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Expression and predictive value of HIF-1a and VEGF
in patients with burns following treatment
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Abstract. The present study aimed to investigate the
expression and predictive value of serum hypoxia-inducible
factor-la. (HIF-1a) and vascular endothelial growth
factor (VEGF) in patients with burns following treatment. A
total of 84 patients with burns treated in Jinan City People's
Hospital (Jinan, China) between June 2015 and August 2017
were selected and their clinical information was collected.
The expression levels of HIF-1a and VEGF before and after
treatment were detected via ELISA, and HIF-1o and VEGF
levels in patients with effective and ineffective treatment
were compared. The predictive values of HIF-la and VEGF
in clinical efficacy were determined using receiver operating
characteristic (ROC) curves, and independent risk factors
affecting treatment inefficacy were analyzed via multivariate
logistic regression. It was revealed that HIF-1a decreased
significantly (P<0.05) while VEGF significantly increased
in patients after treatment. Patients with effective treatment
presented significantly lower HIF-1a levels and higher VEGF
levels compared with those with ineffective treatment. The ROC
curve indicated that the area under the curve (AUC) of HIF-1a
for treatment efficacy was 0.795, the 95% CI was 0.666-0.924,
the specificity and sensitivity were 68.75 and 80.88%, respec-
tively, and the Youden index was 49.63%. For VEGF, the AUC,
95% CI, specificity, sensitivity and Youden index were 0.826,
0.725-0.928, 68.75, 82.35 and 51.10% respectively. Moreover,
under the joint detection of HIF-1la and VEGF, the AUC was
0.847,95% CI was 0.746-0.947, specificity and sensitivity were
87.50 and 66.18%, respectively, with a Youden index of 53.68%.
Multivariate analysis demonstrated that higher HIF-1a level,
lower VEGF level and higher burn degree before treatment
were independent risk factors for treatment inefficacy. HIF-1a
levels decreased and VEGF levels increased in burn patients
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after treatment. HIF-1la and VEGF before treatment may
therefore serve as predictors for treatment efficacy.

Introduction

Burns are the most common form of soft tissue injury and can
result in extensive wound injuries while increasing the risk of
infection, systemic inflammation and sepsis in patients; more-
over, the incidence of severe infection complications after burns
increases mortality by 40% (1,2). Generally, patients will enter
into a high metabolic state following a burn, with an acceler-
ated metabolic rate; such injury lasting for several years will
result in massive lean muscle loss, immune damage and delayed
wound healing (3). The treatment objective in burn patients is to
prevent infection and optimize recovery function (4). Although
deep burn wounds are be removed as soon as possible and local
antibiotics and dressings are used in time, the treatment methods
of patients vary due to their different clinical characteristics.
In addition, the needs of patients with burn are specific, while
contrary to this, early treatment is often empirical, which delays
effective treatment. Furthermore, certain patients develop
resistance to treatment, leading to decreased efficacy (5).
Therefore, better indicators are urgently needed to fill the gap of
lack of biological indicators to predict efficacy (6).

Serum hypoxia-inducible factor-1a. (HIF-1a), which plays
a role in the process of angiogenesis and healing in patients,
changes with the cell's perception of oxygen, and its level reflects
the cell's oxygen content (7-9). HIF-1a level is often higher than
normal under hypoxic conditions, and when it rises, it further
activates vascular endothelial growth factor (VEGF) (10,11).
VEGF is a more specific angiogenic factor that promotes the
growth of vascular endothelial cells, which can not only drive
but also promote angiogenesis (12). It is also associated with
metastasis and angiogenesis of numerous tumors, and therefore
can be used as a predictive indicator for certain tumors (13,14).
For example, Basagiannis ez al (15) showed that VEGF induced
VEGFR?2 internalization through macrophage phagocytosis,
which led to the activation of the neovascularization signaling
pathway driven by VEGFR2 and angiogenesis. In addition,
studies have shown that VEGF binds to the VEGF receptor on
the endothelial cell membrane, causing autophosphorylation of
the receptor, which in turn activates MAPK and realizing the
mitogen characteristics of VEGF, thereby inducing endothelial
cell proliferation (16,17). However, the expression levels and
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predictive value of HIF-1a and VEGF in patients with burns
after treatment remain poorly understood at present.

Therefore, the present study detected the expression levels
of HIF-1la and VEGEF in burn patients after treatment, and
observed their predictive value of curative effect, so as to
provide the basis and direction for clinical practice.

Materials and methods

Patients. In total, 84 patients with burns, treated in Jinan
City People's Hospital (Jinan, China) between June 2015
and August 2017, were selected as the study participants,
including 48 males and 36 females, with an average age of
48.3+9.5 years. The present study was approved by the Ethics
Committee of Jinan City People's Hospital (Jinan, China) and
all patients provided signed informed consent.

Inclusion and exclusion criteria. The inclusion criteria
were as follows: i) All participants presented with mild or
moderate burns for the first time, without prior amputation;
ii) participants were willing to cooperate with the treatment
and follow-up; iii) patients had complete clinical data; and
iv) patients had a life expectancy of >3 months.

The exclusion criteria were patients with: i) Tumors;
ii) acute infectious disease; iii) severe burns iv) liver or kidney
dysfunction; v) complications associated with sepsis; vi) other
severe inflammation; or vii) diabetes.

Reagents and instruments. HIF-lao ELISA detection
kit (cat. no. E-EL-H6066) and VEGF ELISA assay kit
(cat. no. E-EL-H1601c) were purchased from Elabscience
Biotechnology Co., Ltd. Moisturizing Burn Cream was
obtained from Mebo Pharmaceutical Co., Ltd.

Treatment efficacy determination. Wound healing rates
of >95% was considered as wound healing. Ineffective
treatment efficacy was defined by poor growth of granula-
tion tissue on the wound surface, with a wound healing area
of <50%. If the wound healing rate was =50%, the therapeutic
efficacy was considered to be effective. Wound healing
rate (%) = (total wound area before treatment-total wound area
after treatment)/total wound area before treatment x 100%.

Treatment methods. After the wound was cleaned with
Iodophor mixed with 0.9% saline (1:5), the moisture exposed
burn ointment (MEBO) was soaked in sterile gauze and applied
on the wound evenly, and the outer layer was wrapped with
medical gauze to ensure full drainage of the wound exudate.
During initial stages of exudate, the dressing was changed
twice a day, and decreased to once a day when the wound
was clean. Patients were treated continuously for 21 days.
During the treatment, the wound was kept clean to prevent
infection, and the dressing was changed in time if there was
any abnormality such as the red, swollen or unclean wound.

Sample collection and ELISA test. Aseptic venous blood
(5 ml) was collected from patients at 7 a.m. the next day after
admission and at 7 a.m. the first day following the 21-day treat-
ment regime and placed in a coagulant tube. Subsequently, the
samples were immediately centrifuged at 3,000 x g at 4°C for

Table I. Clinical data of patients (n=84).

Characteristic Value
Sex, n (%)

Male 48 (57.14)

Female 36 (42.86)
Age (years), mean + standard deviation 48.3+9.5
BMI (kg/m?), mean =+ standard deviation 21.23+2.14
Burn degree, n (%)

Mild 57 (67.86)

Moderate 27 (32.14)
Wound area, n (%)

<15% 66 (78.57)

>15% 18 (21.43)
Residence, n (%)

Urban 72 (85.71)

Rural 12 (14.29)
Treatment efficacy, n (%)

Effective 68 (80.95)

Ineffective 16 (19.05)
Smoking history, n (%)

Yes 21 (25.00)

No 63 (75.00)
Alcoholism history, n (%)

Yes 17 (20.23)

No 67 (79.76)
Type of burn, n (%)

Thermal burn 58 (69.05)
Electrical burn 14 (16.67)
Chemical burn 12 (14.28)

10 min to separate the serum and then stored in the refrig-
erator at -80°C. ELISA Kkits (cat. nos. ab171577 and ab233625;
Abcam), was employed to determine HIF-1a. and VEGF levels.
The dilution concentrations of VEGF standard samples were
4,000, 2,000, 1,000, 500, 250, 125, 62.50 and 0 pg/ml, and the
configuration concentrations of HIF-1 were 2,000, 1,000, 500,
250, 125, 62.5, 31.25 and 0 pg/ml. Blank, standard and sample
wells to be tested were set, in which 100 ul sample diluent
was added to the blank wells, 100 ul standard substance was
added to the standard wells and 100 ul sample was added to
the sample wells to be tested. The ELISA plate was coated
and incubated at 37°C for 90 min. After removing and shaking
the liquid in the wells, 100 ul biotinylated antibody working
solution was added into each well, and the ELISA plate was
coated with VEGF and HIF-1 antibody and incubated at 37°C
for 1 h. Subsequently, the liquid in wells were removed and
plates were washed three times. The liquid was pat dry and
100 pl enzyme conjugate added to each well and incubated
at 37°C for 30 min after coating. Following which, the solution
was dried, and the plate was washed five times, followed by the
addition of 90 ul chromogenic reagent and a 15-min incubation
in the dark at 37°C after coating with enzyme binding buffer.
Next, 50 pl termination solution was added to each well, and
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Table II. Receiver operating characteristic data.

Area under Specificity Sensitivity Youden index Cut-off
Parameter the curve 95% CI (%) (%) (%) value
HIF-1a 0.795 0.666-0.924 68.75 80.88 49.63 <161.757
VEGF 0.826 0.725-0.928 68.75 82.35 51.10 >437.406
Joint detection 0.847 0.746-0.947 87.50 66.18 53.68 >0.847

HIF, hypoxia-inducible factor; VEGF, vascular endothelial growth factor.
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Figure 1. Changes in serum HIF-1a and VEGF levels before and after treatment. (A) HIF-1a decreased significantly following treatment (t=4.983, P<0.001).
(B) VEGF significantly increased following treatment (t=8.826, P<0.001). ““P<0.001 vs. before treatment. HIF, hypoxia-inducible factor; VEGF, vascular

endothelial growth factor.

the optical density value of each well was determined at a
wavelength of 450 nm within 15 min. The concentration was
of HIF-1a and VEGF in serum was then calculated.

Outcome measures. The HIF-lo and VEGF levels were
measured before and after treatment. All the patients were
grouped according to the treatment efficacy after treatment:
Patients with effective curative effects were included in the
effective group, while patients with ineffective curative effects
were included in the ineffective group, and their pre-treatment
HIF-1 and VEGF levels were compared. In addition, the
predictive value of HIF-1a and VEGF in therapeutic efficacy
was evaluated using an ROC curve, and the independent
risk factors affecting treatment inefficacy were analyzed via
multivariate logistic regression.

Statistical analysis. The data were statistical analyzed using
SPSS 20.0 (IBM Corp.), and the required images were plotted
using GraphPad Prism 7 (GraphPad Software, Inc.). The
counting data represented by percentage (%) were compared
using the %’ test. The Kolmogorov-Smirnov test was employed
to analyze the distribution of the data. The data were expressed
as mean =+ standard deviation (SD). All the measurement data
conformed to the normal distribution. Comparisons between
the same group before and after treatment was performed
using paired t-test, and those between two groups were
performed using an independent sample Student's t-test,
expressed as t. ROC curves were constructed to evaluate the
predictive value of HIF-1a and VEGF in terms of treatment
efficacy. P<0.05 indicated that there was a statistical difference
between the two groups.

Results

Clinical data. The clinical data of patients were collected,
including sex, age, BMI, burn degree, wound area, treatment
efficacy, residence, smoking history and alcoholism history.
(Table I).

Changes in HIF-1o. and VEGF before and after treatment.
By observing the changes of HIF-1a. and VEGF before and
after treatment in all patients, it was revealed that serum
HIF-1a levels (107.54+36.38) were significantly lower
following treatment compared with the levels before treat-
ment (136.36+41.54) (P<0.05), while VEGF (735.26+164.36)
was significantly higher compared with before treatment
(5636.13+132.36) (P<0.05) (Fig. 1).

Predictive value of HIF-1o. and VEGF for treatment efficacy.
The comparison of HIF-1a and VEGF expression levels before
treatment in patients with effective and ineffective treatment
revealed that patients in the ineffective group had significantly
higher HIF-1a. (P<0.05), and significantly lower VEGF levels
than those of patients in the effective group (P<0.05). The
ROC curve exhibited that the AUC of HIF-1a was 0.795, and
that of VEGF was 0.826, while the AUC of their joint detec-
tion was 0.847. (Fig. 2 and Table II)

Univariate analysis of treatment inefficacy in patients. The
clinical data of patients in the effective group and the ineffec-
tive group were collected and analyzed via univariate analysis.
It was revealed that there were no significant differences in sex,
age, BMI, residence, smoking or alcoholism between the two
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Table III. Univariate analysis of treatment efficacy.

Characteristic Effective group (n=68)  Ineffective group (n=16)  t/y>-value = P-value
Sex, n (%) 0412 0.521
Male 40 (58.82) 8 (50.00)
Female 28 (41.18) 8 (50.00)
Age (years) 47.8+8.6 49.8+6.2 0.876 0.383
BMI (kg/m?) 21.28+1.65 20.81+1.15 1.007 2.285
Burn degree, n (%) 8.351 0.004
Mild 51 (75.00) 6 (37.50)
Moderate 17 (25.00) 10 (62.50)
Wound area, n (%) 5.849 0.016
<15% 57 (83.82) 9 (56.25)
>15% 11 (16.18) 7 (43.75)
Residence, n (%) 0.322 0.571
Urban 59 (86.76) 13 (81.25)
Rural 9 (13.24) 3 (18.75)
Smoking history, n (%) 0412 0.521
Yes 16 (23.53) 5(31.25)
No 52 (76 47) 11 (68.75)
Alcoholism history, n (%) 0.278 0.598
Yes 13 (19.12) 4 (25.00)
No 55 (80.88) 12 (75.00)
Serum HIF-1a level before treatment (pg/ml) 141.56+34.33 178.10+37.39 3.767 <0.001
Serum VEGEF level before treatment (¢ g/1) 555.17+124.76 406.35+92 .44 4482 <0.001
HIF, hypoxia-inducible factor; VEGF, vascular endothelial growth factor.
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Figure 2. Predictive value of HIF-1a and VEGF for treatment efficacy. (A) The level of HIF-1a in the ineffective group was significantly higher compared with
the effective group (t=3.767, P<0.001). (B) VEGF levels in the ineffective group was significantly lower compared with the effective group (t=4.542, P<0.001).
""P<0.001. (C) The AUC of HIF-1a for treatment efficacy was 0.795, and when the cut-off point was 161.757, its optimal specificity and sensitivity were 68.75
and 80.88%, and the Youden index was 49.63%. The AUC of VEGF for treatment efficacy was 0.826, and when the cut-off point was 437.406, the optimal
specificity and sensitivity were 68.75 and 82.35% respectively, and the Youden index was 51.10%. While the AUC of the joint detection for treatment efficacy
was 0.847, and when the cut-off point was set as 0.847, the optimal specificity and sensitivity were 87.50 and 66.18% and the Youden index was 53.68%. HIF,

hypoxia-inducible factor; VEGF, vascular endothelial growth factor; AUC, area under the curve.

groups; however, the burn degree, wound area, HIF-1a level
before treatment and VEGF level before treatment differed
significantly between the groups (P<0.05) (Table III).

Multivariate analysis of treatment inefficacy. The indicators
with significant differences in the univariate analysis were
included in the assignment (see Table IV for the assignment

table), and multivariate analysis was performed using the logis-
tics regression equation. The results indicated that inefficacy
of treatment was not associated with wound area, but
was associated with burn degree [odds ratio (OR), 6.026;
95% CI, 3.572-9.247], HIF-1a level before treatment
(OR, 3.475; 95% CI, 1.386-6.834), and VEGF level before
treatment (OR, 3.367; 95% CI, 1.175-8.266) (Table V).
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Table I'V. Assignment table.

Factors Assignments
Burn degree Moderate=1, mild=0
Wound area >15%=1, <15%=0

HIF-1a level before treatment
VEGEF level before treatment
Treatment efficacy

Raw data analysis for continuous variables
Raw data analysis for continuous variables
Ineffective=1, effective=0

HIF, hypoxia-inducible factor; VEGF, vascular endothelial growth factor.

Table V. Multivariate analysis of survival.

95% CI for
Exp (B)
Factors B SE Wals Sig. Exp (B) Lower Upper
Burn degree 1.796 0.097 8.475 0.008 6.026 3.572 9.247
Serum HIF-1a level before treatment 1.237 0.026 5.649 0.004 3475 1.386 6.834
Serum VEGEF level before treatment (ug/1) 1.245 0.118 5.287 0.003 3.367 1.175 8.266

HIF, hypoxia-inducible factor; VEGF, vascular endothelial growth factor; B, regression coefficient; SE standard error; Wals, Wald Statistics;

Sig., significance; Exp (B), odds ratio.

Discussion

Human skin serves immune and metabolic functions, while
maintaining homeostasis in the human body, stabilizing body
temperature and protecting the body from infection. Notably,
when heat causes a large area of skin rupture, the physiological
functions of the skin will change, increasing the risk of wound
or systemic infection (18). HIF-1ao and VEGF are factors
associated angiogenesis. Pagani et al (19) reported that HIF-1a
upregulation significantly enhanced tissue regeneration and
promoted aging skin renewal and wound healing.

In the present study, the changes in serum HIF-la and
VEGF levels were compared in patients before and after treat-
ment. It was revealed that following treatment, the HIF-1a level
had significantly decreased, while the VEGF level increased.
The reason behind the elevated expression of VEGF may be
that the patients' skin was in a state of slow healing. However, in
recent years, certain studies have also reported that the increase
of VEGF is not beneficial to all burn patients. For instance, if
the VEGF increases significantly after ocular alkali burn, the
promotion of angiogenesis will result in the neovascularization
of the cornea and damage the patient's vision, in which case
anti-VEGF therapy should be implemented (20). While HIF-1a
is primarily and substantially expressed in skin wounds under
anoxic conditions (21), and its decreased expression in the
current study further suggested that the hypoxic state of the skin
wound was further improved in the treatment process. Wound
growth under hypoxic conditions may result in excessive
growth of fibrous tissue and develop into scarring. Lei ef al (22)
reported that hypoxia-induced HIF-1a expression significantly

inhibited apoptosis and promoted cell proliferation in hypertro-
phic scar fibroblasts, but not in normal fibroblasts. Moreover,
the overexpression of HIF-1a can also cause endothelial barrier
dysfunction, which may give rise to decreased vascular perme-
ability and adversely affect patient recovery (23,24). Therefore,
treatments aim to reduce HIF-1a levels and prevent the forma-
tion of hypertrophic scar after burns (25).

Subsequently, the pre-treatment expression levels of
HIF-1a and VEGF were compared between patients with
effective and ineffective treatment, and it was revealed that
the expression of HIF-1a was significantly higher and VEGF
was lower in the ineffective group compared with the effective
group, suggesting that the levels of HIF-1o. and VEGF before
treatment may be a predictor of patients' treatment efficacy.
Therefore, the ROC curve was constructed to test their predic-
tive value. It was revealed that the AUC of HIF-1a for treatment
efficacy was 0.795, and the optimal specificity and sensitivity
were 68.75 and 80.88% when the cut-off point was 161.757,
while the AUC of VEGF was 0.826, and the optimal specificity
and sensitivity were 68.75 and 82.35% when the cut-off point
was 437.406, which also indicated that HIF-1a and VEGF
levels before treatment may predict the efficacy of treatment
in patients. Moreover, differences were identified between the
specificity and sensitivity of the two markers and, therefore,
an assessment of the diagnostic value of measuring the levels
of both markers was performed. The AUC of the joint detec-
tion was 0.847, and the optimal specificity and sensitivity
were 87.50 and 66.18%, respectively, when the cut-off point
was 0.847, which was indicative that the differences were
narrowed by joint detection. Subsequently, a multivariate
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analysis was performed based on the clinical data of patients
with effective and ineffective treatment. This revealed a higher
HIF-1a level, lower VEGF level and higher burn degree were
independent risk factors for treatment inefficacy.

However, there are also certain limitations to the present
study. Primarily, the participants enrolled in this study were
all burn patients without any healthy controls selected, which
resulted in the poor understanding of the difference in indicators
between the patients in this study and the normal population.
Secondly, the present study excluded patients with severe burns.
Compared with patients with mild or moderate burns, patients
with severe burns are more prone to infection and shock.
Therefore, it is hoped that patients with severe burns will be
studied in the follow-up research to improve the conclusions
of the present study. Thirdly, it has been reported in previous
studies that cytokines produced as a result of hypoxic condi-
tions in wounds, or inflammatory cells in excised wounds, can
also regulate the activity of HIF; however, whether this has any
impact on the present results remains unclear (26,27). Finally,
the current study did not further explore the mechanisms
underlying the influence of HIF-1a and VEGF on burn patients,
which represents a target of future research.

Taken together, HIF-1a level will decrease and VEGF
expression will increase in burn patients after treatment, and
HIF-1a and VEGF levels before treatment may be of predic-
tive value for treatment efficacy.
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