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Regulation of granulocyte colony-stimulating factor (G-CSF) in patients with inflammation
Granulocyte colony-stimulating factor (G-CSF) is a naturally occurring glycosylated protein that was originally
identified as a granulopoietic growth factor. It has been shown that G-CSF stimulates the proliferation and
maturation of neutrophil precursor cells as well as increases such neutrophil functions as chemotaxis, phagocy-
tosis, and bactericidal activity. G-CSF has drawn recent attention as a therapeutic drug for sepsis, because
studies show that G-CSF not only selectively stimulates the proliferation of neutrophils but also plays an important
role as a multipotent modulator of acute inflammation.
We previously reported an increased serum G-CSF concentration concomitant with an elevated absolute neutro-
phil count showing a left shift toward more immature forms, and that neutrophil phagocytic and bactericidal
activity is maintained in patients with trauma or sepsis. We suggested that G-CSF plays an important role in
neutrophil maturation and the maintenance of neutrophil function in inflammatory response associated with trauma
and sepsis.
We also investigated the clinical effects of recombinant human G-CSF (rhG-CSF) administration in patients with
sepsis who lack appropriate neutrophilia. We concluded that rhG-CSF administration attenuates inflammatory
responses without inducing tissue injury. In addition, we found the difference in responses after rhG-CSF in each
patients with sepsis. In the good response group, rhG-CSF administration markedly improved the severity of
illness and produced a good outcome. The endogenous G-CSF level in blood showed lower than that in the poor
response patients before rhG-CSF administration. Immature neutrophils was significantly higher in poor response
group than those in good response group. Those results suggest that rhG-CSF was effective in septic patients
with a low percentage of immature neutrophils and insufficient endogenous G-CSF.
Some recent reports, however, have suggested that rhG-CSF treatment in patients receiving cytotoxins can be
associated with pulmonary toxicity. However, we revealed that rhG-CSF causes leukocyte stiffness but attenuates
inflammatory response without inducing lung injury in septic patients.
This review will provide an overview of our current understanding of the role of G-CSF as an anti-inflammatory
modulator in patients with sepsis.
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group G group M group P
Number 20 5 5
Male 13 3 2
Female 7 2 3
Age 50+5 66 +5 75 + 5*
Cause of sepsis
Trauma 7 0 1
Gas gangrene 5 0 1
Peritonitis 2 2 2
Burn 4 0 1
Others 2 3 0
Severity before and after rhG-CSF
CRP
before 19.0 + 2.2 234+26 15.6 + 3.0
after 7.9+ 1.4* 13.5+3.1# 156 +2.4
APACHE I1
before 16.8 + 1.0 23.2 +2.3* 24.6 +2.2*
after 11.4 + 1.0* 13.2 +2.4* 31.2 + 3.8*
MOF index
before 3.9+0.6 6.6 +1.3* 8.6 +0.7*
after 29+0.5% 3.4+ 1.0% 104 +1.2#
Prognosis
Severe sepsis 5 — 0 5—>0 5—5
MOF 5—1 5—1 5—5
Survival rate (%)
5 days 100 100 208
28 days 90 100 08
Overall 85 80 0%

* p <0.05, significant difference from the data in group G.
# p < 0.05, significant difference from the pretreatment data.

$ p < 0.05, significant difference from the data in other groups.

00ooPODOODOODOODOOODOOOOO pg/ml
ooo0o00o00o00o0oOos8@ooooboooooooa
0oooooooooo G CsFOoDOnooooooog
00 G-CSFO upregulation0 OO0 D0 OO0 O0O0O0OOO0O
dooO0dG-CSFOOODODODOoOooonDoooood
O0odd0o0oooooobobbooo0oooOocUOd 10%
ooooooooMOOPODODO2%000000000
goooo o
00o00oooooooooooooooooooog
ogooooobo0oO0o@G-CcsFfOO oD oooooooooa
00o00oooooooooooooooooooog
0000000000000 00o00omG-CcsFOOOo
00oo00oDooopDooooooooooooon
Oo0000O00d0000oo0ooooooOo G-csFOOOO
00oo0oooooDoooo0mG-CSsFoOonooooog
0o0000O00d0000oo0ooooooOoOo G-csFOoOO
00oDo00ooooooooooomoooooog
gooo0oo0OoGeCsFOOO0Ooooobooooboooa
oo®g

godd

gooobooobooobooooo e CcsFOnOOonOog
gobooobooobooomoooobooooooa
gbooooooooboobooooe-csFOonnoonoog
gboboooocooobooboboboooooooog
goboooce-csFO0onoooooonoononooononog
gobbooomoooooooboooboooobooa
gobooogooe-csFonooooooononooog
gbooobooooooobooooooooboboooog
obooooboooboooooooe-csFOoonoog

Immature neutrophil

(%)rate (%)rate
60 30

Precursor neutrophi l

A
50
o
90 o A 10
10 {~  Og8
EDDE Enﬂ

O R 0 _

o_
O
A 090 0000OoOrhG-CSFO O
o e
o] g

O OOImmature neutrophil(myelocyte,
A metamyelocyte, stab neutrophil)0 O O
A 00000dbooboUnPrecursor
neutrophil(myelocyte, metamyelocyte)
' ! gooooooooood
OgroupO 0 7000




Inflammation and Regeneration] Vol.24 No.6 NOVEMBER 2004 627

ooboobooooooboooboobooooooogon 1990.
gooooooooec-csFObDoonooonoooooon

oobOoooobOooooboboooboboooobon
oooooooooooooooG-CcsFOOOnOOoDO
oobooboomooooobooooooomaon
gobooooobooooboooobooooboon
oobooboooooon

o oo

1) Liescke GJ, Burgess AW: Granulocyte colony-stimulating
factor and granulocyte-macrophage colony-stimulating
factor. N Engl J Med, 327: 99-106, 1992.

2) Dale DC, Liles WC, Summer WR, Nelson S: Review:
Granulocyte colony-stimulating factor. Role and relation-
ships in infectious diseases. J Infect Dis, 172: 1061-1075,
1995.

3) Metcalf D: Control of granulocyte and macrophages:
molecular, cellular and clinical aspect. Science, 254: 529-
533, 1991.

4) Xu S, Hoglund M, Venge P: The effect of granulocyte
colony-stimulating factor (G-CSF) on the degranulation of
secondary granule proteins from human neutrophils in vivo
may be indirect. Br J Haematol, 93: 558-568, 1996.

5) Villalta F, Kierszenbaum F: Effects of human colony-stimu-
lating factor on the uptake and destruction of a pathogenic
parasite (Trypanosoma cruzi) by human neutrophils. J
Immunol, 137: 1703-1707, 1986.

6) Avalos BR, Gasson JC, Hedvat C, Quan SG, Baldwin GC,
Weisbart RH, Williams RE, Golde DW, DiPersio JF:
Human granulocyte colony-stimulating factor: biologic
activities and receptor characterization on hematopoietic
cells and small cell lung cancer cell lines. Blood, 75: 851-
857, 1990.

7) Yong KL: Granulocyte colony-stimulating factor (G-CSF)
increases neutrophil migration across vascular endothelium
independent of an effect on adhesion: comparison with
granulocyte-macrophage colony-stimulating factor (GM-
CSF). Br J Haematol, 94: 40-47, 1996.

8) Deshpande RV, Peterson RH, Moore MA: Granulocyte
colony-stimulating factor-induced activation of protein
kinase-C in myeloid cells. J Cell Biochem, 66: 286-296,
1997.

9) Okada Y, Kawagishi M, Kusaka M: Effect of recombinant
human granulocyte colony-stimulating factor on human
neutrophil adherence in vitro. Experientia, 46: 1050-1053,

10) Yuo A, Kitagawa S, Ohsaka A, Ohta M, Miyazono K, Okabe
T, Urabe A, Saito M, Takaku F: Recombinant human granu-
locyte colony-stimulating factor as an activator of human
granulocytes: potentiation of responses triggered by recep-
tor-mediated agonists and stimulation of C3bi receptor
expression and adherence. Blood, 74: 2144-2149, 1989.

11) Chakraborty A, Hentzen ER, Seo SM, Smith CW: Granulo-
cyte colony-stimulating factor promotes adhesion of
neutrophils. Am J Physiol Cell Physiol, 284: C103-C110,
2003.

12) Mitchell GB, Albright BN, Caswell JL: Effect of interleukin-
8 and granulocyte colony-stimulating factor on priming and
activation of bovine neutrophils. Infection and Immunity,
71: 1643-1649, 2003.

13) Sullivan R, Griffin JD, Simons ER, Schafer Al, Meshulam
T, Fredette JP, Maas AK, Gadenne AS, Leavitt JL, Melnick
DA: Effects of recombinant human granulocyte and
macrophage colony-stimulating factors on signal transduc-
tion pathways in human granulocytes. J Immunol, 139: 3422-
3430, 1987.

14) Begley CG, Lopez AF, Nicola NA, Warren DJ, Vadas MA,
Sanderson CJ, Metcalf D: Purified colony-stimulating
factors enhance the survival of human neutrophils and
eosinophils in vitro: a rapid and sensitive microassay for
colony-stimulating factors. Blood, 68: 162-166, 1986.

15) Hartung T: Anti-inflammatory effects of granulocyte colony-
stimulating factor. Curr Opin Haematol, 5: 221-225, 1998.

16) Weiss M, Moldawer LL, Schneider M: Granulocyte colony-
stimulating factor to prevent the progression of systemic
nonresponsiveness in systemic response syndrome and
sepsis. Blood, 93: 425-439, 1999.

17) Hartung T. Docke WD, Gantner F, Krieger G, Sauer A,
Stevens P, Volk HD, Wendel A: Effect of granulocyte
colony-stimulating factor treatment on ex vivo blood
cytokine response in human volunteers. Blood, 85: 2482-
2489, 1995.

18) Gorgen I, Hartung T, Leist M, Niehorster M, Tlegs G, Uhlig
S, Weitzel F, Wendel A: Granulocyte colony-stimulating
factortreatment protects rodents against lipopolysaccha-
ride-induced toxicity via suppression of systemic tumor
necrosis factor-a . J Immunol, 149: 918-924, 1992.

19) Mooney DP, Gamelli RL, O'Reilly M, Hebert JC: Recom-
binant human granulocyte colony-stimulating factor and
Pseudomonas burn wound sepsis. Arch Surg, 123: 1353-



628 Mini ReviewD 00 0000000000000 0OO0O0O OO0 Granulocyte colony-stimulating factor (G-CSF)O O

1357, 1988.

20) O'Reilly M, Silver GM, Greenhalgh DG, Gamelli RL, Davis
JH, Hebert JC: Treatment of intra-abdominal infection with
granulocyte colony-stimulating factor. J Trauma, 33: 679-
682, 1992.

21) Root RK, Lodato RF, Patrick W, Cade JF, Fotheringham
N, PharmD SM, Vincent JL, Torres A, Rello J, Nelson S:
Multicenter, double-blind, placebo-controlled study of the
use of filgrastim in patients hospitalized with pneumonia
and severe sipsis. Crit Care Med, 31: 367-373, 2003.

22) Hartung T, Doecke WD, Bundschuh D, Foote MA, Gantner
F, Hermann C, Lenz A, Milwee S, Rich B, Simon B, Volk
HD, von Aulock S, Wendel A: Effect of filgrastim treatment
on inflammatory cytokines and lymphocyte functions. Clin
Pharmacol Ther, 66: 415-424, 1999.

23) Sloand EM, Kim S, Maciejewski JP, Rhee FV, Chaudhuri
A, Barrett J, Young NS: Pharmacologic doses of granulo-
cyte colony-stimulating factor affect cytokine production
by lymphocytes in vitro and in vivo. Blood, 95: 2269-2274,
2000.

24) Arpinati M, Geen CL, Heimfeld S, Heuser JE, Anasetti C:
Granulocyte-colony stimulating factor mobilizes T helper
2-inducing dendritic cells. Blood, 95: 2484-2490, 2000.

25) Ishikawa K, Tanaka H, Nakamori Y, Hosotsubo H, Ogura
H, Nishino M, Shimazu T, Sugimoto H: Difference in the
responses after administration of granulocyte colony-stimu-
lating factor in septic patients with relative neutropenia. J
Trauma, 48: 814-825, 2000.

26) Tanaka H, Ishikawa K, Nishino M, Shimazu T, Yoshioka
T: Changes in granulocyte colony-stimulating factor
concentration in patients with trauma and sepsis. J Trauma,
40: 718-726, 1996

27) Members of the American College of Chest Physicians/
Society Critical Care Medicine Consensus Committee:
American College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference: Definitions of sepsis
and organ failure and guidelines for the use of innovative
therapies in sepsis. Crit Care Med, 20: 864-874, 1992.

28) Ishikawa K, Tanaka H, Matsuoka T, Shimazu T, Yoshioka
T, Sugimoto H: Recombinant human granulocyte colony-

stimulating factor attenuates inflammatory responses in
septic patients with neutropenia. J Trauma, 44: 1047-1055,
1998.

29) Ishikawa K, Tanaka H, Takaoka M, Ogura H, Shiozaki T,
Hosotsubo H, Shimazu T, Yoshioka T, Sugimoto H:
Granulocyte colony-stimulating factor ameliorates life-
threatening infections after combined therapy with barbitu-
rates and mild hypothermia in patients with severe head
injuries. J Trauma, 46: 999-1008, 1999.

30) Ishikawa K, Tanaka H, Shiozaki T, Takaoka M, Ogura H,
Kishi M, Shimazu T, Sugimoto H: Characteristics of infection
and leukocyte count in severly head-injured patients treated
with mild hypothermia. J Trauma, 49: 912-922, 2000.

31) Matthews JH: Pulmonary toxicity of ARDS chemotherapy
and G-CSF in Hodgkin's disease: possible synergy. Lancet,
342: 988-990, 1994.

32) Iki S, Yoshinaga K, Ohbayashi Y, Urabe A: Cytotoxic
drug-induced pneumonia and possible augmentation of
G-CSF-clinical attention. Ann Hematol, 66: 217-218, 1993.

33) Van Woensel JBM, Knoeste H, Leeuw JA, van Aalderen
WMC: Acute respiratory insufficiency during doxorubicin,
cyclophosphamide, and G-CSF therapy. Lancet, 344: 759-
760, 1994.

34) Erzurum SC, Downey GP, Doherty DE, Schwab B 111, Elson
EL, Worthen GS: Mechanisms of lipopolysaccharide-
induced neutrophil retention: relative contributions of
adhesive and cellular mechanical properties. J Immunol, 149:
154-162, 1992.

35) Inano H, English D, Doerschuk CM: Effect of zymosan-
activated plasma on the deformability of rabbit polymor-
phonuclear leukocytes. J Appl Physiol, 73: 1370-1376,
1992.

36) Worthen GS, Schwab B 111, Elson EL, Downey GP:
Mechanics of stimulated neutrophils: cell stiffening induces
retention in capillaries. Science, 245, 183-186, 1989.

37) Tanaka H, Nishino M, Nakamori Y, Ogura H, Ishikawa K,
Shimazu T, Sugimoto H: Granulocyte colony-stimulating
factor (G-CSF) stiffens leukocytes but attenuates inflam-
matory response without lung injury in septic patients. J
Trauma, 51: 1110-1116, 2001.



