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Context: Human epidermal growth factor (hEGF) has biological activities and can be used
in medicines and cosmetics. A high level of effectiveness of hEGF can be obtained when
three disulfide bonds fold perfectly. Extracellular secretion from E. coli BL21 using the PelB
signal peptide is a new way to obtain hEGF with a structure that folds appropriately.
Object: This study aimed to determine the activity and effectiveness of recombinant hEGF
excreted by E. coli BL21 on wound healing in induced diabetic mice.

Methods: Cell proliferation and migration tests were performed on NIH3T3 cells, followed
by wound healing tests in induced diabetic mice, along with histological and endotoxin test
at various hEGF concentrations (25, 50, and 75 pg/mL).

Results: Based on the results, hEGF at a level of 50 pg/mL showed optimal proliferation
and migration activities. Wound healing in induced diabetic mice showed faster-wound
closure within 12 days at hEGF 50 and 75 pg/mL with a percentage wound closure of
95% and 98.5%, respectively, which was significant versus control. In the histology test, the
number of fibroblasts showed an increase and was significant at hEGF 75 pg/mL compared
to the control group. The single test vial (STV) showed that hEGF solution was free of
endotoxin.

Conclusion: Recombinant hEGF produced by extracellular secretion using E. coli BL21 has
optimal diabetic wound healing activity through increased fibroblast proliferation.
Keywords: recombinant hEGF, fibroblast proliferation, diabetic wound healing

Introduction

Various types of growth factors (GFs) such as vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF), and epidermal growth factor (EGF) have
wound healing activities.'™® Under normal circumstances, when a wound occurs, the
body responds in several stages, namely, hemostasis, inflammation, proliferation, and
remodeling. At the proliferation stage, GFs are released to help wound healing,
including VEGF, FGF, and EGF. Among these GFs, EGF has a function that includes
the role of all GFs, including accelerating the regeneration of keratinocytes, fibroblasts,
and endothelial cells.**"'* Based on this role, EGF has been widely used for treating
diabetic wounds."*>"!” In diabetic ulcers, EGF can stimulate the formation of new blood
vessels to overcome the lack of nutrients that reach the wound area due to blockage by
thickened blood. With adequate nutrition, EGF also stimulates the division of fibro-
blasts and keratinocytes to accelerate the healing of diabetic ulcers.'™'® It has been
reported that the healing of diabetic foot ulcers (DFU) with hEGF therapy occurs five
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weeks faster than with conventional treatment.”’ Research
conducted by Tsang et al in 21 patients given 0.04% hEGF
showed total wound closure in 12 weeks.'> However, the
effectiveness of the hEGF is influenced by its structure,
which contains three disulfide bonds that should fold
perfectly.”' > The process of protein recombination strongly
influences this structure.”*

One way to produce recombinant hEGF with three dis-
ulfide bonds that perfectly fold is by using Escherichia coli
(E. coli) with the PelB signal peptide.”* ' The use of E. coli
is also beneficial because recombinant hEGF is secreted
directly into the periplasmic space and does not mix with
cytoplasmic components, making it easy to purify and
streamline production costs.?*>** In this study, the hEGF
used was obtained based on the results of optimization in
previous studies using E. coli BL21 (DE3) as a recombinant
vector.*'33% The total levels of hEGF produced reached
416 pg/mL. However, the activity and effectiveness of the
obtained hEGF on diabetic wound healing was not yet
known. For this reason, this study aimed to examine the
activity and effectiveness of hEGF on wound healing in
induced diabetic mice and to study the histopathology and
endotoxin potential of the hEGF.

Methods

Materials

NIH3T3 fibroblasts (ATCC® CRL-1658™, ATCC Inc.,
Manassas, Virginia), a water-soluble tetrazolium assay kit
(WST)-8 (Dojindo Molecular Technologies Inc., USA), and
a single test vial (STV) LAL test kit (Cape Cod Inc., East
Falmouth, USA) were used. Male white mice, 8 weeks old
with an average weight of 3035 grams, were obtained from
the Pharmacology Laboratories at Universitas Padjadjaran,
Indonesia. Alloxan monohydrate (Sigma Aldrich, USA),
Mallory-azan, Dulbecco’s modified Eagle’s medium
(Gibco™ DMEM, Fisher Scientific, England), fetal bovine
serum (FBS) (Sigma Aldrich, USA), trypan blue solution
(Sigma Aldrich, USA), penicillin-streptomycin (PSM)
(Gibco™ DMEM, Fisher Scientific, England), trypsin serine
protease enzyme (Sigma Aldrich, USA), trichloroacetic acid
(TCA) 20% (Sigma Aldrich, USA), alcohol 70% (Sigma
Aldrich, USA), and Valisanbe®™ injection (PT, Sanbe Farma,
Indonesia) were used in this study.

Preparation of hEGF Solution
The hEGF powder obtained from previous studies was
dissolved in distilled water and made in 3 variations of

concentration, namely, 25 pg/mL, 50 pg/mL, and 75 pg/
mL. The preparations were stored in a refrigerator (2—-8°C)
after each use.

Proliferation Test Using the WST-8
Method

This test determined the effect of hEGF on cell prolifera-
tion in NIH3T3 cells. NIH3T3 (1x10° cells) were prepared
in a 12-well plate. hEGF at 25 pg/mL, 50 pg/mL, and 75
png/mL was added to each well in triplicate. Then, the plate
was rinsed using PBS (270 pL twice), and 30 puL of WST-
8 reagent was added to the plate and incubated at 37°C for
4 h. The absorbance of the solution was measured at
a wavelength of 450 nm, with a reference wavelength at
665 nm using a microplate reader (Nanoquant Tecan
Infinite m200pro). The higher the absorbance of the solu-
tion obtained, the greater the viability of NIH3T3 cells.

Cell Migration Test

The cell migration test was performed on NIH3T3 cells
using the scratch method described by Li et al with a few
modifications.** Twelve-well plates containing NIH3T3
cells were scratched using a sterile 0.1-10 pL tip in
a straight line. The NIH3T3 monolayer was washed with
PBS to remove floating cells or other impurities, then the
results of the scratch were observed under a microscope,
and the width of the scratch was recorded. Then, hEGF (25
pg/mL, 50 pg/mL, and 75 pg/mL) was added to each well
Scratch
a microscope (ZEISS Axio) and photographed at time
intervals (6, 12, 18, and 24 h). The size of the wound for
each culture condition and time point was recorded by

in triplicate. closure was monitored using

taking an average of 3 measurements per field of view.
The width of the scratch is expressed as a percentage of
the initial wound area.*’

Wound Healing Effectiveness in Induced

Diabetic Mice

A total of 40 healthy mice were prepared for diabetes
induction. Before being induced, mice fasted for 8§
h. Then, the mice were weighed to determine the dose
of alloxan to be given. Alloxan monohydrate stock solu-
tion was made at a concentration of 10 mg/mL using aqua
pro injection. Mice were given an intraperitoneal injec-
tion of alloxan at a dose of 120 mg/kg. One hour later, the
mice were given feed and 5% glucose solution ad libitum
for 24 h. After 24 h, the glucose solution was replaced
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with distilled water. Three days after induction, glucose
levels in mice were measured (diabetes: >200 mg/dl). The
living mice were divided into four groups consisting of
five mice per group. Then, the tail of each mouse was
swabbed with 70% alcohol and wounded to draw blood
from the base of the tail vein. Blood sugar levels were
measured using a glucometer strip. All experiments were
performed following the guidelines of OIE animal wel-
fare standards and were approved by the local Ethical
Committee  Faculty of Medicine,  Universitas
Padjadjaran, Bandung (No:1296/UN6.C10/PN2017).

After induced diabetic mice were available, hair
removal was performed on the back of the mice.
Valisanbe® injection with a dose of 2.5 mg/kg body weight
was given intramuscularly as an anesthetic. Then, a full-
thickness wound was made using a sterile § mm diameter
biopsy punch on the back of the mouse after sterilization
with 70% alcohol. After that, a 1 mL hEGF solution was
applied to the wound once a day for 12 days. The experi-
mental groups consisted of:

1. The control group: wounds were not given hEGF

2. Test group I: wounds were given a dosage of 25 ng/
mL

3. Test group II: the wound is given a dosage of 50 ug/
mL

4. Test group III: wounds were given a dosage of 75
pug/mL

The image of the wound area was taken digitally using
a camera (Canon EOS 1200D), and the area of the wound
was calculated using Image] software on days 0, 4, 6, 9,
and 12.

Histology Test

Histological testing was performed by taking the middle
part of the wound. The tissue was prepared in 10% for-
malin (BNF) to prevent spoilage in the preparations. The
clean tissue was cut and stored in a tissue cassette, dehy-
drated automatically using a dehydration machine, then
dried with a vacuum machine. The tissue was blocked in
paraffin liquid and then cut into 3—5 um sections using
a microtome, and parts were placed on slides. After that,
Mallory-azan staining was performed.

Endotoxin Test
Endotoxin test was performed to determine the presence of
endotoxin content in hEGF. This test used the Single Test Vial

(STV) method. In this test, positive control was made by
adding the bacterium Bacillus subtilis as a standard positive
control STV, where the results would give positive results with
the formation of the gel. The gel formed will be seen when the
tube is rotated 180°, which indicates that the concentration of
endotoxin in the tube is higher than the sensitivity of the
Limulus Amebocyte Lysate (LAL) reagent contained in
the STV.

Statistical Analysis

The significance of wound closure in each group over time
was analyzed with one-way ANOVA followed by Scheffe’s
test with a significance level of 5%. The viability test was
analyzed using Dunnett’s test. The histological test was
analyzed using the post hoc Fisher’s Least Significant
Difference (LSD) method. The software Statistical Product
and Service Solutions (SPSS), version 22 (IBM Corporation,
New York) was used to run the statistical analysis.

Results
Proliferation Test Using the WST-8
Method

The percentage of cell viability shows that the addition of
hEGF relatively increases cell viability compared to con-
trols (see Figure 1). The control group had a regular pro-
liferation activity with cell viability of 139%. An optimal
increase occurs in the addition of hEGF 50 pg/mL by
192%. Still, it tends to be constant in the addition of 75
pg/mL hEGF caused by hEGF having equilibrium regula-
tion in proliferation so that it is set to increase, not exces-
sive proliferation. Based on the test results, it is proven
that the hEGF produced has cell proliferation activity
in vitro. Thus, hEGF at a dose of 50 pg/mL has the most

250
p<0.01
*
200 I =
#
g 150
z
E
£ 100 + 192% 189%
160%
139%
50 -
0
0 25 50 75
hEGF (ug/mL)

Figure | Percentage of NIH3T3 cell proliferation in hEGF dose variations (n = 3).
Notes: *p < 0.05 indicates significant difference from the hEGF 25 pg/mL and
control group. *p < 0.05 indicates significant difference from the control group.
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optimal cell proliferation activity compared to other con-
trol and test samples.

Cell Migration Test

Cell migration was observed by measuring the width of the
stroke in the same field of view with a microscope magnifi-
cation 200 times. The initial stroke represented by A and the
width of the final stroke represented by A;, so the percentage
of cell migration can be measured using the formula:

Percent of migration(%) = [(A¢ — A1)/Ao] x 100%
O]

The control group and the test group were given a scratch
in the middle of the Petri dish, which was then marked.
The cell would divide and move to fill the space from
scratch. The results of the measurement of migration dis-
tances are shown in Figure 2.

As shown in Figure 2, the overall test and control sample
showed the same scratch distance between 95% and 100% at
0-6 h, and mobilization was seen to be significant in 12
h. However, neither the test nor the control sample showed
a significant difference. The difference was seen to be signifi-
cant at the 18th hour, where the distance of the scratches in the
hEGF 50 and 75 pg/mL groups had closed entirely. Whereas
both the control and hEGF 25 pg/mL closed entirely in 24 h.
Thus, hEGF at a dose of 50 pg/mL has the most optimal cell
migration activity compared to other control and test samples.

120

100

80

60

40

% scratch distance

20

blank 25 50 75
hEGF concentration (ug/mL)

EQO E6 E12 m18 ® 24 (hours)

Figure 2 Cell migration test results.

Healing Effectiveness of hEGF on Induced
Diabetic Mice

The development of wound closure can be seen in Figure
3. This wound healing test was calculated based on
the percent area of wound closure using ImagelJ software.
Percentage of wound closure at each time interval was
calculated using the following formula:

Wound closure(%)

_ Initial wound area — Final wound area at a(t)day

Initial wound area
x 100%

2

Based on Figure 3, it was seen that the mice of the 75 pg/
mL hEGF group had better-wound closure compared to
other groups. With the addition of exogenous hEGF as
much as 25, 50, and 75 pg/mL, it was seen that it sig-
nificantly accelerated the healing of the wounds of mice
(see Figure 4). Based on the result of the Scheffe test, there
are no significant differences among the treated groups.

Histology Test

In this test, we only selected the 75 pg hEGF group to be
compared with the control group because of its significance
in healing progress by proliferation, cell migration, and
in vivo test. Individually, the number of fibroblasts, collagen,
and epithelium on the surface of the skin was assessed on
a scale from 0 to 3, where 0 = weak staining; 1 = moderate
staining; 2 = intense staining; and 3 = robust staining.
Microscopic observations of mice wound tissue can be seen
in Figure 5.

The test results were then statistically analyzed using the
post hoc LSD method to determine the significance of the
number of fibroblasts, collagen, and epitheliums between
the hEGF 75 pg/mL and control groups. Figure 6 shows the
statistical results of fibroblasts, collagen, and epithelium
score.

From the results of histopathological observations, the 75
pg hEGF group had a more significant number of fibroblasts
than the control group. The amount of collagen and epithelium
in the hEGF 75 pg/mL group was less than the control group.

Endotoxin Test

All preparations were tested for endotoxin by inserting
0.2 mL of the preparation into STV, and the preparation
was allowed to stand for 60 = 2 min at 37°C + 1°C. The
three formulas tested did not form a gel based on the STV
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Control
group (-)

hEGF
25 ng/mL

hEGF
50 pg/mL

hEGF
75 pg/mL

Figure 3 Observation of wound closure in all groups of test animals on days 0, 4, 6, and 9 and 12.

Note: The hEGF dose of 75 pg/mL significantly accelerated wound closure.

Wound Closure (%)

hEGF
(Mg / mL)
m Control

25
m 50
m75

Figure 4 Percentage of wound closure in all test groups was measured based on
the area of the wound using ImageJ software (n = 5).

Notes: Statistical analysis was performed with one-way ANOVA followed by
Scheffe’s test. *p < 0.05 indicates significant difference from the control group.

when the tube was turned 180°. This phenomenon shows
that all test samples with various hEGF concentrations did
not contain endotoxin or their endotoxin concentrations
were lower than the sensitivity of the LAL reagent,
which is 0.125 EU/mL. Endotoxin test results are shown
in Table 1.

Discussion

In this study, the effectiveness of hEGF obtained through
recombination using E. coli BL21 on cell proliferation and
migration, wound healing in induced diabetic mice, as well
as histological and endotoxin aspects, were investigated.
Based on the known mechanism, ulcer healing is

a complex and dynamic process of restoring cell structure
and tissue layers. hEGF plays a vital role in the prolifera-
tion phase. The phase is divided into three processes,
namely, reepithelialization, neovascularization, and granu-
lation tissue formation. The role of endogenous growth
factors that work in mouse wound experiments was seen
in the control group where the wound healing process
continued. To determine the effect of an exogenous growth
factor (hEGF) on wound healing, cell proliferation, and
migration tests were performed.

The cell proliferation test determined the effect of
exogenous hEGF on the number of cells that grow and
divide in cell culture medium in vitro. This process can be
assessed by cell viability, confluence, and abnormalities in
cultured cells. Viability is defined as the number of cells
capable of developing in a culture medium. Confluent is
the even distribution of cells as a monolayer cells.
Abnormalities include cells larger than normal cell sizes
and changes in shape. The acceleration of growth in the
number of cells displayed by the viability of rat embryo
fibroblasts (NIH3T3 cells) was conducted out over
a 4-hour incubation period using the WST-8 kit.*'™*
NIH3T3 fibroblasts were chosen as model cells because
fibroblasts are directly involved in the process of wound
healing and the regeneration of skin tissue.*> The in vitro
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Figure 5 The results of skin histopathology analysis using Mallory-azan staining at 40x and 100x magnification in (A) control mice and (B) mice treated with 75 pyg/mL hEGF.

cell migration test was performed to determine the effect
of hEGF on cell motility, which aids the wound healing
process. The cell migration test was done using the scratch
assay. Cells migrate to the scratch-made by scraping a cell
monolayer using a pipette tip. The number of cells cover-
ing scratch is a parameter of the successful wound healing
process.*¢!

Cell proliferation and migration tests showed that the
optimal hEGF dose of 50 ug/mL significantly increase cell
viability and motility compared to controls. These results
indicate that exogenous hEGF helps increase epidermal
cell movement, the formation of collagen, proteoglycans,
and fibronectin, and reduces the production of protease
enzymes that damage the matrix. More specifically,

hEGF plays a role in pleiotropic cell motility and
proliferation.

In the healing process, fibroblasts bind to fibers in the
fibrin matrix and begin producing collagen, which is
mainly collagen type 1. Collagen formation starts from
the creation of procollagen in the form of a triple helix
after being secreted into the extracellular space. It is then
hydroxylated and cleaved by lysyl oxidase, which allows
for more stable crosslinking. Healthy collagen in the skin
is arranged regularly and has a muscular stretch
strength.>*>

The re-epithelialization process occurs within a few
h after injury. The cytokines that play a role are endogenous,
and exogenous EGF and TGF-o produced by platelets,
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Figure 6 The number of epithelial cells and fibroblasts, as well as the collagen area
in control mice group and mice treated with 75 pg/mL hEGF (n = 3).

Notes: *p < 0.01 indicates significant difference from the 75 pg/mL hEGF group. “p
< 0.001 indicates significant difference from the control group.

macrophages, and keratinocytes. Because this process has
a high metabolic activity, there will be an increase in oxygen
and nutrient requirements. A decrease in pH and oxygen
tension will trigger the formation of new blood vessels. This
phenomenon is commonly known as angiogenesis, which is
mainly influenced by VEGF, bFGF, and TGF-f. This pro-
cess is vital in the continuity of the next process, which is the
formation of granulation tissue on days 4 to 7.°>°

Based on the in vivo wound healing test shown in
Figures 3 and 4, the conclusion is that the group of mice
given the 75 ng/mL hEGF preparation experienced a faster
wound closure process than the other groups. Significant
differences in the acceleration of healing between groups
given hEGF versus the control group occurred from day 4,
then day 6 to day 12 for groups given hEGF 50 and 75 pg/
mL. It confirms the results of the cell proliferation and
migration tests that exogenous hEGF can increase the
effectiveness of wound healing.

Table | Endotoxin Test Results

STV Result

Control positive +
Control negative -
Formula | -
Formula 2 -

Formula 3 -

Notes: Formula | = hEGF 25 pg/mL. Formula 2 = hEGF 50 pg/mL. Formula 3 =
hEGF 75 pg/mL. + = Gel is formed. = No gel is formed.

A histological test was performed to determine the effect
of exogenous hEGF on wound mucosal tissue. The 75 ng/
mL hEGF group was selected because it would show any
significant difference compared to the control group. The
Mallory-azan staining method is used to analyze connective
tissue, mainly to show collagen, erythrocytes, muscle tissue,
epithelium, and fibroblasts.° The process of destaining in
Mallory-azan staining will produce a different color, ie, the
cell nucleus will look dark red, collagen will look blue and
red fibers indicate the epithelium.®!

The histological observation in this study began with
the process of fixation. Fixation was performed by soaking
the skin tissue in a 10% formaldehyde solution. This
process prevents tissue digestion by enzymes in cells
(autolysis) or by bacteria. This solution is also useful for
preserving the structure and molecular components in
cells. The fixed tissue was then dehydrated by immersion
in a series of alcohol solutions in the concentration range
0f 96-100%. This dehydration process is useful for remov-
ing all water contained in the tissue. The tissue was then
embedded in a solid medium to facilitate cutting. The
immersion material used was paraffin. The tissue was
then cut to a size of 3—5 pm using a microtome.

To be observed under a microscope, the tissue must be
stained because most tissue is colorless. Tissue components
with an anionic content are more stained daubed with basic
dyes, while cationic components such as proteins with
many ionized amino groups have an affinity for acid dyes.
Of all dyes, the combination of hematoxylin and eosin
(H&E) is most commonly used. Hematoxylin stains plasma
DNA and the cartilage matrix blue. Conversely, eosin turns
the cytoplasm and collagen pink. Mallory-azan staining is
included in the trichrome-staining technique. This staining
technique can also distinguish extracellular tissue compo-
nents similar to the H&E method. The length of the entire
procedure, from the time of fixation to the process of
observing tissue under a microscope, can take from 12
h to 3 days, depending on the size of the tissue, fixation
material, immersion media, and sectioning process.

The results of histological observations showed that the
amount of collagen did not differ significantly versus con-
trol. Fibroblasts are stimulated by hEGF to continue to
divide so that the production of collagen by fibroblasts is
delayed.®* Based on these results, it can be concluded that
hEGF has more of a role in increasing the number of
fibroblasts to accelerate the wound healing process in mice.

Based on the endotoxin testing, hEGF did not show any
reaction to the LAL reagent. This indicates that the procedure
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of recombination and extracellular isolation of hEGF from
E. coli BL21 succeeded in producing endotoxin-free hEGF.

Conclusion

The determination of cell proliferation induced by hEGF
in cultured NIH3T3 cells using the WST-8 method showed
an effective dose of hEGF at 50 pg/mL with a proliferation
induction of 192%. Likewise, in the cell migration test,
hEGF at 50 pg/mL showed complete scratch closure after
18 h. The results of the wound healing test in induced
diabetic mice showed hEGF at 50, and 75 pg/mL effec-
tively closed wounds by 95% and 98.5% on day 12, which
was significant against control. Histological observations
of mouse wound tissue using microscopic methods
showed a significant increase in fibroblasts compared to
control. The results of the endotoxin test using the LAL
method did not show the presence of endotoxin in hEGF.

Abbreviations

EGF, epidermal growth factor; GFs, growth factors; hEGF,
human epidermal growth factor; VEGF, vascular endothelial
growth factor; FGF, fibroblast growth factor; STV, single test
vial; LAL, limulus amebocyte lysate; WST-8, 2-(2-methoxy-
4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium; H&E, hematoxylin and eosin; bFGF, basic fibro-
blast growth factor; TGF-p, transforming growth factor-f.
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