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ABSTRACT. Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a pleiotropic cytokine, sharing a common beta subunit (CDw131) 
with interleukins 3 and 5. GM-CSF is important for its direct and indirect involvement in host defense. In veterinary medicine, human (h) 
GM-CSF has been used as a substitute for canine GM-CSF to stimulate canine granulocytes and macrophages. In this study, we compared 
the effects of three distinct hGM-CSFs produced by bacteria, yeasts and Chinese hamster ovary (CHO) cells with those of Escherichia (E) 
coli-produced canine GM-CSF on the cluster of differentiation 11b (CD11b) expression in canine granulocytes. The median effective dose 
(ED50) of hGM-CSFs from bacteria, yeasts and CHO cells was 3.09, 4.09 and 4.27 ng/ml, respectively, with no significant difference among 
three. In contrast, a significant difference was observed between ED50 of canine GM-CSF (0.56 ng/ml) and three hGM-CSFs according to 
the paired t-test (P<0.05). We conclude that hGM-CSF can activate canine granulocytes, but the average activity of the three rhGM-CSFs 
was approximately 15% of that of canine GM-CSF.
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Human granulocyte-macrophage colony-stimulating fac-
tor (hGM-CSF) is a protein of 144 amino acids (AA), includ-
ing the signal peptide of 18 AA, and is produced by various 
types of cells. The protein is monomeric, but its active form 
basically takes a noncovalent homodimmer in nature. Al-
though GM-CSF is a major cytokine for hemopoiesis like 
granulocyte colony-stimulating factor, macrophage colony-
stimulating factor and erythropoietin, the cytokine has been 
known to be involved in the enhancement of eosinophil 
chemotaxis [7], maturation of macrophages and dendritic 
cells [17], granulocyte activation [1], adjuvant effect [3] and 
inhibition of apoptosis [4].

Cluster of differentiation molecule 11b (CD11b), known 
as its integrin α M subunit, consists of macrophage-1 anti-
gen (Mac-1) with CD18. The molecule is expressed in many 
types of cells, and the CD11b expression on the surfaces 
of granulocytes and macrophages is increased by their ac-
tivation, playing an important role in host defense. Mac-1 
has been reported to support neutrophil immobilization 
and migration [6] and is also known as complement recep-
tor 3 (CR3) that binds to iC3b, eliminating pathogens and 

immune complexes by neutrophils, macrophages and the 
reticuloendothelial system. CD11b is rapidly elevated by the 
activation of neutrophils and macrophages, and the amount 
of CD11b in neutrophils correlates with their activation and 
inflammation [11].

Clinical trials of the adjuvant therapy and the prevention 
form leukocytopenia with GM-CSF in veterinary cancer 
medicine have been started, but the preparation of canine 
GM-CSF for clinical use is still unavailable. Thus, we just 
have to choose that of human GM-CSF (hGM-CSF) at the 
present time. Because hGM-CSF is active in canine cells, 
it has been empirically employed as a substitute for canine 
GM-CSF [18, 22]; however, its quantitative activity in ca-
nine cells has not been elucidated. Here, we compared the 
effects of hGM-CSF to those of canine GM-CSF in canine 
granulocytes and also measured the median effective doses 
(ED50) of three different rhGM-CSFs in canine granulocytes.

Anti-CD11b (M1/70) conjugated with allophycocyanin-
Cy7, Gr-1 with allophycocyanin and anti-human CD14 with 
phycoerythrin were purchased from BioLegend Co., Ltd. 
(San Diego, CA, U.S.A.; provided by Tomy Digital, Tokyo, 
Japan). Molgramostim; Escherichia (E.) coli-produced 
recombinant human GM-CSF (rhGM-CSF), sargramostim 
produced by yeasts and canine recombinant GM-CSF were 
obtained from Amoytop Biotech (Xiamen, Fujian, People’s 
Republic of China), Genzyme corporation (Cambridge, MA, 
U.S.A.) and R&D systems (Minneapolis, MN, U.S.A.), re-
spectively. JCR Pharmaceuticals Co., Ltd. (Akashi, Japan) 
donated rhGM-CSF produced by Chinese hamster ovary 
(CHO) cells.
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Heparinized canine blood was obtained from 2 male and 2 
female beagles for practical trainings of students at Nippon 
Veterinary and Life Science University. These beagles were 
individually housed, fed dog chows once a day and drank 
water ad libitum. These bloods were transported to our 
laboratory and processed at room temperature within 1 hr. 
Briefly, 100-µl aliquots of the blood were aseptically placed 
in 2.0-ml sterile microtubes, to which various amounts of 
canine or hGM-CSF were added at final concentrations of 
0.02–62.5 ng/ml or macrophage-serum free medium (macro-
phage-SFM; Invitrogen Corporation, Carlsbad, CA, U.S.A.) 
alone. Subsequently, all the samples were incubated for 15 
min at a 37°C in a 5% CO2 incubator without shaking.

After stimulation, antibody cocktail was added to each 
tube, which was then incubated for 30 min at 4°C. The blood 
was hemolyzed with 0.15 M ammonium chloride containing 
1 mM KHCO3 and 0.1 mM EDTA 4Na (pH 7.3), washed 
twice with flow cytometer buffer (PBS containing 2% BSA 
and 0.1% sodium azide) and then fixed in FluoroFixTM buf-
fer (BioLegend), as per the manufacturer’s instructions. The 
cells were re-suspended in 100 µl flow cytometer buffer 
(PBS containing 2% BSA and 0.05% sodium azide). Data 
were acquired using FACSArray (BD Bioscience, San Jose, 
CA, U.S.A.), gating the granulocyte area on a forward vs. 
side scatter. The median fluorescence intensities (MFIs) of 
CD11b+ population were obtained under the gate of granu-
locytes at SSC vs. FSC scatter and CD14−. The indices of 
MFIs were determined by dividing MFIs from GM-stimulat-
ed cultures by MFI from PBS-cultured granulocytes. ED50, 
determined from MFI values using the probit method, was 
statistically analyzed using paired t-tests at every GM-CSF 
dose.

Three hGM-CSFs revealed increased CD11b expression 
on canine granulocytes in a dose-dependent manner (Fig. 
1). ED50 of molgramostim, sargramostim and hGM-CSF 
from CHO cells was 3.09, 4.09 and 4.27 ng/ml, respectively; 
moreover, no significant difference was observed among 
these rhGM-CSFs (Table 1). In contrast, ED50 of canine 
rGM-CSF was 0.56 ng/ml, which was significantly dif-
ferent from the three rhGM-CSFs according to the paired 
t-test results (P<0.05). Further, ED50 of molgramostim, sar-
gramostim and rhGM-CSF from the CHO cells was 18.1%, 
13.7% and 13.1%, respectively, compared with the canine 
rGM-CSF for canine granulocytes.

GM-CSF is not only an important hemopoietic cytokine, 
but also involved in the upregulation of the immune system 
and host-defense [5, 19, 21], because immune cells express 
its receptor [10, 14]. In experiments using dogs, rhGM-CSF 
has been employed as a substitute for the canine reagent [2, 
16].

GM-CSF activity is usually measured by the proliferation 
of cells that are GM-CSF-dependent; e.g. TF-1 for hGM-
CSF [9]. The detection of augmented CD11b with GM-CSF 
is rapid and easy. CD11b expression on the surface of neu-
trophils has been reported to elevate by GM-CSF stimulation 
[12, 15]. Uchida et al. have reported that the quick elevation 
of CD11b expression on human neutrophils by GM-CSF 
stimulation was caused by its endogenous molecules but 
not de novo synthesis [20]. According to a modified Uchida 
method [20], we detected the activities of rhGM-CSFs in ca-
nine neutrophils in a dose-dependent manner. We conclude 
it may not be a problem to employ rhGM-CSF to canine 
experiment. This technique doesn’t require any GM-CSF-
dependent cell line and is applicable to every animal species.

Fig. 1.  Dose-response curves of CD11b expression with various granulocyte-macrophage 
colony-stimulating factors in canine granulocytes. Sigmoid curves represent dose-responses 
of molgramostim (solid circle), sargramostim (solid square), CHO-produced hGM-CSF 
(solid triangle) and canine GM-CSF (open circle and broken line). The points and bars show 
the average values and standard deviations from 4 animals, respectively. X and Y axes show 
the concentrations of GM-CSF (ng/ml) and stimulation indices, respectively.



UP-REGULATED CANINE CD11B WITH HUMAN GM-CSFS 1175

Furthermore, it has been reported that some mouse cells 
are not stimulated by hGM-CSF. However, McClure et al. 
proved that rhGM-CSF activated the BaF-B03 mouse cell 
line transfected with human GM-CSF receptor α subunit 
gene [13]. The intracytoplasmic region of the subunit did 
not participate in the signal transduction [23], which sug-
gests that the α subunit plays an important role in binding 
species-specifically to GM-CSF. Therefore, the α subunit 
of canine GM-CSF may have an effective affinity to rhGM-
CSF, although rhGM-CSFs had a weaker impact on canine 
granulocytes compared with canine rGM-CSF in this study. 
Therefore, to obtain an effect equivalent to an expected ac-
tivity in dogs with hGM-CSF, we must employ an approxi-
mately septuplet dose of rhGM-CSF (Table 1). Nevertheless, 
this indicates that rhGM-CSF can be a valuable tool for a 
canine study.

In addition, we also compared GM-CSFs from three 
different sources: E. coli, yeasts and CHO cells; although 
no significant difference was determined in ED50 for the 
three sources, E. coli-produced rhGM-CSF (molgramostim) 
revealed the highest activity. Moreover, Kelleher et al. de-
termined that E. coli-produced hGM-CSF had higher effi-
cacy with regard to the proliferation of TF-1 cells compared 
with that of CHO protein [8]. Although we are not able to 
explain why molgramostim exhibited the highest activity 
in our study, Kelleher et al. suggested that the difference 
was the result of the higher affinity of E. coli protein [8]. 
Molgramostim is not much different from the other two 
types investigated without their glycosylation, which may 
be involved in their 3-D conformation and homodimmer 
formation and/or interfere with their interactions with GM-
CSFR, affecting GM-CSF activity. Thus, the differences in 
glycosylation may be responsible for their varied activities.

ACKNOWLEDGMENTS. We thank Ms. Natuko Nogami, 
a Junior Research Assistant for her technical support. Sup-
ported by a grant from the Ministry of Health Labor and 
Welfare, Japan (H24-Rinkensui-Ippan-003) and in part by 
the program for the Strategic Research Foundation at Private 
Universities, 2009–12 of the Japanese Ministry of Educa-
tion, Culture, Sports, Science and Technology, Tokyo, Japan.

REFERENCES

 1. Al-Shami, A. and Naccache, P. H. 1999. Granulocyte-macro-
phage colony-stimulating factor-activated signaling pathways in 

human neutrophils. Involvement of jak2 in the stimulation of 
phosphatidylinositol 3-kinase. J. Biol. Chem. 274: 5333–5338. 
[Medline]  [CrossRef]

 2. Bergman, P. J., Camps-Palau, M. A., McKnight, J. A., Leibman, 
N. F., Craft, D. M., Leung, C., Liao, J., Riviere, I., Sadelain, M., 
Hohenhaus, A. E., Gregor, P., Houghton, A. N., Perales, M. A. 
and Wolchok, J. D. 2006. Development of a xenogeneic DNA 
vaccine program for canine malignant melanoma at the Animal 
Medical Center. Vaccine 24: 4582–4585. [Medline]  [CrossRef]

 3. Chen, Q., He, F., Kwang, J., Chan, J. K. and Chen, J. 2012. GM-
CSF and IL-4 stimulate antibody responses in humanized mice 
by promoting T, B, and dendritic cell maturation. J. Immunol. 
189: 5223–5229. [Medline]  [CrossRef]

 4. Choi, J. K., Kim, K. H., Park, H., Park, S. R. and Cho, B. H. 
2011. Granulocyte-macrophage colony-stimulating factor shows 
anti-apoptotic activity in neural progenitor cells via JAK/STAT5-
Bcl-2 pathway. Apoptosis 16: 127–134. [Medline]  [CrossRef]

 5. Fleetwood, A. J., Cook, A. D. and Hamilton, J. A. 2005. Func-
tions of granulocyte-macrophage colony-stimulating factor. 
Crit. Rev. Immunol. 25: 405–428. [Medline]  [CrossRef]

 6. Hughes, B. J., Holler, J. C., Crockett-Torabi, E. and Smith, C. 
W. 1992. Recruitment of CD11b/CD18 to the neutrophil sur-
face and adherence dependent locomotion. J. Clin. Invest. 90: 
1687–1696. [Medline]  [CrossRef]

 7. Kaatz, M., Berod, L., Czech, W., Idzko, M., Lagadari, M., 
Bauer, A. and Norgauer, J. 2004. Interleukin-5, interleukin-3 and 
granulocyte-macrophage colony-stimulating factor prime actin-
polymerization in human eosinophils: A study with hypodense 
and normodense eosinophils from patients with atopic dermati-
tis. Int. J. Mol. Med. 14: 1055–1060. [Medline]

 8. Kelleher, C. A., Wong, G. G., Clark, S. C., Schendel, P. F., Min-
den, M. D. and McCulloch, E. A. 1988. Binding of iodinated 
recombinant human GM-CSF to the blast cells of acute myelo-
blastic leukemia. Leukemia 2: 211–215. [Medline]

 9. Kitamura, T., Tange, T., Terasawa, T., Chiba, S., Kuwaki, T., Mi-
yagawa, K., Piao, Y. F., Miyazono, K., Urabe, A. and Takaku, F. 
1989. Establishment and characterization of a unique human cell 
line that proliferates dependently on GM-CSF, IL-3, or erythro-
poietin. J. Cell. Physiol. 140: 323–334. [Medline]  [CrossRef]

 10. Liontos, L. M., Dissanayake, D., Ohashi, P. S., Weiss, A., Drag-
one, L. L. and McGlade, C. J. 2011. The Src-like adaptor protein 
regulates GM-CSFR signaling and monocytic dendritic cell 
maturation. J. Immunol. 186: 1923–1933. [Medline]  [CrossRef]

 11. Lundahl, J., Jacobson, S. H. and Paulsson, J. M. 2012. IL-8 from 
local subcutaneous wounds regulates CD11b activation. Scand. 
J. Immunol. 75: 419–425. [Medline]  [CrossRef]

 12. Maurer, D., Fischer, G. F., Felzmann, T., Majdic, O., Gschwantler, 
E., Hinterberger, W., Wagner, A. and Knapp, W. 1991. Ratio of 
complement receptor over Fc-receptor III expression: a sensitive 
parameter to monitor granulocyte-monocyte colony-stimulating 

Table 1. Median effective doses of various granulocyte-macrophage colony-stimulating factors 
in expression of CD11b in canine granulocytes

GM-CSF ED50 (ng/ml) Specific activities  
(units/µg)

Relative activities (%) to 
canine GM-CSF in ED50

Molgramostim 3.09 ± 1.18 a 323.6 18.1
Sargramostim 4.09 ± 1.56 a 244.5 13.7
CHO hGM-CSF 4.27 ± 1.51 a 234.2 13.1
Canine GM-CSF 0.56 ± 0.46 a 1,785.7 −

a) Median effective dose (ED50) of canine granulocyte-macrophage colony-stimulating factor (GM-
CSF) significantly differed from those of hGM-CSFs according to the paired t-test results (P<0.05).

http://www.ncbi.nlm.nih.gov/pubmed/10026141?dopt=Abstract
http://dx.doi.org/10.1074/jbc.274.9.5333
http://www.ncbi.nlm.nih.gov/pubmed/16188351?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2005.08.027
http://www.ncbi.nlm.nih.gov/pubmed/23089398?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.1201789
http://www.ncbi.nlm.nih.gov/pubmed/21052840?dopt=Abstract
http://dx.doi.org/10.1007/s10495-010-0552-2
http://www.ncbi.nlm.nih.gov/pubmed/16167889?dopt=Abstract
http://dx.doi.org/10.1615/CritRevImmunol.v25.i5.50
http://www.ncbi.nlm.nih.gov/pubmed/1358917?dopt=Abstract
http://dx.doi.org/10.1172/JCI116041
http://www.ncbi.nlm.nih.gov/pubmed/15547673?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2834611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2663885?dopt=Abstract
http://dx.doi.org/10.1002/jcp.1041400219
http://www.ncbi.nlm.nih.gov/pubmed/21220694?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.0903292
http://www.ncbi.nlm.nih.gov/pubmed/22229891?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-3083.2012.02679.x


K. NAKAGAKI ET AL.1176

factor effect on neutrophils. Ann. Hematol. 62: 135–140. [Med-
line]  [CrossRef]

 13. McClure, B., Stomski, F., Lopez, A. and Woodcock, J. 2001. 
Perverted responses of the human granulocyte-macrophage 
colony-stimulating factor receptor in mouse cell lines due to 
cross-species beta-subunit association. Blood 98: 3165–3168. 
[Medline]  [CrossRef]

 14. Min, L., Mohammad Isa, S. A., Shuai, W., Piang, C. B., Nih, F. 
W., Kotaka, M. and Ruedl, C. 2010. Granulocyte-macrophage 
colony-stimulating factor is the major CD8+ T cell-derived 
licensing factor for dendritic cell activation. J. Immunol. 184: 
4625–4629. [Medline]  [CrossRef]

 15. Neuman, E., Huleatt, J. W. and Jack, R. M. 1990. Granulocyte-
macrophage colony-stimulating factor increases synthesis and 
expression of CR1 and CR3 by human peripheral blood neutro-
phils. J. Immunol. 145: 3325–3332. [Medline]

 16. Nothdurft, W., Selig, C., Fliedner, T. M., Hintz-Obertreis, P., 
Kreja, L., Krumwieh, D., Kurrle, R., Seiler, F. R. and Wein-
sheimer, W. 1992. Haematological effects of rhGM-CSF in dogs 
exposed to total-body irradiation with a dose of 2.4 Gy. Int. J. 
Radiat. Biol. 61: 519–531. [Medline]  [CrossRef]

 17. Reddy, A., Sapp, M., Feldman, M., Subklewe, M. and Bhardwaj, 
N. 1997. A monocyte conditioned medium is more effective than 
defined cytokines in mediating the terminal maturation of human 
dendritic cells. Blood 90: 3640–3646. [Medline]

 18. Schuening, F. G., Storb, R., Goehle, S., Nash, R., Graham, T. C., 
Appelbaum, F. R., Hackman, R., Sandmaier, B. M. and Urdal, 

D. L. 1989. Stimulation of canine hematopoiesis by recombinant 
human granulocyte-macrophage colony-stimulating factor. Exp. 
Hematol. 17: 889–894. [Medline]

 19. Trapnell, B. C. and Whitsett, J. A. 2002. GM-CSF regulates 
pulmonary surfactant homeostasis and alveolar macrophage-
mediated innate host-defense. Annu. Rev. Physiol. 64: 775–802. 
[Medline]  [CrossRef]

 20. Uchida, K., Beck, D. C., Yamamoto, T., Berclaz, P.Y., Abe, S., 
Staudt, M. K., Carey, B. C., Filippi, M.D., Wert, S. E., Denson, 
L. A., Puchalski, J. T., Hauck, D. M. and Trapnell, B. C. 2007. 
GM-CSF autoantibodies and neutrophil dysfunction in pulmo-
nary alveolar proteinosis. N. Engl. J. Med. 356: 567–579. [Med-
line]  [CrossRef]

 21. Vreugdenhil, G., Preyers, F., Croockewit, S., Sauerwein, R., 
Swaak, A. J. and de Witte, T. 1992. Fever in neutropenic patients 
treated with GM-CSF representing enhanced host defence. Lan-
cet 339: 1118–1119. [Medline]  [CrossRef]

 22. Wang, Y-S., Chi, K-H., Liao, K-W., Liu, C-C., Cheng, C-L., 
Lin, Y-C., Cheng, C-H. and Chu, R-M. 2007. Characterization 
of canine monocyte-derived dendritic cells with phenotypic and 
functional differentiation. Can. J. Vet. Res. 71: 165–174. [Med-
line]

 23. Watanabe, S., Aoki, Y., Nishijima, I., Xu, M.J. and Arai, K. 
2000. Analysis of signals and functions of the BA/F3 cells and 
transgenic mice colony-stimulating factor receptor in chimeric 
human granuloctye-macrophage. J. Immunol. 164: 3635–3644. 
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/1827739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1827739?dopt=Abstract
http://dx.doi.org/10.1007/BF01702927
http://www.ncbi.nlm.nih.gov/pubmed/11698308?dopt=Abstract
http://dx.doi.org/10.1182/blood.V98.10.3165
http://www.ncbi.nlm.nih.gov/pubmed/20357255?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.0903873
http://www.ncbi.nlm.nih.gov/pubmed/1977799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1349334?dopt=Abstract
http://dx.doi.org/10.1080/09553009214551281
http://www.ncbi.nlm.nih.gov/pubmed/9345048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2670596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11826288?dopt=Abstract
http://dx.doi.org/10.1146/annurev.physiol.64.090601.113847
http://www.ncbi.nlm.nih.gov/pubmed/17287477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17287477?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa062505
http://www.ncbi.nlm.nih.gov/pubmed/1349138?dopt=Abstract
http://dx.doi.org/10.1016/0140-6736(92)90717-H
http://www.ncbi.nlm.nih.gov/pubmed/17695590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17695590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10725720?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.164.7.3635

