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Abstract

Background: Beta-blockade administration after lung contusion, hemorrhagic shock and chronic
stress has been shown to improve bone marrow function, decrease hypercatecholaminemia and
reduce inflammation. microRNAs (miR) are critical biologic regulators, that can downregulate
gene expression by causing messenger RNA degradation or inhibition of translation. This study
sought to expand our understanding of the molecular mechanisms underlying the reduced
inflammatory response following the administration of beta blockade in our rodent trauma model.

Study Design: Male Sprague-Dawley rats aged 8-9 weeks were randomized to lung contusion,
hemorrhagic shock with daily restraint stress (LCHS/CS) + propranolol (LCHS/CS+BB). Restraint
stress occurred two hours daily following LCHS. Propranolol (10 mg/kg) was given daily until day
seven. Total RNA & miR were isolated from bone marrow and genome-wide miR expression
patterns were assayed. Bone marrow cytokine expression was determined with gPCR.

Results: LCHS/CS led to significantly increased bone marrow expression of IL-1p, TNF-a,
IL-6, nitric oxide (NO) and plasma C-reactive protein. There were marked differences in
expression of 45 miRs in the LCHS/CS+BB group when compared to the LCHS/CS, when using a
p<0.001. Rno-miR-27a and miR-25 were upregulated 7-8 fold in the rodents who underwent
LCHS/CS+BB when compared LCHS/CS alone and this correlated with reduced bone marrow
expression of IL-1fB, TNF-a, IL-6, NO and reduced plasma C-reactive protein in the LCHS/CS
+BB group.

Conclusions: The genomic and miR expression patterns in bone marrow following LCHS/CS
differed significantly when compared to rodents that received propranolol following LCHS/CS.
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The use of beta blockade following severe trauma may help mitigate persistent inflammation by
upregulating Rno-miR-27a and miR-25 and reducing inflammatory cytokines in those who remain
critically ill.

Graphical Abstract
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CONCLUSION: The use of beta blockade following severe trauma may help mitigate persistent
inflammation by upregulating inflammation-related miRs and reducing inflammatory cytokines in
those who remain critically ill.

Precis

Severe trauma and stress in a rodent model led to significantly altered bone marrow (BM)
expression of 45 microRNAs (miR). The use of propranolol modified these expression patterns.
BM miR-25-3p and miR-27a appear to play a major role in chronic inflammation since their
reduced downregulation correlated with reduced BM expression of IL-18, TNF-a, IL-6, nitric
oxide.

Introduction

Severe traumatic injury and hemorrhage often lead to chronic anemia. Critically ill trauma
patients who remain in the intensive care unit are universally anemic and this anemia persists
for months after initial injury.(1, 2) Previous studies have demonstrated that this persistent
injury-associated anemia is accompanied by a prolonged inflammatory response and
persistent hypercatecholaminemia.(3-6) This clinical condition can be ‘reverse translated’ to
a rodent model of lung contusion, hemorrhagic shock and chronic stress, which replicates
this persistent injury-associated anemia and has elucidated a multifactorial etiology.(7, 8)
Following trauma, bone marrow dysfunction manifests as myelo-erythroid reprioritization,
decreased growth of bone marrow erythroid progenitor cells, loss of bone marrow progenitor
cells from the bone marrow to peripheral blood and sites of injury, along with iron
dysregulation that is linked to chronic inflammation.(9-12) In addition, both human and
rodent studies have demonstrated that a reduction in hypercatecholaminemia and
inflammation with propranolol or clonidine can mitigate this persistent injury-associated
anemia and improve bone marrow erythropoietic function.(3, 13-15) Therefore, continuing
to focus on potential targets of inflammatory processes would provide novel treatment
strategies for the treatment of erythropoietic dysfunction following trauma.

JAm Coll Surg. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Apple et al.

Methods

Rodents

Page 3

Trauma and shock initiate a complex inflammatory response where many cytokines,
including interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a.), C-reactive protein
(CRP) and nitric oxide (NO), play a pivotal role. IL-6 and TNF-a are both pro-inflammatory
cytokines that influence hematopoiesis and have altered expression following severe trauma.
(16-19) IL-6 upregulates hepcidin production, leading to the sequestration of iron in
macrophages, and also activates secretion of CRP.(20, 21) Norepinephrine, a key modulator
of hematopoietic progenitor mobilization and an inhibitor of bone marrow erythroid cell
growth at high levels, also directly stimulates IL-6 release.(22) Interleukin-1p (IL-1p) and
IL-6 levels have also been found to be increased early after traumatic brain injury and there
are marked alterations in the NO pathway following hemorrhagic shock, along with
enhanced formation of NO following systemic inflammation.(23)

microRNA (miR) are 18-24 nucleotide non-coding RNAs, which act as epigenetic
regulators in biologic processes and have been identified as major regulators of
hematopoiesis.(24-27) These miRs are secreted by a variety of cells through exosomes or
protein-mediated pathways. Extracellular miRs are highly stable and not only serve as
biomarkers for various diseases, they also act as signaling molecules. As biologic regulators,
circulating miRs can function as endogenous miRs regulating target genes. miRs can
downregulate gene expression by sequence specific base pairing at the untranslated regions
of the target gene messenger RNA, resulting in messenger RNA degradation or inhibition of
translation.(25) In addition to translational repression, miRs can also act directly as
physiologic ligands for certain RNA receptors but the functional consequences are yet to be
defined. (28, 29)

The importance of miRs in the pathogenesis of erythropoietic dysfunction and the role of
inflammation is unknown. Therefore, an understanding of the role of miRs in regulating
inflammation presents a novel approach to improve bone marrow dysfunction following
trauma. This study sought to determine if the expression of miRs is altered in rodents who
undergo lung contusion, hemorrhagic shock and chronic stress (LCHS/CS) when compared
to rodents who undergo LCHS/CS followed by daily propranolol injection. Since miR
mainly result in mRNA degradation or inhibition of translation, we hypothesize that the use
of propranolol following LCHS/CS may increase inflammation-related miRs, subsequently
leading to a suppression of inflammatory cytokines.

Male Sprague-Dawley rats (Charles River, Wilmington, MA) aged 8-9 weeks, weighing
2759 to 325g were housed in pairs with ad lib access to food and water, during daily
night/day cycles of 12 hours each. Female animals were excluded due to estrous cycle
variability and its impact after hemorrhagic shock. The animal protocol was approved by the
University of Florida Institutional Animal Care and Use Committee.
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Experimental Rodent Model

Rodents were randomly assigned into one of three groups (n=6/group): 1) naive control; 2)
lung contusion followed by hemorrhagic shock and chronic stress in a restraint cylinder for
2h/day (LCHS/CS); 3) LCHS/CS with propranolol injection (LCHS/CS+BB). Naive rodents
underwent daily handling for seven days. Propranolol (10mg/kg) was administered by
intraperitoneal injection ten minutes following LCHS and daily for six days following
chronic stress. All rodents were weighed daily using a Kent Scientific animal weighing scale
(Torrington, CT, USA). All rodents were sacrificed on day seven. Immediately after
sacrifice, the left femur and peripheral blood were harvested. Peripheral blood was
centrifuged for fifteen minutes at 2500g, and plasma was collected. Bone marrow and
plasma were stored at —80°C.

Lung Contusion and Hemorrhagic Shock

As previously described, after intraperitoneal pentobarbital injection, a unilateral lung
contusion (LC) was made by a percussive nail gun (Sears Brand, Chicago, IL) applied
directly to a 12 mm metal plate that was placed in the right axilla of the rodent.(13) Ten
minutes after LC, the right femoral artery and right internal jugular vein were cannulated
using heparinized saline (10 units/ml). The femoral artery tubing was connected to a
continuous BP-2 Digital Blood Pressure Monitor device (Columbus Instruments, Columbus,
Ohio) for measurement of mean arterial pressure and heart rate. Blood was then withdrawn
from the internal jugular vein to maintain a mean arterial pressure of 30—-35 mmHg for 45
minutes. Shed blood was reinfused.

Chronic Restraint Stress

Chronic stress (CS) consisted of two hours of restraint in a nose cone rodent cylinder (Kent
Scientific Corporation, Torrington, CT, USA) daily for six days. Rodents were repositioned
in the cylinder every 30 minutes to prevent habituation and during which alarms sounded for
2 minutes. The rodents in LCH/CS models were restricted from food and water during
chronic stress periods.

miRNA Isolation and Analysis

Following removal of the femur in the LCHS/CS and LCHS/CS+BB groups, the bone
marrow was reamed using a 199 needle and 3mL syringe containing 1mL of Iscove’s
Modified Dulvecco’s Medium (IMDM) with 2% FBS (Stem Cell, Vancouver, Canada). The
bone marrow was centrifuged at 1200rpm in a microcentrifuge for 5 minutes. The
supernatant was then decanted. 600uL of RNA lysis buffer (ImL of RLT from RNeasy Mini
Kit, Qiagen and 10uL of 2-mercaptoethanol, Sigma®) was then added to the cell pellet and
homogenized using Pro 200 Homogenizer (PRO Scientific, Oxford CT, USA). The samples
were stored at —80°C.

RNA extraction was performed using RNeasy Mini Kit (Qiagen, Hilden, Germany)
following the manufacturer’s instructions. RNA was quantified using Biotek Micro-volume
plate in Biotek Instruments. Ratio of absorbance at 260/280nm was taken for RNA purity.
Samples were diluted using RNA free water to a final concentration of 2ug RNA/ 10uL.
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Genome wide gene and miR expression was assayed using a GeneChip miRNA 4.0 Assay
using ThermoFisher standard protocols (Thermo Fisher Scientific, Waltham,
Massachussetts). 1231 genes passed filtering criteria. Fold change expressions were
calculated only for miRs with significant differences in expression (*p<0.01) between the
LCHS/CS, LCHS/CS+BB and naive groups and were expressed as fold expression changes
over naive. Statistical analysis was performed using BRB Array Tool (**p<0.01, t-test). For
visualization, expression differences were clustered using a heat map.

Bone Marrow Analysis

Real-time polymerase chain reaction (PCR) was performed to analyze the expression of
bone marrow inflammatory cytokines, including IL-1p, TNF-a, NO and IL-6. Following
synthesis of bone marrow RNA, cDNA synthesis was performed using High-Capacity cDNA
Reverse Transcription Kits (Applied Biosystems, Vilnius, Lithuania) as per manufacturer’s
instructions. After the cDNA was made, a stock was made by diluting it five times with
nuclease free water and this was stored frozen until use. Real-time polymerase chain
reaction was performed using Brilliant Il SYBR Green QPCR Master Mix (Agilent
Technologies, Santa Clara, CA) and the Mx3005P gPCR System (Agilent Technologies,
Santa Clara, CA), reported as mMRNA fold change relative to controls. Primers were designed
using Primer3 Web software (Table 1).

Plasma Analysis

Plasma CRP (ThermoFisher Scientific, Frederick, MD) was measured by sandwich enzyme
linked immunosorbent assay. All samples were run in duplicate following the
manufacturer’s protocol.

Statistical Analysis

Results

Statistical analysis was performed using BRB Array Tool for the miRNA expression and
statistical significance was set at #p<0.001. GraphPad Prism version 7.05 (GraphPad
Software, La Jolla, CA) was used to determine differences in bone marrow PCR values and
plasma ELISA values. Significance was set at *p<0.05 and data were reported as mean +
standard deviation (SD).

Propranolol Use Altered miR Expression following Severe Trauma and Chronic Stress

1232 genes passed filtering criteria in our comparison. Supervised hierarchical clustering
heatmap found 45 miRs that had a significant difference in expression across LCHS/CS,
LCHS/CS+BB and naive groups (*p<0.001) (Figure 1A). This heat map shows a marked
difference in the expression of 45 miRs, and the differences cluster by treatment group. The
LCHS/CS group has a markedly different miR expression profile when compared to the
naive rodents. However, the use of propranolol following LCHS/CS altered the miR
expression profile on the heat map to be similar to that of the naive animals (Figure 1A).

The 45 miRs that were significantly altered were queried for any relevance to inflammation
or hematopoiesis. The top ten miRs suppressed 10-25-fold by LCHS/CS were focused on to

JAm Coll Surg. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Apple et al.

Page 6

narrow our search (Figure 1A). LCHS/CS led to significant 15-25 fold downregulation of
miR-146b, miR-130b, miR-30c, miR-29a, and miR-146a. In particular, RnomiR-27a and
miR-25 have been linked to the suppression of inflammatory cytokines (IL-1p, TNF-a, NO
and IL-6) and were found to be downregulated 9.3 and 9.5 fold in the LCHS/CS group
respectively when compared to the naive (Figure 1B). Rno-miR-27a and miR-25 were found
to be downregulated 2 and 1.2 fold respectively in the LCHS/CS+BB group when compared
to the naive rodent group (Figure 1B). Therefore, the use of propranolol following LCHS/CS
upregulated Rno-miR-27a and miR-25 expression 7-8 fold when compared to the LCHS/CS
alone.

Reduction of Bone Marrow Inflammatory Cytokine Expression with Propranolol Use

Propranolol

LCHS/CS led to a significant increase in the bone marrow expression of IL-1p when
compared to naive rodents (*p=0.0099). When propranolol was given following LCHS/CS,
the bone marrow expression of IL-1f was significantly decreased when compared to
LCHSI/CS (**p=0.0092) (see Figure 2A). Following LCHS/CS+BB the expression of IL-1p
was similar to that of naive animals.

Similarly, LCHS/CS led to significant increase in the bone marrow expression of TNF-a
when compared to both naive rodents and LCHS/CS+BB rodents (*p=0.0206). When
propranolol was given following LCHS/CS, the bone marrow expression of TNF-a was
significantly decreased when compared to LCHS/CS (**p=0.0113) (see Figure 2B).
Following LCHS/CS+BB the expression of TNF-a was similar to that of naive animals.

The bone marrow expression of NO following LCHS/CS rats was significantly increased
when compared to naive rodents (*p=0.0413). When propranolol was given following
LCHSI/CS, the bone marrow expression of NO was significantly decreased when compared
to LCHS/CS (**p=0.0479) (see Figure 2C). Following LCHS/CS+BB the expression of NO
was similar to that of naive animals.

While LCHS/CS did lead to increased bone marrow expression of IL-6 there was no
statistical significance (Figure 2D). In addition, the LCHS/CS+BB rodents had a decreased
expression of 1L-6 similar to naive animals but again this was not statistically significant
when compared to LCHS/CS alone.

Use following Severe Trauma and Chronic Stress Reduced CRP Levels

Plasma CRP concentration was significantly increased following LCHS/CS when compared
to naive rodents (*p=0.0063) (Figure 3). The use of propranolol following LCHS/CS led to a
significant decrease in plasma CRP concentration when compared to LCHS/CS alone
(**p=0.0004) (Figure 3).

Discussion

In the present study, we found significant differences in 45 bone marrow miRs and several
bone marrow cytokine profiles following LCHS/CS and LCHS/CS+BB when compared to
naive animals. Our rodent trauma model of lung contusion and hemorrhagic shock followed
by chronic stress led to significantly increased bone marrow expression of IL-1p, TNF-a,
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IL-6, NO and plasma levels of CRP seven days after initial injury. The addition of chronic
stress following lung contusion and hemorrhagic shock maintained the elevation of these
inflammatory markers. Previous studies have shown that circulating IL-1p, TNF-a, and CRP
are significantly elevated early after hemorrhagic shock, hypoxia and ischemia-reperfusion
injury.(30-32) Elevations of circulating IL-6 occur early and have been shown to correlate
with severe trauma and degree of tissue injury.(33) In addition, our analysis revealed 45
bone marrow miRs with significantly altered expression following LCHS/CS when
compared to those rodents that received propranolol following LCHS/CS and naive rodents.
This study provides evidence that bone marrow miR-25-3p and Rno-miR-27a play a major
role in chronic inflammation following lung injury, hemorrhagic shock and chronic stress,
which is consistent with previously published studies. The reduced downregulation of Rno-
miR-25-3p and Rno-miR-27a correlated with reduced bone marrow expression of IL-1p,
TNF-a, IL-6, NO and reduced plasma levels of CRP following the use of propranolol after
LCHSI/CS.

Several studies have studied miRs in relation to important inflammatory cytokines, such as
cyclooxygenase-2, IL-2, IL-4, IL-5, IL-9 and prostaglandin E,.(16-19) Specific miRs have
been shown to have differential expression in asthma, COPD, and idiopathic pulmonary
fibrosis where these inflammatory cytokines are elevated.(34-37) In addition to
inflammation, miRs are essential to stem cell renewal, lineage selection, cell expansion,
differentiation with myeloid or erythroid commitment and apoptosis. In our study, Rno-
miR-146b-5p was the most suppressed miRNA in the LCHS/CS group when compared to
those rodents that received propranolol following LCHS/CS and naive rodents, with a 25-
fold suppression in expression. Li et al.(38) showed that miR-146b-5p was downregulated in
hepatocellular carcinoma and correlated with poor prognosis. miR-146b-5p inhibited tumor
growth by a suppression of proliferation, migration and invasion through inhibiting the
phosphoinositide 3-kinase (PI13K) and Akt (protein kinase B) signaling pathway.(38) miR
Let-7a-5p expression was also suppressed 9.5-fold following LCHS/CS when compared to
LCHS/CS+BB and naive animals and its expression has been studied in thyroid carcinoma
and cellular proliferation in relation to the Akt pathway.(39) The PI3K-Akt signaling
pathway plays an important role in erythropoiesis and can downregulate apoptosis of
erythroblasts.(40) miR-146a was also suppressed 15-fold in the LCHS/CS group when
compared to LCHS/CS+BB and naive rodents. He et al.(41) found a decreased expression of
miR-146a in patients with small intestine ischemia and ischemia reperfusion injury and
determined that improved intestine epithelial cell survival occurs with inhibition of toll like
receptor 4 and tumor necrosis factor receptor-associated factor-6 (TRAF6) which
subsequently led to decreased nuclear factor kappa light chain enhancer of activated B cells
(NF-xB). NF-xB has been shown to play a role in early erythroid proliferation and
suppression of erythroid specific genes.(42) These miRNA findings correlate with our
previous studies demonstrating significant erythroid growth suppression following
LCHS/CS and improvement in inflammation and erythropoiesis with the use of propranolol
following LCHS/CS.(3, 13, 14, 43)

Also, bone marrow miR-130b expression was suppressed in the LCHS/CS group when
compared to LCHS+BB and naive rodents. Previous studies have demonstrated that
miR-130b downregulation played a role in prostate and pancreatic cancer likely through its
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targeting of STAT3.(34, 35) STAT3 can act as negative regulator of erythroid differentiation.
(44) Bone marrow miR-30c-5p expression was decreased 19-fold and miR-29a expression
was decreased 15-fold in the LCHS/CS group when compared to LCHS/CS+BB and naive
rodents. Both miR-30c-5p and miR-29a play a role in apoptosis and cellular proliferation
(36-38). Bone marrow miR-29a has also been shown to promote proliferation of colony-
forming unit (CFU)-GM, CFU-G and CFU-M in normal hematopoiesis and its expression
has been found to be significantly decreased in acute myeloid leukemia patients, suggesting
that it might be a biomarker of abnormal myeloid differentiation.(45) This correlates with
several previous studies demonstrating dysfunctional myelopoiesis after severe trauma and
burns.(46, 47)

Several studies, including our rodent model of lung contusion, hemorrhagic shock and
chronic stress have demonstrated that LCHS/CS is associated with a hypercatecholaminemia
which leads to a prolonged inflammatory state and dysfunctional erythropoiesis.(5, 6, 9, 12,
48, 49) Treatment with propranolol has been shown to improve erythroid progenitor growth,
decrease plasma granulocyte-colony stimulating factor, decrease mobilization of
hematopoietic progenitor cells from the bone marrow, reduce inflammation and improve
erythropoiesis after severe trauma.(3, 13, 14, 43) In the current study, both miR-25-3p and
Rno-miR-27a were downregulated 9-fold following LCHS/CS when compared to LCHS/CS
and naive animals. Both miR-25-3p and Rno-miR-27a have been shown to play a role in
inflammation. Yao et al. (50) demonstrated in Sprague Dawley rats that improved expression
of miR-25 decreased expression of TNF-a and IL-6 following lipopolysaccharide (LPS)
stimulation and inhibited inflammation.(51, 52) These findings correlate with our study,
demonstrating that use of propranolol following LCHS/CS was associated with both the
improved expression of miR-25 and reduced bone marrow expression of TNF-a and IL-6.
Min et al (53) revealed that miR-27a influenced the production of pro-inflammatory
cytokines by targeting mitogen-activated protein kinases (MAPK) in the dendritic cell-
mediated differentiation of T cells. Human monocyte-derived dendritic cells transfected with
miR-27a inhibited the expression of multiple cytokines, including TNF- a, IL-1pB, IL-6 and
IL-12, at both the transcriptional and protein levels after exposure to LPS. Cheng et al. (54)
further studied the downstream targets of miR-27a and determined that upregulation of
miR-27a targeted monocyte chemotactic protein-1 induced protein-1, which when
overexpressed led to 50% suppression of IL-6 and IL-1B.(55) In addition, Lv et al. (56)
investigated the effect of miR-27a on LPS-induced microglial inflammation, and found that
over-expression of miR-27a caused suppression of IL-1p, TNF-a, NO and IL-6 microglia
expression and downregulation of miR-27a expression significantly increased the expression
of these pro-inflammatory cytokines. Both miR-25-3p and Rno-miR-27a may play key roles
in the sustained inflammation seen after LCHS/CS and the reduced inflammation seen
following the use of propranolol after LCHS/CS.

Similarly, CRP is an acute phase reactants released in response to IL-6, and has been used as
a marker for cardiac outcomes, acute tissue injury and inflammation.(57) Moreover, trends
in CRP have been used to monitor ongoing inflammation in severely injured trauma patients.
(58) Due to the transient nature of the pro-inflammatory cytokines in the plasma following
injury, this study analyzed CRP as a surrogate for persistent systemic inflammation. Our
study demonstrated a correlation between the bone marrow inflammatory cytokine
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expression and the plasma CRP concentration in the LCHS/CS rodents, as well as their
reduction to naive levels with the use of propranolol following LCHS/CS. Plasma CRP has
been shown to influence miR profiles in damaged myocardium following ischemia-
reperfusion injury.(59) Systemic infusion of CRP led to differential regulation of miR when
comparing myocardial ischemia to non-ischemic myocardium.(59)

Epigenetics are a fascinating new avenue of study in trauma and inflammation because
studies have already shown that the disruption of epigenetic processes is a major contributor
in cancer development, and that we can target certain drivers of cancer on a DNA
methylation or histone modification level to pharmacologically reverse these altered
epigenetics.(59) We have shown in multiple studies that beta blockade is effective at
reversing the bone marrow dysfunction and improving the inflammation seen in a trauma
population. (3, 13, 15) However, because propranolol is a drug that may not be tolerated by
all critically ill trauma patients, we can now study mechanisms whereby we could imitate
the effects of propranolol that mitigates the inflammatory milieu that is seen in our severely
injured trauma patients by directly targeting the inflammation-related miRs that are altered.
These novel epigenetic therapeutics could help us to improve the persistent injury-associated
anemia seen in our trauma patients long-term.

Limitations of this study are the small number of rodents which could impact the power of
our study. We also excluded female rodents due to their variability in response to
hemorrhagic shock dependent on their estrus state. Our study is further limited by the lack of
knowledge regarding many miRs and their role following trauma and hemorrhagic shock as
well their specific role in erythropoiesis and persistent inflammation. In order to link the
modulation of pro-inflammatory cytokines in the bone marrow to the altered expression of
these miRs, evaluation of their downstream targets needs to be performed with either a
luciferase reporter assay or western blot of protein expression. miR-25 suppresses the
activity of phosphatase and tensin homolog (PTEN) and miR27a impacts monocyte
chemotactic protein-1 induced protein-1 (MCP1P1).(50, 54) Both PTEN and MCP1P1 are
associated with decreased secretion of TNF-a,, IL-6 IL-1p and 1L-10.(50, 54) In addition,
further studies are needed to determine whether the effects of these regulatory miRs can be
replicated with selective beta blockade following severe trauma and chronic stress and
determine if epigenetic modifiers can be targeted.

Conclusions

In summary, this study characterized the bone marrow inflammatory state that is present
following severe trauma and prolonged stress. It also demonstrated that propranolol use was
associated with both the mitigation of the inflammatory state with a reduction of bone
marrow cytokine expression, as well as, an alteration of the expression of regulatory miRs.
We identified two key regulators of systemic inflammation, miR-25-3p and Rno-miR-27a,
that may play role in the improved inflammatory milieu in those rodents that received
propranolol following severe trauma and prolonged stress. These data highlight how
manipulation of miR expression may become important in clinical settings.
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Altered bone marrow miRNA expression. (A) Supervised hierarchical clustering heatmap
showing 45 miRNAs that had a significant difference in expression between the LCHS/CS,
LCHS/CS+BB and naive rodents. The use of propranolol following LCHS/CS resulted in
similar miRNA expression to that of naive rodents. Table shows top 10 miRNA most
significantly altered in their expression when compared to naive rodents. (B) miR-27a-3p
and miR-25-3p expression is suppressed 9-fold in LCHS/CS when compared to naive
rodents and only 1-2 fold in LCHS/CS+BB when compared to naive rodents. #p<0.001.
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Figure 2.

Altered bone marrow inflammatory cytokine expression. (A) IL-1f expression was
significantly increased in LCHS/CS, and significantly reduced after LCHS/CS+BB. (B)
TNF-a expression was significantly increased in LCHS/CS, and significantly reduced after
LCHS/CS+BB. (C) NO expression was significantly increased in LCHS/CS, and
significantly reduced following LCHS/CS+BB. (D) Expression of IL-6 after similar patterns
but was not statistically significant. *p<0.05 vs naive rodents; **p<0.05 between groups.
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Figure 3.
Plasma C-reactive protein (CRP) concentration after severe trauma. Plasma CRP

concentration is significantly increased after LCHS/CS and significantly reduced after
LCHS/CS+BB. *p<0.05 vs. naive rodents; **p<0.05 between groups.
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Polymerase Chain Reaction Primers

Table 1.

Variable Forward primer Reverse primer

TNF alpha 5-GAAACACACGAGACGCTGAA-3 | 5-GAAAGCCCATTGGAATCCTT-3
IL-1B 5-CAGGAAGGCAGTGTCACTCA-3 | 5-AAAGAAGGTGCTTGGGTCCT-3
IL-6 5-TGATGGATGCTTCCAAACTG-3 5-GAGCATTGGAAGTTGGGGTA-3
Nitric oxide | 5-GGATCTAGACACCCGGACAA-3 5-CTGTACAGCACAGCCACGTT-3
Beta actin 5-AGCCATGTACGTAGCCATCC-3 5-CTCTCAGCTGTGGTGGTGAA-3
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