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Abstract

Complex regional pain syndrome (CRPS) is a chronic pain condition characterized by
inflammation and debilitating pain. CRPS patients with pain refractory to more conventional
analgesics can be treated with subanesthetic doses of ketamine. Our previous studies found that
poor responders to ketamine had a 22-fold downregulation of the miRNA hsa-miR-605 in blood
prior to ketamine treatment. Hence, we sought to investigate the functional significance of
miR-605 downregulation and its impact on target gene expression, as investigating target mRNAs
of differentially expressed miRNAs can provide important insights on aberrant gene expression
that may contribute to disease etiology. Using a bioinformatics prediction, we identified that
miR-605 can target the proinflammatory chemokine CXCLS5, which plays a role in leukocyte
recruitment and activation. We hypothesized that downregulation of miR-605 in poor responders
to ketamine could increase CXCL5 expression and thereby contribute to inflammation in these
patients. We confirmed that miR-605 regulates CXCL5 by using a miRNA mimic and inhibitor in
human primary endothelial cells. Inhibition of miR-605 increased CXCL5 secretion and migration
of human monocytic cells, thereby demonstrating a functional impact of miR-605 on chemotaxis.
Additionally, CXCL5mRNA was upregulated in whole blood from poor responders to ketamine,
and CXCLS5 protein was increased in plasma from CRPS patients. Thus, our studies suggest that
miR-605 regulation of CXCL5 can regulate inflammation.
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1. Introduction

Complex regional pain syndrome (CRPS) is a disabling disorder characterized by
debilitating pain, inflammation, and sensory and motor abnormalities [1-3]. Recalcitrant
CRPS can be treated with ketamine, an N-methyl-D-Aspartate (NMDA\) receptor antagonist
[4, 5]. Ketamine treatment is only considered for patients with moderate to severe CRPS
symptoms meeting the Budapest criteria and for whom all other treatments have failed [6].
While continuous administration of subanesthetic doses of ketamine is usually effective,
about 30% of patients fail to respond to the therapy [7, 8]. The etiology behind treatment
failure is unknown.

There are beneficial prognostic and diagnostic biomarkers for CRPS, notably including
circulating miRNAs [9]. miRNAs can negatively regulate gene expression by binding to the
3’ untranslated region (3’UTR) of a target mRNA, which leads to target MRNA degradation
or translational inhibition, and thus, altered gene expression. We have shown that circulating
miRNAs in whole blood from CRPS patients compared to healthy control donors can help
stratify patient populations [10]. Additionally, miRNAs or their target mMRNAS can also serve
as therapeutic targets. We have observed that miR-939 targets several proinflammatory
genes and is downregulated in CRPS patient circulation, suggesting that a single miRNA can
regulate proinflammatory signaling networks [11]. Thus, investigating how differentially
expressed miRNAs regulate target mMRNAs can provide important insights on aberrant gene
expression that contributes to disease pathology [9].

Our previous study in female patients with CRPS showed differential expression of
circulating miRNAs in whole blood, both before and after ketamine treatment [12]. Poor
ketamine responders, defined as patients with an increased average pain score or with a less
than 50% decrease of pain score, had a 22-fold downregulation of miR-605 prior to
ketamine treatment [12]. Therefore, we sought to assess the functional significance of
miR-605 differential expression and how it may contribute to pain and inflammation in
CRPS. Bioinformatics predictions show that miR-605 can potentially target the epithelial-
derived neutrophil-activating peptide 78 (ENA78/CXCL5), a member of the CXC
chemokine family. Chemokines are small proteins that induce migration of leukocytes and
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initiate a cascade of events leading to inflammation [13]. CXCLS5 primarily binds to the
chemokine receptor CXCR2 on immune cells to induce chemotaxis of leukocytes and
thereby contribute to inflammation [14]. Indeed, CXCLS5 expression was elevated in human
and rodent skin after ultraviolet-B (UVB) radiation treatment [15-17], which induces a
dose-dependent erythema and hypersensitivity to both thermal and mechanical stimulation
that mimics inflammatory pain in rodents [18] and humans [19]. Autoinflammatory and
autoimmune components are implicated in CRPS, and patients display complex
neuroimmunological pathogenesis with dysfunction of both the innate and adaptive immune
systems [20]. Although several studies have reported alterations of cytokines in CRPS
patients [21-23], none of the studies so far has implicated CXCL5 in CRPS. We
hypothesized that lower levels of miR-605 may lead to upregulation of CXCLS5, which in
turn may contribute to the inflammation and hyperalgesia observed in CRPS patients.

2. Materials and methods

2.1.

Ethics statement

All subjects were enrolled after giving informed consent as approved by the Drexel
University College of Medicine Institutional Review Board and met the clinical Budapest
criteria for CRPS [24]. Standard protocol approvals, registrations, and patient consents,
inclusion and exclusion criteria have been described in detail [10, 12] and banked RNA
samples from these studies were used here.

2.2 Cell culture and maintenance

HEK?293 cells (ATCC) were maintained in Dulbecco’s Modified Eagle Medium (DMEM),
10% heat-inactivated fetal bovine serum (FBS), and 1% penicillin-streptomycin. Human
umbilical vein endothelial cells (HUVEC) (Sigma Aldrich, 200P-05n) were maintained in
endothelial cell basal medium containing 10% FBS and 10% DMSO (Sigma Aldrich) at 37
°C in 5% CO2. Human monocytic leukemia THP-1 cells (TIB202, ATCC) were maintained
in RPMI-1640 medium containing 10% FBS and 1% penicillin-streptomycin. SH-SY5Y
cells were cultured in 1:1 mixture of ATCC-formulated Eagle’s Minimum Essential and F12
medium with 10% FBS.

2.3 Overexpression of miR-605 in HUVEC

Transfections were performed according to the manufacturer’s protocol for RNAiMax
transfection reagent (Life Technologies) using either mimic control (CN-002000-01-05),
inhibitor control (IP-004500-01-05), hsa-miR-605-5p inhibitor (Catalog nhumber AM17000,
5nmol, Thermo Fisher Scientific), or hsa-miR-605-5p mimic (Catalog number 4464066,
5nmol, Thermo Fisher Scientific) with the following modifications. For each well of a 24-
well plate, 3ul RNAiMax reagent was diluted in 50pl of Opti-MEM media (Thermo Fisher
Scientific) and 10pmol of miR-605 mimic, miR-605 inhibitor, or their respective controls
were diluted in 50 pl of Opti-MEM media individually, added to Lipofectamine RNAIMAX
Reagent in a 1:1 ratio, and incubated for 5 min at room temperature. This transfection
complex (100 ul) was added to 2 x 10° cells/well in 6 well plates and incubated for 24 hours
at 37 °C, after which the cells were stimulated with 10 pmol of recombinant human tumor
necrosis factor a (rhTNF-a)(210-TA-020, R&D Systems, Inc) and incubated for 24 h.
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Alternatively, for gene expression studies, the cells were stimulated with 1ug/ml bacterial
lipopolysaccharide (LPS) (Sigma-Aldrich) for 6 h. The cell pellet was collected and stored
in =80 °C until further use.

2.4 Luciferase Reporter Assay

The 3’ UTR clones for human CXCL5 (NM_002994.4) and the miR-605 (HmiR0158-
MRO04-B, precursor miRNA expression clone for hsa-mir-605) and precursor miRNA
scrambled control for pEZX-MRO04 were purchased from Genecopeia. Reporter assays were
performed 48 h hours after co-transfection of HEK293 cells using Lipofectamine 2000 (Life
Technologies). The Luc-Pair Duo-Luciferase assay (GeneCopoeia) was used to determine
firefly and Renilla luciferase activity in accordance with the manufacturer’s protocol. Firefly
luciferase measurements normalized to Renilla were used as a transfection control.
Statistically significant differences from control were calculated using a Student’s t-test.

2.5 RNA isolation and gRT-PCR

For cells, total RNA was isolated using the mirVVana RNA isolation kit (Ambion, Life
technologies) according to manufacturer’s instructions. For patient samples, total RNA was
isolated from whole blood as described previously [12]. RNA concentrations were
determined using a NanoDrop ND1000 spectrophotometer (NanoDrop Technologies) and
200ng of total RNA was used to amplify cDNA using The Maxima cDNA synthesis kit
(Thermo Fisher Scientific). Two pl of cDNA was used for the Tagman qPCR assay in a
reaction volume of 20 pL comprised of 10 uL Tagman Fast Universal PCR master mix (2x),
no AmpErase UNG (Life Technologies), 1 UL Tagman gene expression assay mix (20x), 2
UL cDNA, and 7 uL RNase-free water. 18S rRNA or GAPDH was used as the normalizer.
Fold change of RNA was calculated using the raw cycle threshold (CT) values using the
27AACT method [25]. The Assay ID for the Tagman primer probes were CXCL5
(Hs01099660-g1), 18S (4319413E-13U1058), and GAPDH (4326317E).

For miRNA gPCR, cDNA synthesis was performed using 40 ng total RNA, and qPCR for
miR-605 was performed using TagMan microRNA assay (Assay ID 001568 Applied
Biosystems) as recommended by the vendor. U6 snRNA was used for normalization (Assay
ID 001973, Applied Biosystems).

2.6 Enzyme-linked Immunosorbent Assay (ELISA)

Supernatants from HUVECs transfected with miR-605 mimic, inhibitor, or controls were
used for ELISA. Briefly, 2x10° HUVECSs were transfected with 10 pmol of mimic, inhibitor,
and their respective controls. The transfection complex was incubated for 24 hours at 37 °C
after which the cells were stimulated with 10 pmol of rhTNFa (R&D Systems) and
incubated for 24 h. Twenty pL of media collected 48 h post transfection was used for
ELISA, which was performed according to manufacturer’s protocol (Bio-legend) to
determine CXCL5 concentration. For patient samples, aliquots of plasma stored in —80 °C
were used. The numbers of samples from patients and controls used in these assays
depended on plasma sample availability.
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2.7 Leukocyte Transmigration Assay

Transmigration assay was performed according to manufacturer’s instructions (CBA-101,
Cell Biolabs). Briefly, HUVECs were grown in endothelial media and plated to confluency
(1x10°cells/transwell insert). Cells were allowed to form a monolayer. After 72 hours, cells
were transfected in Opti-MEM media as described previously and were treated with rhTNFa
for 24 h. Supernatants from the transfected HUVECSs were added to the bottom of the wells.
THP-1 monocytes (1x10° cells) labelled with the LeukoTracker™ (1X) dye were placed in
the upper chamber and allowed to migrate for 4 hours at 37 °C after which the media from
the bottom well was collected and monocytes that had transmigrated were lysed and
quantified with a fluorescent plate reader (Tecan Spark multimode plate reader) at
480nm/520 nm. Cells were also analyzed under an inverted fluorescence microscope and
representative pictures were taken at the end of 4 h incubation.

2.8 Statistical analysis

Data shown as mean + the standard error of the mean from three or more independent
experiments. GraphPad Prism software was used for all statistical analysis. Student’s t-test
was used for determining the statistical significance for comparisons between two groups.
Pairwise comparisons between means were tested using one-way analysis of variance
(ANOVA) for comparisons between two groups. A p-value less than 0.05 was considered
significant.

3. Results

3.1 miR-605 was downregulated in CRPS patients who were poor responders to ketamine

treatment.

We previously profiled circulating miRNAs in whole blood from female CRPS patients
before and after treatment with subanesthetic doses of intravenous ketamine for five days
and showed that a miRNA signature can help predict a treatment response to ketamine [12].
Of the 33 miRNAs that differed between responders and poor responders before therapy, we
aimed to validate changes in miR-605 as it was highly downregulated in poor responders to
ketamine and predicted to regulate inflammation-related gene targets. Our gPCR results
confirmed that miR-605 expression was strongly downregulated in poor-responders prior to
ketamine treatment (Fig 1A). With this validation, we moved to investigate the gene target(s)
of miR-605.

3.2 Confirmation of miR-605 binding to the 3’UTR of CXCLS5.

Bioinformatic analysis using miRDB, an online database for miRNA target prediction and
functional annotations [26], predicted that the human CXCL5 3’UTR harbors two miR-605
binding sites (Fig 1B). Since CXCLS5 is a proinflammatory chemokine that helps recruit and
activate immune cells, we hypothesized that downregulation of miR-605 in poor responders
leads to higher CXCL5 expression, which may contribute to inflammation and thus a
potentially poor treatment response in these patients. First, we validated the binding of
miR-605 to the CXCL53’UTR using a luciferase reporter assay where the 3’UTR of
CXCL5was cloned downstream of a luciferase open-reading frame. We transiently
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transfected HEK?293 cells with plasmids encoding the 3’UTR construct of CXCL5along
with either miR-605 or a scrambled precursor miRNA control. As predicted, miR-605 could
bind to the 3’'UTR of CXCL5mRNA, as demonstrated by a significant reduction in
luciferase activity 48 h after transfection (Fig 1C).

3.3 mIiR-605 inhibits LPS and TNFa-stimulated CXCL5 mRNA expression in vitro

Next, we wanted to perform miR-605 transfection studies in a cell line that endogenously
expresses CXCL5. We quantified CXCL5 mRNA expression levels in monocytic THP-1
cells, SH-SY5Y neuroblastoma cells, and human umbilical vein endothelial cells (HUVEC),
and the highest CXCL5 expression was observed in HUVECs with a 29-fold upregulation
upon LPS treatment (Supp Table 1). Prior studies have shown that CXCL5is a potent
chemokine involved in inflammation and known to have a role in neutrophil trafficking
during LPS induced lung inflammation in mice [27]. CXCL5 expression can also be
stimulated with TNFa in vitro [28].

LPS stimulation upregulated CXCL5 mRNA expression in SH-SY5Y cells, and transfection
of these cells with miR-605 led to a small but significant decrease in CXCL5 mMRNA levels
(Fig 2A). We then transfected HUVECs with either a miR-605 mimic, miR-605 inhibitor, or
their respective controls to evaluate the ability of miR-605 to modulate the levels of
endogenous CXCL5mRNA in vitro. Transfection with the miR-605 mimic significantly
reduced the expression of CXCL5 transcripts, but the miR-605-5p inhibitor did not
upregulate CXCL5mRNA expression compared to the inhibitor control (Fig 2B). We then
transfected HUVECs, and 24 h after transfection, stimulated the cells with LPS for 6 h. Cells
transfected with the miR-605 inhibitor showed significantly increased expression of CXCL5
(Fig 2C), potentially by blocking binding of miR-605 to the 3° UTR of CXCL5 mRNA.

3.4 miR-605 reduces secretion of CXCL5 protein following TNFa stimulation in vitro

Since the miR-605 inhibitor was clearly functional in response to stimulation with LPS, we
also tested its efficacy in cells stimulated with TNFa.. We transfected HUVECs with either
miR-605 mimic, miR-605 inhibitor, or their respective controls, then stimulated the cells
with TNFa.. At 24 h post TNFa treatment, we collected samples of culture media to assess
changes in extracellular CXCL5 protein by ELISA. The miR-605 mimic did not change
levels of secreted CXCLS5, but as expected, the miR-605 inhibitor increased CXCL5 protein
levels compared to control (Fig 3).

3.5 miR-605 regulates leukocyte migration via CXCL5 secretion in vitro

CXCL5 promotes chemotaxis and acute inflammation by binding to the CXCR2 chemokine
receptor on the surface of immune cells. As in vitro secretion of CXCLS5 can be
differentially regulated by transfection with a miR-605 mimic or inhibitor, we used this
approach in a leukocyte transmigration assay to assess how altered CXCL5 secretion affects
migration of human THP-1 monocytes. For this experiment, THP-1 cells were suspended in
the upper chamber of a transwell, while the bottom chamber contained spent media from
HUVECs transfected with either a miR-605 mimic, inhibitor, or their respective controls and
treated with TNFa for 24 h (Fig 4A). We confirmed that inhibition of miR-605 in HUVECs
increased secretion of CXCLD5, which subsequently enhanced chemotaxis of human
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monocytic cells relative to control (Fig 4B, 4C). In contrast, migration of monocytes in
response to supernatants from HUVECs transfected with miR-605 mimic was similar to the
mimic control. Thus, miR-605-mediated downregulation of CXCL5 reduced chemotaxis of
THP-1 monocytes.

3.6 CXCL5 mRNA and protein expression in CRPS patients

To validate CXCLS5 regulation in a disease-relevant context, we next investigated CXCL5
MRNA and protein levels in whole blood from CRPS patients that underwent ketamine
therapy. Since poor responders had lower miR-605 levels prior to ketamine treatment, we
hypothesized that these patients would also display upregulated CXCLS5 levels. Using the
same patient RNA samples, Tagman gPCR analysis showed a significantly higher expression
of CXCL5mRNA in poor responders compared to responders (Fig 5A). This suggests that
there is an inverse correlation between the expression of miR-605 and its target CXCL5
mRNA in whole blood from poor responders to ketamine, prior to treatment. Since we did
not have plasma samples for responders and poor responders, we further performed ELISA
using banked plasma samples from CRPS patients. Indeed, CXCL5 protein expression was
increased in plasma samples from CRPS patients (Fig 5B), suggesting elevation of this
chemokine could have a role in inflammation, a hallmark of CRPS.

4. Discussion

In previous studies, circulating miRNAs have been identified as biomarkers to guide disease
prognosis and treatment [29]. Therefore, we can better understand the pathophysiology of
CRPS by linking changes in circulating miRNA expression to inflammation and pain. By
extension, this approach may uncover new and much needed therapeutic targets. In this
study, we investigated the function of miR-605 because it was significantly downregulated in
CRPS patients who responded poorly to ketamine therapy. We validated that hsa-miR-605
regulates the pro-inflammatory chemokine CXCL5 and assessed potential implications
related to the neuroimmunological pathogenesis of CRPS. We have previously linked some
of the miRNAs identified by profiling blood samples from CRPS patients to target genes,
which enhanced our understanding of the disease biology [11, 12, 30]. Examples of miRNA
and target genes include miR-548d-5p and UDP-glucuronosyltransferase UGT1A1 mRNA
[12], miR-34a and corticotrophin releasing hormone receptor 1 (CRHR1) [30], miR-939 and
multiple proinflammatory genes including interleukin-6 (IL-6), vascular endothelial growth
factor (VEGFA), tumor necrosis factor a (TNFa.), nitric oxide synthase 2 (NOS2A or
iNOS), and nuclear factor-xB2 (NFxB2) [11]. These examples suggest identifying miRNA
and target interactions can be beneficial for diagnosis and potentially useful for discovering
new therapeutic approaches for management of CRPS [31].

Initially, we identified putative target genes of mir-605 using the bioinformatic database
miRDB [25]. From this query, mir-605 was predicted to bind to two potential sites in the 3’
UTR of CXCLJ5, a known proinflammatory chemokine. Inflammation is a crucial feature of
CRPS, as several studies have identified elevations in inflammatory mediators in plasma,
cerebrospinal fluid, and blisters from CRPS patients, as well as decreased levels of systemic
anti-inflammatory cytokines [32]. To the best of our knowledge, CXCL5 has not been
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previously associated with CRPS. Thus, we hypothesized that the downregulation of
miR-605 could increase expression of CXCL5 and exacerbate the chronic inflammatory
states in CRPS that is unresponsive to ketamine therapy. Our luciferase reporter assay
confirmed that miR-605 bound to the 3’'UTR of CXCL5 and downregulated its expression.

The expression of chemokines is regulated at different levels, including mRNA expression
[33]. Since endogenous expression of CXCL5'is low, we utilized LPS [27] and TNFa [28]
to induce expression in cell lines of interest. With this approach, CXCL5 expression was
reduced in cells transfected with miR-605 mimic and increased in cells transfected with a
miR-605 inhibitor in the presence of LPS or TNFa.. This further supports the hypothesis that
CXCL5 expression is under miR-605 regulation. We also observed differences in CXCL5
upregulation in HUVECs transfected with a miR-605 inhibitor depending on the stimulating
agent used. LPS stimulation upregulated CXCL5 mRNA whereas TNFa did not change
MRNA expression but did increase CXCL5 protein levels and secretion. This could be due to
differences in the signaling pathways of LPS and TNFa in addition to temporal differences
in the effects of each stimulation. Several other factors could contribute to the differences
between TNFa and LPS, including context-specific effects of other regulators. These can be
transcription factors, RNA-binding proteins that modulate accessibility [34], or differential
3" UTR isoform usage that influences either the inclusion of binding sites or their placement
within contexts that may be more or less favorable [35].. The efficacy of the miR-605
inhibitor translated to higher CXCLS5 protein expression in HUVECs. When delivered to a
cell, miRNA inhibitors bind to endogenous mature miRNAs and this is thought to be
irreversible. Thus, miRNA inhibitors sequester the endogenous miRNA, making it
unavailable for normal function [36]. This could have contributed to the differences in
functional efficacy from transfecting mimics and inhibitors.

Inflammation fundamentally requires the recruitment of leukocytes and other immune cells
to target tissues [37]. Neutrophils are the first immune cells to be recruited to the site of
inflammation [38]. These cells express CXCR2 and are attracted by CXCLS5, which is
produced in response to an inflammatory stimuli or infection by various cell types such as
endothelial cells [39]. After recruitment to an inflammatory site, neutrophil adhesion
molecules can bind to their respective receptors on activated endothelial cells under
inflammation to enter inflamed tissue [40]. Other immune cells express the CXCL5 receptor
CXCR2, including monocytes and endothelial cells, suggesting they also respond to secreted
CXCL5. Our transwell assay confirmed that regulation of CXCL5 by miR-605 can
significantly alter the number of migrating THP1 monocytic cells.

Since miR-605 expression was downregulated in blood from CRPS patients that poorly
responded to ketamine therapy, we investigated if CXCL5 mRNA was higher in these
patients due to the inverse relationship between the miRNA and its target gene. We observed
a significantly higher expression of the CXCL5 gene in poor responders as compared to
responders, prior to ketamine treatment. Since all the matching plasma samples for patients
whose blood samples were used for miRNA profiling were not available, we used additional
banked plasma samples from patients who received ketamine therapy to analyze CXCL5
protein levels. Though we were unable to match miRNA levels, we observed an increase in
CXCL5 in CRPS patients compared to controls.
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This leads to the question of how CXCLS5 contributes to the pathogenesis of pain and
inflammation in CRPS patients. The studies reported here aimed to only identify the target
gene regulated by miR-605. We did not investigate the mechanisms leading to treatment-
induced changes in miR-605 expression in these patients. Prior research has shown that
CXCL5mRNA was elevated in human and rodent skin punch biopsies after UV treatment,
and that UV radiation induced CXCL5 protein in a dose-dependent manner in human skin
[15-17]. Further, CXCLS5 injection induced mechanical hypersensitivity that was associated
with the infiltration of neutrophils and macrophages into the dermis and neutralizing the
effects of CXCLS5 attenuated pain hypersensitivity [15]. Since neutrophils and macrophages
are both involved in the development of aberrant pain, the authors suggested that CXCL5
contributes to the sensory changes evoked by UVB irradiation through the recruitment of
inflammatory cells and release of pro-algesic mediators [15]. They also reported an increase
in mechanical hypersensitivity 30 min after CXCL5 application that was independent of
leukocyte infiltration. This suggests that CXCL5 may act either directly on nociceptive
terminals or via other resident cells expressing CXCR2 [15]. Elevated levels of CXCL5 were
also reported in the synovial compartment of rheumatoid arthritis patients [41]. CXCL5
amplifies the release of NF-xB responsive proinflammatory cytokines in endothelial cells
[14]. Mechanical allodynia after intrathecal injection of LPS in rats is generated by
activating transcription factor STAT3 in spinal astrocytes [42]. STAT3 binds to the promoter
regions inducing upregulation of three chemokines including CXCLJ5, which in turn could
regulate the recruitment of peripheral immune cells [42]. Our observation that CXCLS5 is
upregulated in plasma samples from CRPS patients suggest this chemokine could exert a
systemic effect. Additional studies in a rodent model of CRPS comparing WT and CXCL5
KO mice [43] will help elucidate the role of this chemokine in the injured limb as well as
systemic effects in tissues that mediate pain.

5. Conclusions

A subset of CRPS patients that poorly responded to ketamine therapy had lower circulating
levels of miR-605 and higher levels of CXCL5 mRNA. This miRNA-mRNA interaction was
confirmed in vitro, and CXCL5 secreted in the absence of miR-605 enhanced migration of
monocytes. This indicates that miR-605 negatively regulates CXCL5, and this interaction
has functional consequences on immune cell chemotaxis. Plasma samples from CRPS
patients showed an increase in CXCLS5 protein, suggesting this chemokine could contribute
to the inflammatory pain pathogenesis of CRPS.

Supplementary Material
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Highlights

. CRPS patients responding poorly to ketamine has lower miR-605 in whole
blood.

. miR-605 is predicted to target proinflammatory chemokine CXCLS5.

. miR-605 binds to CXCLS5 decreasing CXCL5 mRNA and protein expression
in vitro.

. miR-605 regulates leukocyte migration via CXCL5 impacting chemotaxis in
vitro.

. CRPS patients show increased CXCL5 mRNA and protein expression in
whole blood.
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Fig 1. Confirmation of hsa-miR-605 binding to the 3’UTR of CXCL5.
(A) Hsa-miR-605 expression in whole blood from healthy control donors and CRPS patient

samples. Hsa-miR-605 in poor responders to ketamine therapy was lower relative to
responders, prior to treatment. In responders, ketamine therapy reduced average pain scores
by at least 50%. Relative expression of miR-605 was determined by gPCR. Controls n=19,
responders n=8, poor responders n=7. miR-605 expression was normalized to U6 snRNA.
Statistical significance was determined by one-way ANOVA, *p<0.05, data represent mean
+ SEM. (B) The binding of seed sequence of hsa-miR-605-5p to 7mer-Al and 7mer-m8
sites in 3’UTR of CXCLS5 transcript at positions 396 and 1319 respectively. (C) To confirm
miR-605 binding to 3’ UTR of CXCL5mRNA, the 3’'UTR of CXCL5 was cloned
downstream of the luciferase open reading frame. Luciferase reporter assay was performed
48 h after co-transfection of HEK293 cells with CXCL5 3"UTR reporter plasmid and
miR-605 or control miRNA. Firefly luciferase measurements normalized to Renilla
luciferase was used as a transfection control. The average of three independent experiments
is shown. Statistical significance was determined using unpaired Student t-test (two-tailed),
data represent mean £ SEM ***p < 0.001.
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Fig 2. Expression levels of CXCL5 mRNA in SH-SY5Y and HUVEC cells transfected with
miR-605-5p.

(A) Relative expression of CXCL5was measured in miR-605 transfected SH-SY5Y cells.
LPS induced upregulation of CXCL5 showed small but significant decrease upon miR-605
transfection compared to control (n=3). Statistical significance was determined using one-
way ANOVA followed by Sidak’s multiple comparison tests, *p<.05, ***p < 0.001. (B)
Tagman analysis of endogenous levels of CXCL5in HUVECs transfected with miR-605
mimic, miR-605 inhibitor, mimic control and inhibitor control. Transfection with miR-605
mimic reduced CXCL5 transcripts compared to control miRNA transfection. miR-605
inhibitor did not significantly upregulate CXCL5 mRNA (n=3). Significance was
determined by one-way ANOVA followed by Sidak’s multiple comparison tests, *p < 0.05.
(C) Relative expression of CXCL5mRNA in HUVEC cells transfected with miR-605
inhibitor. After 24 h, cells were stimulated with 1 ug/ml of LPS. Cells were harvested after 6
h of stimulation. Cell transfected with miR-605 inhibitor showed significant increase in
CXCL5 expression (n=3). Statistical significance was determined using one-way ANOVA
followed by Sidak’s multiple comparison tests, *p<.05, ***p < 0.001.
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CXCLS5 protein expression (fold change)

Fig 3. Changes in CXCLS5 protein expression in HUVEC cells transfected with miR-605-5p.
ELISA for CXCLS5 secreted by HUVEC into culture media. HUVEC cells were transfected

with miR-605 mimic, control mimic, miR-605 inhibitor, and control inhibitor followed by
TNFa stimulation for 24 h. miR-605 inhibitor upregulated levels of secreted CXCL5
whereas transfection with miR-605 mimic did not significantly alter CXCLS5 protein. Figure
is derived from the average of three experiments. Statistical significance was determined
using one-way ANOVA followed by Tukey’s multiple comparison test **p < 0.01.
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Fig 4. miR-605 mediated regulation of CXCL5 impacts migration of human monocytes.
(A) Schematic of a transwell assay to determine if the regulation of CXCLS5 levels by the

miR-605/miR-605 inhibitor can functionally impact leukocyte migration. (B) Representative
epifluorescence microscopic images of LeukoTracker labeled THP-1 cells from transwell
assay. HUVEC cells were transfected with miR-605 mimic, mir-605 inhibitor, or control
mimic. Supernatants from the transfected HUVECs were added to the bottom of the wells.
Labelled THP-1 cells were added to the upper chamber and allowed to migrate for 4 hours.
Transmigration of THP-1 monocytes is altered under the influence of miR-605 inhibitor. (C)
An increased secretion of CXCL5 mediated by miR-605 inhibitor led to an upregulation of
chemotaxis of THP1 cells, while miR-605 mimic did not affect secretion of CXCLS5 or
migration (n=3). Statistical significance was determined using one-way ANOVA followed
by Sidak’s multiple comparison test, **p < 0.01, ***p<.001.

Biomed Pharmacother. Author manuscript; available in PMC 2022 August 01.

h (CXCLS) ini
medium q
Migrated THP-1 cells
L & & &
¢ L& LS
& ‘.oo“ » o°¢\§$°

Hkok



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pande et al.

A

Page 19

B ok
§ 3 i £ 30009
a >
g &
—
S 5 2000-
Iﬁ 21 % ¢ &
0 8 > ©
o £ 1000+
S 11 £
2 H
2 — g 0--- P ..o ..
1] wn
° o
4 .
0 = 5 -10001——— T
O(\b.0 6’\\(\0 @(\0 Q\‘
R DG VY
Q.Q *.0 +0
€ &

Fig 5. CXCLS5 expression levels in CRPS patients.
(A) Expression levels of CXCL5mRNA in whole blood of CRPS patients prior to ketamine

treatment. GAPDH was used as normalizer (n=8). Statistical significance was determined
using t-test, **p < 0.01. (B) CXCLS5 protein expression in plasma from CRPS patients.
Plasma levels of CXCL5 protein measured by ELISA (preketamine n=16, postketamine
n=16, control n=10). Statistical significance was determined using one way ANOVA,
followed by Dunnett’s multiple comparison test, *p<0.05.
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