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Abstract. - OBJECTIVE: Diabetic foot ulcer
(DFU) is a serious chronic complication leading
to disability and death in patients suffering from
diabetes. Currently, there is no effective mark-
er for its early diagnosis. The aim of this study
is to analyze the difference of circRNA expres-
sion profiles between DFU and normal human
wounds (NHW) and to screen serum biomarkers
for the early diagnosis of DFU.

MATERIALS AND METHODS: Differentially
expressed circRNAs were screened by bioin-
formatics analysis, using GSE114248 chip da-
ta downloaded from GEO database, including 5
pairs of tissue samples from DFU patients and
NHW cases. Accordingly, 20 cases of DFU (Wag-
ner grade 0~2), 20 non-DFU diabetes and 20
healthy controls were selected in the screening
test, and the total RNAs of serum and serum-de-
rived exosomes were extracted. The screened
circRNAs were verified in the third largest co-
hort, and the ROC curves were drawn to assess
the diagnostic efficiency.

RESULTS: As discovered by experiment, there
were a total of 67 circRNAs presented differential
expressions between the two groups, with 28 cir-
cRNAs upregulated and 39 circRNAs downregu-
lated in DFU group. Two types of circRNAs, hsa_
circ_0000907 and hsa_circ_0057362, were se-
lected as candidate biomarkers in current study
and validated in a large cohort. The AUCs of se-
rum hsa_circ_0000907 and hsa_circ_0057362
to diagnose early DFU were 0.9389 and 0.8792,
respectively, and the AUCs of exosomal hsa_
circ_0000907 and hsa_circ_0057362 to diag-
nose early DFU were 0.8783 and 0.8481, respec-
tively. Furthermore, the expressions of serum
hsa_circ_0000907 and hsa_circ_0057362 were
negatively correlated with ankle brachial index
(ABI) and transcutaneous oxygen pressure (Tc-
PO2) in DFU patients.

CONCLUSIONS: Serum and exosomal hsa_
circ_0000907 and hsa_circ_0057362, especially
hsa_circ_0000907, have novel diagnostic capa-
bilities in the early diagnosis of DFU.
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Introduction

DFU is a serious chronic complication that
may lead to disability and even death in patients
suffering from diabetes mellitus'. Scholars® have
shown that diabetes accounts for 40%-60% of all
non-traumatic lower limb amputations. Among
diabetes-related distal limb amputations, 85%
occur following foot ulcers, and the prevalence of
foot ulcers in diabetes patients ranges from 4% to
10%, whereas the proportion of lower limb arte-
rial disease in patients over 50 years old in China
is 19.5%?. A single-center study® has shown that
the proportion of lower limb arterial disease
in diabetic patients over 60 years of age was
35.4%. The incidence of new ulcers within one
year was 8.1% in diabetic patients and is 31.6%
in DFU patients in China*. It is noteworthy that
early diagnosis and treatment serve as important
methods in reducing the incidence of DFU, which
thereby is expected to reduce the amputation rate
and mortality.

Circular RNA (circRNA) is a class of coding/
non-coding RNA molecules that covalently bind
at the 3’ end and 5° end to form closed loop
composed of exons and/or introns*®. They are
widely expressed in mammalian cells”!, and
have tissue-cell specificity, structural stability
and sequence conservation. CircRNA contains
more abundant transcription than linear mR-
NAs, which are widely involved in intracellular
RNA-mediated regulatory networks, and plays
a role in regulating gene expression at the tran-
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scriptional and post-transcriptional levels'-'2,

Studies'>!"> have confirmed that circRNA is a
component of competitive ceRNA and can reg-
ulate gene transcription, translation and other
functions by inhibiting the activity of miRNA,
which plays an important role in physiological
processes such as the cell cycle or senescence.
CircRNA is closely related to the occurrence
and progression of a variety of diseases, such
as diabetes and other metabolic diseases were
reported by recently'®'®. Xu et al' found that
circRNA-Cdrlas acts as a RNA sponge and
inhibits its activity by binding to miR-7 in islet
cells, increasing insulin synthesis and release
at both the transcriptional and translational lev-
els. Currently, very few existing studies have
investigated circRNA and DFU. Wang et al*
found that patients with DFUs had higher levels
of hsa_circ_0084443 than patients with NHWs,
and overexpression of hsa circ 0084443 was
found to promote the growth of keratinocyte.
Exosome is a kind of membranous vesicle with
a diameter of 30-150 nm, which is released into
the extracellular matrix after intracellular poly-
vesicles fuse with the cell membrane and is widely
distributed in various body fluids®*. Exosome
contains proteins, nucleic acids (mRNA, miRNA,
IncRNA, and DNA) and lipids, which are import-
ant mediators of cell-to-cell communication®*°.
Furthermore, the concentration of miR-3976 in
the serum exosome of patients with Wagner grade
3-4 diabetic foot was observed to be significantly
higher than that of patients with Wagner grade 0-2
diabetic foot”. In current study, in order to screen
the serological biomarkers for the early diagnosis
of DFU, bioinformatics methods were used to an-
alyze the differences in circRNA expression pro-
files between DFUs patients and NHWs patients,
and the top 11 significantly upregulated circRNAs
in different cohorts were screened and tested.
In addition, our study traced the performances
of serum and exosomal hsa circ 0000907 and
hsa_circ_0057362 in the early diagnosis of DFU.

Materials and Methods

Study Population

A total of 85 patients with DFU (Wagner grade
0-2) from the First Affiliated Hospital, and Col-
lege of Clinical Medicine of Henan University of
Science and Technology from December 2018 to
August 2019 were collected. Another 85 diabetic
patients without DFU and 90 healthy subjects

8118

were collected as controls. Their serums were
collected and frozen at -80°C immediately. Addi-
tionally, 10 pairs of DFU and NHW tissue sam-
ples were collected for microarray correctness
verification, and another 10 DFU tissue samples
were collected as a screening cohort. This study
was approved by the Ethics Committee of our
hospital, and informed consent form was taken
from the patients. The DFU stage is based on the
Wagner grade®.

The exclusion criteria for this study were as
follows: subjects with malignancy, dysfunction of
liver and kidney, autoimmune disease, any other
clinically systemic acute or chronic inflammato-
ry disease(s), untreated hypertension, gestational
diabetes mellitus, type 1 diabetes, and diabetes
with other complications.

Study Design

The proposed study’s design was shown in Fig-
ure 1. The differently expressed circRNAs were an-
alyzed and identified based on bioinformatics anal-
ysis, and the results were validated with 10 pairs of
DFU and NHW tissues by qRT-PCR. The screened
circRNAs were then validated in an independent
cohort using tissue, serum and exosomal samples
(DFU group, tissue sample n = 10, serum sample
n = 20; healthy control group, n = 20; non-DFU
controls with diabetes, n = 20). The significantly
expressed top 2 circRNAs with the largest AUCs
were selected as biomarkers, and their diagnostic
values were validated in another independent cohort
(healthy control group, n = 70; non-DFU controls
with diabetes, n = 65; and DFU group, n = 65).

Circular RNA Expression Analysis

To investigate the expression profiles of cir-
cRNAs in healthy individuals and DFU patients,
the GSE114248 chip data from GEO database
were download. The original data were analyzed
and obtained based on circRNA microarray with
5 pairs of DFU and NHW tissue samples includ-
ed. Limma R package was used to analyze the
differential expression, with a filter condition of
([logFC| > 2, adj. p-value < 0.05). The bidirection-
al hierarchical clustering was carried out to plot
the Cluster map of differential genes based on the
pheatmap R package (https:/cran.r-project.org/
web/packages/pheatmap/).

Vesicle Isolation and
Morphological Identification

ExoRNeasy Serum/Plasma Midi Kit (QIA-
GEN) was used to extract serum exosomes, as
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Figure 1. Schematic diagram of the study design.

outlined by the extraction process in www.qia-
gen.com/HB-1179. The extracted exosome was
identified using the transmission electron micro-
scope (TEM) (FEI TECNAI G2, Philips), which
was then resuspended with PBS, diluted 10 times
and had 20 pl absorbed on the carrier copper
mesh with a pore size of 2 nm. It was then placed
at room temperature for 10 min, after which 30 pl
phosphotungstic acid (3%) was used for negative
staining for 3 min. Last, TEM observation was
done after naturally drying it at room tempera-
ture.

Immunoblotting

After the total protein was extracted from
the exosome eluent by RIPA lysate, it was sep-
arated by 12% gel at a constant pressure of 80
V and transferred to a polyvinylidene difluoride
(PVDF) membrane at a constant current of
250 mA. TBST containing 5% skimmed milk
powder was used for blocking overnight. Rabbit
anti-human monoclonal antibody CD9 (Abcam,
Cambridge, MA, USA, 1:300) and rabbit an-
ti-human monoclonal antibody CD63 (Abcam,
Cambridge, MA, USA, 1:300) were added, and
mouse anti-human TSG101 monoclonal antibody
(Abcam, Cambridge, MA, USA, 1:500) was in-

cubated at room temperature for 4 h. Horserad-
ish peroxidase (HRP) labeled goat anti-mouse/
rabbit IgG (1:10000) secondary antibody solu-
tion was then incubated at room temperature for
2 h, and ECL luminescent solution was added
for imaging.

Quantitative Real Time-PCR (gqRT-PCR)

The miRNeasy Kit (Qiagen, Hilden, Ger-
many) was used to extract the total RNA from
serum, as specifically shown in X. The extract-
ed serum and exosome total RNA were reverse
transcribed into ¢cDNA using a Reverse Tran-
scription System (Promega, Madison, WI, USA)
according to the instructions. The sequences
of all primers used are listed in Table 1. The
reaction system was amplified by a ABI7500
fluorescence quantitative PCR detector under
the following conditions: denaturation at 95°C
for 10 min, then 95°C for 15 s for 40 cycles, fol-
lowed by 60°C for 1 min. 2*4“T was calculated
for relative quantification, and the product was
also sent to Sanger sequencing.

Statistical Analysis

SPSS 20.0 (IBM Corp., Armonk, NY, USA)
was used to analyze the data. The measured data
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Table I. Primer sequences of all top 11 circRNAs and GAPDH for qRT-PCR.

CircRNA name Sequence Product length (bp)

hsa_circ_0000907 F: - ATCCTGGGTGCTGGCC-3’;

R: 5-CTTTCACACTCATCCTGCCG-3’ 98
hsa_circ_0059104 F: 5>-GAGAGTGTGGCTTCATTCGC-3’;

R: 5>-CCACTGGGTTCATCTTGGGG-3’ 93
hsa_circ_0072697 F: 5>-CAGATTTGTAACTGGAAAACTCATGA-3’;

R: 5-CATGGATGCACTGGGGAGAT-3’ 99
hsa_circ_0000967 F: 5~ AGCAAGAAGAGGACCTGTGC-3’;

R: 5-GAAGAGGCCGCTGTGTAGAG-3’ 89
hsa_circ_0057362 F: 5>-CCTGGTGGTAAAGGCGAAAT-3’;

R: 5>-TAGCCTGCGAGTCCTCCTAC-3’ 89
hsa_circ_0067301 F: 5>"-TAACACGCTGGCCCATTACA-3’;

R: 5-GAAGGATGTAGCTCTGTGTGC-3’ 58
hsa_circ_0081069 F: 5-CTGGTGCCCCTGGTGAAAAT-3’;

R: 5-ACGTGGTCCTCTATCTCCGG-3’ 80
hsa_circ_0089762 F: 5>~ AGGGCGTGATCATGAAAGGT-3%

R: 5>~ ACGGCGGACTAATCTTCAACT-3’ 142
hsa_circ_0080968 F: 5>~ AGGAATAACTGCGTGGGGTT-3’;

R: 5 TGTCTCCCATTATGCACCCG-3’ 72
hsa_circ_0024731 F: - TCAAATCCTCAGTGATGCTCCT-3’;

R: 5-TGAGGGTCTGCGTGGTGTA-3’ 106
hsa_circ_0089763 F: 5>~ ACGGTAGTATTTAGTTGGGGCA-3%;

R: 5>-TCTTCCCACTCATCCTAACCCT-3’ 61
GAPDH F: 5>-GACAGTCAGCCGCATCTTCT-3’;

R: 5’- GCGCCCAATACGACCAAATC-3’ 104

were expressed as means = SD, and the differenc-
es between the two groups were compared using
the Student’s #-test. The correlation between cir-
cRNA expression and clinicopathological fea-
tures was analyzed by the Spearman correlation
test. p<0.05 was considered to be statistically
significant, and Graph Prism 5.0 (La Jolla, CA,
USA) was utilized to draw statistical pictures.

Results

Profiles of CircRNA Expression in
DFU and Validation

A total of 67 differentially expressed circRNAs
were obtained, of which 28 were upregulated and
39 were downregulated (Figure 2A and 2B). In
order to obtain the most clinically applicable bio-
markers, stricter screening criteria, i.e., the fold
change is more than 2.0; and the value of p is less
than 0.0001, were followed to select candidate
biomarkers from the 28 upregulated circRNAs.
11 upregulated circRNAs complied with criteria
were finally obtained. We confirmed these ob-
tained circRNAs as candidate biomarkers in later
validation using tissue samples (n=10), which is
consistent with the data of bioinformatics anal-
ysis (Figure 2C). Thus, it was demonstrated that
the circRNA profile was reliable.
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Identification of Isolated Vesicles

The transmission electron microscope showed
that the size of the serum-derived exosome was
80-120 nm, which was a small vesicle with a
membranous structure, consistent with the mor-
phological characteristics of the exosome (Figure
3A). The expression of exosome iconic proteins
CD9, CD63, and TSGI101 were also detected
by WB to determine whether the isolated and
purified exosome vesicles were successful. The
results from the aforementioned experiment doc-
umented well that the expressions of CD9, CD63,
and TSGI101 could be detected in exosome eluent
(Figure 3B), indicating that the exosomes were
successfully extracted.

Validation of Differentially Expressed
CircRNAs in Serum and Exosomes

The expression of 11 kinds of upregulated
circRNAs in tissues, serum and serum-derived
exosome were further examined by qRT-PCR in
an independent cohort. According to the Figure
4A to 4C, the expression of serum and exosomal
hsa_circ_0000907 and hsa circ_ 0057362 were
found to be highly consistent with their expres-
sion status in tissues, and showed higher AUCs
than the remaining 9 circRNAs in diagnosing
early DFU (Figure 4D to 4G) (ROC curves of
the remaining 9 circRNAs were not shown).
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Figure 2. Differential expressions of circRNAs in DFU patients and NHW cases. A, Heatmap of the circRNA expression
profiles in DFU and NHW. B, Volcano plots of the differentially expressed circRNAs, consisting of fold-change values
(logFC, x-axis) and statistically significant differences (p-values, Y-axis). The red points showed the significantly up-regulated
circRNAs, and differentially up-regulated ones were represented by green points. C, Verification of the top 11 up-regulated
circRNAs in tissues by qRT-PCR to corroborate the reliability of the circRNA profile.
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Figure 3. Identification of the vesicles isolated from serum of the DFU patients. A, Extracted vesicles were identi-
fied by transmission electron microscope at an accelerating voltage of 80 kV. The red arrows indicated the isolated
vesicles. B, Expressions of the exosome marker proteins CD9, CD63 and TSG101 were further quantitated by Western
immunoblotting.
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Figure 4. Expressions of the upregulated circRNAs in (A) tissues, (B) serum, and (C) serum-derived exosomes were further
validated in DFU patients and controls using qRT-PCR. D-G, The plotted ROC curves of circRNAs with high AUCs. Serum
and exosomal hsa_circ_0000907 and hsa_circ_0057362 showed the highest AUCs in an independent screening cohort (healthy
control group, n =20; non-DFU controls with diabetes, n =20; and DFU group, n = 20) than other circRNAs (data not shown).

As illustrated by Figure 4B, the kurtosis of
serum hsa circ_0000907 expression was 5.65
times higher than that in healthy subjects and 3.8
times higher than that in non-DFU patients with
diabetes. Besides, the kurtosis of serum hsa
circ_0057362 expression was 5.22 and 2.89 times
higher than that in healthy subjects and non-DFU
patients with diabetes, respectively. Similarly, the
kurtosis of exosomal hsa circ_ 0000907 expres-
sion was 3.63 times higher than that of healthy
subjects and 2.36 times higher than that in non-
DFU patients with diabetes, while the kurtosis of
exosomal hsa circ 0057362 expression was 3.41
times and 2.69 times higher than that of healthy
subjects and non-DFU patients with diabetes,
respectively (Figure 4C).

Serum and Exosomal Hsa_Circ_0000907
and Hsa_circ_0057362 as a Promising
Biomarker for the Early Diagnosis of
DFU

In order to evaluate the expressions and diag-
nostic performances, the corresponding efficacy
of serum and exosomal hsa circ_0000907 and
hsa_circ_0057362 were validated in another inde-
pendent cohort. The expression of serum and exo-
somal hsa circ_ 0000907 and hsa circ 0057362
in early DFU (Wagner grade 0-2) were discovered
to be obviously higher than that in healthy sub-
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jects and non-DFU controls with diabetes (Figure
5A to 5H). The ROC curve analysis revealed that
the AUCs of early DFU (Wagner grade 0-2) diag-
nosed by serum and exosomal hsa_circ_ 0000907
and healthy patients were 0.9389 (SEN and SPE
were 87.14% and 90.77%, respectively. Youden
index=0.7791) and 0.8783 (SEN and SPE were
80.00% and 80.85%, respectively. Youden in-
dex=0.6085) (Figure 5I to 5L), while the AUCs of
early DFU and non-DFU diabetes distinguished
by serum and exosomal hsa circ_ 0000907 were
0.7912 and 0.8298, respectively. Moreover, the
performance of hsa circ_0057362 in the early
diagnosis of DFU was simultaneously evalu-
ated. The results based on the evaluation in-
dicated that the AUCs of serum and exosomal
hsa_circ_0057362 in the diagnosis of early DFU
and healthy patients was estimated to be 0.8792
(SEN and SPE were 81.42% and 78.46%, respec-
tively. Youden index=0.5989) and 0.8481 (SEN
and SPE were 86.005 and 70.22%, respectively.
Youden index=0.5621) (Figure 5M and 5N). As
revealed in Figure 50 and 5P, the AUCs for dis-
tinguishing DFU from non-DFU diabetes was
0.7564 and 0.8327, respectively. Collectively, the
above data suggested that serum and exosomal
hsa_circ_0000907 and hsa_circ_0057362 are ca-
pable of being utilized as promising biomarkers
for the early diagnosis of DFU.
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Figure 5. The diagnostic efficacy of serum and exosomal hsa_circ_0000907 and hsa_circ_0057362 of early DFU. Expressions
of (A, B) serum hsa_circ_0000907 and (C, D) hsa_circ_0057362 significantly increased in DFU cases compared with controls,
and expressions of (E, F) exosomal hsa_circ_0000907 and (G, H) hsa_circ_0057362 were also elevated in DFU cases. I-L,
The ROC curves of serum and exosomal hsa_circ 0000907 in distinguishing DFU patients from healthy controls or non-DFU
diabetes. M-P, The ROC curves of serum and exosomal hsa_circ_0057362 in discriminating DFUs from healthy controls or

non-DFU diabetes.

Correlation Between the Expression of
Serum/Exosomal Circrnas and the
Clinicopathological Features of Patients
As shown in Figure 6A to 6D, the expres-
sions of serum hsa circ 0000907 and hsa
circ_ 0057362 were negatively correlated with
ankle brachial index (ABI) and transcutaneous
oxygen pressure (TcPO,), suggesting that serum
hsa circ_0000907 and hsa_circ 0057362 may be
involved in the progression of DFU. Neverthe-
less, the point which can be figured out from
Figure 6E to 6H is the expressions of exosomal

hsa_circ_ 0000907 and hsa_circ_0057362 have
no significant correlation with ABI or TcPO,.

Discussion

DFU is a serious chronic complication that
leads to disability and death in diabetic patients
across the world"#**%_ It is characterized by its
high incidence, difficulty in treatment and huge
expense®. Early diagnosis and treatment are still
important methods of reducing the incidence of
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Figure 6. Correlations between serum and exosomal expressions of hsa_circ_0000907 and hsa_circ_0057362 and the two
predictors ABI and TcPO, of the DFU cases. A-D, The expressions of serum hsa_circ_0000907 and hsa_circ_0057362 were
negatively correlated with ABI values and TcPO, in DFU cases. E-H, exosomal hsa_circ_0000907 and hsa_circ_0057362
showed no significant correlations with ABI values and TcPO, in DFU cases.

diabetic foot, amputation rate and mortality®.
However, there is still a lack of effective serolog-
ical markers for the early diagnosis of DFU. Cir-
cRNA is a type of RNA molecule with a closed
ring structure, which has been disregarded as
noise for a long time*‘. Recently, due to the rapid
development of sequencing technology, circRNA
has been discovered on a large scale’'. Currently,
no studies have documented the clinical utility
of serum and exosomal circRNAs for the early
detection of DFU. To the best of our knowledge,
this is the first study that found and reported the
value of serum and exosomal circRNAs for the
early diagnosis of DFU.

At present, few reports exist on circRNA(s) and
DFU. Wang et al?® found that the expression of
hsa circ_ 0084443 in DFU tissue was significant-
ly higher than that in NHW’s, and overexpressed
hsa circ_ 0084443 was observed to promote the
growth of keratinocyte. Here, the difference of
the circRNA expression profiles between DFUs
and NHWs in GEO database was analyzed, and
the database fed back 67 kinds of differentially
expressed circRNA, of which 28 were up-regulat-
ed. Moreover, 28 kinds of upregulated circRNA
were screened, after which 11 kinds of circRNA
were selected with the highest differential ex-
pression for preliminary verification. Finally,
hsa_circ_ 0000907 and hsa_circ_0057362 were
screened from serum and exosomes for subse-
quent verification. For the first time, serum hsa_
circ_0000907 was found to have the largest AUC
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in diagnosing DFU and healthy patients, followed
by serum hsa circ_0057362. Importantly, hsa
circ_0000907 and hsa circ_0057362 were also
discovered to be effective in distinguishing DFU
from non-DFU diabetic patients, with a high-
er AUC of 0.7912 for serum hsa-circ-0000907
than for serum hsa-circ-0057362 (AUC=0.7564).
In this regard, serum hsa circ 0000907 and
hsa circ_0057362 were expected to be useful as
non-invasive and accurate molecular markers for
the early diagnosis of DFU.

According to Zhao et al'’, microarray analysis
was used to analyze and compare the expression
of serum circRNA in 6 patients with T2DM and
6 normal volunteers, and it was found that there
were differences in the expression of 489 kinds of
circular RNA, of which 78 kinds of circular RNA
were up-regulated while 411 were down-regulat-
ed in the type 2 diabetes group; by screening and
qRT-PCR, the peripheral blood of 247 normal
participants, patients with prediabetes and dia-
betic patients were compared, where human pe-
ripheral blood has circ_0054633 was discovered
to be able to be used as a diagnostic marker for
prediabetes and type 2 diabetes, with a SEN of
75% and a SPE of 79%, respectively".

As illustrated in previous studies*, exo-
some is a type of cystic vesicle, which is essen-
tially a lipid bilayer produced and excreted by
cells through active secretion. It is known that
exosome plays an important role in cell-to-cell
information exchange and substance transmis-
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sion**?%, Due to the improvement of medical
technology, exosomes-derived nucleic acids have
been noted to play an indispensable role in the
early diagnosis, treatment and prognosis of cer-
tain diseases, including cancer and metabolic
diseases’®*2. For instance, the concentration of
PCX in urine extracellular vesicles of patients
with diabetic nephropathy was also found to
be significantly increased, which may serve as
a potential marker for the clinical detection of
diabetic nephropathy*. Additionally, it has been
reported that the concentration of miR-3976 in
serum-derived exosomes was significantly higher
in patients with Wagner grade 3-4 DFU than in
patients with Wagner grade 0-2%". In terms of
this effect, exosomes from the serum of DFU
patients and healthy people were isolated re-
spectively and further verified vie ETM and
immunoblotting. Moreover, hsa circ_0000907
and hsa_circ_0057362, with high diagnostic val-
ue, were demonstrated to be derived from exo-
somes. The AUC of exosomal hsa_circ_0000907
and hsa_circ_0057362 in diagnosing DFU and
healthy participants were 0.8783 and 0.848]1, re-
spectively. However, the diagnostic efficacy of
hsa circ 0000907 and hsa circ 0057362 from
exosomes was lower than that from serum, and
insufficient evidence is presented as to wheth-
er the free circRNA in serum is derived from
the release of exosomes. Intriguingly, exosomal
hsa_circ_0000907 and hsa_circ_0057362 shown
a higher diagnostic efficacy in distinguishing be-
tween DFU and non-DFU patients suffering from
diabetes than in serum, and it may be of great
significance for clinical differential diagnosis.
ABI is an important indicator of blood cir-
culation of the limbs*. In addition, TcPO, is a
key indicator of insufficient blood supply around
the body**. Accordingly, the expression levels of
serum hsa_circ_0000907 and hsa_circ_0057362
were negatively correlated with ABI and Tc-
PO,, suggesting that hsa_circ_0000907 and hsa_
circ_0057362 may be involved in the progression
of DFU. Intriguingly, as exosome-derived hsa
circ_ 0000907 and hsa circ_ 0057362 were not
significantly correlated with ABI or TcPO,, more
investigations are needed to confirm the findings.

Conclusions
In summary, this is the first study to report the

value ofhsa_circ_0000907 and hsa_circ_0057362
in serum and exosomes in the early diagnosis of

DFU, suggesting that serum and exosomal hsa
circ_0000907 and hsa circ_ 0057362, especially
serum hsa_circ_0000907, may serve as import-
ant markers in the early diagnosis of DFU. Many
limits are covered in this study, this investigation
is a single-center study with a wide range and
few samples, hence, the results obtained may be
biased. In the future, high-quality large-sample
multicenter researches are required to confirm
the corresponding results.
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