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Abstract

The inflammatory response can be triggered by a number of different agents. Neutrophils are key players of the
inflammatory response and have both protective roles as well as worsening the response. This review article
examines potential areas of dampening the inflammatory response.
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Introduction
Inflammation is acute response to an injury. The inflammatory

response can be triggered by different injurious agents. Most
commonly, in the setting of critically ill patients, microorganisms and
trauma start the inflammatory cascade. Despite the evolution of
antibiotics, the inflammatory response can be dampened but not
completely inhibited. As a result sepsis continues to be a common
problem in the intensive care units. Over the last decade, the incidence
of sepsis has increased with a consequent rise in hospitalizations [1]. In
fact, the incidence of sepsis per 100,000 in the population has
increased from 83 in 1979 to 240 in 2000 [2]. It is expected that the
worldwide incidence of sepsis will continue to grow in the face of
antibiotic resistance, an increasing proportion of elderly people in the
population, and wider use of immunosuppressive therapies [3].

Neutrophils
Neutrophils are known to be ‘front-line’ defenders [4-7].

Neutrophils are continuously generated in the bone marrow from
myeloid precursors. In a normal adult their daily production can reach
up to 1-2 × 1011 cells [8], controlled by granulocyte colony stimulating
factor (G-CSF). G-CSF is a glycoprotein that influences the survival,
proliferation, differentiation, and function of mature neutrophil
granulocytes and their precursors [9]. During infections, G-CSF
becomes essential for tuning the production of neutrophils to meet
increased needs. However, the overall production of neutrophils is
largely regulated by the rate of apoptosis of neutrophils in tissues.

In order to maintain homeostasis, an equivalent number of
senescent neutrophils must be removed from the circulation.
Apoptotic or aged neutrophils are cleared primarily by resident tissue
macrophages in the liver, spleen, and bone marrow [10,11]. Normal
neutrophil turnover in humans is mediated by apoptosis [12], a process
that presumably downregulates proinflammatory capacity and
microbicidal function and prepares these cells for removal from the
tissues by macrophages [13]. Removal of neutrophils by apoptosis is an
essential phase in the normal resolution of the inflammatory response,
as it prevents damage to healthy tissues that would otherwise occur
following necrotic cell lysis. The number of neutrophils in the tissue

increases and, with time, these cells die by apoptosis and are removed
by macrophages and dendritic cells (DCs) [8] during an infection.

In addition to normal turnover, phagocytosis initiates a molecular
cascade of events that results in accelerated induction of apoptosis in
human PMNs [14]. Thus, apoptosis likely represents the terminal stage
of inflammation initiated by neutrophil activation.

Turnover of Neutrophils
Neutrophils have shorter life spans than do macrophages and mast

cells, and unlike macrophages and mast cells, neutrophils are released
into the blood as mature or nearly mature cells devoid of proliferative
potential [15]. In healthy individuals, neutrophils have a short half-life,
which usually does not exceed more than 12 hours and normally
ranges from 1.5-8 hours in the circulation (approximately 1.5 hours in
mice and 8 hours in humans) [16-18].

However, under inflammatory conditions, neutrophils become
activated and their longevity increases by several fold, which ensures
the presence of primed neutrophils at the site of inflammation [19].
The estimated time that neutrophils spend in the circulation increases
by tenfold, from 5-10 hours to 5.4 days [17]. When encountering an
inflammatory stimulus, apoptosis is avoided for 24 hours or longer
[20]. It is thought that a longer lifespan may allow neutrophils to carry
out more complex activities, including resolution of inflammation or
shaping adaptive immune responses, but their persistence in tissues
may lead to bystander cell injury [4]. Thus, in instances where there is
an excess of inflammatory stimuli, the prolongation of the neutrophil
lifespan can contribute greatly to the morbidity (and possible
mortality) associated with inflammation [13,21,22]. A prospective
multicenter observational study found that the percentage of
neutrophil apoptosis was significantly decreased at 24 hours, 5 days,
and 12 days after the diagnosis of septic shock (14.8% ± 13.4%, 13.4%
± 8.4%, and 15.4% ± 12.8%, respectively; P<0.0001) compared with the
control group (37.6% ± 12.8%) [23]. This longer lifespan of neutrophils
may set the basis for neutrophils to undergo phenotypic and functional
changes [24]. Apoptosis provides a mechanism for the clearance of
unwanted cells in a variety of situations in which programmed or
physiological cell death occurs [20]. It is through this mechanism that
neutrophils are able to maintain a homeostatic balance.

Neutrophils may extend their antibiotic activity beyond the life of
the neutrophil. The formation of neutrophil extracellular traps (NETs)
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is an alternative to death by necrosis or apoptosis. Highly activated
neutrophils can eliminate extracellular microorganisms by releasing
NETs, which are composed of decondensed DNA and proteins from
the cytosol, from granules (which disintegrated at the same time that
the nuclei dissolve), and from chromatin (histones) [25]. NETs
immobilize pathogens, thus
preventing them from spreading but also facilitating subsequent
phagocytosis. They are also
thought to directly kill pathogens by means of antimicrobial histones
and proteases [26,27].

Neutrophils are also involved in a special type of membrane tubulo-
vesicular extensions (TVEs, membrane tethers or cytonemes). TVEs
are involved in main aspects of neutrophil physiology. In the
bloodstream, the pulling and shedding of membrane tethers from
neutrophil cell bodies under shear stress controls the rolling [28]. The
increased nitric oxide (NO) concentration in infected lesions induces
formation of TVEs in neutrophils. Extracellular binding of bacteria by
neutrophil TVEs represents an alternative phagocytotic mechanism to
bind and kill pathogens [29-32].

The Death of Neutrophils
In physiological conditions, it is thought that neutrophils are mainly

cleared from the circulation in the liver, spleen, and bone marrow
[11,33]. In fact neutrophil numbers are controlled by a fine balance
between production, retention, mobilization, migration, and clearance.
Neutrophil retention in the bone marrow is regulated by the
coordinated action of CXCL12 and its receptor CXCR4. Increased
CXC-chemokine receptor 4 (CXCR4) expression is seen in aged
neutrophils, and this is thought to help direct them back to the bone
marrow, where they are then eliminated [4]. Neutrophils can also die
in the vasculature and be removed by Kupffer cells (liver-resident
macrophages) that live immobilized in the liver vasculature; this
applies to both senescent neutrophils and neutrophils that die after
fighting infection [11]. Finally, a recent aspect of neutrophil death has
described neutrophils as having the ability to break down their nuclear
contents and release them as NETs [25,34].

Circulating Neutrophils
In humans, 50-70% of circulating leukocytes are neutrophils [4].

They are the main cells which are recruited to the site of injury during
inflammation and are indispensable for defense against injurious
stimuli, including intruding microorganisms [7,8,35,36]. In the
circulation, mature neutrophils have an average diameter of 7-10 μm,
their nucleus is segmented, and their cytoplasm is enriched with
granules and secretory vesicles [8].

Different types of neutrophil granules are formed consecutively
during their maturation, and they are filled with proinflammatory
proteins [6,8,15,37]. The protein constituents of different granules are
defined by the timing of their biosynthesis during neutrophil
differentiation. Importantly, granule contents are also released
according to a hierarchy, with secretory granules being the most
readily exocytosed and azurophil granules only undergoing partial
exocytosis [38].

There are four main types of neutrophil granules. Azurophilic
(primary) granules contain MPO, defensins, and proteinases. Specific
(secondary) granules include proteins such as lactoferrin and
lysozyme, and gelatinase (tertiary) granules contain leukolysin and
matrix metalloproteinase 9 (MMP9; also known as gelatinase B) and

finally quaternary (secretory granules). Azurophilic (peroxidase-
positive) and specific (peroxidase-negative) granules can be further
subdivided. In humans, azurophilic granules can be differentiated into
defensin-high and defensin-low [39].

The various granule subtypes of human neutrophils are formed
sequentially during myeloid cell differentiation and differ in their
propensity for exocytosis. As a rule, granules formed at late stages of
myelopoiesis have a higher secretory potential than granules formed in
more immature myeloid cells [39]. Azurophil (peroxidase positive)
granules are the first to appear, and are traditionally defined by their
content of MPO. They are formed at the promyelocyte stage of
neutrophil development. Neutrophils contain four closely related
alpha-defensins, which are stored in a subset of azurophil granules.
These defensin-rich azurophil granules (DRG) are formed later than
defensin-poor azurophil granules, near the time of promyelocyte-
myelocyte transition [40,41].

Summary
Neutrophils are key players in the inflammatory process. Perhaps

neutrophil granules can be used as potential biomarkers to help
quantify the inflammatory response. This would be very useful for
patients who present with sepsis or another inflammatory flare of their
underlying disease. It would not only help direct therapy but possibly
help with overall prognosis. This is a new area of study which could be
better explored in a randomized controlled study and could potentially
impact on patient care.

References
1. Kumar G, Kumar N, Taneja A, Kaleekal T, Tarima S, et al. (2011)

Nationwide trends of severe sepsis in the 21st century (2000-2007). Chest
140: 1223-1231.

2. Martin GS, Mannino DM, Eaton S, Moss M (2003) The epidemiology of
sepsis in the United States from 1979 through 2000. N Engl J Med 348:
1546-1554.

3. Iskander K, Osuchowski MF, Stearns-Kurosawa DJ, Kurosawa S, Stepien
D, et al. (2013) Sepsis: Multiple Abnormalities, Heterogeneous Responses,
and Evolving Understanding. Physiol Rev 93: 1247-1288.

4. Kolaczkowska E, Kubes P (2013) Neutrophil recruitment and function in
health and inflammation. Nat Rev Immunol 13: 159-175.

5. Mantovni ACM (2011) Neutrophils in the activation and regulation of
innate and adaptive immunity. Nature Rev Immunol 11: 519-531.

6. Kumar V, Sharma A (2010) Neutrophils: Cinderella of innate immune
system. Int Immunopharmacol 10: 1325-1334.

7. Serhan CN, Brain SD, Buckley CD, Gilroy DW, Haslett C, et al. (2007)
Resolution of inflammation: state of the art, definitions and terms. FASEB
J 21: 325-332.

8. Borregaard N (2010) Neutrophils, from marrow to microbes. Immunity
33: 657-670.

9. Lieschke GJ, Grail D, Hodgson G, Metcalf D, Stanley E, et al. (1994) Mice
lacking granulocyte colony-stimulating factor have chronic neutropenia,
granulocyte and macrophage progenitor cell deficiency, and impaired
neutrophil mobilization. Blood 84: 1737-46.

10. Furze RC, Rankin SM (2008) The role of the bone marrow in neutrophil
clearance under homeostatic conditions in the mouse. FASEB J 22:
3111-3119.

11. Shi J, Gilbert GE, Kokubo Y, Ohashi T (2001) Role of the liver in
regulating numbers of circulating neutrophils. Blood 98: 1226-30.

12. Whyte MK, Meagher LC, MacDermot J, Haslett C (1993) Impairment of
function in aging neutrophils is associated with apoptosis. J Immunol
150: 5124-5134.

Citation: Morriello F (2016) Neutrophils and Inflammation: Unraveling a New Connection. Biol Med (Aligarh) 8: 325. doi:
10.4172/0974-8369.1000325

Page 2 of 3

Biol Med (Aligarh), an open access journal
ISSN:0974-8369

Volume 8 • Issue 6 • 1000325

http://journal.publications.chestnet.org/data/Journals/CHEST/23324/Data_supp_v140_i5_p1223_110352.pdf
http://journal.publications.chestnet.org/data/Journals/CHEST/23324/Data_supp_v140_i5_p1223_110352.pdf
http://journal.publications.chestnet.org/data/Journals/CHEST/23324/Data_supp_v140_i5_p1223_110352.pdf
http://www.nejm.org/doi/pdf/10.1056/NEJMoa022139
http://www.nejm.org/doi/pdf/10.1056/NEJMoa022139
http://www.nejm.org/doi/pdf/10.1056/NEJMoa022139
http://physrev.physiology.org/content/physrev/93/3/1247.full.pdf
http://physrev.physiology.org/content/physrev/93/3/1247.full.pdf
http://physrev.physiology.org/content/physrev/93/3/1247.full.pdf
http://www.nature.com/nri/journal/v13/n3/abs/nri3399.html
http://www.nature.com/nri/journal/v13/n3/abs/nri3399.html
http://www.nature.com/nri/journal/v11/n8/full/nri3024.html
http://www.nature.com/nri/journal/v11/n8/full/nri3024.html
http://isites.harvard.edu/fs/docs/icb.topic1290469.files/PMN%20review.pdf
http://isites.harvard.edu/fs/docs/icb.topic1290469.files/PMN%20review.pdf
http://www.fasebj.org/content/21/2/325.full.pdf+html
http://www.fasebj.org/content/21/2/325.full.pdf+html
http://www.fasebj.org/content/21/2/325.full.pdf+html
http://www.fasebj.org/content/22/9/3111.abstract
http://www.fasebj.org/content/22/9/3111.abstract
http://www.fasebj.org/content/22/9/3111.abstract
http://www.bloodjournal.org/content/98/4/1226?sso-checked=true
http://www.bloodjournal.org/content/98/4/1226?sso-checked=true
http://www.jimmunol.org/content/150/11/5124.abstract
http://www.jimmunol.org/content/150/11/5124.abstract
http://www.jimmunol.org/content/150/11/5124.abstract


13. Savill J (1997) Apoptosis in resolution of inflammation. J Leukoc Biol 61:
375-380.

14. Kobayashi SD, DeLeo FR (2003) Apoptosis in human polymorphonuclear
leukocytes: searching for a genetic roadmap. Arch Immunol Ther Exp
(Warsz) 51: 1-8.

15. Galli SJ, Borregaard N, Wynn TA (2011) Phenotypic and functional
plasticity of cells of innate immunity: macrophages, mast cells and
neutrophils. Nat Immunol 12: 1035-1044.

16. Basu S, Hodgson G, Katz M, Dunn AR (2002) Evaluation of role of G-
CSF in the production, survival, and release of neutrophils from bone
marrow into circulation. Blood 100: 854-861.

17. Pillay J, den Braber I, Vrisekoop N, Kwast LM, de Boer RJ, et al. (2010) In
vivo labeling with 2H2O reveals a human neutrophil lifespan of 5.4 days.
Blood 116: 625-627.

18. Suratt BT, Young SK, Lieber J, Nick JA, Henson PM, et al. (2001)
Neutrophil maturation and activation determine anatomic site of
clearance from circulation. Am J Physiol Lung Cell Mol Physiol 281:
L913-921.

19. Summers C, Rankin SM, Condliffe AM, Singh N, Peters AM, Chilvers ER
(2010) Neutrophil kinetics in health and disease. Trends Immunol 31:
318-324.

20. Lee A, Whyte MK, Haslett C (1993) Inhibition of apoptosis and
prolongation of neutrophil functional longevity by inflammatory
mediators. J Leukoc Biol 54: 283-288.

21. Haslett C, Savill JS, Meagher L (1989) The neutrophil. Curr Opin
Immunol 2: 10-18.

22. Savill JS, Wyllie AH, Henson JE, Walport MJ, Henson PM, et al. (1989)
Macrophage phagocytosis of aging neutrophils in inflammation.
Programmed cell death in the neutrophil leads to its recognition by
macrophages. J Clin Invest 83: 865-875.

23. Tamayo E, Gomez E, Bustamante J, Gomez-Herreras JI, Fonteriz R, et al.
(2012) Evolution of neutrophil apoptosis in septic shock survivors and
nonsurvivors. J Crit Care,27: 415 e411-411.

24. Silvestre-Roig C, Hidalgo A, Soehnlein O (2016) Neutrophils
heterogeneity: implications for homeostasis and pathogenesis. Blood 127:
2173-2181.

25. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, et al.
(2004) Neutrophil extracellular traps kill bacteria. Science 303:
1532-1535.

26. Papayannopoulos V, Zychlinsky A (2009) NETs: a new strategy for using
old weapons. Trends Immunol 30: 513-521.

27. Phillipson M, Kubes P (2011) The neutrophil in vascular inflammation.
Nat Med 17: 1381-1390.

28. Ramachandran V, Williams M, Yago T, Schmidtke DW, McEver RP (2004)
Dynamic alterations of membrane tethers stabilize leukocyte rolling on P-
selectin. Proc Natl Acad Sci U S A 101: 13519-24.

29. Galkina SI, Molotkovsky JG, Ullrich V, Sud’ina GF (2005) Scanning
electron microscopy study of neutrophil membrane tubulovesicular
extensions (cytonemes) and their role in anchoring, aggregation and
phagocytosis. The effect of nitric oxide. Exp Cell Res 304: 620-9.

30. Galkina SI, Romanova JM, Stadnichuk VI, Molotkovsky JG, Sud’ina GF, et
al. (2009) Nitric oxide- induced membrane tubulovesicular extensions
(cytonemes) of human neutrophils catch and hold Salmonella enterica
serovar Typhimurium at a distance from the cell surface. FEMS Immunol
Med Microbiol 56: 162-71.

31. Galkina SI, Stadnichuk VI, Molotkovsky JG, Romanova JM, Sud’ina GF, et
al. (2010) Microbial alkaloid staurosporine induces formation of
nanometer-wide membrane tubular extensions (cytonemes, membrane
tethers) in human neutrophils. Cell Adh Migr 4: 32-8.

32. Galkina SI, Fedorova NV, Serebryakova MV, Romanova JM, Golyshev SA,
et al. (2012) Proteome analysis identified human neutrophil membrane
tubu- lovesicular extensions (cytonemes, membrane teth- ers) as
bactericide trafficking. Biochim Biophys Acta 1820: 1705-14.

33. Hong C, Kidani YN, Phung AG, Ito T, Rong A, et al. (2012) Coordinate
regulation of neutrophil homeostasis by liver X receptors in mice. J Clin
Invest 122: 337-347.

34. Yipp BG, Petri B, Salina D, Jenne CN, Scott BN, et al. (2012) Infection-
induced NETosis is a dynamic process involving neutrophil multitasking
in vivo. Nat Med 18: 1386-1393.

35. Fujiwara N, Kobayashi K (2005) Macrophages in inflammation. Curr
Drug Targets Inflamm Allergy 4: 281-286.

36. Smith JA (1994) Neutrophils, host defense, and inflammation: a double-
edged sword. J Leukoc Biol 56: 672-686.

37. Hager M, Cowland JB, Borregaard N (2010) Neutrophil granules in
health and disease. J Intern Med 268: 25-34.

38. Pham CTN (2006) Neutrophil serine proteases: specific regulators of
inflammation. Nat Rev Immunol 6: 541-550.

39. Faurschou M, Sørensen OE, Johnsen AH, Askaa J, Borregaard N (2002)
Defensin-rich granules of human neutrophils: characterization of
secretory properties. Biochim Biophys Acta 1591: 29-35.

40. Bainton DF, Ullyot JL, Farquhar MG (1971) The development of
neutrophilic polymorphonuclear leukocytes in human bone marrow. J
Exp Med 134: 907-934.

41. Borregaard N, Sehested M, Nielsen BS, Sengelov H, Kjeldsen L (1995)
Biosynthesis of granule proteins in normal human bone marrow cells.
Gelatinase is a marker of terminal neutrophil differentiation. Blood 85:
812-817.

 

Citation: Morriello F (2016) Neutrophils and Inflammation: Unraveling a New Connection. Biol Med (Aligarh) 8: 325. doi:
10.4172/0974-8369.1000325

Page 3 of 3

Biol Med (Aligarh), an open access journal
ISSN:0974-8369

Volume 8 • Issue 6 • 1000325

http://www.jleukbio.org/content/61/4/375.abstract
http://www.jleukbio.org/content/61/4/375.abstract
https://www.iitd.pan.wroc.pl/files/AITEFullText/51z101.pdf
https://www.iitd.pan.wroc.pl/files/AITEFullText/51z101.pdf
https://www.iitd.pan.wroc.pl/files/AITEFullText/51z101.pdf
http://www.nature.com/ni/journal/v12/n11/abs/ni.2109.html
http://www.nature.com/ni/journal/v12/n11/abs/ni.2109.html
http://www.nature.com/ni/journal/v12/n11/abs/ni.2109.html
http://www.bloodjournal.org/content/bloodjournal/100/3/854.full.pdf?sso-checked=true
http://www.bloodjournal.org/content/bloodjournal/100/3/854.full.pdf?sso-checked=true
http://www.bloodjournal.org/content/bloodjournal/100/3/854.full.pdf?sso-checked=true
http://www.bloodjournal.org/content/116/4/625
http://www.bloodjournal.org/content/116/4/625
http://www.bloodjournal.org/content/116/4/625
http://www.jleukbio.org/content/54/4/283.abstract
http://www.jleukbio.org/content/54/4/283.abstract
http://www.jleukbio.org/content/54/4/283.abstract
https://www.jci.org/articles/view/113970
https://www.jci.org/articles/view/113970
https://www.jci.org/articles/view/113970
https://www.jci.org/articles/view/113970
http://www.bloodjournal.org/content/127/18/2173?sso-checked=true
http://www.bloodjournal.org/content/127/18/2173?sso-checked=true
http://www.bloodjournal.org/content/127/18/2173?sso-checked=true
http://science.sciencemag.org/content/303/5663/1532
http://science.sciencemag.org/content/303/5663/1532
http://science.sciencemag.org/content/303/5663/1532
http://www.sciencedirect.com/science/article/pii/S1471490609001550
http://www.sciencedirect.com/science/article/pii/S1471490609001550
http://www.nature.com/nm/journal/v17/n11/full/nm.2514.html
http://www.nature.com/nm/journal/v17/n11/full/nm.2514.html
http://www.sciencedirect.com/science/article/pii/S0014482704007281
http://www.sciencedirect.com/science/article/pii/S0014482704007281
http://www.sciencedirect.com/science/article/pii/S0014482704007281
http://www.sciencedirect.com/science/article/pii/S0014482704007281
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-695X.2009.00560.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-695X.2009.00560.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-695X.2009.00560.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-695X.2009.00560.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-695X.2009.00560.x/pdf
https://www.jci.org/articles/view/58393
https://www.jci.org/articles/view/58393
https://www.jci.org/articles/view/58393
http://f1000.com/prime/717955861
http://f1000.com/prime/717955861
http://f1000.com/prime/717955861
http://www.jleukbio.org/content/56/6/672.abstract
http://www.jleukbio.org/content/56/6/672.abstract
http://www.nature.com/nri/journal/v6/n7/full/nri1841.html
http://www.nature.com/nri/journal/v6/n7/full/nri1841.html

	Contents
	Neutrophils and Inflammation: Unraveling a New Connection
	Abstract
	Keywords:
	Introduction
	Neutrophils
	Turnover of Neutrophils
	The Death of Neutrophils
	Circulating Neutrophils
	Summary
	References


