/CON, cSiO;/low
DHA, cSiO,/high DHA, and Veh/CON groups were 28, 27, 34,
and 39 week, respectively (Figure 12B). Thus, consumption of
high DHA diet suppressed proteinuria and extended survival of
cSiO,-treated mice.

DISCUSSION

While an individual’s genome is a critical determinant of
predisposition toward autoimmunity, a multitude of lifestyle
and environmental factors can potentiate or attenuate disease
penetrance. Here, we investigated for the first time how
dietary supplementation with the w-3 PUFA DHA influences
progression of autoimmunity initiated in NZBWFI1 mice by
repeated intranasal exposures to the autoimmune trigger cSiO5.
DHA consumption was found to dose-dependently increase
DHA, and to alesser extent, EPA, in the plasma, lung, and kidney.
Supplementation with low or high DHA did not impact the
inflammatory state of the lung as represented both by leukocyte
numbers/profiles and cytokine concentrations in BALF and by
expression of proinflammatory, chemokine, or IFN-regulated
genes. However, several novel findings suggest that DHA
markedly reduced progression of preexistent autoimmunity in
the lung and that this ultimately impacted the systemic and renal
compartments. First, provision of high DHA diet attenuated
cSi0;-induced T- and B cell recruitment and ELS development in
the lung. Second, high DHA supplementation suppressed cSiO;-
triggered elevations of a wide spectrum of pathogenic AAbs in
plasma. Third, mice consuming high DHA exhibited delayed
onset and progression of glomerulonephritis and proteinuria.
Fourth, lifespans of cSiO,-instilled mice were extended in
those fed high DHA as compared to those fed control diets.
Finally, amelioration of ¢SiO; -triggered autoimmune effects and
reduction in survival time were not observed in mice fed low
DHA diet. Cumulatively, the results of this preclinical study
support the contention that DHA supplementation at 5 g/d HED
was an effective therapeutic intervention for slowing progression
of established autoimmunity induced by the environmental
toxicant cSiO;.

Since inhaled ¢SiO; is inefficiently cleared from the lung,
the long-term persistence of these particles causes a perpetual
cycle in alveolar macrophages that includes: (i) phagocytosis,
(ii) lysosomal membrane permeabilization, (iii) inflammasome
activation, (iv) cell death, and (v) cSiO;, release. Additional
rounds of this cycle likely promote chronic unresolved
inflammation in the pulmonary compartment, thereby driving
the loss of immunological tolerance (43, 44). Consistent with this
paradigm, intranasal instillation of NZBWF1 mice with c¢SiO,
causes sterile inflammation in the lung characterized by leukocyte
recruitment, elevated cytokines and chemokines, upregulated
mRNA signatures associated with chemokines, cytokines, IFN,
complement, and adhesion molecules (42). Our previous studies
show that preventive feeding of NZBWF1 mice with low or
high DHA diets before cSiO; instillation impairs inflammatory
recruitment of macrophages, neutrophils, and lymphocytes into
the lung alveolar space at 9 and 13 week PI (13). While

consumption of high but not low DHA diets suppressed
cSiOz-induced TNF-a, MCP-1, and BAFF in BALF (30),
both levels inhibit cSiO,-triggered inflammatory/autoimmune
gene expression at 1, 5, and 9 week PI, and to a lesser
extent, at 13 week PI (25). Unlike these previously reported
preventive studies, we observed here in Cohort 1 that when
initiated after cSiO, treatment, neither dietary DHA level
affected the overall inflammatory state of the lung relative
to cell numbers, leukocyte profiles, cytokine concentrations,
or gene expression. Intriguingly and consistent with earlier
preventive studies (13, 30), high DHA consumption attenuated
development of T-cell- and B-cell-containing ELS in the lung.
One explanation for these dichotomous responses is that in
the therapeutic regimen, DHA might slow inflammation at
earlier time points thereby attenuating downstream ectopic
lymphoid neogenesis, however, by 13 week PI, this attenuation
was no longer apparent because the cSiO,-driven vicious cycle
of cell death and inflammation overwhelms the pro-resolving
effects of w-3 PUFAs. Nevertheless, suppression of ectopic
lymphoid neogenesis was still observable. Therefore, in future
investigations evaluating the therapeutic efficacy of w-3 PUFAs
in this and other preclinical models of autoimmunity, it will be
important to measure inflammatory biomarkers at multiple time
points and relate these to developing autoimmunity.

Because cSiO, induces cell death (45-47) and impedes
efferocytosis (48), resultant dead cell accumulation and
secondary necrosis likely unmasks a rich and diverse autoantigen
profile in the lung that induces a broad range of AAbs. Consistent
with this possibility, repeated intranasal cSiO; instillation in
NZBWF1 mice a diverse repertoire of AAbs in BALF and
plasma that could be delayed by preventive low and high
DHA supplementation (26, 30). In the present therapeutic
study, consumption of high DHA diet after ¢SiO; treatment
also suppressed elevation of a large repertoire of pathogenic
IgG AAbs in the plasma of Cohort 1 that bound autoantigens
that included Clq, C3, SP100, PR-3, LC1, Nup62, MI-2, and
vimentin. Interestingly, feeding either DHA diet did not affect
IgG AAb responses in the BALF. A potential reason for the
observed differences between DHA's effects in the systemic and
pulmonary compartments is that plasma IgG AAbs might arise
from B-cells that have migrated from the lung to the spleen and
other lymph nodes and that increasing the membrane w-3 PUFA
content might interfere with this homing. Relatedly, Cucchi
et al. (49) recently reported that EPA and DHA influence CD4™
T cell motility and alter their capacity to reach target tissues
by interfering with the cytoskeletal changes necessary for cell
migration. Clearly, further research is needed to address whether
-3 PUFAs similarly influence B cell motility.

Consistent ~ with  histopathological  indications  of
glomerulonephritis and renal accumulation of T-cells in
Cohort 1, mice consuming high DHA diet exhibited delayed
onset and progression of proteinuria in Cohort 2. These
findings are significant because glomerulonephritis is a frequent
and serious organ-specific manifestation of lupus, with 10
to 30% of patients developing kidney failure (50). Various T
cell subsets can activate the glomerular immune response by
releasing nephritogenic cytokines or cooperating with B-cells,
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macrophages, and dendritic cells (51). The observation in
Cohort 1 that mice fed high DHA diet after cSiO, exposure
exhibited extended lifespans compared to CON likely relates to
reduced glomerulonephritis.

American diets contain many times more w-6 PUFAs
than w-3 PUFAs, thereby skewing tissue phospholipid fatty
acid content profoundly toward w-6 PUFAs (52, 53). At the
mechanistic level, increasing the ratio of the w-3 PUFAs DHA
and EPA to the w-6 PUFA ARA in tissues can influence
inflammation and autoimmune pathogenesis in numerous ways.
When incorporated into the cell membrane, w-3 PUFAs impede
lipid raft formation and inhibit activation of transmembrane
receptors linked to innate and adaptive immune processes (54).
Intracellular and extracellular phospholipases can liberate DHA
and EPA from the membrane (55, 56), enabling them to activate
transmembrane receptors that interfere with proinflammatory
signaling pathways (57, 58). Additionally, w-3 PUFAs are known
ligands for PPARYy, a transcription factor that can hamper NF-kB-
dependent transcription of genes associated with inflammation
and autoimmunity (59, 60). Furthermore, w-6 PUFAs, including
ARA, are metabolized to proinflammatory prostaglandins,
thromboxanes, and leukotrienes or the pro-resolution lipoxins
(61). As shown here, dietary DHA supplementation dose-
dependently decreases the ARA content in plasma, lung, and
kidney, thereby reducing the availability of this key substrate for
generation of proinflammatory mediators.

DHA and EPA also directly compete with w-6 PUFAs as
enzymatic substrates to specialized pro-resolving mediators
(SPMs) (e.g., resolvins, protectins, maresins) (62) that
can impede inflammatory signaling (63, 64) and promote
efferocytosis which are critical to maintaining immune tolerance
(63, 64). Germaine to the present study, resolvin D1 and
resolvin D2 and maresin 1 can (i) suppress cytokine production
by activated CD8" T cells and CD4" T helper 1 (TH1) and
TH17 cells, (ii) inhibit naive CD4T T cell differentiation into
TH1 and TH17 cells by GPR32 and ALX/FPR2 receptor-
mediated down-regulation of critical transcription factors,
and (iii) enhance de novo generation and function of Foxp3™
regulatory T (Treg) cell (65). Furthermore, Crouch et al.
(66) reported that in obese mice the DHA-derived SPMs
14-HDHA and 17-HDHA control B cell numbers and lower
circulating IgG2c. Thus, it is tempting to speculate that in
the lupus model system, the effects of dietary DHA may be
driven part by the capacity of this novel family of molecules
to regulate T cell subset number, B cell subset numbers, and
proinflammatory antibody levels. Altogether, altering the tissue
balance by increasing w-3 PUFAs and decreasing w-6 PUFAs
likely promotes resolution over inflammation, thus preserving
immunological tolerance.

As shown here, low and high DHA diets dose-dependently
altered relative tissue PUFA content by increasing w-3 PUFAs
and decreasing w-6 PUFAs, most notably ARA. We recently
performed an analysis relating the red blood cell (RBC) w-3
PUFA levels to disease severity and progression in previous
studies we had performed on NZBWF1 mice supplemented
with DHA on the background of three unique diets (15).
Most autoimmune and inflammatory endpoints, including

inflammatory gene expression, cytokine concentrations,
immune cell infiltration, and AAB production negatively
correlated with RBC omega-3 levels. Since these prior studies
exclusively utilized prophylactic DHA supplementation, animals
already had ®-3 PUFA-enriched membranes at the time of
cSiO, instillation and induction of disease flaring. In the
present study, therapeutic administration of the low DHA
dose did not effectively suppress lupus flaring, even though
this dose provided in this study achieved similar RBC w-3
PUFA levels shown to confer moderate protection in the
prophylactic supplementation model. Rather, only mice fed
the high DHA diet after ¢SiO, showed reduced progression
of ectopic lymphoid neogenesis, systemic autoimmunity, and
glomerulonephritis. From a clinical perspective, this would
suggest that slowing progression of established autoimmunity
requires higher w-3 PUFA intake—and subsequently, higher
RBC ®-3 PUFA content—than does preventing onset
of autoimmunity.

The high DHA diets equate to an HED of 5 g/d
which is a realistic and safe human dose (67).Consistent
with the observation here that attenuating effects were only
associated with the high DHA dose, human investigations
demonstrating marine ®-3 PUFA ameliorative effects on
inflammatory mediators or inflammatory cell function typically
have employed intakes of > 2 g/d (18). A recent meta-analysis
concluded that more than 3 g/d in human clinical trials may
be beneficial for lupus (23). Likewise, clinical benefits have been
reported in patients with rheumatoid arthritis when consuming
approximately > 3.5 g/d of marine w-3 PUFAs (18). It is therefore
pertinent to ask to whether these high intakes can be achieved
through diet or require taking supplements. Certain marine
algae proficiently elongate shorter chain w-3 fatty acids to DHA
and EPA that make them the primary producers in the food
web. Fatty fish such as mackerel and salmon consume these
algae and bioconcentrate w-3 PUFAs, and are the principal
source for these fatty acids in the human diet. While a meal
of oily fish such as salmon can provide 1.5 to 3 g of marine
-3 PUFAs, consumers of the typical Western diet do not eat
seafood daily. Rather, marine w-3 PUFA consumption ranges in
the tens to low hundreds of mg/d as reviewed by Calder (68).
Consistent with this premise, Cave et al. recently assessed EPA
and DHA intake in the U.S. according to ethnicity, education,
and income using 2003-2014 NHANES data and found that
overall, EPA+DHA intake was low, with an average daily intake
of 100 mg (69). w-3 PUFA deficiency can be corrected and DHA
and EPA incorporation into tissue phospholipids increased by
consuming dietary supplements made from fish or microalgal oil
(70). Accordingly, to attain the tissue concentrations of DHA and
EPA associated with delayed progression of autoimmunity in the
present preclinical study, a patient with lupus would likely need
to consume dietary supplements containing marine w-3 PUFAs.

Strengths of this study included the use of a widely employed
lupus-prone mouse model, an established human autoimmune
trigger, and physiologically relevant doses of DHA. There were,
however, some limitations that will require extra attention in
future studies. Since it is possible that DHA supplementation
affected pulmonary inflammation and AAb responses in Cohort
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1 earlier than 13 week PI, the inclusion of earlier timepoints
would have been useful to better understand the temporal effects
of this intervention. Additionally, since DHA consumption
was found to dose-dependently increase DHA, and to a lesser
extent, EPA, in the plasma, lung, and kidney, it is difficult to
know the extent to which this latter w-3 PUFA contributes
to amelioration of the autoimmune response. This can be
addressed in the future by conducting analogous studies on
the effects of EPA supplementation on cSiO2-triggered murine
lupus. Also, while gene expression was assessed in the lung,
measuring mRNA expression in the spleen and kidney could
further expand our understanding of how DHA influenced
inflammatory and autoimmune gene signatures in the systemic
and renal compartments, respectively. Lastly, characterization of
immune/inflammatory cell populations in the lung and kidney
using additional immunohistochemical markers for T and B
cell subsets, flow cytometry, and/or single cell RNA sequencing
could provide further insight into how DHA intervention
affected lymphoid and myeloid cells involved in inflammation
and autoimmunity.

Taken together, in addition to its previously reported
preventive effects of DHA supplementation against cSiO;
-triggered lupus in NZBWFI, the present therapeutic
dietary regimen offers promise for suppressing progression
established autoimmunity and minimizing the number and
severity of lupus flares following respiratory exposures to this
commonly encountered occupational dust, or other inhaled
environmental toxicants.
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