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Abstract

Recent interest in the biology and function of peritoneal tissue resident macrophages
(PM®) has led to a better understanding of their cellular origin, programming and
renewal. The programming of pM® is dependent on microenvironmental cues and
tissue specific transcription factors, including GATA6. However, the contribution of
microRNAs remains poorly defined. We conducted a detailed analysis of the impact
of GATAG-deficiency on microRNA expression in mouse pM®. Our data suggest that

1



for many of the pM®, microRNA composition may be established during tissue
specialization, and that the effect of GATA6 knockout is largely unable to be rescued
in the adult by exogenous GATAG6. The data are consistent with GATA6 modulating
the expression pattern of specific microRNAs, directly or indirectly, and including miR-
1464, -223, and -203 established by the lineage-determining transcription factor PU.1,
to achieve a differentiated pM® phenotype. Lastly, we showed a significant
dysregulation of miR-708 in pM® in the absence of GATA6 during homeostasis and
in response to LPS/IFN-y stimulation. Overexpression of miR-708 in mouse pM® in
vivo altered 167 mRNA species demonstrating functional downregulation of predicted
targets, including cell immune responses and cell cycle regulation. In conclusion, we
demonstrate dependence of the microRNA transcriptome on tissue-specific
programming of tissue macrophages as exemplified by the role of GATA6 in pM®

specialization.
Keywords

microRNA  (miRNA), macrophage, GATA transcription factor, homeostasis,

transcriptomics.

Abbreviations

KO (knockout), miR (mature microRNA), GATA6 (GATA-binding factor 6), pM®
(tissue-resident peritoneal macrophages), BMDM (bone marrow derived
macrophages), LPS (lipopolysaccharide), IFN-y (interferon gamma).

Introduction

Tissue resident macrophages (resM®) are present in all vertebrate tissues and share
core functions as modulators of tissue immune responses and integral components of
homeostatic physiology. PU.1 is a lineage-determining transcription factor, which
orchestrates gene expression and chromatin accessibility in prototype macrophages
to define their core functions (1). Within the tissue, prototype macrophages acquire
tissue specific properties due to collaborative and hierarchical interactions of PU.1 and
tissue-specific factors, such as GATAG6 in resident peritoneal macrophages (pM®)



Indeed, GATAG is required for regulation of anatomical localization of pM®, generation
of tissue macrophage diversity, appropriate immune response to lipopolysaccharide
(LPS) and pM® proliferative renewal (2-5).

Mature microRNAs (miR) are 18-24 nucleotide single stranded RNA molecules often
conserved between species (6). Pre-microRNA (pre-miR) are transcribed from DNA
sequences into primary miR (pri-miR) and processed further into their mature form
annotated as either -5p or -3p, depending on the alignment of the primary transcript.
These miR use their “seed sequence” and other pairing mechanisms to target specific
mRNA leading to translational regulation or transcript degradation (reviewed in (7)).
miR-dependent posttranscriptional gene regulation is not fully understood, however,
previous studies identified the subcellular localisation and abundance of miR as
factors contributing to this process (7). miR play an important role in various aspects
of macrophage biology, such as cholesterol efflux, cell polarisation and immune
responses (8-10). Gataé itself has been shown to be a target of multiple miR (11).
However, miR transcriptome and its dependence on tissue-specific macrophage
programming, such as effected by GATA6, has not been explored. Here, we
demonstrate a significant disturbance in the miR composition of primary pM® in mice
with a myeloid deficiency of Gata6, predicted to influence multiple biological functions.
Using miR-708 as an example, we demonstrate its dysregulation in pM® lacking
GATAG, identifying it as an anti-inflammatory miR and characterising its target genes
and pathways in in vivo pM® at homeostasis.

Results

GATAG6 dictates tissue specific pM® miR transcriptome predicted to affect
multiple biological functions

Investigation into the role of GATAG transcription factor in pM® identified its crucial
functions in shaping macrophage metabolism, proliferation and immune responses (2-
5). Expecting that many of the transcriptional signatures in resident M® may be
secondary to this transcriptional control and mediated by altered regulation of
epigenetic programming, we conducted detailed small RNA-sequencing of pM® from
mice lacking functional GATA6 in myeloid cells (Gata6-KO™*®) and their wild type (WT)
counterparts (n=2 per genotype) and performed differential expression analysis using



DEseq (please refer to experimental procedures for details). We confirmed
widespread alterations in miR expression, but notably no significant changes in other
small RNA molecules (snoRNA and snRNA, etc.) demonstrating the specificity of the
changes in miR composition. The mature miR transcriptome of Gata6-WT pM®
consists of 262 entries with high miRBase annotation confidence (selection criteria:
210 mean norm expression in Gata6-WT, mature miR, miR in repeated locations
excluded) (Fig. 1A most highly expressed miRs annotated, Supplementary Table 1).
To understand the role of miR transcriptome in pM® biology, we performed over
representation enrichment analysis (ORA) of predicted target genes (total 5185) of
Gata6-WT miR transcriptome matched to the mRNA expressed in Gata6-WT
microarray (2). As expected, from the high number of predicted genes, the analysis
identified multiple biological processes (Supplementary Table 2). Interestingly, one of
the top pathways was “myeloid cell differentiation” (GO:0030099) (Fig. 1B), consistent

with the involvement of miRs in the regulation of pM® specialisation.

We identified 40 significantly downregulated and 30 upregulated miRs (adjusted p
value< 0.05, miRBase high annotation confidence) in Gata6-KO™® pM® compared to
the WT controls with validation of selected miR by RT-gPCR with 100% concordance
(Fig. 1C, D). Among those, miR-708-5p and miR-511-3p constituted top fold
upregulated miRs (28- and 33-fold change, respectively) and the most downregulated
miRs included miR-126a-3p (15.7-norm. counts fold change) and miR-676-3p (9.4-
fold). There were no statistically significant expression differences between the sexes
among investigated miRs (Fig. 1D). miR-10a-5p serves as not significantly changed
control, females p value=0.250, males p value = 0.5714 (Fig. 1E). Recently, miR
signatures for specific tissue resM® have been described (12), and we demonstrate
that a specific component of this is partially dysregulated in the absence of GATA6
(Fig. 1F,G). Additionally, despite significant downregulation in Gata6-KO™¢ pM®,
some miRs, such as miR-99a-5p (average norm count, WT= 1.14e-6, KO= 2.49e-5, -
4.5 norm. counts FC) (Supplementary Table 1) remained amongst the top expressed
miRs (Fig. 1A,C). To investigate the potential phenotypic impact of those miRs that
remain highly abundant in pM® despite significant dysregulation in the absence of
GATAG, we identified predicted target genes for miR-99a-5p, -125b-5p, let-7¢c-5p, -
223-5p, -221-3p and -146a-5p. This generated 788 protein coding transcripts
predicted by at least 2 out of 3 of the algorithms, including TargetScanMouse8.0,



miRDB, and DIANA and matched to previously published microarray from these cells
whose expression was altered by >20% in the absence of GATA6 (2). We used a
minimum 20% expression change because this is consistent with typically quite
modest miR-mediated repression (13,14) (Supplementary Table 3). GSEA analysis of
the targets identified multiple biological processes and molecular functions including
membrane lipid metabolic processes and lipid transporter activity of the Gata6-KO™®
pM® (Fig. 1H, Supplementary Table 3). In support of these findings, Gata6-KOM®
pM® were previously described to have altered lipid metabolism (5) and GATAG6
depletion led to the accumulation of lipid vacuoles in sebocytes (15). Membrane lipids,
such as sphingolipids, play an important role in induction of inflammation via, among
other pathways, activation of COX-2 and synthesis of prostaglandins (16,17).
Therefore, it is likely that investigated miRs might have a pronounced effect on pM®
immune responses via the regulation of lipid metabolism. Interestingly, we also
identified 93 transcription regulators (e.g., Maf, Meis1, and Fos were all significantly
changed in Gata6-KO™® pM®) predicted to be targeted by these highly abundant
miRs, implying a potentially broader indirect effect on pM® biology (Supplementary
Table 3).

Considering the potential role of miRs on myeloid cell differentiation (Fig. 1B), we
compared Gata6-KO™® pM® miR transcriptome to those known to be regulated by
PU.1(18) (Fig. 2A, B, Supplementary Table 1). We observed an overlap between some
of PU.1 miR targets and miRs altered in GATAG6 deficient pM®, including miR-203-3p,
223-5p, and 146a-5p, which were also recently identified as part of the pM® miR-
signature(12). Thus, GATA6 may contribute to the PU.1-regulated miR signature in
tissue-specialised pM®. To investigate this concept, we induced Gatab expression in
Gata6-KO™e® bone marrow derived macrophages (BMDM) (Fig. 2C,D) and in vivo in
pM® (Fig. 2E,F) as previously described(2,19). Gata6-expressing BMDM showed
significantly increased expression of positive control gene Efnb2 and reduced levels
of miR-146a-5p and 511-3p in concordance with the expectation from miR-seq (Fig.
2C,D). Interestingly, miR-99a-5p and 203-3p were also significantly downregulated,
while other investigated miRs remained unchanged (Fig. 2D), in contrast to data
obtained from Gata6-KO™¢ pM® miR-seq data. This demonstrates a complex
regulation of miRs with differential outcomes in different macrophage cell models
and/or differentiation states. To determine whether GATAG alone controlled microRNA



profile in pM®, we employed lentiviral vectors to transduce Gata6 for 4 days into
established Gata6-KO™® pM® in vivo(19). We have previously shown that GATAG6
regulates the expression of pM® surface marker F4/80(2). As expected, lentivirally
transduced population demonstrated a predicted increase of F4/80 expression (Fig.
2E), signifying the restoration of GATAG activity. However, it failed to significantly alter
miR expression in a manner congruent with the miR-seq data (Fig. 2F). Thus, GATA6
programming of pM® regulates the miR transcriptome, most likely at early stages of
macrophage tissue specialisation, and via both direct and indirect secondary effects.
To anticipate which miRs might be directly responsive to an acute expression of
GATAG6, we employed predicted putative promoters for hsa-miRs identified and
validated previously by 2 different algorithms (20,21). We focused on miRs which had
the highest FC between Gata6-WT and -KO™¢ pM® and were most robustly
expressed in Gata6-WT: miR-99a, -676, -221, -130b, -218-1, -200b, -200a, -100, -27a,
let-7f-1, -10a, -148a, -26a-1, and -192. We then used UCSC Genome Browser and
integrated Jasper transcription factor binding site prediction tool (with TFBS
predictions selected with a PWM relative score >0.8 and p value < 104, corresponding
to a score above 400) to identify potential binding sites for GATA6. From the
investigated miR, only predicted promoters for hsa-miR-26a-1, and -221 showed the
presence of a potential GATAG6 binding site within or in the proximity of the predicted
promoter (Fig. 2G). This suggests that many miRs dysregulated in Gata6-KO™¢ pM®
might be an indirect consequence of the lack of GATAG6 functionality.

miR-708 is downregulated by LPS/IFN-y and regulates innate immune response
pathways

To understand which pathways are affected due to dysregulated miR transcriptome
caused by GATAG6 deficiency, we matched predicted gene targets of significantly
changed microRNAs with significantly altered mRNAs from Gata6-WT and -KO™® bulk
sequencing(2) using IPA software. This led to a list of 311 candidate genes
(Supplementary Table 2) involved in 408 canonical pathways, including pathways
related to macrophage biology and immune activation (Fig. 3A). Therefore, we
investigated miR regulation in pM® under inflammatory conditions. Gata6-WT and -
KO™® pM® were treated in vitro with LPS/IFN-y or IL4 for 6 and 16 hours. We
confirmed the expected upregulation of miR-155 in LPS/IFN-y challenged pM® in both
genotypes (Fig. 3B). Interestingly, we identified a significant decrease in miR-708-5p
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in Gata6-WT, but not in -KO™® pM®, as soon as 6 hours post treatment that remained
low after 16 hours (Fig. 3B). An anti-inflammatory role of miR-708 has been previously
demonstrated(22), consistent with its downregulation in Gata6-WT pM® in response
to inflammatory stimuli. miR-708 is one of the most highly upregulated miRs in Gata6-
KO™e pM® (28-fold increase) (Supplementary Table 1) and did not downregulate in
Gata6-KO™e cells after LPS/IFN-y exposure. This distorted miR response in Gata6-
KO™® pM® could partially contribute to the previously determined disrupted immune

activation evident in these cells(5).

To explore this, we employed lentiviral vectors to overexpress murine miR-708 in vivo
in C57BL/6 pM®. For this purpose, the pre-miR-708 sequence deposited in miRbase
was elongated by six nucleotides from the genomic sequence to create a short single
stranded 3’ tail (Fig. 3C). The single stranded tails are required for correct cleavage
by the RNase lll-type endonucleases Drosha and Dicer to produce the mature-
miR(13). Indeed, the elongated sequence demonstrated robust high expression
efficiency in BMDM (Fig. 3C). First, we showed successful overexpression of the
dominant mature miR-708-5p (8.54-fold expression change, p-value < 0.0001) in in
vivo pM®, and confirmed that it had no effect on the expression of miR-28, which
shares the same seed sequence (Fig. 3D). Transcriptome analysis of C57BL/6 pM®
overexpressing miR-708 revealed 167 significantly changed protein coding transcripts
(75 up and 92 down) (p-value <0.01 and min 20% expression change consistent with
typically quite modest miR-mediated repression, which is often less than 20%(13,14))
(Fig. 3E and Supplementary Table 4). These included 33- and 13- predicted targets
for both mmu-miR-708-3p and -5p, respectively, as specified by
TargetScanMouse8.0, miRDB, and DIANA algorithms. We further validated the
regulation of some genes in pM® samples from independent in vivo miR-708
overexpression experiments (Fig. 3F). miR activity was suggested to be dependent on
its abundance(12). Overexpression of miR-708 in our setting mirrored the fold-change
difference of this miR observed between Gata6-WT and -KO™® pM®, suggesting that
observed mRNA targets are regulated by changes in miR-708 abundance relevant to
physiological conditions. Using a recently published target prediction resource(12)
with an incorporated abundance threshold for miRs, we confirmed effective targeting
of Bcam, Pycard, and Dyrk3 in pM® by miR-708-5p expressed at physiological levels,
therefore further validating our results. GO analysis of miR-708 targets indicated
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involvement of this miR in pathways regulating immune responses, cell cycle, and cell
death (Fig. 3G). Therefore, we provide novel data on gene regulation in pM®
downstream of miR-708, which supports the role of miR-708 in the regulation of

macrophage inflammatory phenotype.

Discussion

Complete understanding of the mechanisms that control pM® functions and
development in tissue specific microenvironments remains a focal question in the
macrophage biology field, despite remarkable advances made in recent years (2-
4,23,24). With growing insight into the very complex mechanisms and functions of miR
in cells(7,12,14), comes an appreciation of their importance in directing functional
outcomes of gene expression. Here we demonstrate that the programming of pM® by
GATAG dictates miR profile and that lack of GATAG leads to a disturbed transcriptome
with potential functional consequences. Small RNA sequencing of pM® from Gataé-
WT mice revealed complex homeostatic miR transcriptome of these cells, consisting
of 262 miR expressed at various abundance. This included previously described core
peritoneal macrophage miR, miR-199a/b-3p, miR-203-3p, and miR-99a-5p, the latter
expressed at particularly high levels (12). Over representation enrichment analysis
performed on predicted target genes for Gata6-WT miR transcriptome, identified
numerous pathways involved in cell differentiation, lipid metabolism, and immune
responses. Although current prediction algorithms are becoming increasingly
accurate(25), they can over or underestimate the targeting potential of miR. However,
the analysis highlights the potentially vast scope of the functions regulated by miR
transcriptome in these cells, with the importance of some individual miR previously
documented(26,27). While our computational analysis suggests potential miRs of
interest, it remains to be determined which miRs are under the direct control of GATAG6
or other transcription factors dysregulated in Gata6-KO™* pM®(2).

PU.1 is involved in differentiation and maturation of pM®, partially by modulation of
miR transcriptome of the progenitor cell(18). Hierarchical action of peritoneal tissue
specific GATAG6 further specialises macrophages in the peritoneal cavity. Here we
demonstrated that some of the GATA6 induced tissue specialisation is potentially

driven by modulation of the miR profile established by PU.1. In total 6 miR targeted by



PU.1 were significantly changed in pM® from Gata6-KO™¢ mice suggesting that
GATAG6 might act, most likely indirectly, to downregulate miR-322, -146a and -342,
and upregulate miR-92a, -223 and -203 patterns established during differentiation to
achieve terminal pM® phenotype. The effect of these changes on miR target gene
translation requires further evaluation to fully understand the mechanism and
importance behind these alterations.

Deletion of functional GATA6 in pM®, using the Gata6-KO™® mouse model(2-4),
revealed statistically significant disruption in 70 miR with the predicted role in immune
responses of cells. We(2,5) and others(3,4) have previously described dysregulated
immune functions of Gata6-KO™* pM®. Our new data suggest that these alterations
could be in part dictated by altered miR-dependent translational control of gene
expression in these cells. Interestingly, although GATA6 appeared necessary for the
pM® miR signature that we have uncovered, we failed to fully restore it in Gata6-KO™¢
pM® upon GATAG overexpression. This suggests that miR profile may be established
at the earlier stages of tissue macrophage specialisation or that a more complex
regulatory network is responsible for the induction of these miRs. Rose, et al 2021,
has previously described multileveled control of the expression of specific immune-
functioning miR, including cis-regulatory elements and chromatin accessibility of the
finally differentiated cells (12). Indeed, activity of some miR promoters can be
restricted to specific developmental stages of the cells (12). miR-99a-5p has been
previously implicated in regulation of TNFa in macrophages in vivo, and LPS/IFNy-
induced bactericidal activity in bone BMDM (29). Among other miRs, miR-99a-5p
remained highly abundant in pM® despite significant modulation in the absence of
GATAG. Our analysis suggested involvement of these miRs’ predicted targets in lipid
metabolism and cell membrane rearrangement processes, which are important for
mediating a wide range of cellular immune responses (reviewed in (30)). We have
previously shown that Gata6-KO™*® pM® display polyploidy (2) and altered regulation
of IL-1B release, latter caused by dysregulated prostacyclin production (5). Thus, even
with abundant expression, changes in investigated miRs in Gata6-KO™* pM® might
be sufficient to impose notable phenotypic changes. The actual scale of these changes

in relation to miR levels should be further explored.



Our miR analysis combined with mRNA expression data from Gata6-KO™® pM® (2)
confirmed alteration in multiple pathways involved in immune responses of
macrophages. Through the study of the dysregulated miR, we uncovered novel
inflammatory regulation of miR-708-5p in pM®, that differed significantly between
genotypes. Studies of miR-708 in both macrophage-like and non-immune cell lines
identified the roles of this miR in regulation of tumor necrosis factor alpha (TNFa)/
interleukin 1 beta (IL-1B), arachidonic acid pathways and inflammatory responses to
mycobacterium tuberculosis (22,32). Interestingly, miR-708-5p decreased in response
to LPS/IFNy in Gata6-WT pM® but it remained at the homeostatic level in Gata6-
KO™e pM®. This potentially contributes to the disrupted immune responses in these
cells(5). Whilst proposed that only the most abundant miR within a cell mediate
significant target suppression (33), our data suggests that miR-708 overexpressed to
the physiologically-relevant levels observed in Gata6-KO™*¢ pM®, demonstrated
functional impact, despite very low abundance compared to other miR present in these
cells. We identified total of 167 significantly changed mRNA in pM® overexpressing
miR-708 accordingly to selection criteria described. We validated a significant
decrease of 2 of these genes, Bcam and Pycard using RT-QPCR. Although a
significant decrease in the level of Dyrk3 mRNA was not confirmed. Over
representation enrichment analysis provided support to the immune-regulatory role of
miR-708 in pM®, to our knowledge a first report demonstrating this relationship in
primary macrophages.

In summary, our analysis of miR profiles using Gata6-KO™¢ pM® as a model of a
tissue resident M® that failed to specialise in its tissue microenvironment, showed a
marked specific dysregulation of miR, that was not evident with other small RNA
species. This demonstrated an important specialisation of the tissue M® miR
transcriptome during tissue-specific programming. Enrichment analysis of putative
target mMRNA indicated that the dysregulated miR had the potential to regulate broad
pathways of cellular function, which we validated by establishing the impact of miR-
708 dysregulation on the transcriptome of pM®. We demonstrated, as predicted, that
miR-708 targets immune response genes, and also transcripts involved in cell cycle
and cell death. Together, our data demonstrate that tissue specialisation of pM® is
associated with the acquisition of a specific miR transcriptome that contributes to the
biology and immune responses of these cells.
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Experimental procedures
Ethics

All experiments were approved by the Animal Welfare and Ethical Review Body
(AWERB), under the oversight of the Biological Standards Committee. Experiments
strictly adhered to the guidelines set forth by the UK Home Office and the Animal
[Scientific Procedures] Act 1986, in accordance with EU Directive 2010/63/EU on the
protection of animals used for scientific purposes.

microRNA transcriptome selection criteria

The following criteria were applied to qualify miR for the transcriptome: 1. expression
=10 normalised counts (data normalised in DESeq2 using scaling factors) in both
Gata6-WT samples. 2. Mean normalised expression for Gata6-WT samples was = 10.
3. Only mature miR were included (3p or 5p), stem loops excluded. 4. miR with
MirBase.org high annotation confidence included. 5. miR duplications from multiple

genomic locations excluded from Figure 1A but retained in Supplementary Table 1.
Software

Ingenuity Pathway Analysis (IPA) package(47), TargetScan(25), Diana microT-CDS
(48,49), miRBase(50), Web-based Gene SeT AnaLysis Toolkit (51), and ShinyGO
0.77(52)

Statistical analysis

Data for the experiments were obtained from at least 2 independent experiments. Data
were analysed as specified for each experiment. For all datasets, p< 0.05 was
considered as statistically significant (p values: ¥<0.05, *x<0.01, and **x<0.001). All
statistics were performed using GraphPad Prism 9 software. Data presented as the
mean = SD, with super-imposed scatter plot showing independent biological
replicates.

Data availability

Microarray expression data from wild-type and Gata6-deficient tissue-resident
peritoneal macrophages (GEO: GSE47049). MicroRNA-sequencing data from wild-
type and Gata6-deficient tissue-resident peritoneal macrophages has been assigned
ArrayExpress accession E-MTAB-13039. mRNA-sequencing data from C57BL/6
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https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE47049

tissue-resident peritoneal macrophages overexpressing mmu-miR-708-5p and control
group has been assigned ArrayExpress accession E-MTAB-13782. All other data are

contained within this article as supporting information.

Funding and additional information

This work was supported by Biotechnology and Biological Sciences Research Council
Discovery Fellowship (BB/T009543/1) to MAC, a Wellcome Trust Investigator Award
(107964/2/15/Z) and UK Dementia Research Institute Programme funding to PRT.

References:

1. Tagore, M., McAndrew, M. J., Gjidoda, A., and Floer, M. (2015) The Lineage-Specific
Transcription Factor PU.1 Prevents Polycomb-Mediated Heterochromatin Formation at
Macrophage-Specific Genes. Mol Cell Biol 35, 2610-2625

2. Rosas, M., Davies, L. C., Giles, P. J., Liao, C. T., Kharfan, B., Stone, T. C., O'Donnell, V. B.,
Fraser, D. )., Jones, S. A,, and Taylor, P. R. (2014) The transcription factor Gataé6 links tissue
macrophage phenotype and proliferative renewal. Science 344, 645-648

3. Gautier, E. L., lvanov, S., Williams, J. W., Huang, S. C., Marcelin, G., Fairfax, K., Wang, P. L.,
Francis, J. S., Leone, P., Wilson, D. B., Artyomov, M. N., Pearce, E. J., and Randolph, G. J.
(2014) Gatab regulates aspartoacylase expression in resident peritoneal macrophages and
controls their survival. J Exp Med 211, 1525-1531

4, Okabe, Y., and Medzhitov, R. (2014) Tissue-specific signals control reversible program of
localization and functional polarization of macrophages. Cell 157, 832-844
5. Ipseiz, N., Pickering, R. J., Rosas, M., Tyrrell, V. J., Davies, L. C., Orr, S. J., Czubala, M. A,,

Fathalla, D., Robertson, A. A., Bryant, C. E., O'Donnell, V., and Taylor, P. R. (2020) Tissue-
resident macrophages actively suppress IL-1beta release via a reactive prostanoid/IL-10
pathway. EMBO J, 103454

6. Li, S. C., Chan, W. C., Hu, L. Y,, Lai, C. H., Hsu, C. N., and Lin, W. C. (2010) Identification of
homologous microRNAs in 56 animal genomes. Genomics 96, 1-9

7. Bartel, D. P. (2018) Metazoan MicroRNAs. Cell 173, 20-51

8. Guo, X., and Zheng, Y. (2020) Profiling of miRNAs in Mouse Peritoneal Macrophages
Responding to Echinococcus multilocularis Infection. Front Cell Infect Microbiol 10, 132

9. Santeford, A., Lee, A. Y., Sene, A., Hassman, L. M., Sergushichev, A. A., Loginicheva, E.,

Artyomov, M. N., Ruzycki, P. A., and Apte, R. S. (2021) Loss of Mir146b with aging
contributes to inflammation and mitochondrial dysfunction in thioglycollate-elicited
peritoneal macrophages. Elife 10

10. Ouimet, M., Ediriweera, H., Afonso, M. S., Ramkhelawon, B., Singaravelu, R., Liao, X.,
Bandler, R. C., Rahman, K., Fisher, E. A., Rayner, K. J., Pezacki, J. P., Tabas, |., and Moore, K. J.
(2017) microRNA-33 Regulates Macrophage Autophagy in Atherosclerosis. Arterioscler
Thromb Vasc Biol 37, 1058-1067

12



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Li, R., Yan, G., Zhang, Q., Jiang, Y., Sun, H., Hu, Y., Sun, J., and Xu, B. (2013) miR-145 inhibits
isoproterenol-induced cardiomyocyte hypertrophy by targeting the expression and
localization of GATAG6. FEBS Lett 587, 1754-1761

Rose, S. A., Wroblewska, A., Dhainaut, M., Yoshida, H., Shaffer, J. M., Bektesevic, A., Ben-2vi,
B., Rhoads, A., Kim, E. Y., Yu, B., Lavin, Y., Merad, M., Buenrostro, J. D., Brown, B. D., and
Immunological Genome, C. (2021) A microRNA expression and regulatory element activity
atlas of the mouse immune system. Nat Immunol 22, 914-927

Selbach, M., Schwanhausser, B., Thierfelder, N., Fang, Z., Khanin, R., and Rajewsky, N. (2008)
Widespread changes in protein synthesis induced by microRNAs. Nature 455, 58-63

Baek, D., Villen, J., Shin, C., Camargo, F. D., Gygi, S. P., and Bartel, D. P. (2008) The impact of
microRNAs on protein output. Nature 455, 64-71

Oules, B., Philippeos, C., Segal, J., Tihy, M., Vietri Rudan, M., Cujba, A. M., Grange, P. A,,
Quist, S., Natsuga, K., Deschamps, L., Dupin, N., Donati, G., and Watt, F. M. (2020)
Contribution of GATA6 to homeostasis of the human upper pilosebaceous unit and acne
pathogenesis. Nat Commun 11, 5067

Nixon, G. F. (2009) Sphingolipids in inflammation: pathological implications and potential
therapeutic targets. Br J Pharmacol 158, 982-993

Hammad, S. M., Crellin, H. G., Wu, B. X., Melton, J., Anelli, V., and Obeid, L. M. (2008) Dual
and distinct roles for sphingosine kinase 1 and sphingosine 1 phosphate in the response to
inflammatory stimuli in RAW macrophages. Prostaglandins Other Lipid Mediat 85, 107-114
Ghani, S., Riemke, P., Schonheit, J., Lenze, D., Stumm, J., Hoogenkamp, M., Lagendijk, A.,
Heingz, S., Bonifer, C., Bakkers, J., Abdelilah-Seyfried, S., Hummel, M., and Rosenbauer, F.
(2011) Macrophage development from HSCs requires PU.1-coordinated microRNA
expression. Blood 118, 2275-2284

Ipseiz, N., Czubala, M. A., Bart, V. M. T., Davies, L. C., Jenkins, R. H., Brennan, P., and Taylor,
P. R. (2020) Effective In Vivo Gene Modification in Mouse Tissue-Resident Peritoneal
Macrophages by Intraperitoneal Delivery of Lentiviral Vectors. Mol Ther Methods Clin Dev
16, 21-31

Barski, A., Jothi, R., Cuddapah, S., Cui, K., Roh, T. Y., Schones, D. E., and Zhao, K. (2009)
Chromatin poises miRNA- and protein-coding genes for expression. Genome Res 19, 1742-
1751

Marsico, A., Huska, M. R., Lasserre, J., Hu, H., Vucicevic, D., Musahl, A., Orom, U., and
Vingron, M. (2013) PROmMiRNA: a new miRNA promoter recognition method uncovers the
complex regulation of intronic miRNAs. Genome Biol 14, R84

Monteleone, N. J., and Lutz, C. S. (2021) miR-708 Negatively Regulates TNFalpha/IL-1beta
Signaling by Suppressing NF-kappaB and Arachidonic Acid Pathways. Mediators Inflamm
2021, 5595520

Bain, C. C., and Jenkins, S. J. (2018) The biology of serous cavity macrophages. Cell Immunol
330, 126-135

Bain, C. C,, Gibson, D. A., Steers, N. J.,, Boufea, K., Louwe, P. A., Doherty, C., Gonzalez-Huici,
V., Gentek, R., Magalhaes-Pinto, M., Shaw, T., Bajenoff, M., Benezech, C., Walmsley, S. R,,
Dockrell, D. H., Saunders, P. T. K., Batada, N. N., and Jenkins, S. J. (2020) Rate of
replenishment and microenvironment contribute to the sexually dimorphic phenotype and
function of peritoneal macrophages. Sci Immunol 5

Agarwal, V., Bell, G. W., Nam, J. W., and Bartel, D. P. (2015) Predicting effective microRNA
target sites in mammalian mRNAs. Elife 4

Moon, H. G., Yang, J., Zheng, Y., and Jin, Y. (2014) miR-15a/16 regulates macrophage
phagocytosis after bacterial infection. J Immunol 193, 4558-4567

Wang, Z., Brandt, S., Medeiros, A., Wang, S., Wu, H., Dent, A., and Serezani, C. H. (2015)
MicroRNA 21 is a homeostatic regulator of macrophage polarization and prevents
prostaglandin E2-mediated M2 generation. PLoS One 10, 0115855

13



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

47.

48.

49.

Bain, C. C,, Louwe, P. A, Steers, N. J., Bravo-Blas, A., Hegarty, L. M., Pridans, C., Milling, S. W.
F., MacDonald, A. S., Ruckerl, D., and Jenkins, S. J. (2022) CD11c identifies microbiota and
EGR2-dependent MHCII(+) serous cavity macrophages with sexually dimorphic fate in mice.
Eur J Immunol 52, 1243-1257

Jaiswal, A., Reddy, S. S., Maurya, M., Maurya, P., and Barthwal, M. K. (2019) MicroRNA-99a
mimics inhibit M1 macrophage phenotype and adipose tissue inflammation by targeting
TNFalpha. Cell Mol Immunol 16, 495-507

Barnett, K. C., and Kagan, J. C. (2020) Lipids that directly regulate innate immune signal
transduction. Innate Immunology 26, 4-14

O'Connell, R. M., Taganov, K. D., Boldin, M. P., Cheng, G., and Baltimore, D. (2007)
MicroRNA-155 is induced during the macrophage inflammatory response. Proc Natl Acad Sci
US A 104, 1604-1609

Li, W. T., and Zhang, Q. (2019) MicroRNA-708-5p regulates mycobacterial vitality and the
secretion of inflammatory factors in Mycobacterium tuberculosis-infected macrophages by
targeting TLR4. Eur Rev Med Pharmacol Sci 23, 8028-8038

Mullokandov, G., Baccarini, A., Ruzo, A., Jayaprakash, A. D., Tung, N., Israelow, B., Evans, M.
J., Sachidanandam, R., and Brown, B. D. (2012) High-throughput assessment of microRNA
activity and function using microRNA sensor and decoy libraries. Nat Methods 9, 840-846
Taylor, P. R., Heydeck, D., Jones, G. W., Kronke, G., Funk, C. D., Knapper, S., Adams, D., Kuhn,
H., and O'Donnell, V. B. (2012) Development of myeloproliferative disease in 12/15-
lipoxygenase deficiency. Blood 119, 6173-6174; author reply 6174-6175

Zufferey, R., Nagy, D., Mandel, R. J., Naldini, L., and Trono, D. (1997) Multiply attenuated
lentiviral vector achieves efficient gene delivery in vivo. Nat Biotechnol 15, 871-875

Naldini, L., Blomer, U., Gallay, P., Ory, D., Mulligan, R., Gage, F. H., Verma, |. M., and Trono,
D. (1996) In vivo gene delivery and stable transduction of nondividing cells by a lentiviral
vector. Science 272, 263-267

Davies, L. C. (2014) Control of Macrophage Homeostasis.PhD, Cardiff University

Clausen, B. E., Burkhardt, C., Reith, W., Renkawitz, R., and Forster, |. (1999) Conditional gene
targeting in macrophages and granulocytes using LysMcre mice. Transgenic Res 8, 265-277
Sodhi, C. P,, Li, J., and Duncan, S. A. (2006) Generation of mice harbouring a conditional loss-
of-function allele of Gata6. BMC Dev Biol 6, 19

Babraham Institute. (2023) Babraham Bioinformatics - Trim Galore.

Babraham Institute. (2023) Babraham Bioinformatics - FastQC.

Dobin, A., Davis, C. A., Schlesinger, F., Drenkow, J., Zaleski, C., Jha, S., Batut, P., Chaisson, M.,
and Gingeras, T. R. (2013) STAR: ultrafast universal RNA-seq aligner. Bioinformatics 29, 15-21
Liao, Y., Smyth, G. K., and Shi, W. (2014) featureCounts: an efficient general purpose
program for assigning sequence reads to genomic features. Bioinformatics 30, 923-930
Ensembl. (2023) FTP Download.

Love, M. |, Huber, W., and Anders, S. (2014) Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq2. Genome Biol 15, 550

Demaison, C., Parsley, K., Brouns, G., Scherr, M., Battmer, K., Kinnon, C., Grez, M., and
Thrasher, A. J. (2002) High-level transduction and gene expression in hematopoietic
repopulating cells using a human immunodeficiency [correction of imunodeficiency] virus
type 1-based lentiviral vector containing an internal spleen focus forming virus promoter.
Hum Gene Ther 13, 803-813

Qiagen. (2023) Ingenuity Pathway Analysis (IPA) system, . Ingenuity Systems, Inc, Redwood,
CA

Reczko, M., Maragkakis, M., Alexiou, P., Grosse, |., and Hatzigeorgiou, A. G. (2012)
Functional microRNA targets in protein coding sequences. Bioinformatics 28, 771-776
Paraskevopoulou, M. D., Georgakilas, G., Kostoulas, N., Vlachos, I. S., Vergoulis, T., Reczko,
M., Filippidis, C., Dalamagas, T., and Hatzigeorgiou, A. G. (2013) DIANA-microT web server

14



v5.0: service integration into miRNA functional analysis workflows. Nucleic Acids Res 41,
W169-173

50. Kozomara, A., Birgaoanu, M., and Griffiths-Jones, S. (2019) miRBase: from microRNA
sequences to function. Nucleic Acids Res 47, D155-D162

51. Liao, Y., Wang, J., Jaehnig, E. J., Shi, Z., and Zhang, B. (2019) WebGestalt 2019: gene set
analysis toolkit with revamped Uls and APls. Nucleic Acids Res 47, W199-W205

52. Ge, S. X,, Jung, D., and Yao, R. (2020) ShinyGO: a graphical gene-set enrichment tool for
animals and plants. Bioinformatics 36, 2628-2629

Figure 1. Tissue resident peritoneal M® microRNA transcriptome is distorted in

the absence of GATAG6. A, small RNA sequencing of Gata6-WT and Gata6-KO'
pM® (n=2, per genotype) showing Gata6-WT miR transcriptome with highest
expressed miRs indicated. Chromosomal location of miRs is indicated in the bottom
panel (Chromosome). B, Venn diagram showing one of the significant GO pathways

predicted to be modulated by Gata6-WT miR transcriptome. C, Volcano plot showing

differential expression of miRs in Gata6-WT and Gata6-KO pM®. D, E, pM® sorted

to minimum 95% purity from female (pink) and male (blue) Gata6-WT (closed circle)

and Gata6-KO' (open circle) mice (aged 8-12 weeks) were analysed by RT-qPCR
to confirm selected miR expression from small RNA sequencing. miR-10a-5p (E)
serves as not significantly changed control. Data normalised to average Gata6-WT
female ACT (n=2). Data were analysed using 3-way Anova. F, G, Volcano plot and a

heatmap of pM® miRs with indicated signature miRs* expression (log2 normalised

count) in Gata6-WT and Gatab6-KO' pM®. H, List of pathways from 4 enrichment
categories predicted to be affected by genes targeted by the most abundant and
significantly altered miRs from small RNA sequencing data. Results are expressed as

the mean £ SD, all RT-gPCR shows independent animal data. miR significantly altered

in Gata6-KO' pM® marked as “*”.

Figure 2. Overexpression of Gata6é in BMDM and Gata6-KO peritoneal M®

does not restore miR transcriptome. A, B, Volcano plot and a heatmap showing fold

change expression of known PU.1 modulated miRs in Gata6-KO pM®. Arrows

indicate reported effect of PU.1 on miR expression. C, Expression of Gata6, Efnb2 and

D, selected miRs in Gata6-KO'~~ BMDM infected with Gata6 overexpressing (orange

bars) or Ctrl (white bars) lentivirus for 5 days (n=3). miRs unaffected by Gata6
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overexpression are shown in the right graph. E,F, Contour plot showing increase of

F4/80 surface expression on in vivo transduced Gaz‘a6—KOmye pM® with Gatab
overexpressing (rCD2+, orange) versus Ctrl (grey) lentivirus, and RT-gPCR analysis
of expression levels of selected miRs in these cells (n=3). G, A table showing selected
miRs promoter sites and potential GATAG6 binding site with strands (- or +) indicated in
the brackets. Results are expressed as the mean = SD, all RT-gPCR shows results
from independent mice. Data were analysed with paired (C,D) or unpaired (F) t-test.

p < 0.05 was considered statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001).

Figure 3. miR708 is potentially involved in regulation of immune responses in
peritoneal M®. A, Some of the top significant canonical pathways predicted to be

affected by GATAG6 regulated miRs, as indicated by IPA software analysis. B, pM®

freshly isolated from Gata6-WT or KO mice stimulated in vitro with LPS (100ng/ml)
and IFN-y (20ng/ml) or IL4 (20 ng/ml) for indicated times. Expression level of mmu-
miR-155-5p and mmu-miR-708-5p was measured by RT-qPCR. Analysis was
normalised to control treated sample (n=2) and to U6 endogenous expression. C,
Secondary structure prediction (MFold) of primary mmu-miR-708 sequence from
miRbase.org versus sequence with additional 6 nucleotides used in this study, and
miR-708-5p overexpression efficiency of the above sequences in BMDM. “C” - control.
D, Expression of miR-708-5p and miR-28 in sorted C57BL/6 pM® overexpressing mir-
708 (green circles) or control (black circles) for 4 days in vivo®. E, The volcano plot
showing genes significantly changed in miR-708 overexpressing C57BL/6 pM®. F, RT-
gPCR (SYBR Green) confirming expression change of selected genes in C57BL/6
pM® overexpressing mir-708 (green bars) or Ctrl (black bars). G, IPA analysis of GO
terms for significantly altered genes in miR-708 overexpressing pM®. Results are
expressed as the mean x SD, all RT-gPCR shows independent replicate data. Data

were analysed with unpaired t-test (B, D and F).
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