
Granulocyte-Macrophage Colony Stimulating Factor 
and Steroid on Neovascularization and Keratinocyte 
Proliferation in Wound Healing

Latar belakang : Tujuan dari penelitian ini adalah untuk melihat pengaruh pemberian recombinant 
human granuloctyte-macrophage colony stimulating factor (rhGM-CSF) perilesi pada luka yang dibuat 
guna mengakselerasi kecepatan penyembuhan luka. 
Metodologi: Studi ini menggunakan mencit Mus musculus, dilakukan di laboratorium hewan terkontrol. 
Luka full-thickness dibuat pada mencit yang dibagi dalam 3 kelompok: A (n=4) menerima rhGM-CSF 
10µg/kg, B (n=4) menerima dexamethason 10 mg/kg,  dan C (n=5) tidak menerima apa-apa sebagai 
kontrol. rhGM-CSF maupun dexamethason diberikan disekitar luka secara subkutan selama 6 hari,dan 
pada hari ke 7 kesemua hewan coba dieuthanasia. Luka dieksisi pada batas 4 mm dari tepi luka kemudian 
dilakukan pemeriksaan histolopatologis untuk perhitungan pertumbuhan keratinosit dan 
neovaskularisasi. 
Hasil : Data yang didapat menunjukkan hasil pengaruh positif pemberian rhGM-CSF peri lesi subkutan 
terhadap pertumbuhan keratinosit dan neovaskular (p=0.001) dibanding dexamethason dan kontrol. 
Tidak didapat perbedaan signi!kan antara kelompok dexamethason dan kontrol dalam pertumbuhan 
keratinosit (p=0,085) serta pertumbuhan neovaskular (p=0,935). Disimpulkan bahwa pertumbuhan 
keratinosit dan neovaskularisasi pasca penyuntikan rhGM-CSF lebih terstimulasi dibanding pada grup 
dexamethason dan kontrol, sementara tidak dijumpai perbedaan pertumbuhan keratinosit dan 
neovaskularisasi antara kelompok dexamethason dan kontrol. 
Kata kunci : GM-CSF, Dexametason, Keratinosit, Neovaskular

Background: This study aim to evaluate the effect of subcutaneous application of recombinant human 
granuloctyte-macrophage colony stimulating factor (rhGM-CSF) around wounds and how it in"uences 
the speed of wound healing. 
Methods: The study utilizes Mus musculus mice in a controlled laboratory setting. Mice are divided into 
3 groups: A (n = 4) receiving rhGM-CSF 10μg/kg, B (n = 4) receiving dexamethasone 10 mg/kg and C (n = 
5) receiving placebo as control. Full thickness wound was made, and either rhGM-CSF, dexamethasone, or 
nothing were given on the wound subcutaneously for 6 days. On day 7, all rats were sacri!ced and a 4-
mm area from the edge of the wound were subjected for histologic examinations. Pattern of  
neovascularization and keratinocyte proliferation were analyzed.
Results: The data shows a higher rate of neovascularization and keratinocyte proliferation in the rhGM-
CSF group compared to the steroid and placebo groups (p = 0.001). Not difference in the rate of 
keratinocyte proliferations (p = 0.085) and neovascularization (p = 0.935) are found between  the 
dexamethasone and control groups.
Discussion: Granulocyte macrophage colony stimulating factor (GM-CSF) hastens wound healing in 
wildtype mice by increasing the rate of keratinocyte proliferation and neovascular formation, while 
dexamethasone has a tendency to hinder wound healing because it acts as a GM-CSF inhibitor.
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ound healing is a complex dynamic 
process in response to a deliberate or 
accidental trauma, which aims to 

return the local homeostatic balance in order for 
anatomical and functional repair to take 
place1-4. Delayed wound healing is commonly 
faced in everyday clinical settings and carry 

great morbidity as well as psycho socio eco-
nomic burden for the patients and their care-
givers. The synchronized process of wound 
healing consist of an array of programmed coa-
gulation, in!ammation, cell proliferation and 
migration, angiogenesis, matrix formation, 
remodeling, and secondary contraction2, 5-7. 
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Attempts have been made to study and provide 
the ideal wound environment and supporting 
factors to facilitate healing  without unne-
cessary delay or complications. Various cellular 
components play role in response to injury du-
ring the four phases of healing: coagulation, 
in!ammation, proliferation, and remodeling. 
Failure or disturbance during one of these 
phase will delay the healing process1, 2, 8, 9. 

This study highlight the role of a 
speci"c cytokine, the granulocyte-macrophage 
colony stimulating factor (GM-CSF), a multi-
potent growth factor which plays an integral 
part in the process of wound healing for in!am-
matory response, re-epethialization, and neo-
vascularization. GM-CSF is a polypeptide with 
a molecular weight of 20 kDa. It is an important 
regulator of the proliferation, maturation, and 
activation of neutrophilic granulocytes. Produ-
ced by various cells including the monocytes, 
vascular endothelial cells, "broblasts, and me-
sothelial cells, the normal circulating GM-CSF 
level in a healthy adult is approximately 30 pg/
mL. Under biologicaly stressful condition such 
as during an active systemic infection, GM-CSF 
in blood can be elevated up to 2000 pg/mL. 
Human recombinant of GM-CSF (rhGM-CSF) 
are frequently used in the clinical settings to 
enhance the leucocyte concentration post-
chemotherapy or to mobilize progenitor cells 
after bone marrow transplantation10, 11. 

In the process of wound healing, the 
keratinocytes in the basal epidermal layer se-
crete GM-CSF and this will accelerate wound 
re-epithelialization. Within a few hours after an 
epidermal layer is wounded, the mRNA of GM-
CSF are found accumulated within the kera-
tinocytes. It is the "rst responder in the body’s 
attempt of wound healing and tissue remodel-
ling. In vitro studies demonstrated that even in 
nanogram per mililiter concentration, GM-CSF 
acts as a potent mitogenic substance which 
directly stimulates the migration and prolife-
ration of endothelial cells as well as kera-
tinocyte proliferation in humans8. It is said that 
GM-CSF affect the proliferation, maturation, 
and cells recruitments by modulating cytokines 
r e l e a s e i n c l u d i n g t h e i n t e r l e u k i n - 1 , 
interleukin-6, tumor necrosis factor α, tumor 
growth factor β, interferon γ, and macrophage 

colony stimulating factors; all of which plays 
important role in the process of wound healing. 

GM-CSF has been shown to hasten the 
healing of chronic ulcers12. Intradermal appli-
cation of GM-CSF to skin lesions of patients 
with leprosy and showed an accelerated hea-
ling of the lesions as well as an increased num-
ber of keratinocyte layers13. A favorable effect 
of GM-CSF are seen when applied to wounds 
in!icted on transgenic mice1, 2, 8, 9, 13, especially 
in enhancing the rate of keratinocyte proli-
feration. Mice with over-expression of GM-CSF 
were also found to have an enhanced neovas-
cularization and faster rate of wound healing8. 
In contrast, laboratory animal models in excess 
of GM-CSF antagonist have reduced rate of mi-
crovascular genesis and higher failure of 
wound healing, hence a direct correlation bet-
ween GM-CSF to wound angiogenesis can be 
established. One study shows that GM-CSF 
supplementation for wounds with normal 
healing cascade offers no additional bene"t14. 
 It has been long established that glu-
cocorticoids exerts one of the most effective anti 
in!ammatory effects. Because GM-CSF is cy-
tokine, a proin!ammatoric substance, its release 
can and will be inhibitied by glucocorticoids as 
an antiin!ammatoric agent15. Study on topical 
application of steroid on wounds is shown to 
hamper the effects of GM-CSF16. Experiments 
on mice by Mann in 2006 found a decreased 
mitotic activity in the basal layer of interfolli-
cular epidermal cells, lower rate of angio-
genesis, and an increased "brotic activity after 
wound is exposed to a GM-CSF antagonist2. 
Several glucocorticoids act as GM-CSF inhi-
bitors such as !uticasone propionate, butixicort, 
budesonide, and dexamethasone. Fluticasone 
propionate and budesonide are about "ve-fold 
more potent GM-CSF inhibi tors than 
dexamethasone15.
 This study aims to investigate the effect 
of GM-CSF and GM-CSF antagonist application 
in wounds, how they in!uence the rates of 
keratinocyte proliferations and neovascu-
larization. With this shall come a better 
understanding of the role of GM-CSF in the 
physiology of wound healing process.

170

Jurnal Plastik Rekonstruksi - March 2012



MATERIALS AND METHODS
The experimental animal-model study 

utilized the wild type Mus musculus mice, with 
ethical clearance obtained from the Health 
Research Ethical Committee of North Sumatera, 
Medical School Universitas Sumaterea Utara. 
Research is conducted in an animal laboratory 
of the above-mentioned university on Decem-
ber 2009 to January 2010. Fifteen healthy male 
mice aged between 5 to 6 months with body 
weight between 40-60 g were equally divided 
into three groups: the granulocyte-macrophage 
colony stimulating factor group (GM-CSF), the 
steroid group (STR), or the control group (CTR). 
Mice weighing less than 40 g and/or those with 
skin lesions were excluded. Subject is dropped 
out if death occurs within "ve days after 
intervention. 

Prior to any procedure, "fteen mice 
were separated from their litters and placed in-
dividually into 30 by 30 by 15 cm plastic trans-
parant boxes. They were left untouched within 
the boxes to adapt for seven days in a room 
temperature with indirect sunlight expo-sure, 
and fed ad lib. Mice were weighed on the day of 
surgery, then anesthetized by trans-peritoneal 
injection of 0.05 mg Ketamine per 20 mg body-
weight, and placed prone with four limbs taped 
onto an operating "eld. Hair was removed from 
some area on the paravertebral region manually 
by razor, and skin disinfected using 10% Iodine 
solution then 70% Ethanol. Using scalpel, a 5 
mm-long linear full-thickness wound was made 
on the skin of the prepared region (Fig 1). The 
wound was left to heal secondarily. Mice were 
then allocated as either group I receiving 
perilesional subcutaneous injection of 10 μg/kg 

body-weight human recombinant GM-CSF 
("lgastrim, rHuG-CSF) 33.6 x 106 IU 263 μg 
(Leucogyn® Kalbe Farma, batch number 2127, 
fab/mfg: 12 09, expiry date Nov 2011), group II 
receiving perilesional injection of 0.5 mg/kg 
body-weight dexamethasone, or group III 
receving nothing as controls. Injections were 
given on day one to six starting on the day of 
wound in!iction. 

On the 7th day, mice were euthanized by 
Ketamine overdose. The wound (Fig 2), inclu-
ding 4 mm circumferential area extending 
beyond the wound margin were excised and 
"xed in a 10% para formaldehyde solution. 
Samples were prepared into paraf"n blocks, 
sliced onto specimen slides and underwent the 
hematoxyllin-eosin staining. Using a handy 
taller on 400x magni"cation under the micro-
scope, number of keratinocytes and neovascula-
rization witihn the samples were counted by a 
blinded pathologist. Data were then analyzed 
using the SPSS for Windows and statistical 
signi"cance tested by one-way ANOVA, with a 
p value <0.05 considered as signi"cant.

RESULTS
One mouse from the GM-CSF group and 

one from the steroid group died, making a total 
of 13 mice analyzed in the study: four mice in 
each intervention group, and "ve in the control 
group. The mean rate of keratinocyte 
proliferation in the GM-CSF group is 186 (± 50) 
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Figure$1.$Mouse$under$anaesthesia$with$a$fullM
thickness$wound$made$on$paravertebral$region.

Figure$2.$Clinical$appearance$of$healed$wound$on$
day$7$aRer$inflicTon$of$wound$and$daily$injecTon$of$
granulocyteMmacrophage$colony$sTmulaTng$factor$
(GMMCSF).



cells per high-power "eld, compared to 25 (± 
10) and 47 (± 16) cells per high-power "eld in 
the dexamethasone and control groups 
respectively (Fig 3). One-way ANOVA test 
revealed signi"cance between the GM-CSF 
group keratinocyte proliferation to either the 
steroid or control group (p=0.001), and near-
signi"cant diffrence between the steroid and 
control groups (p=0.085). Formation of new 
vascular structures under the microscope were 
found to be 48 (± 17) neovasculars per high-
power "eld in the GM-CSF group, compared to 
8 (± 6) and 7 (± 5) in the dexamethasone and 
control groups (Fig 4, p=0.001 for GM-CSF 

versus steroid and control, p=0.935 for steroid 
versus control). 
 Histological appearance of the healing 
mice skin on day-7 shows higher rate of 
proliferation and better organization of 

keratinocytes in the GM-CSF group (Fig 5 top) 
compared to the steroid (Fig 5 middle) and 
control (Fig 5 bottom) group. The control group 
also displays a higher number of keratinocytes 
compared to the dexamethasone group. 
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Figure'3.!Mean!rate!of!kera@nocyte!prolifera@on!expressed!
as!number!of!cells!found!per!high$power!field.

Figure'4.!Mean!rate!of!neovasculariza@on!expressed!as!

number!of!new!vessels!found!per!high$power!field.

Figure'5.'Histological!appearance!of!healing!skin!on!day$7!with!hematoxyllin$eosin!staining,!400!x!
magnifica@on.!Note!the!abundant!number!of!kera@nocytes!and!well!defined!dermal!structures!in!the!
GM$CSF!group!(Le9).!Minimum!kera@nocyte!numbers!are!found!in!the!steroid!group!(middle),!many!
inflammatory!cells!are!seen.!In!the!control!group!(Right)!some!kera@nocytes!are!present!but!
epithelial!layers!are!not!dis@nct.!

Figure'6.!Histological!appearance!of!healing!skin!on!day$7!with!hematoxyllin$eosin!staining,!400!x!
magnifica@on.!Higher!number!of!neovascular!structures!are!found!in!the!GM$CSF!group!(le9)!
compared!to!the!the!steroid!(middle)!and!control!group!(right).



Formation of neovasculars are also far 
predominantly found in the GM-CSF group (Fig 
6 top) compared to the minimum number of 
new vessel structures in the dexamethasone and 
control groups (Fig 6 middle and bottom).

DISCUSSION
The granulocyte-macrophage colony 

stimulating factor (GM-CSF) is a hematopoietic 
growth factor which has been widely studied 
for its therapeutic applications. In bone marrow 
transplants, GM-CSF regulates the proliferation 
and cell differentiation of myeloid progenitors 
and enhances the function of mature 
macrophage in inducing the release of certain 
cytokines including interleukin-6 and tumor 
necrotizing factor α into the blood stream. In 
cancer treatment, GM-CSF boost the number of 
monocytes and macrophages which lysed 
tumor, it acts as an effective adjuvant with low 
toxicity pro"le. The combination of GM-CSF 
and erythropoietin have also been shown to 
accelerate liver generation in experimental 
animals posthepatectomy17, 18.

GM-CSF exerts a mitogenic effect on the 
keratinocytes of the epidermis, as well as 
stimulates the migration and proliferation of 
endothelial cells. An accelerated rate of wound 
healing has been demonstrated as a result of 
increased proliferation of keratinocytes in 
laboratory animals with an overexpression of 
this cytokine. Not only keratinocytes are 
proliferating at a higher rate, under the 
in!uence of GM-CSF more vascularization and 
granulating tissues are also formed19. Robson 
and friends conducted a study observing the 
rate of pressure sore healing when treated with 
GM-CSF in combination with "broblast growth 
factor beta (bFGF), GM-CSF and bFGF alone, 
compared to placebo20.  Eighty-"ve percent of 
the patient who received combined cytokine 
therapy gained a higher volume of tissue 
healing compared to the placebo group on day 
35th of treatment. 

Recombinant human GM-CSF (rhGM-
CSF) is a biological product that has been used 
most successfully for clinical purpose. 
Sargamogastrim (rhGM-CSF obtained from 
mold) and molgramostim (rhGM-CSF derived 
from bacteria) are used to treat neutrophenia 

postinduction in chemotherapy for acute 
myelogenous leukemia. It speeds up neutrophil 
regeneration and decrease the occurrence of 
life-threatening events due to infection. The use 
of rhGM-CSF also exerts a favorable effect for 
patients undergoing autologous and allogenic 
bone marrow transplantation in mobilizing and 
engrafmenting progenitor cells in the blood 
posttransplantation.  

The clinical implementation of rhGM-
CSF has grown to be included as an adjuvant in 
c a n c e r t h e r a p y a n d c h e m o r a d i a t i o n 
complication such as mucositis, stomatitis, and 
diarrhea. Topical application of rhGM-CSF 
accelerates the process of wound healing in 
forming granulation tissue. Intradermal 
injection of rhGM-CSF increases the rate of 
keratinocyte proliferation, thickens the 
epidermal layer and hastens the rate of overall 
healing. Short-term use of rhGM-CSF in 
subcutaneous tissue effectively promote the 
growth of new blood vessels. It as also 
demonstrated a positive effect in improving 
Chron’s disease symptoms18. 

In this experiment, rhGM-CSF and 
d e x a m e t h a s o n e w e r e a d m i n i s t e r e d 
subcutaneously in the intentionally made 
w o u n d o n l a b m i c e . r h G M - C S F a n d 
dexamethasone were given from day one to day 
six postwounding, with the respective dose of 
10 µg/kg body weight (BW) and 10 mg/kg 
BW diluted with sterile distilled water to adjust 
dose according to animals body weight. At 10 
µg/kg BW, subcutaneous administration of 
r h G M - C S F m o b i l i z e s g r a n u l o c y t e 
progenitor cells (cells bearing CD 34+) from 
the bone marrow to peripheral circulation 
starting on day 4 up to the 7th day. On the 
other hand, a 10 mg/kg BW dexamethasone 
injection inhibits the release of natural GM-
CSF15, 21.

Histologically, keratinocytes and 
neovascular structures are viewed under light 
microscope (400x magni"cat ion) with 
hematoxylin-eosin staining and cells counted 
using the handy taller. Keratinocytes are 
distinguishable from its keratinized structure 
factor (PDGF) which together with the 
transforming growth factor beta (bTGF), 
"broblast growth factor (FGF), and insulin like 
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with dark blue nuclei.  New growth of 
vascularization are identi"ed from the 
erythrocyte cells trapped within the lumen. 
Neovasculars are differentiated from mature 
blood vessels from the less developed 
endothelial structures. In this study, the number 
of keratinocytes on day 7 post intervention and 
therapy: in the rhGM-CSF experimental animals 
are more than threefold higher than the control 
group (186±50 cells/hpf v.s. 47±16 cells/hpf), 
and those given steroid displayed half the 
number of keratinocytes than that of controls 
(25±10 cells/hpf v.s. 47±16 cells/hpf). Under 
the microscope, keratinocytes are better aligned 
in the basal layer -and displays more intracell 
volume- reaching up to the transitional layers in 
the rhGM-CSF group compared to steroid and 
controls. These results are in line with what is 
expected from the evidence-based theories that 
1) GM-CSF hastens wound healing, and 2) 
steroids hinders healing; although point 
number two did not reach stat ist ical 
signi"cance (p=0.08), it shows a noteworthy 
pattern. As stated in the literature review, 
!uticasone propionate and budesonide are 
more potent inhibitors of GM-CSF than 
dexamethasone15 hence if we were to use those 
agents instead of dexamethasone the difference 
in the keratinocytes proliferation might be 
expressed more solidly. Each mouse releases 
endogenous GM-CSF immediately after 
wounded, and because the level is not 
measured quantitatively we cannot conclude 
for certain that the decrease in keratinocytes 
and slower healing in the dexamethasone group 
is due to lower GM CSF level.  

Another factor that was not measured is 
the keratinocyte mitosis rate in the in follicular 
basal epidermal layer. An experiment was done 
by administering GM-CSF antagonist to double 
transgenic Tg2-Ant mice with a GM-CSF over-
expression, and to wildtype mice as controls2. 
GM-CSF antagonist was shown to suppress 
GM-CSF-dependent keratinocyte hyperproli-
feration in the wildtype mice, which did not 
occur in the transgenic mice relative to the 
control group. Further immunohisto-chemistry 
staining on the transgenic mice keratinocytes 
mitosis markers con"rmed the result.

The migration and proliferation of 
keratinocytes from wound edges, together with 
the increased synthesis of metallomatrix-
proteinase (MMP) will further mobilize 
keratinocytes to cover the wound surface. When 
keratinocytes from all edges meet in the center, 
epithelial proliferation decreases three- to four-
times slower than normal until the function and 
morphology of epidermal cells will return. 
Continuous expression of growth factor, 
combined with abnormal wound bed 
environment such as reduced moisture level, 
ischemia, and repetitive trauma will constantly 
stimulate proin!ammatoric cells activity. 
Excessive neutrophilic in"ltration followed by 
the in!ux of macrophages will initiate the 
release of TNFα and IL-1β. These cytokines are 
" b r o b l a s t a n d i n ! a m m a t o r i c c e l l s 
chemoattractant which sustains MMP. When 
MMP is inhibited, growth factor and growth 
factor receptors are reduced and this slows 
down the process of wound healing19.

Similar results are also found when 
neovascular structures of the mice in 
intervention and control groups are measured.  
New formation of blood vessels in the rhGM-
CSF group are around six-fold higher (48 ±17 
vessels/hpf) than those found in the steroid and 
control groups (8 ±6 vessels/hpf and 7 ±5 
vessels/hpf respectively). This further establish 
the positive effect of rhGM-CSF in enhancing 
wound healing, in line with the literature which 
stated that GM-CSF plays an important factor 
for endothelial proliferation8, 22.  De"ciency in 
GM-CSF alters the vascular collagen matrix 
composition which support an important factor 
for GM-CSF to preserve blood vessels integrity 
and immunity. However, after wound occurs 
various cytokines are released and the 
overexpression of one type of cytokine will 
stimulate the release of other cytokines. The 
synergistic effect of these cytokines will play 
their role in wound healing. 

Trauma induces genetic expression of 
vascular endothelial growth factor (VEGF), 
macrophage, and keratinocytes. VEGF is a 
potent stimulator for angiogenesis, and a 
decrease in its amount will hinder healing 
process. The same goes for other growth factor 
hormones such as the platelet derived growth 
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growth factor (IGF) control the formation of 
marcrophage-dependent "broblasts19. The 
minimal neovascularization found in the steroid 
group may be due to the decrease in 
macrophage colony because of dexamethasone 
antagonistic effect on various cytokines (VEGF, 
bTGF, PDGF, IGF and FGF) all of which are 
important growth factors in the process of 
wound healing. The exact mechanism of this 
antagonistic in!uence of steroids warrant a 
further research.

 As an addition, the increase in number 
of progenitor cells in circulating peripheral 
blood post rhGM-CSF induction -which can be 
isolated and puri"ed- is a study prospect on the 
matter of “the applicability of peripheral blood 
progenitor cells for cell-targeted therapy”. The 
cell’s unique characteristic of differentiation and 
self-renewal are useful to treat cases of chronic 
skin ulcers, unhealing wounds, or inherited 
dermatologic problems such as epidermolysis 
bulosa. 

CONCLUSION
Granulocyte macrophage colony 

stimulating factor (GM-CSF) hastens wound 
healing in wildtype mice by increasing the rate 
of keratinocyte proliferation and neovascular 
formation, while dexamethasone has a tendency 
to hinder wound healing because it acts as a 
GM-CSF inhibitor. Further study to elucidate 
the mechanism of GM-CSF effect in wound 
healing may be done using transgenic mice 
with immunohistochemistry study to evaluate 
mitot ic markers of kerat inocytes and 
neovasculars.
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