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INTRODUCTION
Pharmacologically, a significant role is expected for 

granulocyte colony-stimulating factor (G-CSF) to play in 
vascular pathologies and progression of atherosclero-
sis1,2. Differentiation of bone marrow-derived progeni-
tor stem cells to endothelial cells3,4 and vascular smooth 
muscle cells (VSMCs)5,6 have been indicated after ad-
ministration of G-CSF in animals. These cells contribute 
to angiogenesis and the formation of microvessels and 
neointima7-9. A study on rabbits indicated that G-CSF 
reduces the neointima thickness by nearly 60%1. More-
over, a study on patients with myocardial infarction re-
vealed better cardiac function and promoted angiogen-
esis after G-CSF therapy along with the intracoronary 
infusion of peripheral blood stem cells2. Another study 
on C57BL/6 mice signified that treatment with G-CSF 
decreases neointima formation following vascular inju-
ry and improves re-endothelialization10. The G-CSF-in-

duces mobilization of bone marrow derived c-Kit+/
Flk-1+ cells and help in the regeneration of endothelial 
cells in the rabbits11. Progenitor cells play an important 
role in some pathophysiological states such as athero-
sclerosis, vascular ischemia, and pulmonary hyperten-
sion12-17. It has been established that high-dose GCSF 
stimulates neointimal proliferation via cell mobilization 
and excessive inflammation18. On the other hand, stud-
ies revealed that in animals the G-CSF and granulocyte 
macrophage-colony stimulating factor (GM-CSF) may 
mobilize endothelial progenitor cells19-20. Furthermore, 
studies in humans revealed that GM-CSF is an import-
ant angiogenesis factor and improves the cardiac func-
tion in patients with myocardial infarction21. However, 
the results of studies are not consistent and a study in 
mice by Kong et al22 did not reveal any positive effect 
of G-CSF or GM-CSF on atherosclerosis, instead it was 
shown by the study that G-CSF and GM-CSF induce 
atherosclerosis in mice. Furthermore, some studies de-

ABSTRACT
Objective: To determine the effectiveness of granulocyte colony-stimulating 
factor (G-CSF) in the reduction of atherosclerotic lesions in a rabbit animal 
model. 

Methodology: In this experimental study, 12 New Zealand rabbits were placed 
on normal regimen diet supplemented with 2% wt/wt of cholesterol for 3 
months. Then the rabbits were assigned randomly to two groups:  six rabbits 
received G-CSF 100 µg/kg/day subcutaneously for 7 days and six rabbits were 
considered as control group. Blood lipid profile and size of coronary artery lu-
men and atherosclerotic plaque were compared between the two groups.

Results: In each group the levels of triglycerides (TG), cholesterol, high den-
sity lipoprotein (HDL) and lipoprotein A (LPA) significantly increased after 90 
days of feeding with cholesterol rich regimen. However, the levels of TG (465.66  
±81.12 vs. 499.00 ±129.96, p =0.60), cholesterol (2449.83 ±165.68 vs. 2455.00 
±143.58, p =0.95),  HDL (124.33 ±8.93 vs. 125.00 ±5.32, p =0.87)  and LPA (13.16 
±1.72 vs. 14.16 ±2.63, p =0.45) did not show significant difference between the 
two groups. Seven days after treatment with G-CSF the difference between two 
groups in size of lumen (p =0.20) and plaque (p =0.12) was not significant.

Conclusion: Granulocyte colony-stimulating factor did not significantly alter 
the blood lipid profile or the lumen/plaque size in the animal model studied.
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clared that G-CSF may induce Kawasaki Disease21,23. To 
date, scarce studies have evaluated the potential thera-
peutic effects of G-CSF administration on atherosclero-
sis. Therefore, we conducted this experimental study to 
determine the effect of G-CSF on the reduction of ath-
erosclerotic lesions in rabbits. The results of this study 
may help physician and patients to consider G-CSF in 
the treatment of atherosclerotic lesions in men, because 
G-CSF is safe and available treatment for myocardial in-
farction.

METHODOLGY
 This randomized controlled trial was conducted in 

the Tehran Heart Center, Tehran University of Medical 
Sciences, during March 2011 to March 2012. The Tehran 
Heart Center approved the study protocol. In this study, 
12 New Zealand rabbits (average weight of 2 kilograms 
and 12 weeks old) were placed on normal regimen diet 
supplemented with 2 %wt/wt cholesterol for 3 months. 
At the start of the study and after three months of feed-
ing with cholesterol rich regimen, the blood samples 
were taken and the level of triglycerides (TG), choles-
terol, high-density lipoprotein (HDL) and lipoprotein A 
(LPA) was measured in both groups. 

On the day of treatment, all 12 subjects were placed 
in a dark cage and one rabbit was removed by an indi-
vidual other than research team, then another person 
other than research group, perform a coin toss. The 
head was considered as A and the subjects  were trans-
ferred to the cage that signed as cage A and received 
G-CSF 100 µg/kg/daily subcutaneously for 7 days (in-
terventional group, n=6) . The tail was considered as 
B and the subjects were placed in cage B and G-CSF 
was not given (control group, n=6). After seven days 
the two groups were sacrificed and blood samples were 
taken again from both groups and the level of TG, cho-
lesterol, HDL and LPA were measured. After sacrificing, 
the samples from aorta were taken and were fixed in 
formalin and sent to the pathology laboratory and the 
size of lumen and plaque were measured and compared 
between two groups.

Sample size was based on the study by Sinha et 
al24,  the plaque of atherosclerosis in GCSF and control 
groups (S1=0.005,S2=0.014,µ1=0.058, µ2=0.039), n=6, 
for each group, as following:
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Data were analyzed using IBM SPSS (Ver. 22, IBM Cor-
poration, Armonk, NY, USA). Continuous variables such 
as levels of TG, cholesterol, HDL, LPA and sizes of plaque 
and lumen were reported as mean ±SD. The Student’s 
t-test and the paired t-test were used to compare con-
tinuous variables. Differences were considered significant 
when p< 0.05. 

RESULTS
At the start of the study the levels of TG (p =0.37), 

cholesterol (p =0.42) and HDL (p =0.45) were not dif-
ferent between two groups; however, the LPA in G-CSF 
group was significantly more than control (P =0.01). 
Moreover, in each group the levels of TG, cholesterol, 
HDL and LPA significantly increased after 90 days of 
feeding with cholesterol rich regimen (Table 2). Howev-
er, the levels of TG (p =0.60), cholesterol (p =0.95), HDL 
(p =0.87) and LPA (p =0.45) did not show significant 
different between two groups (Table 1). 

Seven days after treatment with G-CSF, the differ-
ence between two groups in size of lumen (p =0.20) and 
plaque (p =0.12) was not significant (Table 3).

DISCUSSION
We detected that G-CSF did not affect the level of 

lipid profiles and the size of plaque or lumen of the 
vessels. A comprehensive study, by Hu et al25 revealed 
that the lesion area of the thoracic aorta and the plasma 
levels of total cholesterol (TC) and low-density lipopro-
tein (LDL) increased in the group of white New Zealand 
rabbits receiving G-CSF. Furthermore, they detected 

Table 1: Hyperlipidemic rabbits before and after G-CSF administration  
in both treatment and control groups

Before G-CSF administration on 90th day (n=6) After G-CSF administration

Parameter
G-CSF 

Treatment 
Group (A)

Control 
Group (B) P value

G-CSF 
Treatment 
Group (A)

Control 
Group (B) P value

TG 86.16 ±49.99 65.66 ±21.46 >0.05 465.66 ±81.12 499.00 ±129.96 >0.05
Cholesterol 52.16 ±18.92 64.83 ±31.93 >0.05 2449.83 ±165.68 2455.00 ±143.58 >0.05
HDL 18.16 ±6.91 20.83 ±4.62 >0.05 124.33 ±8.93 125.00 ±5.32 >0.05
LPA 8.16 ±0.75 6.83 ±0.75 <0.01 13.16 ±1.72 14.16 ±2.63 >0.05

TG= Triglyceride; HDL= High density lipoprotein; LPA= Lipoprotein A
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Table 2: Blood lipid profile of rabbits before and after receiving a cholesterol-rich  
diet for 90 days

Treatment Group, A (n=6) Control Group, B (n=6)
Parameter Before After P value Before After P value
TG 86.16 ±49.99 465.66 ±81.12 <0.001 65.66 ±21.46 499.00 ±129.96 <0.001
Cholesterol 52.16 ±18.92 2449.83 ±165.68 <0.001 64.83 ±31.93 2455.00 ±143.58 <0.001
HDL 18.16 ±6.91 124.33 ±8.93 <0.001 20.83 ±4.62 125.00 ±5.32 <0.001
LPA 8.16 ±0.75 13.16 ±1.72 <0.001 6.83 ±0.75 14.16 ±2.63 <0.001

TG= Triglyceride; HDL= High density lipoprotein; LPA= Lipoprotein A

Table 3: Plaque and lumen sizes in G-CSF and control groups
Parameter Groups n Mean SD P value

Plaque 1
G-CSF (A) 6 436582 294742

>0.05
Control (B) 6 384720 236076

Plaque 2
G-CSF 5 502669 240754

>0.05
Control 5 405505 196194

Plaque 3
G-CSF 4 672833 238036

>0.05
Control 5 349750 202884

Plaque 4
G-CSF 1 658545

Control 0

Lumen 1
G-CSF 6 1199459 587046

>0.05
Control 6 982344 293196

Lumen 2
G-CSF 5 1170358 590391

>0.05
Control 5 1063482 226586

Lumen 3
G-CSF 4 1555915 624314

>0.05
Control 5 953108 251485

Lumen 4
G-CSF 1 1540934

Control 0

Atherosclerosis 1
G-CSF 5 0.36 0.16

>0.05
Control 6 0.30 0.20

Atherosclerosis 2
G-CSF 5 0.44 0.15

>0.05
Control 6 0.30 0.19

Atherosclerosis 3
G-CSF 4 0.44 0.04

>0.05
Control 6 0.30 0.20

Atherosclerosis 4
G-CSF 1 0.4200

Control 0

Total lumen
G-CSF 4 4022980 1522912

>0.05
Control 5 2998012 619732

Total plaque
G-CSF 4 1761478 575100

>0.05
Control 5 1143722 489152

Total atherosclerosis
G-CSF 4 1.33 0.17

>0.05
Control 6 0.89 0.52
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that G-CSF contributes to arterial endothelial damaging 
and aggravation of apoptosis. In line with our findings a 
study by Hill et al26 on patients with CAD indicated that, 
although GM-CSF mobilizes endothelial progenitor 
cells from bone marrow, however, it does not improve 
cardiac function significantly and conversely, it contrib-
utes to some serious adverse events in these patients. In 
another study in 2007 by Haghighat et al27 in mice mod-
el, supported this report and indicated that G-CSF or 
GM-CSF did not have any beneficial therapeutic effect 
on atherosclerosis. Moreover, they showed that G-CSF 
and GM-CSF contribute to some adverse effects and re-
sulted in a worsening of atherosclerosis. While another 
study by Takai et al28 in 2008 on swine, emphasized that 
G-CSF did not have any adverse effect on atherosclero-
sis. The possible explanations for this deleterious effect 
of G-CSF on atherosclerosis may be related to stimu-
lation of inflammation by G-CSF and GM-CSF on the 
vessel wall29 and promotion of neovascularization in the 
arterial wall by these stem cells27. 

Katsaros et al30 in their work, measured G-CSF on 
280 patients with stable coronary artery disease and fol-
lowed them for 30 months. It was shown that in patients 
with cardiac events, the level of G-CSF was significantly 
higher than other patients. Also, this study demonstrat-
ed that patients with higher level of G-CSF had a 2-fold 
increased risk for major adverse cardiovascular events 
including death, myocardial infarction and re-hospital-
ization. The author concluded that endogenous G-CSF 
may predict cardiovascular events independently of 
established cardiac risk factors and is related to an in-
creased risk of in-stent restenosis after the establish-
ment of bare metallic stents in these patients. 

The results of previous studies were not consistent 
and as opposed to our experience Sinha et al24 in 2014 
conducted a controlled trial in Apo-E-deficient mice and 
treated them with G-CSF or vehicle for 9 weeks and re-
ported that G-CSF decreased the level of serum LDL and 
the size of atherosclerotic plaque. Furthermore, they in-
dicated that the lesions in mice treated with G-CSF con-
tained fewer lipid and macrophages. Also, a research on 
rabbits with myocardial infarction and balloon injuries 
by Hasegawa et al31 showed that G-CSF inhibits the ath-
erosclerosis progression. Additionally, a meta-analysis 
in 2017 reported that in animal models, G-CSF treat-
ment inhibits the atherosclerosis progression32. The 
different outcome of current practice and some studies 
reported here may be related to the difference in the 
dose, the animal model of G-CSF treatment and differ-
ence in methodology. 

LIMITATIONS
There are a number of limitations to this study that 

warrants mention, including small sample size and 
short duration of follow-up that limit us to generalize 

our reported results. Further larger studies with longer 
follow-up are needed to prove the exact role of G-CSF 
in atherosclerosis.

CONCLUSION
Granulocyte colony-stimulating factor 100 µg/kg/

day subcutaneously for seven days did not affect the 
lipid profile and the size of the plaque and lumen of the 
vessels in the rabbits fed with high cholesterol diet for 
3 months.

REFERENCES
1.	 Ishibashi T, Yokoyama K, Shindo J, Hamazaki Y, Endo Y, 

Sato T et al. Potent cholesterol-lowering effect by human 
granulocyte-macrophage colony-stimulating factor in 
rabbits. Possible implications of enhancement of macro-
phage functions and an increase in mRNA for VLDL re-
ceptor. Arterioscler Thromb 1994; 14:1534-41.

2.	 Shindo J, Ishibashi T, Yokoyama K, Nakazato K, Ohwada T, 
Shiomi M  et al. Granulocyte-macrophage colony-stimu-
lating factor prevents the progression of atherosclerosis 
via changes in the cellular and extracellular composition 
of atherosclerotic lesions in Watanabe heritable hyperlip-
idemic rabbits. Circulation 1999; 99:2150-6.

3.	 Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, 
Li T et al. Isolation of putative progenitor endothelial cells 
for angiogenesis. Science 1997; 275:964-7.

4.	 Shi Q, Rafii S, Wu MH, Wijelath ES, Yu C, Ishida A et al. 
Evidence for circulating bone marrow-derived endothelial 
cells. Blood 1998; 92:362-7.

5.	 Sata M, Saiura A, Kunisato A, Tojo A, Okada S, Tokuhisa T 
et al. Hematopoietic stem cells differentiate into vascular 
cells that participate in the pathogenesis of atherosclero-
sis. Nat Med 2002; 8:403-9.

6.	 Simper D, Stalboerger PG, Panetta CJ, Wang S, Caplice 
NM. Smooth muscle progenitor cells in human blood. 
Circulation 2002; 106:1199-204.

7.	 Asahara T, Masuda H, Takahashi T, Kalka C, Pastore C, Sil-
ver M et al. Bone marrow origin of endothelial progenitor 
cells responsible for postnatal vasculogenesis in phys-
iological and pathological neovascularization. Circ Res 
1999; 85:221-8.

8.	 Takahashi T, Kalka C, Masuda H, Chen D, Silver M, Kear-
ney M et al. Ischemia- and cytokine-induced mobilization 
of bone marrow-derived endothelial progenitor cells for 
neovascularization. Nat Med 1999; 5:434-8.

9.	 Walter DH, Rittig K, Bahlmann FH, Kirchmair R, Silver M, 
Murayama T et al. Statin therapy accelerates reendotheli-
alization: a novel effect involving mobilization and incor-
poration of bone marrow-derived endothelial progenitor 
cells. Circulation 2002; 105:3017-24.

10.	 Ishibashi T, Yokoyama K, Shindo J, Hamazaki Y, Endo 



JPMI VOL. 32 NO. 1 18

EFFECTIVENESS OF G-CSF IN REDUCTION OF ATHEROSCLEROTIC LESIONS IN RABBIT

Y, Sato T et al. Human granulocyte-macrophage colo-
ny-stimulating factor lowers the levels of plasma cho-
lesterol with an increase in mRNA for very low density 
lipoprotein receptor in rabbits. Ann NY Acad Sci 1995; 
748:630-3.

11.	 Irie H, Koshiba H, Koyama M, Asakura E, Shibata H, Kimura 
K et al. Effects of recombinant human macrophage col-
ony-stimulating factor on atherosclerotic lesions estab-
lished in the aorta of high cholesterol-fed rabbits. J Bio-
chem 2001; 129:717-24.

12.	 Werner N, Nickenig G. Clinical and therapeutical impli-
cations of EPC biology in atherosclerosis. J Cell Mol Med 
2006; 10:318–32.

13.	 Sata M. Role of circulating vascular progenitors in angio-
genesis, vascular healing, and pulmonary hypertension: 
lessons from animal models. Arterioscler Thromb Vasc 
Biol 2006; 26:1008–14.

14.	 Roberts N, Jahangiri M, Xu Q. Progenitor cells in vascular 
disease. J Cell Mol Med 2005; 9:583–91.

15.	 Dzau VJ, Gnecchi M, Pachori AS, Morello F, Melo LG. Ther-
apeutic potential of endothelial progenitor cells in cardio-
vascular diseases. Hypertension 2005; 46:7–18.

16.	 Khakoo AY, Finkel T. Endothelial progenitor cells. Annu 
Rev Med 2005; 56: 79 –101.

17.	 Rabelink TJ, de Boer HC, de Koning EJ, van Zonneveld AJ. 
Endothelial progenitor cells: more than an inflammatory 
response? Arterioscler Thromb Vasc Biol 2004; 24:834–8.

18.	 Stoudemire JB, Garnick MB. Effects of recombinant hu-
man macrophage colony-stimulating factor on plasma 
cholesterol levels. Blood 1991; 77:750-5.

19.	 Takahashi T, Kalka C, Masuda H, Chen D, Silver M, Kear-
ney M et al. Ischemia- and cytokine-induced mobilization 
of bone marrow-derived endothelial progenitor cells for 
neovascularization. Nat Med 1999; 5:434-8.

20.	 Orlic D, Kajstura J, Chimenti S, Bodine DM, Leri A, Anversa 
P. Transplanted adult bone marrow cells repair myocar-
dial infarcts in mice. Ann N Y Acad Sci 2001; 938:221-9.

21.	 Kang HJ, Kim HS, Zhang SY, Park KW, Cho HJ, Koo BK et 
al. Effects of intracoronary infusion of peripheral blood 
stem-cells mobilised with granulocyte-colony stimulating 
factor on left ventricular systolic function and restenosis 
after coronary stenting in myocardial infarction: the MAG-
IC cell randomised clinical trial. Lancet 2004; 363:751-6.

22.	 Kong D, Melo LG, Gnecchi M, Zhang L, Mostoslavsky G, 
Liew CC et al. Cytokine-induced mobilization of circulat-
ing endothelial progenitor cells enhances repair of in-
jured arteries. Circulation 2004; 110:2039-46.

23.	 Yoshioka T, Takahashi M, Shiba Y, Suzuki C, Morimoto 
H, Izawa A et al. Granulocyte colony-stimulating fac-

tor (GCSF) accelerates reendothelialization and reduces 
neointimal formation after vascular injury in mice. Cardio-
vasc Res 2006; 70:61-9.

24.	 Sinha SK, Mishra V, Nagwani S, Rajavashisth TB. Effects of 
GCSF on serum cholesterol and development of athero-
sclerotic plaque in apolipoprotein E-deficient mice. Int J 
Clin Exp Med 2014; 7:1979-89.

25.	 Hu Z , Zhang  J, Guan  A,  Gong H, Yang M, Zhang G. 
Granulocyte Colony-Stimulating Factor Promotes Ath-
erosclerosis in High-Fat Diet Rabbits. Int J Mol Sci 2013; 
14:4805-16.

26.	 Hill JM, Syed MA, Arai AE, Powell TM, Paul JD, Zalos G et 
al. Outcomes and risks of granulocyte colony-stimulating 
factor in patients with coronary artery disease. J Am Coll 
Cardiol 2005; 46:1643–8.

27.	 Haghighat A, Weiss D, Whalin MK, Cowan DP, Taylor WT. 
Granulocyte Colony-Stimulating Factor and Granulocyte 
Macrophage Colony-Stimulating Factor Exacerbate Ath-
erosclerosis in Apolipoprotein E–Deficient Mice. Circula-
tion 2007; 115:2049-54.

28.	 Takai H, Miyoshi A, Yamazaki M, Adachi K, Katagiri K, 
Arakawa H et al. Granulocyte colony-stimulating fac-
tor has no adverse effects on atherosclerotic lesions in 
high cholesterol-fed miniature swine. J Vet Med Sci 2008; 
70:943–50.

29.	 Wang J, Wang S, Lu Y, Weng Y, Gown AM. GM-CSF and 
M-CSF expression is associated with macrophage prolif-
eration in progressing and regressing rabbit atheroma-
tous lesions. Exp Mol Pathol 1994; 61:109–18.

30.	 Katsaros KM, Speidl WS, Demyanets S, Kastl SP, Krychtiuk 
KA, Wonnerth A. G-CSF Predicts Cardiovascular Events in 
Patients with Stable Coronary Artery Disease. PLoS ONE 
2015; 10:e0142532. 

31.	 Hasegawa H, Takano H, Ohtsuka M, Ueda K, Niitsuma Y, 
Qin Y et al. GCSF prevents the progression of atheroscle-
rosis and neointimal formation in rabbits. Biochem. Bio-
chem Biophys Res Commun 2006; 344:370–6.

32.	 Liu M,  Liu K,  Chen D, Chen H, Sun K, Ju X et al. The Effect 
of Granulocyte Colony-Stimulating Factor on the Progres-
sion of Atherosclerosis in Animal Models: A Meta-Analy-
sis. Biomed Res Int 2017; 2017:6705363.

CONTRIBUTORS
SR conceived the idea, planned the study and 

drafted the manuscript. SHA, MAB and MSA helped 
acquisition of data and did statistical analysis. MN 
and AMG did editing, critically revised the manuscript 
and final approval of manuscript. All authors contrib-
uted significantly to the submitted manuscript. 


