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A chronic, low-grade inflammation is the significant pathogenic feature involved in the development of type 2 diabetes
mellitus, which is becoming more prevalent worldwide. Annexin A1 (ANXAL1), an endogenous glucocorticoid-
regulated protein is known to restore homeostasis by counteracting inflammatory processes. This study aimed to
determine the role of circulatory and tissue ANXAT1 levels in the pathophysiology of diabetic foot ulcers and also
find its correlation with other inflammatory regulators and the clinical-investigative profile of study subjects. The
serum and wound tissue from a total of 40 subjects including diabetic subjects with foot ulcers (n = 20) and non-
diabetic subjects (n = 20) were analyzed for the levels of ANXA1 and other inflammatory regulators such as IL1§,
IL6, IL10, and TNFo by sandwich enzyme-linked immune-sorbent assay. Pearson’s correlation coefficient analysis
was performed to find the association between the ANXA1 levels and clinico-investigative profile of diabetic foot
ulcers. The levels of circulatory and tissue anti-inflammatory ANXA1 were lower in diabetics, compared to non-
diabetic foot ulcers. However, the pro-inflammatory regulators IL1f, IL6, and TNFa levels in tissue and serum were
upregulated in diabetics with foot ulcers. Further, the levels of ANXAT are having good association with diabetic
foot ulcers as well as with other inflammatory regulators and are more significant in serum, compared to the levels
in tissue samples. Overall, the lower levels of anti-inflammatory ANXA1 in diabetic foot ulcers indicate their role in
the inflammation homeostasis that is very much essential for the initiation of wound healing.
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INTRODUCTION

Diabetes mellitus type 2 is the most common and
chronic metabolic disease in the world, and the most significant
secondary complication associated with diabetes is diabetic
foot ulcer. It is a serious clinical condition caused mostly by
diabetic neuropathy and/or peripheral vascular dysfunction
[1-3]. In a diabetic individual’s lifetime, the chance of
acquiring a chronic foot wound is estimated to be 15%-25%
cases [4]. Despite new therapies and research, foot ulcers
continue to be the main reason for lower limb amputation, a
reduction in quality of life, and an elevated risk of death [5].

*Corresponding Author
Prakash Patil, Central Research Laboratory, KS Hegde Medical Academy,

NITTE (Deemed to be University), Deralakatte, Mangaluru, India.
E-mail: prakashpatil @ nitte.edu.in

According to numerous studies, the increased inflammation
that results in the accumulation of pro-inflammatory cytokines
and the failure to activate anti-inflammatory pathways is the
primary factor contributing to the development of chronic
diabetic foot ulcers [6].

One of the key contributors to inflammatory homeostasis
isAnnexinA 1 (ANXA1),ahighly abundant 37 kDa glucocorticoid-
regulated protein member of the annexin superfamily [7,8].
ANXALI has been known to exert an anti-inflammatory effect
by inhibiting the activity of phospholipase A2 (PLA2), a key
enzyme responsible for inflammation and cytotoxicity [9].
ANXAL decreases neutrophil recruitment and the synthesis of
pro-inflammatory mediators by encouraging neutrophil apoptosis,
controlling monocyte recruitment, and enhancing macrophage
clearance of apoptotic cells [10]. Recent research reveals that
ANXAL is involved in the reprogramming of macrophages to
reduce inflammation and restore tissue homeostasis. ANXA1 is
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also associated with inflammation that is pro-resolving, which
is linked to a number of cellular and molecular processes in
the inflammatory response and is connected to the endogenous
mechanisms that are triggered to bring about inflammation
resolution [9,11]. In the peripheral blood cells, ANXAT is highly
expressed in subcellular granules of neutrophils, eosinophils,
and monocytes, with small amounts expressed in subsets of
T lymphocytes, mast, and B cells [12]. The low levels of anti-
inflammatory ANXA1 in various chronic inflammatory disorders,
including rheumatoid arthritis, diabetes mellitus, coronary
heart disease, Crohn’s disease, and others indicate the role in
inflammation [ 13—16]. Even though there is a sufficient amount of
circulatory ANXA1, several chronic inflammatory conditions fail
to activate inflammation homeostasis. We speculate that it may be
because there are insufficient amounts of ANXAT1 in the wound
microenvironment, which is preventing the body from producing
its own anti-inflammatory activity and delaying wound healing.
However, as far as we are aware, no research has linked serum and
tissue ANXAT levels to diabetic foot ulcers. Therefore, this study
aimed to determine the levels of the anti-inflammatory ANXA1
and a few other inflammatory regulators, including IL1{, IL6,
IL10, and TNFa in the serum and wound tissue of diabetic and
non-diabetic subjects. In conclusion, this study’s calculation of
endogenous tissue-protective anti-inflammatory molecules, such
as ANXAI, in diabetic wounds may be useful in evaluating the
effectiveness of treatment for diabetic foot ulcers.

MATERIALS AND METHODS

Study subjects

After receiving approval from the institutional ethics
committee (No.: NU/CEC/2020/0335 dated 09-09-2020), this
cross-sectional study enrolled 40 participants and divided into
20 diabetic foot ulcer subjects and 20 non-diabetic subjects of
both sexes who visited the department of general surgery at
Justice K S Hegde Charitable Hospital, Mangaluru, for wound
care. The sample size for this singzle—center pilot study was

Z(W)(SD)2
d2

sample size, Z  meaning confidence interval at 5% type 1 error
is 1.96, SD of variable is 16, and the precision/absolute error (d)
is 5% [17]. After obtaining the written informed consent, the
diabetic subjects except those who were pregnant, lactating,
having radiotherapy, chemotherapy, immunotherapy, taking
any form of steroid treatment, or suffering from any other
immunodeficiency or inflammatory illnesses such as rheumatoid
arthritis, inflammatory bowel disease, etc., with foot wounds
were recruited for the study. The non-diabetic subjects with
wounds from trauma or burns were recruited; however, wounds
with infection were eliminated for this study.

calculated using the formula, n = where 7 is the

Clinico-investigative characteristics

A detailed history (family and personal) and physical
examination details including age, sex, body mass index
(BMI), duration of diabetes, blood pressure, and biochemical
parameters such as glycated hemoglobin (HbAlc), and blood
glucose findings data were collected from the study subject
case sheet. All the biochemical parameters data were expressed

as mean = SD. For diabetic subjects, the wound size was
determined by multiplying the longest and widest diameter
of a wound and expressed in centimeter squares. Wagner’s
classification system was used to grade the ulcers as grade I
(superficial ulcer or subcutaneous tissue), grade II (ulcers that
extended into tendon, bone, or capsule), grade III (deep ulcer
with osteomyelitis or abscess), grade IV (gangrene of toes), and
grade V (gangrene of entire foot).

Blood and debrided tissue collection

To determine the levels of ANXAI1 and few other
inflammatory regulators in the serum, 2 ml of venous blood was
collected in a plain vacutainer from the recruited individuals.
Then, the vacutainers containing blood were left at room
temperature for 30 minutes to clot, centrifuged at 3,000 rpm
for 10 minutes to separate serum, and stored in aliquots at
—80°C until further investigation. Furthermore, debrided tissue
was collected, washed, and prepared the tissue homogenate in
phosphate-buffered saline, centrifuged, and the final supernatant
was stored at —80°C until analysis.

Estimation of ANXA1 and other inflammatory
molecules in serum and tissue

The levels of ANXA1 (#EHO0855, Wuhan fine
Biotech Co. Ltd, China) and other inflammatory regulators
IL1B (#850.006.096, Diaclone, France), IL6 (#950.030.096,
Diaclone, France), TNFa (#950.090.096, Diaclone, France),
and IL10 (#950.060.096, Diaclone, France) in both serum
and tissue were determined by using human quantitative
sandwich enzyme-linked immune-sorbent assay (ELISA)
kits according to manufacturer’s protocols. The color change
was detected at 450 nm using a multimode microplate reader
(Tecan spark®, Bioscreen, Switzerland). The levels of all
inflammatory molecules in each sample were calculated
according to the standard curve method, and the results were
reported as mean + SD.

Statistical analysis

All data were analyzed using the Statistical Package
for the Social Sciences, version 22.0, (IBM Corp. Armonk,
NY). Continuous variables normally distributed in the
groups were compared using Independent Student’s #-test.
Using normally distributed variables, Pearson’s correlation
coefficient analysis was used to identify the correlation of
ANXA1l with the clinico-investigative profile and other
inflammatory regulators in serum and tissue samples of study
subjects. The area under the curve (AUC) for ANXA1 was
calculated using receiver operating characteristic (ROC) curve
analysis. Statistical significance was defined as a p-value <
0.001, <0.01, and <0.05.

RESULTS

Clinico-investigative profile of study subjects

The anthropometric and biochemical characteristics
of study subjects diabetic and non-diabetics (n = 40) with foot
ulcers are summarized in Table 1. There were no significant
variations among the study subjects in terms of age, gender,
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height, weight, BMI, systolic and diastolic blood pressure.
However, the blood glucose and glycated HbAlc levels were
significantly different (p < 0.05) between diabetic and non-
diabetic subjects with wounds (Table 1). Further, the wound
grades among the diabetic subjects according to Wagner’s
grading method found that 14 subjects had grade 0—III wounds,
while 6 had grade IV-V wounds. The duration of diabetes in
study subjects was divided into three categories, namely 5-10
years (n = 10), 10-20 years (n = 6), and >20 years (n = 4)
(Table 1).

Levels of ANXAT1 and other inflammatory molecules
in diabetics and non-diabetics

The levels of ANXA1 were observed significantly
different between serum (353.50 £ 39.17 pg/ml) and tissue
homogenates (414.10 £ 70.39 pg/ml) of diabetic subjects,
while similar results were observed in non-diabetic subjects
(serum, 436.20 + 140.76 pg/ml; tissue, 509.5 + 33.93 pg/ml)
(Table 2 and Fig. 1). However, the levels were considerably
higher with little variations in tissue homogenate samples
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compared serum of study subjects. In addition, we found
similar results for the other inflammatory molecules IL1f,
IL6, and IL10, where tissue levels were considerably higher
than the serum levels in both diabetic and non-diabetic study
subjects. Furthermore, when compared to non-diabetics, the
levels of ANXA1 were significantly lower in both serum
and tissue homogenate samples from diabetic individuals.
Similarly, other inflammatory molecules IL10, IL6, and
TNFa levels were significantly different in both serum and
tissue samples, except ILP levels between diabetics and
non-diabetic subjects (Table 2 and Fig. I). Overall, the anti-
inflammatory ANXA 1 was found to be very much significantly
different between diabetic and non-diabetic serum and tissue
homogenate samples, indicating that monitoring its levels
in the wound microenvironment would provide a better
clinical estimation of foot ulcer healing during the course of
treatment. Furthermore, the determination of changes in the
ANXAI1 levels might be useful to the treating physician for
understanding the therapeutic effect of undergoing treatment
in healing foot ulcers.

Table 1. Clinical and biochemical characteristics of study subjects.

Features Diabetic (n =20) Non-Diabetic (n = 20) Student’s #-test (p value)
Age (years) 60.2 +9.82 56.25 +9.65 0.251 (ns)
Male: Female 18:2 17:3 -
Weight (kg) 70.05 +10.24 71.505 + 8.97 0.635 (ns)
Height (cm) 160.15+7.97 160.6 +3.38 0.817 (ns)
BMI 2891 +2.67 27.27+3.77 0.120 (ns)
Glycated hemoglobin (%) 8.66 + 1.76 5.63+1.16 0.000%*
Blood glucose level (mg/dl) 168.17 £ 62.80 129.90 + 18.61 0.013*
Systolic 128.65 +24.22 123.9 + 14.53 0.457 (ns)
Blood Pressure (mm of Hg)
Diastolic 78.6 +10.14 76.5+10.40 0.522 (ns)
5-10 10 - -
Diabetes Duration (years) 10-20 - -
>20 4 - -
Wound grade o 1 ’ ’
VI-V 6 - -
Wound size(cm?) 12.8 +13.23 - -

BMI = Body mass index.

*Statistically significant at p < 0.05, **p < 0.01, ***p < 0.001; ns, not significant.

Table 2. Comparison between the levels (mean + SD) of pro- and anti-inflammatory regulators observed in diabetic and non-diabetic subjects.

Inflammatory regulators Serum Tissue
(pg/ml) Diabetic Non -diabetic p value Diabetic Non-diabetic p value
ANXAL 353.50 £ 39.17 436.20 + 140.76 0.001** 414.10 +70.39 509.5 +33.93 0.000%**
IL10 13.21+£5.03 13.44 + 5.08 0.890 20.65 +6.43 33.78 £ 14.39 0.001**
IL1B 38.83 £ 11.35 38.84 £ 8.14 0.997 350.33 £101.98 299.92 +£167.12 0.276
1L6 12.28 £ 4.81 5.44+£3.47 0.000%*** 3290+ 15.29 1445+ 7.86 0.000%**
TNFa 79.77 £ 28.82 55.78 +£22.86 0.010%* 81.37 +48.13 52.41+ 19.79 0.027*

*Statistically significant at p <0.05, **p < 0.01, ***p <0.001.
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Association of ANXAL1 levels with other inflammatory
molecules and clinico-investigative profile of study subjects

Pearson’s correlation analysis revealed that the PLA2
inhibitor ANXAT levels in serum (r = 0.685, p = 0.000) and
tissue (r = 0.331, p = 0.037) had a positive correlation with
glycated hemoglobin of diabetic subjects with foot ulcers. In
addition, a positive correlation was also observed for the serum
ANXAL levels with the blood glucose (» = 0.434, p = 0.05)
and wound grade (r = 0.454, p = 0.044) of diabetic subjects
(Table 3).
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Figure 1. The levels of ANXAT and other inflammatory molecules IL6, IL1f,
TNFa, and IL10 in serum and tissue homogenates of diabetic and non-diabetic
subjects.

The relationship analysis with other inflammatory
molecules found that a significant negative correlation was
observed between anti-inflammatory ANXAI levels in serum
with the pro-inflammatory molecules like IL6 (r = —0.669,
p=0.002) and TNFa (»=-0.515, p = 0.020) in diabetic subjects.
Meanwhile, ANXAT levels in serum (r =——0.559, p = 0.016)
had a significant negative correlation with the other anti-
inflammatory IL10 in non-diabetic subjects. (Table 4 and Fig. 2).

Efficacy of ANXALI in the diagnosis of
diabetic foot ulcer healing

The ROC curve analysis found that the area under the
curve values of ANXAT in serum (AUC =0.973, p = 0.000) and
tissue (AUC=0.816,p=0.001) showed a statistically significant
(Fig. 3). Overall, these results indicate that determining anti-
inflammatory ANXA1 in serum and tissue homogenates would
be useful in understanding the wound healing process in
diabetic subjects.

DISCUSSION

Diabetes mellitus is frequently associated with decreased
wound healing because of diminished angiogenesis and the
inability to effectively resolve inflammation. Because there is a
dearth of clinical evidence demonstrating the connection between
pro- and anti-inflammatory regulators for healing, diabetes patients
with wounds are at an increased risk of postoperative problems. In
this work, we looked at the levels of anti-inflammatory ANXA1
and other inflammatory molecules in debrided tissue and serum
from diabetes and non-diabetic wound patients and compared

Table 3. Association of ANXAT levels in serum and tissue homogenate samples with clinico-investigative characteristics of
diabetic subjects with foot ulcers.

Age HbA1lc BMI Blood glucose  Wound grade Wound size
0.215 0.685 0.242 0.434 0.454 0.023
— Serum
§ P 0.183 0.000™* 0.132 0.005™ 0.044" 0.925
Z r 0.106 0.331 0.056 0.108 —0.187 —0.020
< Tissue
P 0.513 0.037 0.731 0.507 0.430 0.935

BMI, Body mass index; HbA Ic, Glycated hemoglobin.

*Statistically significant at p <0.05, **p <0.01, ***p <0.001.

Table 4. Association of ANXA1 levels in serum and tissue homogenate samples with other inflammatory regulators of both
diabetic and non-diabetic subjects.

1L10 1L6 IL1B TNFa
r 0.457 —-0.669 0.221 -0.515
Diabetic
§ P 0.056 0.002* 0.394 0.020*
[%‘; r -0.559 0.083 -0.216 0.119
— Non-diabetic
§ P 0.016* 0.745 0.362 0.618
<Zt ) ) r 0.458 0.028 0.108 —0.044
Diabetic
“é P 0.056 0.913 0.651 0.855
ﬁ . . r -0.076 0.138 0.092 -0.021
Non-diabetic
P 0.765 0.585 0.700 0.929

*Statistically significant at p < 0.05.
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Figure 2. Pearson’s correlation analysis of ANXA1 serum and tissue homogenate levels with inflammatory regulators of diabetic subjects.

the results to their clinico-investigative profiles. To the best of
our knowledge, this is the first study to explore ANXAI levels
in debrided tissue samples from diabetic foot ulcer patients and
compare them to serum concentrations using an ELISA technique.
In this pilot study, there was a significant difference in blood

glucose and HbA1C levels observed between diabetic and non-
diabetic subjects, suggesting that the study subjects were classified
appropriately. Our results indicate that both diabetic and non-
diabetic subjects had higher levels of anti-inflammatory ANXA1
levels in tissue compared to the serum samples. The first class of
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Figure 3. ROC graph of ANXAI in serum and tissue homogenate samples of
study subject

endogenous anti-inflammatory mediators to be successfully used
in ulcer therapy was glucocorticoids. Further, glucocorticoids are
knownto regulate ANXA 1 production and activity by inhibiting the
pro-inflammatory cytokines IL6 and TNFa [18]. Glucocorticoids
can generate a PLA?2 inhibitory protein ANXAI in inflammatory
cells and exert many anti-inflammatory properties in addition
to arachidonic acid metabolism. Recent research suggests that
ANXA may selectively target cytosolic PLA2 by inhibiting the
enzyme directly and suppressing the enzyme’s cytokine-induced
activation.

Further, in our study, we have found that the levels of
pro-inflammatory regulators IL6, TNFa, and IL1p in tissue were
comparatively higher in diabetic subjects compared to the non-
diabetic subjects. Similarly, several studies have observed that IL6
levels in diabetics are much higher than in healthy subjects [ 19,20].
In addition, TNFa is known to operate as a local intensification
signaling molecule in the pathogenic processes associated with
chronic inflammation, where TNFa levels were considerably
greater in serum and tissue homogenates of study subjects [21,22].
In another study, researchers discovered that IL1f levels were
higher in diabetic foot ulcers, but that they reduced as the ulcers
healed. The anti-inflammatory IL10 is secreted by T helper cells,
regulatory T cells, macrophages, and dendritic cells where it will
inhibit the release of pro-inflammatory mediators, suppresses the
antigen presentation and enhances the phagocytosis [23]. Human
studies have observed that the diabetic foot ulcers have decreased
expression of 1L10, particularly in keratinocytes and endothelial
cells at the wound margin [24]. The elevation of IL10 release
generated by ANXAI in macrophages could be causing the
suppression of iNOS expression. In addition, the glucocorticoids
like ANXALI have a strong inhibitory effect on neutrophil and
monocyte migration during inflammation. The N-terminal Ac2-

26 peptide of ANXALI stimulates macrophage phagocytosis of
apoptotic neutrophils under hyperglycemic conditions through
the fibroblast migration [25]. Inflammation, angiogenesis, and
mast cell infiltration are all linked to high ANXA1 expression in a
variety of cells from the breast tumor microenvironment, including
fibroblasts, as well as angiogenesis, or the formation of new
blood vessels [26]. ANXAT is known to stimulate angiogenesis,
which is affected in diabetic patients, leading to impaired wound
healing. There are several intrinsic (neuropathy, vascular issues)
and extrinsic factors (wound infection, calculus formation, and
excessive pressure to the region) involved in the delayed healing of
wounds in diabetics. Our study discovered that anti-inflammatory
ANXAT1 levels were extremely low in diabetic foot ulcer patients,
suggesting that there may have been a breakdown in the body’s
defense against diabetes complications. As a result, elevated levels
of ANXA1 may aid in wound healing. The small sample size
resulting from the rigorous inclusion criteria is one of the study’s
drawbacks, and adding more participants would have reduced the
statistical power of our conclusions. The numerous inflammatory
regulator levels found in the wound microenvironment have, as
of this point, produced good significant changes when compared
to the circulatory serum levels in diabetic foot ulcers, but similar
research studies are necessary to corroborate this concept. We
believe that anti-inflammatory ANXA1 exhibited substantial
outcomes among all the examined inflammatory molecules and
could be used as a foretelling biomarker in the healing of diabetic
foot ulcers.

CONCLUSION

Overall, the findings of this study suggest that
measuring the levels of PLA2 inhibitor ANXAL could be
beneficial as a predictive biomarker in predicting diabetic foot
ulcer healing and also helps in determining the current state
of foot ulcer pathophysiology as well as the effectiveness of
treatment. Furthermore, the ANXA1 would be established
as an early predictor based on its serum or tissue levels, and
also a prognosticator as well as a new therapeutic target for
diabetic foot ulcer management. Additionally, the molecular
mechanisms-oriented studies are warranted to understand the
role of ANXAT in resolving the inflammation underlying the
defective healing of diabetic foot ulcers.
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