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Abstract

Fatty infiltration and inflammation delay the healing responses and raise major concerns in the
therapeutic management of rotator cuff tendon injuries (RCTI). Our evaluations showed the
upregulation of ‘metabolic check point” AMPK and inflammatory molecule, TREM-1 from
shoulder biceps tendons collected from RCTI subjects. However, the epigenetic regulation of these
biomolecules by miRNAs is largely unknown and it is likely that a deeper understanding of the
mechanism of action can have therapeutic potential for RCTI. Based on this background, we have
evaluated the miRNAs from RCTI patients with fatty infiltration and inflammation (FI group) and
compared with RCTI patients without fatty infiltration and inflammation (No-FI group).
NetworkAnalyst was employed to evaluate the genes interconnecting AMPK and TREM-1
pathway, using PRKAAL (AMPK), TREM-1, HIFla, HMGB1 and AGER as input genes. The
most relevant miRNAs were screened by considering the fold change below - 7.5 and the number
of target genes 10 and more which showed 13 miRNAs and 216 target genes. The exact role of
these miRNAs in the fatty infiltration and inflammation associated with RCTI is still unknown and
the understanding of biological activity of these miRNAs can pave ways to develop miRNA-based
therapeutics in the management of RCTI.
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Introduction

Rotator cuff tendon injuries (RCTI), both traumatic and age-related degenerative changes,
are one of the most common pathologies of upper extremity. These injuries are both a major
health as well as a significant economic problem with more than 250,000 RC repairs being
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performed in the United States each year [1,2]. Fatty degeneration of rotator cuff (RC)
muscles is considered to be a risk factor for successful outcome for rotator cuff surgery [3].
The fatty infiltration always begins in the muscles but, in severe cases proceeds to affect the
tendons of the rotator cuff as well as the associated biceps tendon [4]. Little is understood
regarding the underlying mechanisms for the fatty infiltration. Goutallier et al. pointed out
that the degree of fatty infiltration was directly related to the risk of a poor outcome [5].
Logically, with this background, the next generation of therapeutic approaches for RCTI
should include strategies that minimize, prevent or reverse the fatty infiltration.

Inflammation, like fatty infiltration, is also a risk factor for delayed healing responses.
Unfortunately, the mechanism of recruitment of inflammatory cells and mediators to the
injury site in otherwise hypovascular RC tendon is largely unknown [6]. We have
categorized and reported two classes of shoulder biceps tendons; (1) with immune cells
(neutrophils and macrophages), and (2) without immune cells. Interestingly, the tissue
specimens without immune cells also expressed the pro-inflammatory receptor Triggering
Receptors Expressed on Myeloid cells-1 (TREM-1) but, characteristics of classical
inflammation was completely absent [7, 8]. Moreover, the cell phenotype responsible for
TREM-1 expression has been characterized to be tenocytes. As expected, the protein
expression of TREM-1 was found to be higher in the specimens with immune cell
infiltration. This suggests TREM-1 to be a key factor for symptomatic and asymptomatic
inflammation associated with RCTI [7, 8]. Still, the interrelationship between TREM-1-
mediated inflammation and fatty infiltration needs to be elucidated.

The metabolic aspects of fat tissue infiltration in RC tendons have not been studied so far.
However, the presence and differentiation of pre-adipocytes in RC muscles have been found
to be mediated by the transcription factor, peroxisome proliferator activated receptor gamma
(PPARy) along with CCAAT/enhancer-binding protein-a. (C/EBPa) [9]. In addition, AMP-
activated protein kinase (AMPK) is the central regulatory enzyme which integrates most of
the metabolic pathways depending on the cellular energy status [10]. The active role of
AMPK in maintaining the energy homeostasis by preserving mitochondrial function during
normal and various cellular stresses has been extensively described in several tissues and cell
types [11, 12]. Interestingly, the metabolic and regulatory roles of AMPK regarding fatty
infiltration are not being well understood in RC tendon tissues. Moreover, the pathways or
molecular events that interlink fat accumulation of RC tendon in terms of AMPK-mediated
metabolic homeostasis and TREM-1-mediated inflammation could be a promising a
therapeutic target.

Several miRNAs are found to be associated with the regulation of AMPK signaling. For
example, miR-451 is proven to control cell proliferation and migration in response to
metabolic stress by regulating LKB1 and downstream AMPK [13]. Similarly, miR-195 has
also been reported to regulate metabolic homeostasis during the progression of cardiac
diseases [14]. However, the reports regarding miRNA regulation associated with TREM-1-
mediated inflammation is rare in the literature. Moreover, the epigenetic regulation of fatty
infiltration, especially by miRNAs, is still an unexplored topic. Our recent article has
reported several key miRNAs associated with ECM disorganization in RCTI patients [15]. In
this article, we have used a similar strategy to screen and interlink fatty infiltration and
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inflammation of RCTI specimens in terms of AMPK and TREM-1 by employing the meta-
analysis program NetworkAnalyst. The focus of this article is to integrate AMPK-mediated
fatty infiltration and TREM-1-mediated inflammation of RCTI with respect to highly altered
mMiRNAsS.

Materials and Methods

RCTI tissue collection and processing

After receiving approval from Institutional Review Board, 8 RCTI patients were recruited to
our study and given written informed consent prior to the surgery. In each case the biceps
tendon (~3cm length) was surgically removed and temporarily stored in UW (University of
Wisconsin) solution. Four out of eight patients were had severe inflammation, glenohumeral
arthritis and fatty infiltration in their biceps tendon. These four patients were grouped as
Rotator cuff tendon inflammation-fatty infiltration (FI group). The other four had RCTI, but
arthritis and signs of inflammation and fatty infiltration were absent (No-FI group). The
tissues were used for RNA isolation and immunofluorescence. For immunofluorescence
formalin-fixed paraffinized sections of 5um were used.

Immunofluorescence

Immunofluorescence was performed to assess the expression of AMPK, TREM-1 and HIF1-
a by following the procedures described in our recent report [16]. The primary antibodies
(Santa Cruz Biotech) used were mouse-anti-human-AMPKa (sc-390579), goat-anti-human-
TREM-1 (s¢-19309), and mouse-anti-human-HIF1-a (sc-53546), and the secondary
antibodies donkey-antimouse-488 (sc-362258) and donkey-anti-goat-488 were used. The
fluorescence intensity was quantified by Image J software and expressed as mean
fluorescence intensity (MFI).

RNA isolation and microarray detection of miRNAs

RNA was isolated from the fresh pieces (~200mg) of biceps tendon specimens by Trizol
method. After quantification, the RNA was used for microarray analysis using miRNA4.0
array following our previously reported protocol [15].

Identification of mMiRNAs and target genes using NetworkAnalyst

The genes interlinking AMPK signaling and TREM-1 pathway were assessed by
NetworkAnalyst program based on the published gene database [17, 18]. The input genes
used for NetworkAnalyst analysis were PRKAAL (AMPK), TREM-1, HIF1-a, HMGB1 and
AGER. Since the RC tendons are highly susceptible to hypoxia after RCTI, HIF1-a gene
was used as an input. HMGB1 and AGER (RAGE), the potential ligands of TREM-1, were
also given as input. From the list of resulting genes, individual symbol of genes was used as
the search key word for screening their target miRNA from the miRNA-array data.
Microsoft EXCEL-2007 was used for screening the miRNA targets [15].
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The average intensity of three-to-four different sections of each specimen was quantified and
averaged for each experimental group. The fluorescent intensity values (MFI) were
expressed as mean £ SD and the level of significance was set at p<0.05 by unpaired t test
(non-parametric, Mann Whitney U test) using GraphPad Prism software.

Immunofluorescence

The differential expression of AMPK, TREM-1 and HIF1-a were observed in the
immunofluorescence analysis (Figs. 1-3). Expression of these genes was quantified using
Image J software from the fluorescence intensity (Fig. 4). The results were documented as
Mean Fluorescence Intensity (MFI). The average expression in FI group was found to be
greater than No-FI group, but not statically significant. The result, however, reflects the
higher expression of AMPK, TREM-1 and HIF1-a in FI group which could be the
contributing factor for fatty infiltration and TREM-1-mediated inflammation.

Evaluation of genes by NetworkAnalyst and screening of miRNAs

The NetworkAnalyst assessment, using PRKAA1 (AMPK), TREM-1, HIF1a, HMGB1 and
AGER (RAGE) as input genes, revealed the interlinked network of 301 genes (Fig. 5; Table
1) that contribute to 120 pathways (Supplementary Table 1). Among them, nine pathways
were found to be highly associated with metabolic homeostasis and inflammation which
altogether are constituted by 164 genes (neglecting the repeated genes it was found to be 114
genes) (Supplementary Table 2). The microarray results showed considerable alteration of
miRNAs between the two groups. The relative fold-change in the miRNA expression ranged
from —71.26 to +5.57 and the miRNAs of fold-change between -3 to —71.26 and +2 to
+5.57 were screened to predict the interaction of specific genes associated with AMPK,
TREM-1, HIF1-a, HMGB1 and AGER, as revealed by NetworkAnalyst. The miRNAs with
fold-change between -3 to +2 were omitted from the screening as these miRNAs were
expected to elicit minimal effects in the pathogenesis of the tendon. Altogether, 1532
miRNAs were found to be altered upon compiling the NetworkAnalyst data with the
microarray data (Supplementary Table 3). The 105 miRNAs were found to have seven or
more target genes and they altogether form 1217 target miRNAs (Supplementary Table 4).
To further screen the most relevant miRNAs, the fold-change below 7.5 and the number of
target genes 10 and more were considered. The results revealed 12 downregulated miRNAs
and one upregulated miRNA where these 13 miRNAs were found to be associated with 216
genes (Table 2).

Discussion

Fat tissue accumulation associated with RCTI predominantly localizes to interstitial/
epimysial compartments of RC muscles as well as in the injured tendon. This impairs the
tendon physiology and mechanics and delays the healing response possibly by activating
inflammation. The increased lipid content in the RC tendon makes the tendon-muscle unit
stiff and inflamed [19]. Apart from the accumulation of triglycerides, the pre-existence and
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proliferation of adipocytes/adipogenic cells have also been established in RC tendons
[19,20]. Molecular mediators, like peroxisome proliferator-activated receptor a. (PPAR- a)
and AMPK, have been reported to play significant role in regulating fat metabolism in most
tissues [4, 21]. However, there is limited information on the signaling pathways that
interrelate fat metabolism and inflammation of RC tendon.

In our study, two out of four patients in the FI group exhibited severe FI, similar to the
findings in our earlier publication [15]. Interestingly, the patients of FI group expressed
higher level of AMPK along with the higher TREM-1 expression than in the non-FI group,
which exhibited minimal expression of these two mediators. We also reported the dual mode
of TREM-1-mediated inflammation and the role of HMGB1 and RAGE in RC tendons [16].
Simultaneous upregulation of AMPK and TREM-1 in patients with FI could be an indication
of the possibilities of common regulatory molecules linking metabolic homeostasis with
inflammation. The focus of this article is to elucidate the epigenetic relationship between
AMPK-mediated fat metabolism and TREM-1-mediated inflammation by screening the
associated genes and regulatory miRNAs in RCTI subjects.

The gene expression patterns during physiology and pathology are under the influence of
miRNAs at the transcription level. Cellular miRNAs alter genes during pathological
conditions and the knowledge of the specific genes that are involved in pathogenesis is
necessary for evaluating the associated miRNASs [22, 23, 24]. Most diseases have multiple
gene products and signaling pathways acting at a molecular level. Similarly, most miRNAs
have multiple targets which warrant careful screening to validate the interactions between
miRNAs and their target MRNA/MRNAs. The understanding of multiple miRNA targets and
the correlation with the interrelated genes associated with pathology is essential to evaluate
the therapeutic potentials of miRNAs.

Analysis of biological network of gene signaling requires selection of key genes, knowledge
of their network and scoring their interrelation with the genes of multiple signaling pathways
which requires tedious search and analysis. The meta-analysis online-program
NetworkAnalyst simplifies the search and integrates the genes and pathways associated with
the input genes and present the results in a proper visualization mode [17]. We have given
PRKAAL (AMPK), TREM-1, HIFla, HMGB1 and AGER as input genes to visualize the
network of interconnected genes and pathways (Table 1 and Supplementary Table 2). The
NetworkAnalyst data were utilized to screen the miRNAs from the miRNA array data of
RCTI specimen which narrowed down the number of miRNAs from 1532 to highly relevant
13 miRNAs. These 13 miRNAs might have significant role in the fatty infiltration and
inflammation associated with RCTI.

Hsa-miR-145-5p is a highly downregulated (-55.42) miRNA as obtained from our search.
Hsa-miR-145-5p has been reported to be involved in anti-inflammatory mechanisms by
suppressing cytokines IL-B, TNF-a, and I1L-6 especially under hypoxic conditions. Also,
during hypoxia, hsa-miR-145-5p also exhibits an anti-apoptotic role [25, 26]. The potential
target of hsa-miR-145-5p was identified to be CD40 in cardiac cells [25]. The information
regarding hsa-miR-145-5p regulation of AMPK signaling is not available in the literature.
Moreover, the hsa-miR-145-5p has been reported to be associated with cancer biology [27].
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Also, the miR-145 targets Myd88 of TLR4 signaling and regulate inflammatory responses
[28]. However, the impact of this miRNA in inflammation and TREM-1 signaling is largely
unknown. We have already identified the potential relationship of hsa-miR-145-5p with
ECM disorganization as its downregulation correlated with the extent of matrix
disorganization [15]. Taken together, the replenishment of hsa-miR-145-5p in RCTI sites
can be beneficial owing to its antiinflammatory and anti-apoptotic effects.

Hsa-miR-99a-5p and hsa-miR-100-5p were downregulated to more than 50-fold change and
possessed 12 and 14 targets, respectively. These two miRNA families were reported to be
involved in the activation of mMTOR, which is negatively regulated by AMPK [29]. However,
miR-99b family is activated by TGF-p signaling and activation of which inhibits IGF-1/
mMTOR signaling by downregulating AKT1, IGF1R and mTOR [30]. The understanding of
antagonistic effects of miR-99a and miR-99b requires more research. Hsa-miR-99a-5p and
hsa-miR-100-5p were also found to be increased in the serum of patients with chronic
hepatitis B virus infections; but their involvement in immune response is yet to be unveiled
[31]. The direct role of hsa-miR-99a-5p and hsamiR-100-5p in the regulation of AMPK and
TREM-1 in tendon tissue is unknown.

Hsa-miR-150-5p is another highly altered (downregulated 23.41-fold change) miRNA in
our RCTI patient specimen with 18 target genes. The transfection of miR-150-5p to
multiple myeloma cell line MM1S significantly altered the expression of AMPK, which, in
turn, is mediated by glucocorticoid receptor protein [32]. Moreover, serum miR-150-5p
level has been developed as a diagnostic marker for Myasthenia Gravis [33]. The role of
miR-150-5p in the maturation of B and T cells and its implications in ulcerative colitis have
also been established [34]. Downregulation of hsa-miR-150-5p after HIN1 challenge in
porcine white blood cells signifies its role in immune response, however the actual
mechanism of action or target mRNAs are largely unknown [35]. In addition, upregulation
of circulatory hsa-miR-150-5p has been observed in inflammation associated with exercise
which could have implications with musculoskeletal biology. However, the reports regarding
the direct involvement of AMPK signaling and TREM-1 pathway in RCTI or other diseases
is not available.

Each of the miRNAs, Hsa-miR-193b-3p, hsa-miR-103a-3p and hsa-miR-31-5p, were found
to have 14 target genes, as evident from our screening data. Hsa-miR-193b-3p was reported
to be associated with several cancers especially in breast cancer [36]. The target of hsa-
miR-103a-3p has been identified to be the UTR region of GPRC5A gene (G-protein coupled
receptor) and the targeted downregulation of hsa-miR-103a-3p recovered the cells from
oncogenesis. Hsa-miR-193b-3p also plays a role in cell division, metabolism, stress
responses and blood vessel formation and has been associated with diabetes and Alzheimer’s
disease [37]. MiRNAs of mir-103 family also plays vital role in adipose tissue metabolism
and type 2 diabetes development. Silencing of miR-103 restored glucose homeostasis and
insulin sensitivity in experimental mice and human tissues. Mir-103 promotes lipolysis by
repressing the caveolin-1 mRNA and destabilizes insulin receptors leading to insulin
resistance in the adipocytes [38, 39]. On the other hand, the upregulation of miR-31 silenced
the adipogenic biomarkers like PPAR-y, CEBPA, and AP2. MiR-31 binds putatively to the
3’UTR of CEBPA (which binds to the enhancer region of leptin gene) and the subsequently
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suppress leptin and leads to fat mobilization [39]. In contrast, the downregulation of miR-31
during adipogenesis has also been reported. This could be due to the possible binding to the
predicted target, phosphoinositide-3-kinase, class 2, alpha polypeptide (PIK3C2A).
However, the direct involvement of these three miRNAs in AMPK and TREM-1 signaling is
largely unknown. Their high fold-change and number of target genes suggest their role in
fatty infiltration and inflammation associated with RCTI which warrants further research.

Has-miR-195-5p was found to have 22 target genes as evident from our data set. MiR-195
has been reported to be downregulated in carcinoma of various organs like liver, stomach,
bladder, and breast. The evidence from /n vitro cell culture studies revealed that the anti-
tumorigenic effect of miR-195 proceeds by the regulation of G1/S transition of cell cycle.
Recently, PHF19 (PHD finger protein 19) has been identified as a potential target for
miR-195 [40]. In addition, ribosomal protein S6 kinase, 70kDa, polypeptide 1 (RPS6KB1)
has also been found to be another target in prostate cancer cells [41]. Also, miR-195
prevents the migration and invasion of prostate cancer cells by targeting the cell mobility
regulator, Fral[40]. A recent study correlates cancer associated inflammation with miR-195
expression in regard to its effects on TNF-a/NF-xf signaling [42, 43]. Even though,
miR-195 is involved in cancer associated inflammation, its role in TREM-1 signaling has
not been studied yet. Interestingly, miR-195 also targets the 3’'UTR of GLUT73resulting in
decreased glucose intake in T24 cells [44]. In response to saturated fatty acid and high fat
diet, the upregulation of miR-195 occurs and insulin receptor has been reported to be the
target. So, the upregulation of miR-195 impairs insulin signaling and glycogen synthesis
[45]. But, the role of miR-195 in AMPK signaling has not been explored yet in any tissue
types. However, we speculate that there could be a direct/indirect involvement of miR-195 in
AMPK signaling as insulin signaling is regulated by AMPK. More studies are required to
validate this phenomenon.

Our data revealed the downregulation of hsa-miR-497-5p (20 targets) and hsamiR-15a-5p
(20 targets) with —12.3 and —10.66-fold change, respectively. Hsa-miR-497-5p was reported
to inhibit G1/S phase of hepatocarcinoma cells and inhibits cancer proliferation. IGF-1 has
been identified to be a potential target for hsa-miR-497-5p. Furthermore, there are reports
suggesting the role of hsa-miR-497-5p in apoptosis by regulating Bcl family of genes and
also in fibrotic reactions [46]. Studies using bioinformatics tools predicted SMAD3to be a
target for hsa-miR-497-5p and was confirmed to bind at the 3’UTR. The binding favors cell
cycle arrest at GO/G1 phase. Since SMAD3 is a key regulator for TGF-f signaling, hsa-
miR-497-5p can be correlated with inflammatory and healing responses. However, more
studies are needed to elucidate this hypothesis [47, 48]. On the other hand, hsa-miR-15a-5p
plays a significant role in the inhibition of inflammatory mediators associated with diabetic
retinopathy [49]. This can be correlated with the increased inflammation in our RCTI-FI
patients, as there was a tenfold downregulation of this miRNA. Hsa-miR-15a-5p also
regulates Bcl2 family of genes and supposed to have role in apoptosis which warrants more
investigation [50, 51]. Yes- associated protein 1 (YAPI)was found to be a target for hsa-
miR-15a-5p and the downregulation of this miRNA impaired fat metabolism in goat
mammary epithelial cells. This miRNA is expected to have role in the differentiation of
adipocyte to facilitate milk fat synthesis [52]. However, the reports relating the involvement
of these two miRNAs in AMPK and TREM-1 signaling are unavailable in the literature.
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CCND1 (Cyclin D1), Bcl2 (B-cell lymphoma 2), serotonin transporter (SERT/SLC6A4) and
RPS6KB1 (Ribosomal protein S6) were found to be targets for hsamiR-16-5p. This miRNA
has been considered as a housekeeping miRNA and is being used as an endogenous control
for silencing/expression studies [53, 54]. It is considered as a biomarker to detect the
prognosis of gastric cancer [55]. Also, circulating levels of hsa-miR-16-5p was also found to
be increased in hypertension [56]. The inflammatory role of hsa-miR-16-5p is evident by its
upregulation in the presence of TNF-a [57].

Similarly, hsa-let-7b-5p acts in response to oxidized-LDL by targeting through B-cell
lymphoma extra-large (Bc/-xL)[58]. Hsa-miR-16-5p is also associated with the
translational control of insulin receptor substrate 2, LDL receptor, hepatic lipoprotein lipase
and SNAP23 which are involved in steatosis [59]. Basigin has been identified to be another
target for hsa-let-7b-5p showing its role in the inhibition of invasion of several carcinomas
[60]. The serum level of this miRNA is correlated with CRP concentration, an inflammatory
biomarker [61]. Hsa-let-7b-5p suppresses TLR4 mRNA and prevents NF-kB activation and
downstream signaling. It also inhibits type 1 IFN production and inhibits the replication of
several viruses by inhibiting insulin-like growth factor 2 mRNA-binding protein-1.
Moreover, IL-6 production was found to be decreased with the increased expression of
let-7b showing its immunomodulatory function [62]. Apart from these, hsa-miR-297 is the
only upregulated miRNA observed in our screening. The biological functions and the
potential target genes have not been clarified yet. However, hsa-miR-297 targets CD28
which activates the production of IL-4 and IL-10 in T cells [63, 64].

Most miRNAs presented in this article have not been studied for their effect on RCTI.
Several of them, however, have been reported to have impact on cell and cancer biology.
Although the miRNAs, with AMPK and TREM-1 as direct target, were not detected in our
data yet, many of these miRNAs were reported to have active role in lipid metabolism which
can have implications to AMPK signaling. Moreover, these miRNAs may have_role in the
lipid metabolism of tendon cells and the alterations in their expression level could be the
reason for the accumulation of fat tissue in RC tendons. In addition, these miRNAs have role
in stem cell migration, differentiation and proliferation. Also, the_involvement of these
miRNAs in the recruitment and functioning of adipose progenitor cells to injured RC tendon
cannot be ignored. On the other hand, miRNAs targeting TREM-1-mediated inflammation
has not been identified from our data. Nonetheless, most of these miRNAs have target genes
associated with other inflammatory pathways which can be interconnected to TREM-1
pathway. Our focus was to screen those miRNAs associated with the genes interlinking
AMPK and TREM-1 signaling. The cumulative effect of these miRNAs could have played
role in the initiation and progression of FI and inflammation, the two hallmarks of severe
RCTI. Further information of the underlying mechanism, function and regulation of these
miRNAs will improve our understanding regarding the pathogenesis and pathophysiology of
RCTI and can pave ways to develop miRNA-based therapeutics in the management of
RCTI.

This study has several limitations. We analyzed only 4 patients from each group and the
variability among the subjects resulted in statistically non-significant results. Also, it is very
difficult to obtain normal shoulder tendon for comparison. The yield of the RNA and protein
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was very low due to the highly collagenous nature and low cellularity which prevented from
performing mRNA studies and Western blot analysis. Moreover, the medical and social
history of patients was unknown, especially in regard to the activity level, nutritional status,
drug intake and other co-morbidities such as diabetes, obesity and others. The major focus
of the study was to screen the miRNAs from the tendon tissues of RCTI patients with and
without FI based on their fold-change. However, the translational significance and
mechanistic aspects of these miRNAs warrants further investigation.

Conclusions

The network analysis of genes associated with AMPK and TREM-1 signaling using the
NetworkAnalyst meta-analysis program revealed the involvement of 114 genes in metabolic
homeostasis and inflammation of rotator cuff tendon injuries. Compiling the miRNA-array
data and these 114 genes showed the alteration in 1532 miRNAs. Considering fold-change
and number of targets the screening was narrowed down to 13 miRNAs (hsa-miR-145-5p,
hsa-miR-99a-5p, hsa-miR-100-5p, hsa-miR-150-5p, hsamiR-193b-3p, hsa-miR-103a-3p,
hsa-miR-31-5p, hsa-miR-195-5p, hsa-miR-497-5p, hsamiR-15a-5p, hsa-miR-16-5p, hsa-
let-7b-5p and hsa-miR-297) with altogether 216 target genes. These 13 miRNAs are
believed to be associated with the pathogenesis of RCTI and warrant detailed evaluation for
their therapeutic potential.
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Figure 1:
Immunofluorescence analysis for the expression of AMPKZ1a showing increased expression

in FI group compared to the No-FI group. Figure represents similar expression pattern in all
4 patients from each group. Images in the top row are histological sections of patient
biopsies from the FI group, and images in the bottom row are histological sections of patient
biopsies from the No-FI group. Images in the left column show nuclear staining with DAPI;
the images in the middle column show expression of AMPK while the images in the right
column show overlay of AMPK staining with DAPI. Images were acquired at 20x
magnification using CCD camera attached to the Olympus microscope.
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Figure 2:
Immunofluorescence analysis for the expression of TREM-1 showing increased expression

in FI group compared to the No-FI group. Figure represents similar expression pattern in all
4 patients from each group. Images in the top row are histological sections of patient
biopsies from the FI group, and images in the bottom row are histological sections of patient
biopsies from the No-FI group. Images in the left column show nuclear staining with DAPI;
the images in the middle column show expression of AMPK while the images in the right
column show overlay of AMPK staining with DAPI. Images were acquired at 20x
magnification using CCD camera attached to the Olympus microscope.
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Figure 3:
Immunofluorescence analysis for the expression of HIF-1a showing increased expression in

F1 group compared to the No-FI group. Figure represents similar expression pattern in all 4
patients from each group. Images in the top row are histological sections of patient biopsies
from the FI group, and images in the bottom row are histological sections of patient biopsies
from the No-FI group. Images in the left column show nuclear staining with DAPI; the
images in the middle column show expression of AMPK while the images in the right
column show overlay of AMPK staining with DAPI. Images were acquired at 20x
magnification using CCD camera attached to the Olympus microscope.
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Figure 4:

The image shows quantification of gene expression in Figures 1, 2, and 3. The intensity of
gene expression as observed through immunofluorescence was acquired and the mean
fluorescence intensity (MFI) was quantified from five randomly selected independent fields.
The graphs represent MFI mean values with standard error.
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Figure shows potential interactions between PRKAAL (AMPK), TREM-1, HIFla, HMGB1

and AGER as determined by NetworkAnalyst program.
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NetworkAnalyst assessment showing the interlinked network of 301 genes using PRKAA1 (AMPK),

Table 1:

TREM-1, HIFla, HMGB1 and AGER (RAGE) as input genes.

Id Label
Q16665 | HIF1A
Q13131 | PRKAA1
P09429 | HMGB1
Q15109 | AGER
POCG48 | UBC
QINP99 | TREM1
P08047 | sP1
Q92793 | CREBBP
P61956 | SUMO2
P54727 | RAD23B
P04637 | TP53
P10275 | AR
P41235 | HNF4A
Q04206 | RELA
P55072 | veP
Q09472 | EP300
P46531 | NOTCH1
PO7900 | HSP90AA1
Q13547 | HDAC1
Q8N122 | RPTOR
P08238 | HSP90AB1
P34932 | Hspa4
P09874 | PARPL
Q9UQL6 | HDACS
QINR96 | TLR9
QYUKR5 | Cldorfl
Q14194 | CRMP1
Q13438 | 0S9
P02766 | TTR
043914 | TYROBP
000206 | TLR4
Q13485 | SMAD4
P04271 | s100B
094888 | UBXN7
P16333 | NCK1
P62993 | GRB2
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Id Label
P08651 | NFIC
Q9UN36 | NDRG2
Q9Y5B9 | SUPTI16H
P61586 | RHOA
Q8IYT8 | ULK2
095166 | GABARAP
P17096 | HMGA1
P17028 | ZNF24
Qu8117 | AES
P52655 | GTF2A1l
P00750 | PLAT
P25815 | s1o0P
P27695 | APEX1
QYUNE7 | sTuB1
P62258 | YWHAE
P30101 | PDIA3
P57059 | SIK1
P49815 | Tsc2
P03372 | ESR1
P26447 | S100A4
P24941 | cpk2
Q92905 | COPS5
Q13950 | RUNX2
P51668 | UBE2D1
Q8WUI4 | HDACT?
Q15554 | TERF2
P49427 | cbcaa
Q9esSw2 | creN
QINYBO | TERF2IP
Q1664 | TFAP4
P38398 | BRCA1
P07384 | CAPN1
Q15785 | TOMM34
043318 | MAP3K7
P23025 | XPA
094966 | USP19
QIUKVO | HDAC9
Q15717 | ELAVL1
Q99814 | EPAS1
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Id Label
Q96GGY | DCUN1D1
P13612 ITGA4
P49768 | PSEN1
P02751 | FN1
P23297 | S100A1
P49407 | ARRB1
P78362 | SRPK2
P28482 | MAPK1
Q5UIPO | RIFL
Q13432 | uNc119
060224 | SSX4
P40337 | VHL
P20226 | TBP
Q16543 | cDC37
P54619 | PRKAGL
Q9Y478 | PRKAB1
P05141 | SLC25A5
P11021 | HSPA5
043741 | PRKAB2
Q92831 | KAT2B
Q9H6Z9 | EGLNS
QINWT6 | HIFIAN
015350 | TP73
014818 | PSMA7
Q96KSO | EGLN2
Q9GzT9 | EGLN1
Q13330 | MTA1
P68400 | CSNK2AL
P41227 | NAA10
Q51313 | LRIFL
Q13617 | cuL2
P17813 | ENG
P84022 | smMAD3
P15692 | VEGFA
P27540 | ARNT
Q9HBZ2 | ARNT2
P11474 | ESRRA
Q92585 | MAML1
043524 | FOXO3
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Id Label
Q9Y3V2 RWDD3
Q96CS3 FAF2
P01588 EPO
P16220 CREB1
P23769 GATA2
P05305 EDN1
P05412 JUN
P02787 TF
P02786 TFRC
P04075 ALDOA
P06733 ENO1
P05121 SERPINE1
Q07869 PPARA
P00558 PGK1
014503 BHLHE40
Q9C0J9 BHLHE41
014746 TERT
P16860 NPPB
Q16620 NTRK2
Q16875 PFKFB3
P41159 LEP
P00450 Ccp
Q02363 1D2
P29474 NOS3
P04406 GAPDH
P09958 FURIN
Q96BI3 APHI1A
P56817 BACE1
P61073 CXCR4
Q07817 BCL2L1
P08865 RPSA
P10599 TXN
QYUHDS8 | SEPT9
P52294 KPNA1
P12821 ACE
P18146 EGR1
P35790 CHKA
P06731 CEACAMS5
P40763 STAT3
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Id Label
Q02505 | MUC3A
Q14764 | MVP
QIY2N7 | HIF3A
P35222 | CTNNB1
Q00987 | MDM2
015379 | HDAC3
P01584 | IL1B
P20823 | HNF1A
P02771 | AFP
P80511 | S100A12
P51532 | SMARCA4
P29353 | sHc1
P51531 | SMARCA2
Q9UGI0 | PRKAG2
Q9UQBD | PA2G4
P56524 | HDAC4
Q8NON5 | BANP
Q9Y2K6 | UsP20
P06493 | cDK1
P54646 | PRKAA2
P63165 | sumo1
QU6F10 | sAT2
P42766 | RPL35
075385 | ULK1
P51116 | FXR2
Q9UBN7 | HDACE
Q15369 | TCEB1
Q7KZF4 | sND1
060841 | EIF5B
Q06787 | FMR1
Q13283 | G3BP1
Q9BW61 | DDAL
P48729 | csNKiA1L
Q8N2w9 | PiAs4
P16870 | CPE
Q8IzPo | ABI1
P14921 | ETS1
P49715 | CEBPA
Q05513 | PRKCZ
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Id Label
Q99836 MYD88
P58753 TIRAP
QINWZ3 | IRAK4
Q04724 TLE1
014594 NCAN
P23471 PTPRZ1
P15918 RAG1
P06400 RB1
P13569 CFTR
P61978 HNRNPK
P51608 MECP2
P04150 NR3C1
P06401 PGR
P17980 PSMC3
014709 ZNF197
000327 ARNTL
P61244 MAX
P84243 H3F3A
Q9Y230 RUVBL2
P01106 MYC
P25205 MCM3
Q6RSH7 | VHLL
P33993 MCM7
P22736 NR4A1
P21673 SAT1
P63244 GNB2L1
Q15788 NCOA1
P19838 NFKB1
Q92769 HDAC2
P51398 DAP3
P67775 PPP2CA
P27448 MARK3
P63104 YWHAZ
Q9HOK1 | SIK2
Q9H093 NUAK2
075604 USP2
Q96L34 MARK4
Q969H0 FBXW?7
Q7KzZI7 MARK2
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Id Label
P26583 | HMGB2
Q01860 | POUSF1
Q15370 | TCEB2
Q8TDC3 | BRSK1
Q04323 | UBXN1
Q71U36 | TUBA1A
QINRH2 | SNRK
QIUNNS5 | FAF1
Q8N668 | COMMD1
Q8IWQ3 | BRsSK2
060285 | NUAK1
P30154 | PPP2RIB
Q9UNZ2 | NSFLIC
Q9POL2 | MARK1
P50570 | DNM2
P11142 | HsPAs
Q9Y2K2 | SIK3
Q8TF40 | FNIPL
P14651 | HOXB3
P31277 | HOXD11
P28358 | HOXD10
P00747 | PLG
P31249 | HOXD3
P14653 | HOXB1
P09630 | HOXC6
P13378 | HOXD8
P28356 | HOXD9
P42345 | MTOR
Q8N726 | CDKN2A
Q8TE76 | MORC4
Q9HAM7 | PLEKHA4
P14618 | PKM
P00338 | LDHA
Q9Y2M5 | KLHL20
Q96544 | TP53RK
P35227 | PCGF2
P15976 | GATAL
Q9BZW7 | TSGA10
P02745 | C1QA
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Id Label
P02747 C1QC
P02746 C1QB
Q16558 KCNMB1
Q92570 NR4A3
P50552 VASP
P06702 S100A9
P00748 F12
095278 EPM2A
Q15843 NEDD8
Q15185 PTGES3
Q99608 NDN
P05067 APP
Q01831 XPC
p27824 CANX
P10415 BCL2
P13473 LAMP2
P60468 SEC61B
Q53ET0 CRTC2
P25685 DNAJB1
Q15831 STK11
P11274 BCR
000231 PSMD11
Q9Y4C1 KDM3A
015525 MAFG
060675 MAFK
P62877 RBX1
Q08945 SSRP1
P12931 SRC
Q969G3 SMARCE1
Q13451 FKBP5
Q13085 ACACA
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Thirteen highly significant miRNAs and associated 216 genes screened from FI vs No-FI miRNA microarray

data.

miRNAs FC No. of hits
hsa-miR-145-5p -55.42 13
hsa-miR-99a-5p -51.68 12
hsa-miR-100-5p -51.6 14
hsa-miR-150-5p -23.41 18
hsa-miR-193b-3p | -20.35 14
hsa-miR-103a-3p | -14.87 14
hsa-miR-31-5p -14.44 14
hsa-miR-195-5p -14.04 22
hsa-miR-497-5p -12.3 20
hsa-miR-15a-5p -10.66 19
hsa-miR-16-5p -7.98 28
hsa-let-7b-5p -7.73 18
hsa-miR-297 3.81 10

Total 216
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