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Abstract
Bedsores are ulcers that occur on the skin that are under pressure from lying in bed, wearing
a cast, sitting in a wheelchair for a prolonged time. It can be a serious problem among weak
older adults. This study is aimed to estimation some immune parameters that related directly
or indirectly with the innate and adaptive immunity in patients suffering from bed sore. The
results showed, out of 76 inpatients randomly collected from several hospitals in Baghdad
city/Iraq, males are 49 than females27. Also the reasons of bed sores are varies classified
under chronic diseases (diabetes mellitus and /or heart diseases), accidental and surgical
wounds and malnutrition with dehydration due to severe diarrhea. Estimation of immune
parameters 17A (IL-17A), Interferon gamma (IFN-γ), Perforin -1 (PER-1) and Granzyme A
(Gzms-A) revealed, all these parameters are varying significantly among different stages of
bedsores. While most of these parameters showed varying significances among different age
categories. In conclusion, immune parameters do not elevate in serum significantly as results
of bedsores, and may increases locally at skin ulcers.
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INTRODUCTION
Pressure ulcers (PUs) also known as bed sores, decubitus ulcers and pressure injuries
are representing major

problem

for hospital patients

[1].PUs are characterized as

any

degenerative skin and subcutaneous tissue changes [2]. Ulcer caused when an area of the skin
and tissue below is damage because it is put under sufficient pressure to impair blood supply
[3]. Bedsore most often develops on skin covering bony body areas such as heels, ankles,
hips, back of the head or its sides and tailbones [4]. The symptoms of pressure ulcers:
unusual skin color

variations or texture changes,

swelling,

draining like pus,

a

skin area that feels fresher or warmer to the touch than other areas, Contract areas [5]. There
are three main key factors leading to bedsores: pressure, friction and shear [6]. Risk factors of
pressure ulcer include immobile, Continuity, Lack of sensory perception, poor nutrition and
hydration, medical conditions which affect the flow of blood, age, low tissue oxygen tension
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and moisture [7, 8]. PUs can progress in four stages depending on the degree of tissue damage
[9]. Stage one; is the mildest stage. Characterized by discolors the skins of upper layer,
usually to a deep red and the wound has not yet opened [10]. While stage two; ulcer may
appear as a blister filled with serum (clear to yellowish fluid) that may or may not have burst
[11]. Whereas stage three; ulcer can look like a crater. It could smell bad too. It's essential to
look for signs of infection at this point including: Foolish odor, Pus, redness, Drainage
discolored [12]. Stage four; It’s the most sever one, such sores reach into deep tissues,
including muscle, tendons, and ligaments, below the subcutaneous fat these can stretch as far
down as the cartilage or bone, in more extreme cases. Throughout this point, there is a high
risk of infection [13]. Various aspects act together to cause bedsore in the functionally
compromised older population. The pathogenesis of bed sore is including hormonal changes,
decreases immune protection, inflammatory factors, diminished blood perfusion and
degenerative changes [14]. A complete approach is required for functionally reduced older
patients with co-morbidities to prevent progress of bed sore [15]. Patients with pressure ulcer
had reduced innate and adaptive immune responses substantially by 2 weeks after injury.
While the function of NK-cell decreased. The function and activation of T cells were both
diminished. Patients with pressure ulcer have had decreased rates of cellular adhesion
molecules (CAMs) involved in immune function and wound healing [16]. Thus this study is
aimed to estimation some immune parameters included; 17A (IL-17A), Interferon gamma
(IFN-γ), Perforin -1 (PER-1) and Granzyme A (Gzms-A).

Materials and Methods
Patients and Control
Out of 76 inpatients included, 49 males and 27 females suffered from pressure ulcer (bed
sore). All subjects aged range between 2- 95 years, and hospitalized control subject. Each
groups are classified into three subgroups depending on age (0-35, 36-65 and 66-95) years.
As well as the patients classified according to the degree of stage. The specimens were
collected during a period of September\2019 –February\2020 from different Hospitals
(Alkadhimiya Teaching hospital, General Hospitalof Al Shaheed Al-sadr and Medical City/
Ghazi Al-Hariri hospital) in Baghdad/ Iraq. As well as the hospital control group included; 11
males and 3 females, all are inpatient did not suffer from any skin lesion, their age range
between 21-85 years. 5ml of blood were pulled from each patients and control subject, to
collect serum for further immune parameters detection.
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Separating the serum
In a sterile condition, a blood specimen pooled in to sterile gel tube (Himedia/India). Enable
blood to coagulate at room temperature for 10-20 minutes, then by centrifugation for 10
minutes at 2000-3000 rpm. The serum obtained and separated carefully in to sterile plan tube
and stored at -20˚C.
Determinations of some Immune Parameters
All immune parameters includedInterleukin 17A (IL-17A), Interferon gamma (IFN-γ),
Perforin -1 (PER-1) and Granzyme A (Gzms-A) were determineddependent oninstructions of
Industrialization Company, using ELISA kits (Shanghai/China).
Statistical analysis
Data analysis was done by utilizing SPSS for Windows, version 22 (SPSS Inc. Chicago,
Illinois, United States). Shapiro–Wilk normality test used to determine whether the studied
parameters followed a gaussian distribution. Categorical variables were expressed as
frequencies and proportions. Proportions were compared using the Chi-square test (χ2) Data
were expressed as mean ± standard deviation (SD) for continuous variables. Differences
between groups were analyzed by student’s t test. The Games-Howell and Scheffe Post Hoc
tests for multiple comparison was applied after ANOVA tests. A p value less than 0.05 was
considered statistically significant [17].
Results and discussions
Seventy-six patient's suffered from bed sore, different causes are detected, it may cause due to
chronic disease (diabetes mellitus, different heart diseases and other patients have both
diseases) , accidental or surgical process and malnutrition and dehydration due to severe
diarrhea. All these reasons restricted patients' mobility and may uses well chairs.
Estimation of some immune parameters
Interleukin 17 A (IL-17A)
Interleukin-17 (IL-17, also known as IL-17A) is a key cytokine that links T cell activation to
neutrophil mobilization and activation. As such, IL-17 can mediate protective innate
immunity to pathogens or contribute to the pathogenesis of inflammatory diseases (Camille
and George, 2015). The results in table (1) showed, there are no significant variations for IL17A levels of pressure ulcer patients blood (stages 2, 3 and 4) among different age groups
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categories, but IL-17A level revealed significant differences (P≤ 0.01) among age groups in
stage (1) of pressure ulcer, especially in (36-65) age group of patients.
Cua and Tato, (2010) reported a pro-inflammatory mediator that is increasingly involved in
a number of immune and inflammatory disease states is interleukin-17A, a member of the IL17 family of cytokines. As well Ligi et al,( 2016) and Marzano et al, (2017) showed , IL-17
family levels in wound fluid from venous ulcers are elevated compared to the
contemporaneously sampled venous blood levels of the patients, and IL-17 family is also
elevated compared to normal skin in lesion tissue samples from patients with pyoderma
gangrenosum. While Bekeschus et al., (2017) improved a contrary status in an acute surgical
wounds, this study observed a decrease in IL-17A in wound fluid from chronic diabetic foot
ulcers. However, different opinions were suggested to explain the mechanism of IL-17. It is
important to note the differences not only in the timing of the wounds, because, as expected in
an acute wound, IL-17 family expressiosion increases in the early healing process, but also
the etiological differences between diabetic and surgical wounds are also play an important
role in determination of this interleukin. Rodero et al, (2013) found that, IL-17A genetic
deletions or IL-17A antibody administration improved wound healing in combination with
increased expression of a pro-healing population of macrophages. Takagi et al, (2017)
showed local application of recombinant IL-17A in mice results in delayed wound healing
and increased aggregation of neutrophils. In addition, it has been shown that IL-17A and IL17F function synergistically as their dual neutralization contributes to greater down regulation
of inflammatory mediators than blockade of IL-17A alone in the skin and joint fibroblasts.
Latt et al, (2017) reported, Both IL-17 A and F cytokines are needed for effective responses
to mucoepithelial bacterial infections with regard to their similar functions and cooperate
synergistically to protect the host from fungal infections (Ishigame et al, 2009; Whibley et al,
2016).
Therefore, the recent study suggests that, IL-17A is related with healing and severity of
ulcers. As well as dependent on previous researches, IL-17A may increases locally at skin
lesion location than in serum
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Table 1: Levels of IL-17A in the four stages of pressure ulcers of patients sub-groups
depending on age categories.
Age categories

Stages of
pressure
ulcers

(0-35) y

(36-65) y

(66-95) y

n=1

n=3

n=7

Total
(n=76)

1

2

0.16

0.30±0.10

0.15±0.01

n=2

n=13

n=6

0.20±0.06
3

a

n=3
0.13±0.02

0.16±0.06

a

n=9
a

0.26±0.09

0.23±0.07

0.23±0.08

11

0.01

21

0.20

18

0.10

26

0.25

a

n=6
a

P value

a

n=10

n=12

n=4

0.18±0.07a

0.14±0.03a

0.15±0.04a

4

Interferon gamma (IFN-γ)
Interferon gamma is an interleukin critical to both innate and adaptive immunity, its functions
as the crucial activator of macrophages, plus stimulating NK cells and neutrophils.whereas
Arlene et al., (2005) documented the normal individuals level of INF-γ is 15.4 ± 3.8pg/ml.
The results in table (2) ofIFN-γ showed, decreased level in all stages and there are no
significant variances among different stages (1, 2, 3 and 4) of pressure ulcer among three age
categories. Whereas Castle et al, (1997) showed after activation in case of infection, both the
CD4 + and the CD8 + T cells of the elderly individuals secreted a substantially greater
amount of IFN-γ. Generation of IL-4 and IFN-γ by CD4 + and CD8+increases T cells in a
wide age range of healthy donors (17-62 years), Provided that IFN-γ and IL-4 increase with
aging. In addition, IFN-γ is primarily secreted and contributes to the activation of immune
cells by CD4 + helper T cells, NK cells, and NKT cells.Both neutrophil recruitment and cell
clearance by apoptosis are also associated with IFN-γ (Ishida et al, 2004; McLoughlin et al,
2003). In a study on mice, Tanno et al, (2015) showed deficient in invariant natural killer T
(iNKT) cells, which are major IFN-γ-producing cells, they have stated that IFN-γ plays a key
role in the early phase of the wound healing process with regard to the role of IFN-γ in skin
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wounds. Vis versa Kubo et al., (2014) reported systemic IFN-γ administration probably
impairs wound healing by modulating collagen deposition and wound site neovascularization.
As well as Reinke and Sorg, (2012) improved; the increased expression of IFN-γ in radiationinduced skin wounds has also been identified. Thus relies on the global improvements, the
recent results of IFN-γ explained the impairment of patients' immunity, in spite of sever
bacterial infections, the immune system did not induce IFN-γ secretion that mayact as a signal
to recurred active innate immune cells such as neutrophil, macrophage, NK cells...etc and
these inflamed ulcers may squeal to sepsis and death as Elena et al., (2018) documented.
Table 2: Levels of IFN-γ in the four stages of pressure ulcers of patients sub-groups
depending on age categories.
Stages of
pressure
ulcers

Age categories

1

(0-35)y

(36-65) y

(66-95)y

n=1

n=3

n=7

0.50

0.70±0.16

0.63±0.06

n=2

n=13

n=6

2
0.55±0.09

a

0.81±0.13

a

0.84±0.15

Total
(n=76)

P value

11

0.24

21

0.07

18

0.60

26

0.33

a

n=3

n=9

n=6

0.90±0.04a

0.77±0.21a

0.77±0.22a

n=10

n=12

n=4

0.65±0.17a

0.62±0.19a

0.50±0.13a

3

4

Perforin-1 (PER-1)
Perforin is a glycoprotein in structure responsible for pore development in cell membranes of
target cells. It is able to polymerize and create a channel in target cell membrane. Many
research are focus on the role of perforin in different diseases, such as immune response to
bacterial and viral infections, immunopathology and immune surveillance (Iwona et al.,
2014). The serum levels of perforin in healthy human subjects varied between 2.0 and 16.0
ng/ml (mean 8.0 ± 2.79 ng/ml) as Klingström et al., (2006) mentioned. The results in table
(3)showed, both stages 1 and 3 appeared significant differences among age categories, this
result is compatible with Stewart et al, (2012) they reported, research data indicated that age
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had no effect on the expression or fusion of perforin between perforin containing secretory
lysosomes and the membrane of NK cells. On another hand, the results of serum perforin
level revealed low compared with that documented by Klingström et al., (2006). The present
finding may reflects, the patients are out of acute phase, Jonas and coworkers, (2006)
demonstrated, the mean concentrations of serum perforin were significantly higher in the
acute phase than other phases. In addition, Marija et al., (2004) studied, the expression and
distribution of perforin, T and NK cell subsets in the epidermis and dermis of lesional and
nonlesional skin diseases. Skin biopsy specimens from lesional and nonlesional skin of
patients with lichen planus (appears as purplish, itchy, flat bumps that develop over several
weeks) analyzed by immunohistochemistry. Significant accumulation of T cells, particularly
of CD4(+) and CD8(+) subsets, was found in both epidermis and dermis of lichen planus
lesions compared with nonlesional and healthy skin. As well as Marija et al., (2010)
concluded, the same events have been carried out in case of psoriasis. Therefore, according to
the global documentation. It can be suggesting that, in spite of low perforin level in serum,
but it may be high in ulcerative skin as a result of accumulation of cytotoxic T cells subsets.
Table 3: Levels of PER-1 in the four stages of pressure ulcers of patients sub-groups
depending on age categories

Stages of
pressure
ulcers

Age categories

(0-35)y

(36-65) y

(66-95)y

n=1

n=3

n=7

Total
(n=76)

1

2

0.20

0.24±0.03

0.15±0.02

n=2

n=13

n=6

0.15±0.01
3

a

0.21±0.05

a

0.26±0.07

P value

11

0.002

21

0.10

18

0.01

26

0.73

a

n=3

n=9

n=6

0.25±0.05a

0.24±0.06a

0.14±0.02b

n=10

n=12

n=4

0.16±0.03a

0.16±0.05a

0.14±0.01a

4
Granzymes A (Gzms-A)

Granzymes A are serine proteinase with trypsin-like activity liberated from cytoplasmic
granules within NK and cytotoxic T cells. They apoptosis in the target cell, thus eradicating
cells that are infected with viruses or bacteria or have become cancerous (Bots and Medema,
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2006). Elisabeth and her colleague (1998) improved the normal plasma of healthy individuals
Granzmes A is 33.5 pg/ml
The results in table (4) revealed, significant differences among age categories for stage 1,2
and 3. As perforin the levels of serum Gzms-A are low compared with that documented by
Elisabeth et al., (1998); that may suggest that Gzms-A like perforin in pathway mechanisms
as Lauw et al, (2000) found the extracellular Gzms-A induces inflammatory responses that
lead to intracellular anti-microbial activity, during bacterial infection, Gzms-A release is most
likely a general (acute-phase) immune response and not unique to certain species. GranA may
also stimulate the production of tumour necrosis factor-alpha (TNF-α), IL-6 and IL-8 (Sower
et al., 1996). It has long been recognized as a key player in the induction of cell death by
cytotoxic cells of neoplastic, infectious or contaminated cells following granule delivery
(Lauw et al, 2000). As well Yayoi et al., (2016) improved the raise possibility of GzmA is
involved in the pathogenesis of AD including intractable pruritus and inflammation.
Increasing of Gzms- A in skin is referred to major T-cell infiltration occurs in the affected
skin, GZMA and GZMB gene expression is upregulated in lesional skin along with Th17 / IL23 axis-related genes as Zaba et al, (2009) documented. The impact of other proinflammatory
mediators on keratinocytes or stromal cells present in the skin may also be induced by GzmsA (Cheuk et al., 2014). In cytotoxic T cells and natural killer (NK) cells, Gzms-A originally
recognized within cytoplasmic granules. Moreover, Gzms-A was discovered within other
nucleated cells and shown to activate macrophages, monocytes, and mast cells in the
extracellular space and may induces inflammatory responses independently of perforins
(Cullen et al, 2010). Therefore, relies on these documentation, in addition to present study,
these data considered a second improvement that both perforin and Gzms- A are elevated
particularly in an acute phase than other inflammation phases. As Anthony et al, (2010)
reported with the aid of perforin, the Gzms enter the target cell and activate different
proapoptotic pathways by cleavage of intracellular substrates.
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Table4: Levels of Gzms-A in the four stages of pressure ulcers of patients sub-groups
depending on age categories.

Stages of
pressure
ulcers

1

Age categories
Total
(n=76)

(0-35)y

(36-65) y

(66-95)y

n=1

n=3

n=7

0.17

0.22±0.01

0.14±0.01

n=2

n=13

n=6

2
0.15±0.01

3

a

0.18±0.04

a

0.24±0.05

P value

11

0.00

21

0.03

18

0.00

26

0.40

b

n=3

n=9

n=6

0.23±0.04a

0.22±0.02a

0.14±0.02b

n=10

n=12

n=4

0.15±0.03a

0.17±0.04a

0.13±0.02a

4

In overall explanation of different immune parameters dependent on bed sore stages the
results in table (5) revealed, there are significant variation among different stages for each
immune parameter, but most of immune parameters did not recorded significances in the
same stage.Matejuk, (2017) who showed in immune responsed for skin infection an
enzymatic cascade of over 20 different proteins usually present in the blood is the
complement mechanism. The mechanism is sequentially triggered when an infection is
present, leading to events that help to kill the invading organism. Neutrophils may also be
drawn to the site of infection by the complement system. Yazdi et al, (2016) mentioned,
cytotoxic CD8 + T cells recognize MHC-I molecules and bind to them. They bind to the Fas
death receptor, a protein that initiates the perforin-granzyme pathway and cytokine-mediated
pathways on the cell membrane surface to induce apoptosis. IFN-γ is produce by Th1 cells
and can activate macrophages and stimulate NK cells; IL-17 and IL-22 are produced by Th17
cells and play a role in protecting against bacterial and fungal infections (Bologna et al.,
2012).
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Table5: Levels of IL-17A, INF-γ, PER-1, and Gzms-A of patients sub-groups depending
on stages of pressure ulcers.
Stages of pressure ulcers
Parameters

P
value

Stage 1

Stage2

Stage 3

Stage 4

n=11

n=21

n=18

n=26

IL-17A
(ng/L)

0.19±0.08ab

0.18±0.07ab

0.23±0.09a

0.16±0.05b

0.02

INF-ᵞ
(pg/ml)

0.64±0.10ab

0.79±0.15a

0.79±0.19a

0.61±0.17b

0.001

PER-1
(ng/ml)

0.18±0.04ab

0.22±0.06a

0.21±0.07a

0.16±0.04b

0.003

Gzms-A
(pg/ml)

0.17±0.03ab

0.20±0.03a

0.20±0.03a

0.16±0.04b

0.01

These immune molecules play a key role in the regulation of skin homeostasis and in the
activation of Treg cells due to their close association with hair follicles (Malhotra et al.,
2018). Also Sharma and Rudra, (2018) and Li et al, (2018) showed Treg lymphocytes are
preferentially distributed in normal, non-inflamed skin close to and in close association with
hair follicles, with fewer cells located between these structures in the dermis. In general, the
biological and functional characterization of these cells in the cutaneous tissue environment is
of vital importance due to the role of Treg cells in controlling skin immune responses.
Man et al, (2017) proved the pattern of immune responses is linked to the production of a
given proinflammatory environment and is also involved in the induction of pyroptosis cell
death, which is associated with cell deletion and tissue injury induction in the inflammatory
processes of infectious diseases.
On another hand, in comparable observations with control group table (6) the results showed
there are no significant differences among patients' immune parameters table (5) with that in
control, and some time, some parameters are recorded elevation than that in patients group.
This study is suggested that, may be due to the control group is represented as an inpatients
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suffering different diseases than skin diseases, as well as these immune parameters all are act
as pro-inflammatory cytokines and enzymes may induce or reduce according to health
conditions. Also, as before mentioned increases these parameters in case of bed sore may
related with skin local lesion than in serum.
Table 6: Levels of IL-17A, INF-γ, PER-1, and Gzms-A of control sub-groups depending
on age categories

Age categories
Parameters

P value
(0-35)y

(36-65)y

(66-95)y

n=5

n=5

n=4

IL-17A
(ng/L)

0.13±0.01a

0.34±0.12b

0.17±0.06a

0.001

INF-ᵞ (pg/ml)

0.66±0.20a

1.17±0.39a

1.06±0.40a

0.06

PER-1
(ng/ml)

0.14±0.02a

0.41±0.16b

0.20±0.05a

0.001

Gzms-A
(pg/ml)

0.16±0.03a

0.35±0.10b

0.17±0.04a

0.00
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