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Table 1. Lambda DNA was measured using SYTOX Green.

Acetate 
Lambda DNA 0 ng/mL 1 ng/mL 3 ng/mL 5 ng/mL

Mean SD Mean SD Mean SD Mean SD

  0 mM 4,278 386 166,649 14,119 403,841 58,468 576,097 42,468 
25 mM 4,344 445 164,181 14,809 419,319 51,839 576,772 68,383 
50 mM 4,466 547 157,233 10,602 423,093 40,819 579,226 85,789 

The linearity was unaffected by the addition of 25 or 50 mM acetate. No statistically significant difference was observed between the data with
and without acetate addition (N=6). 
Abbreviation: SD, standard deviation.
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Acetate moderately attenuates the 
generation of neutrophil extracellular 
traps 

TO THE EDITOR: It has been suggested that short-chain 
fatty acids (SCFAs) such as acetate, propionate, and butyrate, 
which are produced by the microbial fermentation of dietary 
fiber in the gut, exhibit several immunologic or metabolic 
effects. For example, SCFAs can modulate neutrophil migra-
tion [1, 2], induce the differentiation of regulatory T cells 
[3], and inhibit tumor necrosis factor- production from 
macrophages [4, 5].

Recently, Vieira et al. [6] reported that treatment with 
acetate accelerated the resolution of inflammation in ex-
perimental mouse models of gout. The effects of acetate 
were shown to be mediated by accelerated neutrophil apop-
tosis, enhanced efferocytosis, reduced nuclear factor-B ac-
tivity, and an enhanced production of anti-inflammatory 
mediators including interleukin-10, transforming growth 
factor-, and annexin A1.

Neutrophils exert their anti-microbial functions through 
the formation of neutrophil extracellular traps (NETs), the 
production of reactive oxygen species, and the secretion 
of several proteases such as elastase, lactoferrin, and lysozyme. 
NETs are composed of decondensed chromatin fibers coated 
with antimicrobial proteins such as myeloperoxidase, neu-
trophil elastase, and -defensin [7]. However, NETs contrib-
ute to organ damage including acute lung injury, thrombosis 
formation, autoimmune pathologies, metastasis of malignant 
tumors, and atherosclerosis [7]. In this study, we investigated 
the effects of acetate on the formation of NETs.

The following methods were utilized. Heparinized pe-
ripheral blood was collected from healthy volunteers after 
obtaining their written informed consent. Neutrophil sepa-
ration (＞90% purity) was performed as reported previously 
[8]. This study was approved by the Ethics Committee of 
Himeji Dokkyo University (12-01, 17-08).

Phorbol myristate acetate (PMA), bovine serum albumin, 
nuclease from Staphylococcus aureus, ethylene glycol tetra-
acetic acid, diphenylene iodonium (DPI), and acetate were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). SYTOX 
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Fig. 1. Effects of short-chain fatty acids on NET generation and reactive
oxygen species production. A quantitative analysis revealed that 
acetate had a dose-dependent inhibitory activity on NETs generation, 
although its potency was lower than that of DPI.

Fig. 2. Morphological observation by fluorescence microscopy. SYTOX Green staining revealed the ability of acetate to inhibit NETs. (A, E, I) Control;
(B, F, J) 25 mM acetate alone; (C, G, K) 50 nM PMA alone; (D, H, L) 50 nM PMA with 25 mM acetate. (A–D, SYTOX Green staining) (E–H, SYTO 59
Red staining) (I–L, phase-contrast micrographs, ×100). 

Green and SYTO 59 Red were obtained from Molecular 
Probes (Eugene, OR, USA). 

Quantitative analysis was performed as described by 
Palmer et al. [9] with partial modification as reported pre-
viously [8]. Briefly, a 96-well plate was coated with 1% 
bovine serum albumin and 0.2 mL of purified neutrophils 
suspended in Roswell Park Memorial Institute 1640 medium 
was added to each well. The cells were stimulated with 
PMA for 3 hours at 37oC in humidified air with 5% CO2 
and acetate was simultaneously added. After nuclease treat-
ment, the cells were transferred to Eppendorf tubes and 
centrifuged at 1,800× g for 10 min at 4oC. SYTOX Green, 
which is a nucleic acid stain that cannot permeate live cells, 
was added to the supernatants at a final concentration of 
2.9 M and fluorescence was detected at excitation and 
emission wavelengths of 488 and 520 nm, respectively. 
Relative fluorescence was then calculated by comparison 
with controls. The linearity of this method was confirmed 
again [8] and the addition of 25 or 50 mM acetate to this 
system did not alter the results (Table 1).
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Table 2. Superoxide was detected using chemiluminescence.

PMA (nM) 0 16 32

Acetate (mM) 0 25 0 25 0 25 -
DPI (mM) - - - - - - 0.01
Mean 3,250 3,305 30,106 29,550 37,149 35,545 6,681
SD 315 289 2,524 4,269 3,304 5,670 514
N 3 3 6 6 6 6 3
P 0.641 0.771 0.563 ＜0.01

Superoxide production induced by PMA was unaffected by 25 mM acetate. 
Abbreviation: SD, standard deviation.

For morphological analysis, purified neutrophils were sus-
pended in Hank’s balanced salt solution with 5% heat-in-
activated autologous serum at 1×109 cells/L. This cell suspen-
sion (250 L) was then added to 35-mm glass-bottomed 
dishes coated with poly-ʟ-lysine (Sigma-Aldrich) and in-
cubated under the same conditions as those used for quanti-
tative analysis. Next, SYTOX Green and SYTO 59 Red, which 
are both cell-permeable nucleic acid stains, were added 
at a concentration of 4 M and stained neutrophils were 
observed under a fluorescence microscope (TH4-100 Cell 
Sens; Olympus, Tokyo, Japan) [8].

Superoxide production was detected by means of chem-
iluminescence with a device manufactured by Hamamatsu 
Photonics (Hamamatsu, Japan) as previously reported [10]. 
EZR (Easy R) was used for all statistical analyses [11], and 
paired t-tests were used to compare data from the two groups.

The following results were obtained. At concentrations 
exceeding 0.5 mM, acetate significantly inhibited PMA-in-
duced NETs generation (Fig. 1, N=3–4) in a dose-dependent 
manner. However, the inhibition exerted by acetate was 
less potent than that exerted by DPI, which is a nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase inhibitor. 
A trypan blue dye exclusion test revealed that more than 
98.5% of the cells were viable after 3 hours of incubation 
with 25 mM acetate. Fluorescence microscopic observation 
also revealed the inhibitory effect of acetate on PMA-in-
duced NETs (Fig. 2). Micrographs are shown of the control 
(Fig. 2A), acetate treatment (25 mM) alone (Fig. 2B), the 
positive control treated with 50 nM PMA (Fig. 2C), and 
the combination of PMA and acetate (Fig. 2D). Figs. 2E–H 
show the corresponding SYTO 59 Red images of the corre-
sponding areas and Figs. 2I–L show phase-contrast micrographs. 
These findings clearly indicate that treatment with 25 mM 
acetate attenuated PMA-induced NETs formation.

Since reactive oxygen species production is a prerequisite 
for PMA-induced NETs formation, the effects of acetate 
on superoxide formation were assessed by chemiluminescence. 
As shown in Table 2, acetate did not inhibit the induction 
of superoxide formation by either 8 or 16 nM PMA.

The concentration of acetate in the portal vein is re-
portedly 0.1–0.3 mM and that in the lumen of the colon 
is 20–140 mM [12]. In our experiments, low concentrations 
of acetate weakly inhibited PMA-induced NET formation, 

while higher concentrations similar to those available in 
the colonic lumen moderately inhibited NET formation, 
although the inhibitory effect of acetate was weaker than 
that of DPI. Considering these results, the biological sig-
nificance of SCFAs in inflammatory bowel diseases (IBDs) 
is of interest. In the pathogenesis of IBDs such as ulcerative 
colitis and Crohn’s disease, neutrophil activation is thought 
to result in tissue damage. NET production, in particular, 
has been shown to be involved in the thromboembolic 
events that are frequently observed in IBD patients [13]. 
Although pharmaceutical approaches for the control of IBDs 
have improved, a high proportion of patients remain re-
fractory to current drugs. However, ongoing human studies 
have indicated that interventions with dietary fiber, which 
induces SCFAs generation through fermentation, show ben-
eficial outcomes for IBDs [14]. The moderate inhibition 
of NETs generation by acetate as described here may be 
relevant to these clinical observations. Thus, studies are 
needed to determine the effects of combined treatments 
with acetate and other neutrophil-inhibitory substances 
such as antioxidants [15].

The effects of acetate are reportedly related to the G-pro-
tein-coupled receptor GPR43, which has been shown to 
be expressed on neutrophils [2]. Based on these findings, 
it is necessary to clarify the mechanism by which SCFAs 
can inhibit the activation of neutrophils.

Conclusion
NET formation is moderately inhibited by acetate through 

a currently unknown mechanism that is unrelated to 
NADPH oxidase inhibition. 
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Granulocytic dysplasia: an indicator of 
clonal evolution in patients with 
chronic myeloid leukemia

TO THE EDITOR: A 38-year-old man with history of cor-
rected rheumatic heart disease was incidentally diagnosed 
with BCR-ABL1-positive chronic myeloid leukemia (CML). 
He was treated with imatinib 400 mg/day, with which he 
achieved major molecular remission (MMR) after 12 months 
of therapy. He was followed up regularly with examinations 
of complete blood counts and 6-monthly quantitative 
BCR-ABL1 transcript levels, which improved to MR4.5 in 
24 months. After 4 years of regular treatment with good 
drug compliance, he showed loss of MMR on routine testing 
with increased BCR-ABL1/ABL1 transcript levels of up to 
32.4% on the international standard (IS) scale. Hemogram 
showed hemoglobin level of 68 g/L, leukocyte count of 
4.6×109/L, and platelet count of 202×109/L. Peripheral blood 
film (PBF) showed leukoerythroblastic picture with eosino-
philia (13%), basophilia (10%), and significant dysgranulo-
poiesis (Fig. 1A-C). Bone marrow was markedly hyper-
cellular with 4% blasts, marked dysgranulopoiesis, dysmega-
karyopoiesis (＞90% dwarf forms) (Fig. 1D, E), eosinophilia 
(16%), and basophilia (9%). This morphology was consistent 
with a loss of hematological responses. Conventional cytoge-
netics revealed 49,XY,+8,t(9;22)(q34;q11.2),i(17)(q10),+der 
(22)t(9;22)(q34;q11.2). Fluorescent in situ hybridization 
(FISH) using the Vysis BCR/ABL1/ASS1 Tri-Color Dual 
Fusion Probe and TP53/CEP17 dual colour Probe (Abbott 
Molecular, Abbot Park, IL, USA) confirmed the presence 
of an additional Philadelphia chromosome and loss of one 
copy of TP53 gene in concordance with isochromosome 
17q (Fig. 1F, G). In a patient who previously achieved MMR, 
these cytogenetic abnormalities suggest clonal evolution and 
hence are consistent with accelerated phase of CML. In 
view of secondary resistance to imatinib therapy, ABL kinase 
domain mutation analysis by Sanger sequencing was per-
formed, which did not reveal any mutations. He was sub-
sequently administered dasatinib 100 mg daily. However, 
after 2 weeks of treatment, the patient developed symptoms 
of fluid overload and heart failure attributed to dasatinib. 
The dose of dasatinib was then decreased to 50 mg daily, 
which was well tolerated. The patient showed normalization 


