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Abstract

The inflammatory phase of wound healing cascade is an important determinant of the
fate of the wound. Acute inflammation is necessary to initiate proper wound healing,
while chronic inflammation abrogates wound healing. Different endosomal members of
toll-like receptor (TLR) family initiate inflammatory signalling via a range of different
inflammatory mediators such as interferons, internal tissue damaged-associated molec-
ular patterns (DAMPs) and hyperactive effector T cells. Sustained signalling of TLR9
and TLR7 contributes to chronic inflammation by activating the plasmacytoid dendritic
cells. Diabetic wounds are also characterised by sustained inflammatory phase. The
objective of this study was to analyse the differential expression of endosomal TLRs
in human diabetic wounds compared with control wounds. We analysed the differential
expression of TLR7 and TLR9 both at transcriptional and translational levels in wounds
of 84 patients with type 2 diabetes mellitus (T2DM) and 6 control subjects without dia-
betes using quantitative real-time polymerase chain reaction (RT-PCR), western blot
and immunohistochemistry. TLR7 and TLR9 were significantly up-regulated in wounds
of the patients with T2DM compared with the controls and were dependent on the infec-
tion status of the diabetic wounds, and wounds with microbial infection exhibited lower
expression levels of endosomal TLRs. Altered endosomal TLR expression in T2DM
subjects might be associated with wound healing impairment.

Introduction

Wound healing is a dynamic process in which cells, tissues
and structure damaged by any injury are restored. A wound
healing cascade requires a perfect orchestrated system for the
proper healing of wounds (1). Normal wound healing pro-
cess is divided into four overlapping stages starting from (i)
clot formation, via (ii) acute inflammation, (iii) proliferation
stage and finally (iv) remodelling of the newly laid matrix (2).
Each of these steps also requires a well-coordinated interac-
tion of growth factors, cytokines, proinflammatory molecules,
vasculature-promoting agents and components of extracellular
matrix (3).

The inflammatory phase of wound healing is a vital phase in
which pathogenic microbes are encountered along with repair-
ing the tissue. But this inflammatory phase should be short,

Key Messages

• endosomal toll-like receptors (TLRs) impair wound heal-
ing because of their inflammatory and neurotoxic roles

• we analysed the expression of TLR7 and TLR9 in 84
type 2 diabetes mellitus (T2DM) wounds and 6 control
wounds
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• TLR9 and TLR7 were up-regulated in wounds of T2DM
cases compared with the control wounds

• expression of endosomal TLRs varied with wound grade,
infection and gender of the cases

• functionally truncated TLR9 was found in wounds of
T2DM cases contrary to the controls

self-resolving and perfectly controlled. Prolonged inflamma-
tory stage may lead to permanent residence of neutrophils and
macrophages in the wound microenvironment, thereby abrogat-
ing the normal healing and finally transforming the wound into
non-healing chronic ulcers (4).

The involvement of the immune mechanisms also plays an
important part in the process of wound healing. The members of
innate immune system by their proinflammatory roles serve to
eliminate infectious agents in the wound microenvironment (5).
The effectors of the innate immune system identify the unique
structures on microbes by their Pattern Recognising Receptors
(PRRs). Toll-like receptors (TLRs) are one of these PRRs
that recognise the pathogen-associated molecular patterns on
the microbes and hence help in the activation of the immune
system (6). All of the 12 members of TLR family known
in mice contribute in initiating antimicrobial defence system.
The TLRs generally mount an inflammatory response, which
is protective in nature. However, over-expression of TLRs
can result in inflammatory diseases such as systemic lupus
erythematosus (SLE), atherosclerosis, type 1 diabetes mellitus
(T1DM), multiple sclerosis and rheumatoid arthritis (7). The
TLRs are classified into two distinct groups on the basis of their
cellular distribution and ligand repertoire. External TLRs 1, 2,
4, 5 and 6 are located on the cell surface and recognise ligands
of mainly bacterial and fungal origin. Internal members of TLR
family (TLR3, 7, 8 and 9) are localised to endosomes where
their primary function is to sense microbial and host-derived
nucleic acids. Recently, endosomal TLRs have been shown to
be potential contributors to the inflammation in different human
studies and rodent models (8).

TLR9 resides in the endosomal compartment of the cell and it
recognises unmethylated CpG residues in the DNA taken up via
the process of endocytosis (9). Then, in the endolysosome, the
ecto domain of TLR9 is cleaved to produce a functional recep-
tor, which allows the recruitment of their adaptor molecules
and the activation of NF-κB or interferon (IFN) (10). This pro-
teolytic cleavage of TLR9 is a prerequisite for its activation,
as after cleavage, one of its fragments binds with Myd88 to
induce downstream signalling in a wide variety of cells. TLR9
is expressed primarily by subsets of B cells and dendritic cells
in humans and is involved in systemic as well as local inflamma-
tory responses (11). It is also shown to be a negative regulator of
wound healing. The stimulation of TLR9 may result in trigger-
ing extensive neurotoxicity, thereby damaging the neurons (12).
It also serves as a sensor for endogenous ligands released dur-
ing the process of tissue necrosis. TLR9 molecule is also shown
to increase liver ischaemia-reperfusion injury (13). TLR7 is
homologous to TLR9 and takes part in the discrimination of
nucleic acid–like structures in microorganisms. TLR7 recog-
nises guanosine- or uridine-rich single-stranded RNA (ssRNA)

from viruses and helps the host in dealing with viral infec-
tion. Human plasmacytoid dendritic cells possess high levels of
TLR7 along with TLR9, which on activation release a wave of
type I and type III IFNs, tumour necrosis factor-α (TNF-α) and
interleukin-6, and, hence promote inflammation by Th1 polari-
sation (11).

Type 2 diabetes mellitus (T2DM) has its role to play in
each and every step of wound healing as persistent hypergly-
caemic condition generally increases the inflammation through
activation of TLRs and results in the spillage of the inflam-
matory phase molecules into the proliferation phase (14,15).
Our group has recently shown that wounds of T2DM patients
exhibit differential expression of TLR4 along with other genetic
alterations leading to impairment in the wound healing cas-
cade (16–18). Recent studies have shown the pivotal role
of endosomal TLRs in the development of secondary com-
plications of T2DM because of their proinflammatory nature
(19). Taking all these facts together, we hypothesised that
altered expression levels of these endosomal members of the
TLR family may be one of the causes of persistent inflamma-
tory phase in chronic wounds like diabetic foot ulcer (DFU)
and may contribute to the impaired wound healing in T2DM
patients.

Materials and methods

Subjects

A total of 90 lower extremity wounds of different grades were
analysed in which 84 were DFU cases and 6 were controls
without having T2DM. Samples were collected from the out-
patient department clinics and the operation theatres of the
Department of Endocrinology and Metabolism and the Depart-
ment of Surgery, Institute of Medical Sciences, Banaras Hindu
University, Varanasi, India. Patients were advised to undergo
a standardised clinical and laboratory evaluation (Table 1).
Family history, habits (smoking, alcoholism, etc.) and disease
status of each patient were recorded through a questionnaire.
All the DFU patients included were diabetic patients who had
non-healing wounds of >4 weeks duration, thus qualifying as
diabetic wounds. Majority of the patients had lower extremity
wounds, 90% of which were located on the foot alone and the
remaining 10% on the foot+ lower leg. Both the plantar and the
dorsal aspects of the foot were involved in majority of the cases.
The samples were collected at the time of their (the patients)
first visit to the diabetic foot clinic. Samples were taken from the
wound margins during the debridement process and histologi-
cal analysis was performed to determine the cell types. Tissue
samples were collected in RNAlater solution (P/N AM7020,
Ambion, Inc., Austin, TX) and phosphate-buffered saline (PBS)
for isolation of RNA and DNA, respectively, and kept frozen at
−80∘C until use. For immunohistochemical staining, the sam-
ples were collected in Bouin’s fixative solution and kept at room
temperature. Biochemical markers, such as serum creatinine
and cholesterol levels, were measured using biochemical Auto-
analyzer (Beckman Coulter) at the clinical laboratory of the
Department of Endocrinology and Metabolism. T2DM patients
were diagnosed on the basis of the World Health Organiza-
tion (WHO) criteria, that is fasting plasma glucose ≥126 mg/dl
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Table 1 Biochemical and demographic parameters of DFU patients
(N =84)*

Parameters DFU (N =84)

Average age 53⋅62±9⋅20 years
Average BMI (kg/m2) 21⋅54±2⋅81
Average duration of type 2 diabetes in years 10⋅26±4⋅5
Male 59 (70⋅23%)
Female 25 (29⋅76%)
HbA1c levels (%) (mean, range) 10⋅6 (8⋅7–13)
Family history present (N) (%) 12 (14⋅2)
Nephropathy present (serum creatinine
>1⋅4 mg/dl) (N) (%)

25 (29⋅76)

Neuropathy present (by 10 g monofilament test)
(N) (%)

50 (59⋅53)

Hypertension present (systolic BP>140 mm of
Hg) (N) (%)

27 (32⋅14)

Retinopathy present (N) (%) 13 (15⋅47)
Dyslipidaemia present (serum cholesterol and

triglyceride levels>200 mg/dl) (N) (%)
16 (19⋅04)

Infection present (wound culture positive for
microbes) (N) (%)

45 (53⋅57)

Bone involvement (osteomyelitis) (N) (%) 29 (34⋅52)

BMI, body mass index; DFU, diabetic foot ulcer.
*Data are presented as mean±SD or as number (percentage).

and 2 hour plasma glucose ≥200 mg/dl. Poor glycaemic con-
trol was assessed by measuring the glycated hemoglobin A1c
(HbA1C) levels. The mean HbA1c levels of DFU subjects were
10⋅6% (range 8⋅7–13%). Screening for neuropathy was per-
formed by taking a history of sensory loss and other symp-
toms such as burning sensation or paraesthesias. The clinical
neurological examination included assessment of the vibratory
perception threshold using a 128 Hz tuning fork and assess-
ment of pain and fine touch with a pin and 10 g monofilament,
respectively. The tendon reflexes and muscle power were mea-
sured in patients with sensory neuropathy. Screening for vas-
cular involvement included detailed history of vascular insuf-
ficiency, clinical examination for signs of chronic ischaemia
and assessment of all lower limb pulses. A bedside hand-held
Doppler study was carried out in all the clinically suspicious
cases and ABPI (ankle brachial pressure index) of <0⋅9 was
considered indicative of peripheral vascular disease. Classifica-
tion of wounds was performed on the basis of the Wagner Grad-
ing System (20). The infection status of the wounds was also
taken into account. The study was approved by the Institutional
Human Ethics Committee of the Institute of Medical Sciences,
Banaras Hindu University, Varanasi, India. Informed written
consent was obtained from every participant of each group.

Quantitative real-time polymerase chain reaction

Total RNA was isolated from wound biopsies using TRIzol
reagent followed by DNase treatment. cDNA was synthe-
sised and quantitative real-time polymerase chain reaction
(RT-PCR) analysis of TLR9 and TLR7 was performed
in 84 DFU cases and 6 controls according to the manu-
facturer’s protocol (Applied Biosystems, Carlsbad, CA)
using previously described primers for TLR9, TLR7 and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (21).

For TLR9 expression, PCR was performed with forward primer
5′-GGACCTCTGGTACTGCTTCCA-3′ and the reverse primer
5′-AAGCTCGTTGTACACCCAGTCT-3′, resulting in 151 bp
fragment. For TLR7 expression, PCR was performed with
forward primer 5′-TCTCATGCTCTGCTCTCTTCAAC-
3′ and the reverse primer 5′-TTGTCTCTTCAGTGTCCACAT
TGGAAA-3′, resulting in 92 bp fragment. Briefly, 20 μl total
reaction volume containing 10 μl SYBR Green, 0⋅1 μl each
of the forward and reverse primers (10 pm/μl) and 2 μl cDNA
was used in PCR using ABI 7500 instrument (Applied Biosys-
tems). PCR was performed with an initial incubation at 50∘C
for 2 minutes, then followed by 10 minutes denaturation at
95∘C and 40 cycles at 95∘C for 15 seconds, 60∘C for 1 minute
and 72∘C for 1 second. Gene expression data of these TLRs
were normalised to the mRNA levels of housekeeping gene
GAPDH. Primers used for GAPDH were GAPDH forward
5′-CATGAGAAGTATGACAACAGC-3′ and GAPDH reverse
5′-AGTCCTTCCACGATACCAAAG-3′.

Immunohistochemical staining

Wound tissue samples obtained during debridement process
were fixed in Bouin’s solution, embedded in paraffin and sec-
tioned into 3 μm thick sections. Five DFU wounds and five con-
trol wounds were randomly selected for the study. Anti-TLR9
antibody (clone 26C593, Catalog No. ab12121, Abcam, Inc.,
Cambridge, MA; 1:75 in PBS) and anti-TLR7 antibody (Cat-
alog No. IMG-6070A, Imgenex Corp., San Diego, CA; 1:75
in PBS) were applied separately to the deparaffinised sections
and incubated in a wet chamber at 4∘C for 12 hours. Vectastain
Elite ABC Kit (Vector Laboratories, Burlingame, CA) was used
for immunohistochemical staining. Slides were counterstained
with haematoxylin (Himedia, Mumbai, India). Cells having
brown-stained cytoplasm were regarded as positive. Similar
staining time and procedure were adopted for all the tissue sam-
ples. Expression patterns of TLR7 and TLR9 in control and
diabetic wounds were observed under the microscope (Nikon,
New York, NY) using different magnifications (4, 10, 20 and
40). Documentation of the acquired images was performed
using a calibrated digital camera system (Nikon eclipse 80i)
together with the software evaluation package (NIS Elements
software, Nikon). The expression densities of TLR7 and TLR9
in wound biopsies were computed according to a previous study
by Souil et al. (22)

Western blot

Western blot analysis was performed for TLR9 and TLR7 on
whole tissue extracts of wound biopsies (43 DFU cases and 6
controls) to verify the results of immunohistochemistry (IHC).
About 50 μg of protein was loaded on 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel,
transferred to nitrocellulose membrane and then blocked with
5% of skimmed milk in Tris-buffered saline. For TLR9, mouse
monoclonal anti-TLR9 antibody (clone 26C593, Catalog
No. ab12121, Abcam Inc., Cambridge, MA; 1:1000 dilution),
and for TLR7, rabbit polyclonal anti-TLR7 antibody (Cata-
log No. IMG-6070A, Imgenex Corp.; 1:1000 dilution) were
used and then incubated with the secondary antibody linked
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to horseradish peroxidase. The immunoreactive bands were
visualised by the enhanced chemiluminescence system (Amer-
sham Biosciences, Pittsburgh, PA). Blots were stripped off and
re-probed with an anti-GAPDH antibody. Alpha Imager 2200
software version 3.1.2 was used to quantify band density.

Statistical analysis

The data were expressed as mean by considering stan-
dard error of mean as error bars. Statistical significance
(P< 0⋅05) was determined with Student’s t-test (two-tailed)
and non-parametric ANOVA. Statistical analysis of data was
performed using GraphPad Prism 5.01 and IBM SPSS Statistics
20.0 software.

Results

Diabetic wounds generally exhibit unresolved chronic inflam-
mation because of the generation of a plethora of endogenous
tissue damage products (23). Endosomal TLRs detect these
damage-associated molecular products (DAMPs), and after
activation, they induce strong inflammatory response medi-
ated by NF-κB or TNF (24). Hence, we hypothesised that
the persistent hyperglycaemia and tissue damage in T2DM
patients may lead to chronic inflammation through activation
of endosomal TLRs such as TLR7 and TLR9. We analysed
the differential expression of TLR7 and TLR9 both at tran-
scriptional and translational levels in wounds of 84 T2DM
patients and 6 control subjects without diabetes using the
quantitative RT-PCR, western blot and IHC. The analysis of
quantitative RT-PCR data indicated that the expression of
mRNA of TLR9 and TLR7 was significantly up-regulated
in the lower extremity wounds of DFU patients compared
with that of the control wounds (P value= 0⋅04, mean fold
change= 0⋅98, standard error of mean= 0⋅11 for TLR9 and
P value= 0⋅01, mean fold change= 1⋅18, standard error of
mean= 0⋅16 for TLR7) (Figure 1). To evaluate if the endoso-
mal TLR expression was influenced by wound grade, infec-
tion status or gender of the subject, the studied endosomal
TLR transcripts were compared between different subjects.
There was no significant correlation of TLR7 or TLR9 tran-
scripts with the wound grade (P value> 0⋅05), although the
expression of all the endosomal TLR mRNAs was found to
decrease drastically in the most severe grade wounds on Wag-
ner’s scale or with the infection (Figure 2). The transcript lev-
els of endosomal TLRs were higher in males compared with
females (TLR7: males= 0⋅61± 0⋅22, females= 0⋅12± 0⋅38;
TLR9: males= 0⋅66± 0⋅16, females= 0⋅42± 0⋅27) (Figure 3).
The infection status of the wound was also a regulatory factor
for the expression of endosomal TLRs, and all the endosomal
TLRs were found to decrease significantly in the presence of
infection (TLR7: P value= 0⋅02, t= 2⋅34, R2 = 0⋅06; TLR9: P
value= 0⋅01, t= 2⋅58, R2 = 0⋅07) (Figure 4). To determine if
the difference in the messages of TLR7 and TLR9 translates
to the similar difference in protein, five DFU and five control
samples were analysed by IHC using antibodies against TLR7
and TLR9. Immunohistochemical expression analysis among
the groups also suggested significant difference of TLR9 and
TLR7 between the wound biopsies of DFU cases and controls

Figure 1 Bar graph of quantitative real-time polymerase chain reaction
(RT-PCR) analysis showing the higher expression of mRNA of TLR7
and TLR9 in the wounds of 84 diabetic foot ulcer (DFU) patients com-
pared with 6 controls. Fold change in the expression of genes was
determined using the ΔΔCT method of relative quantification. Firstly,
normalisation of the resulting threshold cycle (CT) values of the target
gene was performed with the CT values of the internal control GAPDH
in the same samples (ΔCT=CT target−CT GAPDH). It was again nor-
malised with the control (ΔΔCT=ΔCT−ΔCT control). The fold change
in the expression was then calculated (2−ΔΔCT). The graph was plotted
using log 2−ΔΔCT. The graph clearly show that TLR9 and TLR7 were
up-regulated significantly in the wounds of type 2 diabetes mellitus
(T2DM) cases (P value=0⋅04, mean log of fold change=0⋅98, stan-
dard error of mean=0⋅11 for TLR9 and P value=0⋅01, mean log of fold
change=1⋅18, standard error of mean=0⋅16 for TLR7). [Log (fold change
10)=1].

(Figures 5 and 6). The findings of IHC results were validated
by western blot experiments using antibodies against TLR7
and TLR9 (Figure 7). The similar up-regulation of TLR7 and
TLR9 proteins were found in the western blot analysis also (P
value≤ 0⋅001, t= 4⋅20 for TLR7 and P value≤ 0⋅001, t= 4⋅27
for TLR9). We also found that TLR9 protein was truncated in
the case of DFU patients and was present in three fragments,
while the TLR9 protein was intact in the wound samples of
non-diabetic wounds (Figure 8).

Discussion

The diabetic wounds are generally chronic wounds charac-
terised by sustained inflammatory phase. Persons with DFU
often suffer from neuropathy in which the sensation power
of neurons against external stimuli is either diminished or
fully lost (25). The wound bed of a diabetic wound is over-
populated by several proinflammatory cells and inflammatory
cytokines (26). The reason for this prolonged inflammation
may be attributed to hyperglycaemia and endogenous ligands
(27,28). Recently, some members of the innate immunity have
been identified to play an important role in the pathogenesis of
abnormalities in healing of chronic wounds (29).

Inappropriate endosomal TLR signalling is shown to be
involved in some chronic inflammatory diseases such as SLE,
T1DM, multiple sclerosis, rheumatoid arthritis and hepatitis
(30–32). The basis for this proinflammatory role is the ability
of these endosomal TLRs to activate the plasmacytoid dendritic
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Figure 2 Bar graph showing the comparison of quantitative mRNA expression of endosomal toll-like receptors (TLRs) with wound grades on Wagner’s
scale. Non-parametric one-way ANOVA was used to check the difference between the mean values of endosomal TLR mRNAs among different wound
groups using GraphPad Prism. The graph clearly suggests the reduction of the expression of endosomal TLRs in the higher grade 4 wounds of diabetic
cases.

Figure 3 Bar graph showing the comparison of quantitative mRNA expression of endosomal toll-like receptors (TLRs) with the gender of diabetic
foot ulcer (DFU) patients. Unpaired t-test was used to check the difference between the mean values of endosomal TLR mRNAs in male and female
subjects using GraphPad Prism. The analysis showed that the transcript levels of endosomal TLRs were higher in males compared with females (TLR7:
males=0⋅61±0⋅22, females=0⋅12±0⋅38; TLR9: males=0⋅66±0⋅16, females=0⋅42±0⋅27).

Figure 4 Bar graph showing the comparison of quantitative mRNA expression of endosomal toll-like receptors (TLRs) with the infection status of
the wounds of the diabetic foot ulcer (DFU) subjects. Unpaired t-test was used to check the difference between the mean values of transcripts of
endosomal TLRs. The analysis of the data showed that all the endosomal TLRs decreased significantly in the presence of infection (TLR7: P value=0⋅02,
t =2⋅34, R2 =0⋅06; TLR9: P value=0⋅01, t =2⋅58, R2 =0⋅07).
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Figure 5 Immunohistochemistry of TLR9
in wound samples (3-μm-thick dewaxed
paraffin sections) with insets showing
detail of staining (40× magnifications).
Upper panel shows the negative (left) and
positive (right) staining. In the negative
control, serum and secondary antibodies
were applied but no primary TLR9 antibody
was added to the staining solution to check
the non-specific binding of the primary
antibody. Lower panel shows the immuno-
histochemistry for TLR9 in non-diabetic
control wound (left) and diabetic wound
(right).

No antibody TLR9

TLR9- Control wound TLR9- Diabetic wound

Figure 6 Immunohistochemistry of TLR7
in wound samples was carried out in a
similar fashion to that of TLR9. Upper
panel shows the negative (left) and pos-
itive (right) staining. In the negative con-
trol, serum and secondary antibodies were
applied but no primary TLR7 antibody was
added to the staining solution to check the
non-specific binding of the primary anti-
body. Lower panel shows the immunohis-
tochemistry for TLR7 in non-diabetic con-
trol wound (left) and diabetic wound (right).

No antibody TLR7

TLR7- Control wound TLR7- Diabetic wound
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Control UFD Control UFD

DFU13   DFU14C1 DFU9 DFU10

TLR9 (117 kDa)

TLR7 (110 kDa)

GAPDH (37 kDa)

DFU15

Figure 7 Western blot assay showing that protein expression of TLR9 and TLR7 was elevated in diabetic foot ulcer (DFU) patients. Tissue samples
collected during debridement process from control (C) and DFU patients were homogenised, and Western blot analysis was performed for expression
of TLR9, TLR7 and GAPDH proteins in 43 DFU subjects and 6 controls. Alpha Imager 2200 software version 3.1.2 was used to quantify band density.
The relative percent ratios of proteins (toll-like receptors, TLRs, versus GAPDH) were calculated. Unpaired t-test was used to check the difference
between the mean values of TLR7 and TLR9 proteins in DFU and control subjects using GraphPad Prism. A two-tailed P value<0⋅05 was considered
as statistically significant. Bar graph showing up-regulation of TLR7 and TLR9 proteins in wounds of type 2 diabetes mellitus (T2DM) patients compared
with controls (P value≤0⋅001, t =4⋅20 for TLR7 and P value ≤0⋅001, t =4⋅27 for TLR9).

Figure 8 Lysate preparations of wound tis-
sues taken from diabetic foot ulcer (DFU)
and control subjects were separated by
SDS–PAGE and probed with antibody spe-
cific to TLR9. Full-length (FL TLR9) and the
truncated protein (cleaved TLR9) are shown
in the figure. It was interesting to note that
this truncated version of the protein was
common in the case of DFU compared with
the control subjects (C).

C1     C2 DFU3DFU2M

FL TLR9

Cleaved
TLR9

Cleaved
TLR9

FL TLR9

cells, conventional dendritic cells and B cells, thus producing
IFN I and III, which add up to the inflammation (11). Acti-
vation of TLR9 and TLR7 on these dendritic cells suppresses
the immunosuppressive, anti-inflammatory Treg cells, thereby
promoting inflammation (33). Duramad et al. and Walker et al.
also supported the inflammatory nature of TLR9 and sug-
gested that this molecule is involved in causing systemic inflam-
mation in both mice and humans (34,35). TLR9 when acti-
vated also plays an important role in the spontaneous onset
of diabetes in non-obese diabetic (NOD) mice by activat-
ing diabetogenic CD8+ T cells and up-regulating IFN-α pro-
duction (36). TLR7 also adds up to the inflammation by
induction of IFN I after interaction with their respective lig-
ands polyriboinosinic polyribocytidylic acid [poly (I:C)] and
ssRNA (37).

The expression levels of TLR7 and TLR9 were checked in
the wounds of patients with T2DM. The up-regulation of TLR9
and TLR7 both at the mRNA level and the protein level in

the wounds of these patients compared with the wounds of
non-diabetic controls clearly suggests the detrimental role of
excess TLR9 and TLR7 in the wound microenvironment. The
increase in the expression of endosomal TLRs with the increase
in the wound grade suggested that the expression levels of these
TLRs directly modulate the severity of diabetic wounds. This
finding may be supported by the neurotoxic effects of TLR9
and the neurodegenerative effect of TLR7 (12,38). The secre-
tion of nerve growth factor by the neurons nearby into the
wound milieu is important for healing of wounds (39,40). In
case of over-expression of TLR9 and TLR7, there is exten-
sive neurotoxicity, especially directed against neuritis mediated
by downstream signalling molecules such as TNF-α and NO
(12). This endosomal TLR–mediated neurotoxicity may be a
guiding force of neuropathic ulcers in T2DM cases, and hence,
over-expression of TLR7 and TLR9 in diabetic wounds may
be one of the risk factors for the non-healing nature of the
ulcers.
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Up-regulation of endosomal TLRs in human diabetic wounds K. Singh et al.

The present study has some limitations as well. First, in
our study, we could not perform proteomic analysis of all
the 84 samples because of sample limitation (over-degradation
of wound tissue leading to smeared protein). In addition, the
number of control samples was less compared with DFU cases,
the reason being the unwillingness of controls to provide tissue
biopsy because of pain and fear associated with the process.

In conclusion, we found that up-regulation of TLR9 and
TLR7 both at the mRNA and the protein levels in wounds of
T2DM patients compared with the non-diabetic patients may
lead to an unresolved inflammatory response and ultimately
to non-healing chronic ulcers. Further research is required to
see the effect of antagonists and agonists of these endosomal
TLRs in diabetic wound healing models for proper therapeutic
interventions.
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