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 ITEM RECOMMENDATION 
Section/ 
Paragraph 

Title 1 Provide as accurate and concise a description of the content of the article 

as possible. 

      

Abstract 2 Provide an accurate summary of the background, research objectives, 

including details of the species or strain of animal used, key methods, 

principal findings and conclusions of the study. 

      

INTRODUCTION  

Background 3 a. Include sufficient scientific background (including relevant references to 

previous work) to understand the motivation and context for the study, 

and explain the experimental approach and rationale. 

b. Explain how and why the animal species and model being used can 

address the scientific objectives and, where appropriate, the study’s 

relevance to human biology. 

      

Objectives 4 Clearly describe the primary and any secondary objectives of the study, or 

specific hypotheses being tested. 

      

METHODS  

Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (e.g. 

Animal [Scientific Procedures] Act 1986), and national or institutional 

guidelines for the care and use of animals, that cover the research. 

      

Study design 6 For each experiment, give brief details of the study design including: 

a. The number of experimental and control groups. 

b. Any steps taken to minimise the effects of subjective bias when 

allocating animals to treatment (e.g. randomisation procedure) and when 

assessing results (e.g. if done, describe who was blinded and when). 

c. The experimental unit (e.g. a single animal, group or cage of animals). 

A time-line diagram or flow chart can be useful to illustrate how complex 

study designs were carried out. 

      

Experimental 
procedures 

7 For each experiment and each experimental group, including controls, 

provide precise details of all procedures carried out. For example: 

a. How (e.g. drug formulation and dose, site and route of administration, 

anaesthesia and analgesia used [including monitoring], surgical 

procedure, method of euthanasia). Provide details of any specialist 

equipment used, including supplier(s). 

b. When (e.g. time of day). 

c. Where (e.g. home cage, laboratory, water maze). 

d. Why (e.g. rationale for choice of specific anaesthetic, route of 

administration, drug dose used). 

      

Experimental 
animals 

8 a. Provide details of the animals used, including species, strain, sex, 

developmental stage (e.g. mean or median age plus age range) and 

weight (e.g. mean or median weight plus weight range). 

b. Provide further relevant information such as the source of animals, 

international strain nomenclature, genetic modification status (e.g. 

knock-out or transgenic), genotype, health/immune status, drug or test 

naïve, previous procedures, etc. 

      

 

The ARRIVE guidelines. Originally published in PLoS Biology, June 2010
1



 

Housing and 
husbandry 

9 Provide details of: 

a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or 

housing; bedding material; number of cage companions; tank shape and 

material etc. for fish). 

b. Husbandry conditions (e.g. breeding programme, light/dark cycle, 

temperature, quality of water etc for fish, type of food, access to food 

and water, environmental enrichment). 

c. Welfare-related assessments and interventions that were carried out 

prior to, during, or after the experiment. 

      

Sample size 10 a. Specify the total number of animals used in each experiment, and the 

number of animals in each experimental group.  

b. Explain how the number of animals was arrived at. Provide details of any 

sample size calculation used. 

c. Indicate the number of independent replications of each experiment, if 

relevant. 

      

Allocating 
animals to 
experimental 
groups 

11 a. Give full details of how animals were allocated to experimental groups, 

including randomisation or matching if done. 

b. Describe the order in which the animals in the different experimental 

groups were treated and assessed. 

      

Experimental 
outcomes 

12 Clearly define the primary and secondary experimental outcomes assessed 

(e.g. cell death, molecular markers, behavioural changes). 

      

Statistical 
methods 

13 a. Provide details of the statistical methods used for each analysis. 

b. Specify the unit of analysis for each dataset (e.g. single animal, group of 

animals, single neuron). 

c. Describe any methods used to assess whether the data met the 

assumptions of the statistical approach. 

      

RESULTS  

Baseline data 14 For each experimental group, report relevant characteristics and health 

status of animals (e.g. weight, microbiological status, and drug or test naïve) 

prior to treatment or testing. (This information can often be tabulated). 

      

Numbers 
analysed 

15 a. Report the number of animals in each group included in each analysis. 

Report absolute numbers (e.g. 10/20, not 50%
2
). 

b. If any animals or data were not included in the analysis, explain why. 

      

Outcomes and 
estimation 

16 Report the results for each analysis carried out, with a measure of precision 

(e.g. standard error or confidence interval). 

      

Adverse events 17 a. Give details of all important adverse events in each experimental group. 

b. Describe any modifications to the experimental protocols made to 

reduce adverse events. 

      

DISCUSSION  

Interpretation/ 
scientific 
implications 

18 a. Interpret the results, taking into account the study objectives and 

hypotheses, current theory and other relevant studies in the literature. 

b. Comment on the study limitations including any potential sources of bias, 

any limitations of the animal model, and the imprecision associated with 

the results
2
. 

c. Describe any implications of your experimental methods or findings for 

the replacement, refinement or reduction (the 3Rs) of the use of animals 

in research. 

      

Generalisability/ 
translation 

19 Comment on whether, and how, the findings of this study are likely to 

translate to other species or systems, including any relevance to human 

biology. 

      

Funding 20 List all funding sources (including grant number) and the role of the 

funder(s) in the study. 
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	Text2: Our previous studies have shown that nutritional zinc restriction exacerbates airway inflammation accompanied by an increase in caspase-3 activation and an accumulation of apoptotic epithelial cells in the bronchioles of the mice. Normally, apoptotic cells are rapidly cleared  by macrophage efferocytosis, limiting any secondary necrosis and inflammation. We therefore hypothesized that zinc deficiency is not only pro-apoptotic but also impairs macrophage efferocytosis. Impaired efferocytic clearance of apoptotic epithelial cells by alveolar macrophages occurs in chronic obstructive pulmonary disease (COPD), cigarette-smoking and other lung inflammatory diseases.  We now show that zinc is a factor in impaired macrophage efferocytosis in COPD. Concentrations of zinc were significantly reduced in the supernatant of bronchoalveolar lavage  fluid of patients with COPD who were current smokers, compared to healthy controls, smokers or COPD patients not actively smoking. Lavage zinc was positively correlated with AM efferocytosis and there was decreased efferocytosis in macrophages depleted of Zn in vitro by treatment with the membrane-permeable  zinc chelator TPEN. Organ and cell Zn homeostasis are mediated by two families of membrane ZIP and ZnT  proteins. Macrophages of mice null for ZIP1 had significantly lower intracellular zinc and efferocytosis capability, suggesting ZIP1 may play an important role.  We investigated further using the human THP-1 derived macrophage cell line, with and without  zinc chelation by TPEN to mimic zinc deficiency. There was no change in ZIP1 mRNA levels by TPEN but a significant 3-fold increase in expression of another influx transporter ZIP2, consistent with a role for ZIP2 in maintaining macrophage Zn levels. Both ZIP1 and ZIP2 proteins were localized to the plasma membrane in normal human lung alveolar macrophages. We propose that zinc homeostasis in macrophages involves the coordinated action of ZIP1 and ZIP2 transporters responding differently to zinc deficiency signals and that these play important roles in macrophage efferocytosis.
	Text3: a) The phagocytic activity of macrophages is important not only for immune response to micro-organisms but also for removal of apoptotic cells in tissues in a process known as efferocytosis (Latin, efferre, “to carry to the grave”). Impairment of efferocytosis can lead to accumulation of apoptotic cells and their secondary necrosis, releasing factors that promote an inflammatory response. Efferocytosis is impaired by a number of agents including cigarette smoke and is an important pathogenic mechanism in chronic inflammatory diseases of the lung such as chronic obstructive pulmonary disease (COPD). There is interest, therefore, in factors which regulate efferocytosis. 

One such factor is zinc (Zn), the second most abundant metal in the body and important for many physiological and pathological processes, especially in the immune system. Increased prevalence of obstructive lung disorders  and lung (but not breast or prostate) cancer  are associated with low dietary Zn intake and thought to be due, at least in part, to protective effects of Zn against cadmium, a metal ion with similar chemistry to Zn but which is toxic and accumulates in AM  of smokers. Amongst the actions of Zn ions on the immune system are its effects on phagocytic cells including monocytes, macrophages and dendritic cells. Phagocytosis is impaired in Zn deficient mice and restored by Zn supplements. Studies from Guidot and colleagues  have suggested links between lung injury, impaired phagocytosis and Zn deficiency. In rats, stresses to the lung caused by alcohol  or virus  resulted in significant decreases in GM-CSF receptor expression and phagocytosis of bacteria by AM. These were accompanied by a significant decline in lung Zn concentrations, as measured by Zn in BAL fluid supernatant and AM. A causative role for Zn deficiency in macrophage impairment is supported by decrease in AM phagocytosis of bacteria by chelation of intracellular Zn in vitro induced by the membrane-permeable Zn chelator  N,N,N',N'-tetrakis-(2-pyridyl-methyl) ethylenediamine (TPEN). In addition, alcohol-fed rats had a 5-fold decrease in capacity to clear inoculated Klebsiella pneumonia from their lungs and this, as well as increased oxidative stress in the lung, could be prevented by dietary zinc supplementation. These findings were extended to human chronic alcoholic subjects who had significantly decreased AM Zn levels, bacterial phagocytosis and expression of GM-CSF receptor; treating AM with Zn in vitro improved their phagocytic function. Collectively, these studies showed that Zn is required to maintain AM bacterial phagocytosis, and that pulmonary Zn deficiency could be one of the mechanisms by which chronic HIV-1 infection and alcohol abuse impair AM immune function and predispose to pneumonia and other lung infections.

Little is known about Zn in macrophage efferocytosis of apoptotic cells and its effects in chronic lung diseases including COPD. It is also not known how macrophages regulate their levels of Zn including their responses to Zn deficiency. Critical to the normal cellular and tissue homeostasis of Zn is the role of specific membrane Zn transporter proteins. Based on their sequence homology and structural properties, Zn transporters have been assigned to two families: SLC39A (also known as ZIPs) and SLC30A (also known as ZnTs). ZIPs usually have 8 trans-membrane domains and either mediate uptake of Zn across the plasma membrane (e.g. ZIP4) or regulate release of Zn into the cytosol from organelles such as the endoplasmic reticulum and Golgi (e.g. ZIP7). They are particularly important in restoring normal cytosolic levels of Zn in Zn-deprived cells. ZnTs generally have 6 trans-membrane domains and have opposing actions, lowering cytosolic Zn by facilitating efflux from cells (e.g. ZnT1) or uptake of the metal ions from cytosol into intracellular organelles (e.g. ZnT4). A range of Zn transporters are expressed in the lung, including special roles for three influx membrane ZIP transporters. ZIP1 is lost, along with Zn, in the lungs of rats with acute lung injury.  ZIP8 is increased at mRNA and protein levels in the lungs of chronic smokers and may play a pivotal role in the ensuing damage since, on the one hand, it transports   Zn  which protects airway epithelium and is anti-inflammatory in the lungs while it also transports cadmium (Cd) a toxic metal in inhaled cigarette smoke that accumulates in the lungs.  ZIP14 is a major influx transporter for Zn  in pulmonary endothelium. 

If efferocytosis is Zn-dependent, this might explain our earlier observations of a marked accumulation of apoptotic epithelial cells in the lungs of mice with combined airway inflammation and nutritional Zn deprivation as well as reduced efferocytosis in the airway and lungs of patients with COPD and smoke exposed mice. What is required now is a systematic characterization of Zn homeostasis in macrophages and a study of its role in efferocytosis. We firstly assessed Zn levels in BAL of human COPD subjects and healthy subjects, with and without a recent history of smoking, and correlated with AM efferocytosis activity. Next we assessed the effects of  Zn depletion on efferocytosis in AM. To investigate the effect of Zn depletion on gene expression of ZIP transporters, we used human THP-1 macrophages. Confirmation of protein expression and subcellular localization of ZIP transporter proteins was determined by immunofluorescence in THP-1 cells and normal human lung sections.  Further investigation of the role in efferocytosis of one of these transporters ZIP1 was carried out using ZIP1 null mice
 b) ZIP1 null mice lack a critical zinc transporter. To know whether this transporter is responsible for zinc effects on efferocytosis, ZIP1 null mice were compared to wildtype. 
	Text5: The primary objective was to test whether peritoneal macrophages from ZIP1 null mice had decreased intracellular zinc and less capacity to efferocytose apoptotic cells in in vitro assays than ZIP1 wildtype mice 
	Text6: The Animal Care and Ethics Committees of the IMVS and the University of Adelaide approved animal procedures (Permits M-37-08 and M-67-09) and procedureswhich conformed to ARRIVE guidelines, NIH guidelines (Guide for the Care and Use of Laboratory Animals. NIH publication No. 86-23) and to National Health and Medical Research Guidelines to promote the wellbeing of animals used for scientific purposes: The assessment and alleviation of pain and distress in research animals (2008).. In our experiments, all efforts were made to minimize suffering of the mice. 
	Text7: 2 groups of mice (39 in total), randomly selected, were used to prepare peritoneal macrophages.
	Text8: Female mice (average size 22g), randomly selected from  null or wild-type controls, were injected intraperitoneally with 1mL of 4% Brewer’s Thioglycollate broth. After  2 days,  mice were  anaesthetized with isofluorane and humanely killed by cervical dislocation. prior to obtaining peritoneal macrophages. Cells were centrifuged at 800 RPM and seeded (3x105 cells) into wells of 24-well plates in RPMI + GlutaMaxTM with 10% foetal bovine serum and 1% Penicillin:Streptomycin. Plates were incubated for 2hrs to allow macrophages to adhere to the plate. Non-adherent cells were removed  and adherent macrophages resuspended in RPMI + GlutamaxTM medium.   Phagocytosis of apoptotic murine epithelial cells by mouse peritoneal macrophages was performed 
	Text9: Female adult mice (~ 22g) were from breeding colonies maintained at the animal house facility. ZIP1-/- mice for breeding colonies were provided by Jim Geiser and Glen Andrews (Univ of Kansas Medical Center, Kansas)  and back-crossed to a C57BL/6s background. Matings of heterozygotes provided the ZIP1-/- null mice and ZIP1+/+ wild-type controls.
	Text10: Mice were maintained in the the Institute of Medical and Veterinary Science (IMVS, Gilles Plains, Australia) animal care facility 

a) SPF, cages of 5 mice
b) 22 °C with a 12 h light–dark cycle). Access to water and a non-purified diet (Milling Industries, Adelaide, Australia) were provided ad libitum. 
c) welfare was assessed by a trained animal handling technician during the experiment.
	Text11: 39 mice were used in this experiment. Data were pooled from two experments.
	Text12: Mice from ZIP1 widtype and null colonies were chosen randomly. Mice from the two groups were treated together (no specific order).
	Text13: Primary outcomes were the levels of cytosolic Zn as assessed by flow cytometry and the capacity of the macrophages to phagocytose apoptotic epithelial cells in vitro.
	Text14: Data was analyzed using SPSS software and Mann-Whitney or 1-way ANOVA with post hoc for nonparametric analyses. Correlations were performed using Spearman’s rank test. Analyses were performed using SPSS software. P values <0.05 were considered significant. 
	Text15: Not relevant in this study
	Text16: 25 wildtype and 14 null mice

All data was used.
	Text17: Cytosolic Zn (as measured by flow cytometry using the Zn fluorophore FluoZin-3) was significantly (p < 0.05) decreased from 25.8% Zn +ve cells (SEM 5.9, n = 25 mice) in the macrophages of ZIP1+/+ mice to 7.6% +ve cells (SEM 1.6, n = 14 mice) in macrophages of ZIP1-/- mice. Fluorescence was inhibited by pretreatment of macrophages for 4 h with 16 µM Zn chelator TPEN (not shown), confirming the Zn dependence of the assay.  


Next we assayed efferocytosis of apoptotic epithelial cells by the peritoneal macrophages. With ZIP1+/+ macrophages, the efferocytic index was 20.9% (SEM 0.8, data pooled from 2 experiments, n = 14 mice). This was significantly (p < 0.005) decreased in the ZIP1-/-mice to 12.2% (SEM 0.8, data pooled from 2 experiments, n = 12 mice). When the isolated macrophages were depleted of Zn by treatment with 16 µM TPEN for 4 h, the efferocytic index was decreased by 25% in the macrophages from the ZIP1+/+ mice but there was no further decrease in efferocytosis in the macrophages from the ZIP1-/- mice
	Text18: No adverse events were seen and no changes were made to the protocols.
	Text19: a)In this manuscript we  show that both intracellular Zn and efferocytic capacities of macrophages were decreased in ZIP1-/- mice. It was necessary to use peritoneal macrophages for this, as there were limitations on the number of alveolar macrophages that we could isolate. Pregnant ZIP1-/- mice on a low Zn diet were reported to have increased abnormalities in their embryos compared to those of ZIP1+/+ mice on the same diet, but no difference was observed when the null and wildtype mice were on Zn replete diets. The authors proposed that ZIP1, and the related transporter ZIP3, modify the effects of Zn deficiency and, therefore, mutations in these genes might impact a wide array of disease processes that are exacerbated by Zn deficiency, including chronic lung inflammatory diseases.
b) Ideally, we would have used alveolar rather than peritoneal macrophages, but these were not available in sufficient quantities from the mice to perform the in vitro assays.
c) Thare are no implications for reducing the number of mice since these studies requuire primary macrophages rather than cultured cells. 
	Text20: Eventually we will determine whether ZIP1 polymorphisms exist in humans and if they affect lung macrophage biology and pathology. 
	Text21: This study was supported, in part, by the University of Adelaide, The Hospital Research Foundation and grant (627223) from the National Health and Medical Research Council of Australia . SH has a National Health and Medical Research Council (NHMRC) Career Development Award 
The funders had no role in the study.
	Text1: Zinc and zinc transporters in macrophages and their roles in efferocytosis in COPD


