











Finding a way to rescue the phenotype

(1) loaded IBA1* cells per mm? of lesion. No significant differences were found (two-tailed Welch’s
t-test). m, Images of corpus callosum lesions of old and old+GS mice at 14 dpi. Scale bar: 200 um.
n, Images of the demyelinated lesion in the corpus callosum at 14 dpi exemplifying myelin- and
crystal-loaded IBA1+ cells in old and old+GS mice. Scale bar: 20 um. P values below 0.1 and n
numbers are indicated in the figure. Solid lines in the graphs indicate the mean. GS: Galunisertib,
WD: western diet, dpi: days post injection, TGFBRI/IL: TGFJ receptor I and II, SBE: SMAD-

binding elements.



Discussion

increasing the evidence for a detrimental role of obesity on MS. I am confident that mechanistic
investigations of this influence will provide a better understanding of the risk factors for this disease.
Furthermore, it remains to be elucidated whether and how obesity affects other diseases of the CNS
such as AD, PD, HD or stroke. Thus far, the suggested mechanisms are driven by changes in the
CNS vasculature, inflammation, oxidative stress and hormonal dysregulation (Awada et al., 2013;

Naderali et al., 2009).

It is important to highlight that the persistently demyelinated lesions of WD-fed mice seemed to
recapitulate the pathological hallmarks of old mice. In this study, we tested our hypotheses both in
WD-fed mice and in old mice to understand whether similar mechanisms apply to both cohorts. Our
results indicate that, indeed, similar mechanisms apply in some cases, but not all. Thus, a detailed
transcriptomics analysis to understand the mechanisms of microglia response to LLC-induced
demyelination under (1) healthy conditions, (2) WD consumption and (3) old age would be necessary
to be able to compare which perturbed pro-repair mechanisms are shared and which are divergent
between WD-fed mice and old mice. Such screening approach will provide us with a detailed view

on which mechanisms are most relevant and hence, which elements to target.

Even though we have not specifically addressed the question of whether diets rich in specific types
of lipids such as SFAs, PUFAs or w3- and w6-PUFAs also influence regeneration, other studies using
different models of demyelination demonstrate that w3-PUFA-rich diets can prevent demyelination
and enhance remyelination when compared to w6-PUFA-rich diets (Siegert et al., 2017; Torkildsen
et al,, 2009). Regarding the direct comparison between PUFA-rich and SFA-rich diets, nothing has
been yet published. However, the WD is rich in SFAs and poor in PUFAs, indicating that a high
SFA/PUFA ratio is detrimental for myelin regeneration. Various mechanisms might mediate the
effects of these diets, yet one main mechanism currently under study is the production of lipid
resolution mediators. These are PUFA-derived lipid species that promote inflammation resolution or
catabasis; the coordinated and active process aimed at restoration of tissue integrity and function
(T'abas, 2010; Viola and Soehnlein, 2015). It will be interesting to investigate the influence of PUFA-

or SFA-rich diets on remyelination and the role of lipid resolution mediators in remyelination.

A remaining question is: does the changed lipidome in the brain cause impaired remyelination, or is
this due to poor microglia function due to obesity-induced neuroinflammation? Unfortunately, it is
extremely challenging to dissociate the WD-associated changes in the brain lipidome from the WD-
induced neuroinflammation. We were able to replicate our results in WD-fed mice with leptin-
deficient mice, suggesting that the poor regenerative response in obese mice is not only due to diet
components, but rather due to obesity and its associated co-morbidities such as atherosclerosis and
diabetes. However, we did not examine the brain lipidome of leptin-deficient mice, thus; we cannot
discard that these mice might also have lipid profile changes in the brain that affect its regenerative
capacity. Personally, I am inclined to think that although the changes in brain lipidome can potentially
alter microglia function, it is chronic neuroinflammation which ultimately has a stronger influence on
microglia function, but further experiments are necessary to achieve a better understanding of this

question.
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Remyelination is impaired in obese mice

1.2. Impaired lipid processing by phagocytes as the underlying mechanism of poor

myelin regeneration
Our results suggest an impairment of cholesterol efflux by microglia and macrophages as a possible

shared mechanism of failure between WD-fed and old mice. Indeed, stimulation of the LXR pathway
resulted in enhanced lipid clearance by microglia and macrophages and improved remyelination both
in WD-fed and in old mice. Nevertheless, since this treatment was not cell-specific, we should
consider the effects of this treatment on other cell types. For example, astrocytes are master regulators
of cholesterol homeostasis in the brain. They are the main producers of cholesterol and lipoproteins
and provide cholesterol to oligodendrocytes and neurons through LXR-dependent reverse
cholesterol transport (Courtney and Landreth, 2016; Wang et al., 2002). Furthermore, the LXR
pathway also regulates myelination, as demonstrated by myelination impairments in LXR-deficient
mice (Wang et al., 2002). Likewise, LXR agonists stimulate oligodendrocytes differentiation and
regulate the expression of myelin-related genes (Shackleford et al., 2013). Hence, it is plausible that
the effects from systemic LXR agonism stem not only from the beneficial effects on microglia and
macrophages but also on other glial cells. To discern whether the effects we observe are microglia-
specific, we used a microglia-specific, inducible ABCA1/G1 double KO mouse line. These mice,
whose cholesterol efflux pathway is blocked in microglia, demonstrate reduced remyelination and
increased inflammation and crystal formation in demyelinated lesions (Cantuti-Castelvetri et al.,

2018). However, more evidence would be necessary to demonstrate the specificity of this effect.

In addition, we should consider the effects of these treatments on the periphery. This is especially
relevant for the treatment using fenofibrate and rosiglitazone on WD-fed mice. Both PPAR agonists
have beneficial effects on lipid metabolism by improving liver, muscle and adipose tissue function.
More importantly, fenofibrate efficiently decreased body weight in WD-fed and old mice in our set
up. Hence, it is plausible to think that the beneficial effects on immune cell function and ultimately
on repair that we observed in WD-fed mice could detive from a general improvement of health, i.c.
from “treating obesity”. Even more, this could further explain why these drugs had a beneficial effect
on WD-fed mice but not in old mice. Hence, we would need to perform further tests to demonstrate
a central effect of these drugs in our paradigm, such as target engagement experiments or direct brain

drug delivery experiments.

The anti-inflammatory effects of LXR and PPARa/y stimulation, mainly mediated by parallel
inhibition of the AP1 and NFxB pathways, could further contribute to the beneficial effects of LXR
and PPAR«/y agonism on WD-fed mice. Given the main role of inflammation resolution in lesion
repair (Serhan, 2007; Viola and Sochnlein, 2015), it is possible that these anti-inflammatory effects
drive inflammation resolution and thus, partially promote remyelination. Debris clearance and lipid
processing are also essential steps for inflaimmation resolution, thereby making it difficult to dissect
between the direct and indirect effects that these drugs might have on inflammation. Nevertheless, it
would be worth to further examine the inflammatory profile of microglia in mice treated with LXR
and PPARa/y agonists. Interestingly, we already have some hints that point to differential microglia

and macrophage function upon rosiglitazone treatment, since the demyelinated lesions in these mice
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seemed to accumulate higher numbers of microglia/MDMs (see chapter 2.4 of Results). A deeper
understanding of the common mechanisms underlying the beneficial effects of LXR and PPARa/y

stimulation could lead us to new ideas on how to promote a beneficial microglial response.

1.3. Translational potential of lipid-processing stimulating drugs
Despite the promising observations in basic research using LXR agonists, which seemed to indicate

translational potential, most synthetic LXR agonists cause hepatotoxic side effects in humans that
limit their clinical use (Fan et al., 2018). Specifically, apart from promoting cholesterol efflux, these
drugs increase hepatic lipogenesis, hypertriglyceridemia and liver steatosis by inducing the expression
of SREBP1c (Schultz et al., 2000). These effects are mostly attributed to LXRo; thus, several
alternatives are being proposed that could specifically target LXRB and prevent side effects. This is
extremely challenging, since LXRa and § share 77% sequence homology in their ligand binding
domain and have a highly flexible binding pocket, thereby making it difficult to find subtype-selective
agonists (Molteni et al., 2007, Temml et al., 2014). Another strategy currently tested is to use
desmosterol mimetics to stimulate the LXR pathway. Desmosterol is the most abundant natural LXR
ligand in foam cells and, apart from binding and activating LXR, also inhibits SREBP processing
(Spann et al., 2012). Furthermore, Muse et al. demonstrated that desmosterol strongly activates LXR
and suppressed SREBP in mouse and human macrophages, while it has almost no activity on mouse
or human hepatocytes (Muse et al., 2018). A very recent report also demonstrates beneficial effects
of desmosterol mimetics on remyelination in mouse models of MS (Berghoff et al., submitted). Thus,
it appears that an approach to target LXR that better resembles physiological conditions could be

beneficial.

The use of PPARa/y agonists to stimulate pro-repair functions in microglia and macrophages to
promote remyelination is slightly controversial. In our hands, agonism of PPAR«/y pathways is only
beneficial for WD-fed mice, not for old mice, indicating that we are targeting a mechanism only
occurrent due to obesity, but not age. Furthermore, PPARa/y therapies have profound peripheral
effects, thereby making their recommendation to MS patients slightly more challenging. Another
member of the PPAR family, PPARS, is highly expressed in both mouse and human microglia and
macrophages and is a key regulator of fat burning. Furthermore, it appears that the phosphatidylserine
residues found in myelin can activate the PPARS pathway in phagocytes, as corroborated by the
activation of PPARS in foam cells within active MS lesions (Bogie et al., 2014b). Hence, it will be
interesting to examine whether PPARS activators could enhance pro-repair functions of phagocytes

both in WD-fed mice and old mice.

Another possible drug target to stimulate lipid processing is the RXR. This is the common partner
for heterodimerization of the LXR and PPARs, and its activation can have synergistic effects on these
pathways. Indeed, a study by Natrajan et al. demonstrated that stimulation of the RXR using the
agonist bexarotene led to improved myelin debris clearance in aged macrophages and reversed the
gene expression profile in monocytes from MS patients to a more beneficial profile (Natrajan ct al.,
2015). In any case, it is clear that stimulating myelin clearance by phagocytes by activating the

LXR/PPAR/RXR pathways is a feasible promising strategy to promote remyelination in MS.
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2. Excess TGF signalling perturbs cholesterol efflux

2.1. TGFB is increased in the brain of WD-fed mice

In our study, WD-fed mice have increased TGE signalling in the CNS, rendering their microglia
unable to respond to demyelination and leading to poor LXR pathway activation and impaired lipid
processing. Therefore, our results indicate TGEF signalling can influence both inflammation and
obesity. Indeed, TGFR signalling has a crucial role in regulating inflammation: Tgfb7 knock-out mice
die either at the embryonic or early postnatal stage from uncontrolled lymphocyte proliferation and
autoimmunity that lead to multi-organ failure (Robertson and Rifkin, 2016). Interestingly, CNS-
specific Tgfb7 knock-out mice develop motor symptoms four to six months after birth (Lund et al.,
2018). Likewise, loss of LRRC3, a milieu molecule uniquely associated with, and required for,
integrin-dependent activation of TGFB1 in macrophages and microglia, leads to ascending
paraparesis characterized by demyelination and axonal loss that leads to death by five months of age
(Qin et al,, 2018). Furthermore, TGFJ seems to play a role in the regulation of obesity: TGF1 levels
are positively correlated to adiposity in rodents and to body mass index and fat mass in humans
(Alessi et al., 2000; Yadav et al., 2011). Interestingly, systemic blockade of TGFp or genetic removal

of SMAD?3 protects from diet-induced obesity and diabetes in mouse models (Yadav et al., 2011).

Our results show that TGEFB1 and 2 are increased in the brain of WD-fed mice. A previous report
measured TGF1 in the hippocampus and cerebrospinal fluid and found increased levels in HFD-
fed and aged mice, which were recoverable by a two-month calorie-restrictive diet (Yan et al., 2014).
Yet, no source or cause for the central increase in TGFf signalling have been identified. In the
periphery, it has been suggested that circulating TNFa can increase Tgfh mRNA expression in the
adipose tissue, which in turn can contribute to the stimulation of plasminogen activator inhibitor-1
secretion and to cardiovascular complications (Samad et al., 1997). Whether similar mechanisms
occur in the CNS has not yet been investigated. In the CNS, TGF is mainly produced by microglia,
astrocytes and endothelial cells (Zhang ct al., 2014). Considering that these cells might respond to
obesity-related neuroinflammation and lipid changes, it is possible that they alter the expression of
cytokines such as TGE, thereby becoming the source of increased TGF. Furthermore, circulating
TGER could also contribute to the effects we observed. To examine this, we could collect serum and
cerebrospinal fluid from CD- and WD-fed mice to measure TGFp. Regarding the cause for excess
TGEB production, our data support previous findings by Yan et al., where they speculate that TGFJ
signalling is initially triggered as an adaptive mechanism to normalize the inflammatory environment
during a chronic inflammatory insult (Yan et al., 2014). To this end, it would be interesting to examine

how different durations of WD feeding would affect TGF signalling.

2.2. Excess TGFB signalling perturbs microglia’s response to myelin damage
Our results indicate that the WD-induced increase in TGFp signalling impairs microglia’s response

to demyelination. In the uninjured CNS, TGF tightly regulates microglia function by promoting a
homeostatic, inactivated state. Indeed, deletion of the Tgfbr2 in microglia increases microglia density
and alters microglia morphology in the retina (Ma et al., 2019) and in the brain (Buttgereit et al., 2010;

Zoller et al., 2018). Further characterization of microglia devoid of Tgfbr2 demonstrated higher
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expression of activation matkers such as CD45, AXL, CD74, F4/80 and MHCII, downtegulation of
homeostatic markers such as Siglec-H and elevated expression of IL1@, TNFa and CXCL10
(Buttgereit et al., 2016; Zoller et al., 2018), indicating that absence of TGFf1 signalling leads to
microglia activation. Thus, TGFp acts a “checkpoint mechanism” that ensures tight regulation of
microglia responsiveness. As suggested by Deczwoska et al. (Deczkowska et al., 2018), such
checkpoint mechanisms can limit the ability of microglia to protect the CNS in the context of chronic
neuroinflaimmatory disease. For example, loss or mutations of the lipid-sensor TREM2, which is
necessary to trigger microglia activation, prevent microglia from detecting and clustering around
amyloid B plaques and damaged neurons (Wang et al., 2015), contributing to neurodegeneration.
Likewise, the fraktaline receptor CX5;CR1, which normally prevents microglia activation, hinders
amyloid (8 clearance (Lee et al., 2010; Liu et al., 2010). In our study, obesity-induced excess TGFS
signalling also leads to inappropriate microglia responses. Thus, our findings support the idea that

checkpoint mechanisms can be detrimental in the context of chronic neuroinflammatory diseases.

The altered inflammation dynamics that we observed further support the established notion that the
activation profile of microglia and MDMs must be dynamically regulated for efficient regeneration
(Lloyd and Miron, 2019). Alterations of this dynamics due to pre-existing neuroinflammation,
aberrant immune checkpoint mechanisms or slower phagocyte response inevitably result in impaired
remyelination. Several studies have demonstrated that various macrophage populations are necessary
to respond to demyelination and promote remyelination, and that the switch between them must be
timely coordinated for successful repair (Lloyd et al., 2019; Miron et al., 2013; Ruckh et al., 2012;
Vogel et al., 2013). In our model, enhancing microglia activation by antagonizing TGFJ signalling in
microglia or promoting TREM2 function improved remyelination in WD-fed and old mice.
Furthermore, promoting lipid processing by inducing LXR and PPARa/y pathways proved beneficial
for inflammation resolution and repair. Thus, our data underline the relevance of an early strong
inflammatory response and the switch to a pro-resolving, lipid-processing response (Bogie et al.,

2014a).

The inflammatory response to demyelination in WD-fed mice was delayed due to an excess in TGFJ
signalling, which led to impaired lipid processing by phagocytes. Therefore, in these mice the
dynamics controlling the inflaimmatory response are completely dysregulated. When we examined the
change in Tgfb1 and Tgfb2 transcripts between 2 and 7 dpi, we detected an increase in these transcripts
in CD-fed mice. However, in WD-fed mice there was no change. Therefore, the normal cytokine
dynamics are altered by a pre-existent alteration in TGF levels. In order to further refine this
hypothesis, it would be interesting to analyse the expression of various cytokines and activation
markers in different timepoints after demyelination. In addition, it would be necessary to analyse the
influence of our different intervention strategies (LXR/PPARay agonists, #gr2 knock-out,
galunisertib and 4D9 antibody) in an eatly timepoint after damage (e.g. 4 dpi) to evaluate the influence

of these treatments on the initial inflammatory response.

In this study, blocking TGF@ signalling proved beneficial for myelin regeneration. Nonetheless,

whether suppressing TGEB signalling is beneficial or detrimental for neurodegenerative disease
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appears to be dependent on its source and cellular target. For instance, Endo et al. (Endo et al., 2015)
report beneficial effects by demonstrating that astrocyte-derived TGFB1 accelerates disease
progression in ALS in mice due to impaired microglia activation, which reduces the neuroprotective
properties of microglia. In addition, the rising levels of circulating TGFf known to occur with ageing
seem to impair the ability of microglia to promote remyelination (Baror et al., 2019) and inhibiting
TGEB signalling inhibited glial scar formation and promoted neurite outgrowth after vascular damage
(Schachtrup et al., 2010). However, TGFp limited ischemic damage in a model of stroke (Doyle et
al., 2010), and systemic administration of TGF@1 decreased disease severity in EAE (Kuruvilla et al.,
1991) and promoted oligodendrocyte maturation in the spinal cord after toxin-induced demyelination
(Hamaguchi et al., 2019). Despite the apparent contradictions, which are expected from targeting a
pleiotropic cytokine such as TGEp, we believe that neurological diseases characterized by a weak
microglia response might benefit from furthering microglia activation through either the acute
hindrance of TGFp signalling or the promotion of beneficial microglia activation by enhancing

TREM?2 signalling,.

In MS, serum levels of TGFB1 are augmented, especially during relapses, which might represent an
endogenous pro-resolution mechanism to counteract ongoing immunoinflimmatory events
(Nicoletti et al., 1998). TGFB1 expression can also be detected in the demyelinated lesions in MS
patients and in the EAE model (De Groot et al., 1999; Issazadeh et al., 1995), further indicating an
important role for this cytokine in MS. Considering the autoimmune nature of this disease, we are
aware that inhibiting TGF@ signalling in MS patients is not the most appropriate therapeutic strategy.
That’s why we have searched for alternative strategies to target the same checkpoint mechanism.
Since TREM2 and TGFJ control microglia response in opposite directions, we used the TREM2-
enhancing antibody 4D9 to promote microglia activation independently of TGFJ. Since this
treatment was beneficial for both WD-fed and old mice, we believe that TREM2 could be a potential
target for remyelination therapy. Our next step will be to treat EAE mice with the 4D9 antibody, to
explore whether TREM2 stimulation will also prove beneficial in the context of an autoimmune

demyelinating disease.

Lastly, it is important to note that TGFR also has an essential role in regulating scarring. During tissue
wound repair, a scar might be formed to resolve the damage and restore the key functions of the
tissue (Fawcett and Asher, 1999). In the CNS, injury almost always results in the formation of a glial
scar, which includes multiple cellular and extracellular components (Bradbury and Burnside, 2019).
This includes chronic MS lesions, characterized by astroglial scarring in the lesion centre. Such
scarring is profoundly detrimental for lesion repair, as it inhibits axonal regeneration and
remyelination (Silver and Miller, 2004). TGF seems to promote glial scar formation by promoting
the release of extracellular molecules by astrocytes (Schachtrup et al., 2010; Silver and Miller, 2004;
Song et al., 2019). Hence, our strategy of blocking TGFB signalling might also prevent glial scar
formation and thereby promote remyelination (Baror et al., 2019). In order to further examine this,
we are interested in understanding how astrocytes react to demyelination in our model. In our

experiments, we have observed a scar appearance in astrocytes at late timepoints after lesion (14-21
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dpi). Thus, it would be necessary to dissociate the role of TGFB on microglia activation from the

influence it might have on scarring.

2.3. TGFP blocks the induction of the LXR pathway upon myelin intake
Our data indicate that TGEFJ prevents the induction of the LXR pathway that normally occurs after

myelin intake in microglia and suggest that TGFB might have an influence on PPAR pathway
activation too. Previous reports have investigated the relationship between TGEFB and PPARy and
have established that they maintain a bidirectional negative regulation. PPARy seems to repress TGFS
partly through dephosphorylation of the transcription factor zinc finger 9 (ZF9) and partly through
AP1 inhibition (Lee et al., 2008; Seung et al., 2006). On the other hand, there are several evidences
that TGFB can inhibit the expression of PPARy and its target genes, although these effects seem to
be rather pleiotropic and cell- and time-dependent (Ahdjoud; et al., 2002; Han et al., 2000; Kintscher
et al., 2002; Lund et al., 2018; Mingui et al., 2003). Regarding LXR and TGF, very few reports have
investigated their link so far. Some reports indicate that TGFp stimulates the expression of Abcal,
although this effect might not be mediated by LXR (Yin et al., 2010). One report suggested that the
addition of TGFf to foam cells derived from THP-1 macrophages induces the expression of Abeal,
Abegl and Srbl through activation of the LXRa pathway (Hu et al., 2010). However, in this case,
TGEFB was added after the formation of foam cells, while, in our conditions, excess TGF is already

existing in the environment before damage.

Another possibility would be that TGFp indirectly affects the LXR/PPAR pathways. According to
the model of biphasic temporal pattern of microglial and macrophage activation (see Fig. 1.4), the
initial pro-inflammatory activation of these cells is required to posteriorly enter the lipid processing
phase, where the LXR and PPAR pathways are activated. Since excess TGFB in WD-fed mice
prevents this first initial inflammatory activation, it indirectly also prevents the progression into the
pro-resolving, lipid-processing phase. In this regard, this is in line with the beneficial effects observed
by TREM2 stimulation. TREM2-dependent pathways are activated upon transformation of microglia
into DAM, and these pathways upregulate genes that promote lysosomal function and lipid
metabolism. Hence, enhancing TREM2 function is a way to compensate for the initial lack of

inflammatory response and promote myelin clearance by phagocytes.

The precise mechanism by which TGFB might be interfering with LXR/PPAR function is still an
open question. At first, we considered the hypothesis that WD could drive epigenetic modifications
on the LXR/PPAR DNA response eclements through TGFB. One report demonstrated that
chromatin acetylation was required for microglia function in a model of AD (Datta et al., 2018), while
another study showed that systemic inflammation induced by WD induced long-lasting trained
immunity in myeloid cells through epigenetic modifications, including the closing of the genomic
area containing the 4bcal promoter (Christ et al., 2018). It was also shown that microglia also develop
trained immunity upon several peripheral inflammatory stimulations by modifying their epigenome
(Neher and Cunningham, 2019; Wendeln et al., 2018), suggesting that WD could have an influence
on microglia function as well. In addition, our data demonstrate that the production of butyrate,

which can act as an HDAC inhibitor, is decreased in the gut and that butyrate treatment was beneficial
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for remyelination both in WD-fed and old mice. Thus, it would be relevant to evaluate the
accessibility of the LXR and PPAR DNA response elements in microglia isolated from CD- and WD-
fed mice by ATAC sequencing. Possibly, we could then further analyse the role of TGF8 in modifying
the epigenetic marks in these sites. In this regard, we will also analyse the influence of switching WD-
fed mice to CD after 4 weeks of feeding, to examine whether the WD insult might cause epigenetic
modifications on microglia that have long-lasting functional consequences on remyelination. Other
epigenome-independent mechanisms might also be plausible, yet extremely challenging to find
without previous screening. Further transcriptomic analysis will be necessary to understand the
alterations caused by WD in microglia and trigger our imagination to elaborate new working

hypothesis.
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3. Western diet intake alters the brain lipidome and causes white matter
neuroinflammation

3.1. The plasma lipid profile is profoundly altered by western diet intake
In humans, it is well described that obesity causes several changes in the plasma lipid profile. In

rodents, changes in the plasma lipidome upon HFD have been previously reported (Hisinger et al.,
2014; Li et al., 2014; Miao et al., 2015), however; how the high-fat, high-sugar and high-calorie
properties of WD affect the plasma lipidome is still unknown. In our study, feeding WD to C57BL/¢]
male mice for 8-10 weeks caused profound changes in the lipid profile of plasma. We observed an
increase in the content in CE and a decrease in the proportion of TAGs. These two lipid classes are
responsible for lipid storage, which is known to be altered also in humans upon obesity
(Quehenberger and Dennis, 2011). Furthermore, CE are the main component (50% of lipid content)
of low-density lipoproteins (LDL). Hence, its higher content suggests that the plasma lipoprotein
profile of WD-fed mice would be skewed to a high LDL profile. The analysis of the lipoprotein
profile in plasma from WD-fed mice would provide further information in that direction and would
contribute to our understanding of the alterations in whole-body lipid transport and storage. It was
slightly surprising for us to observe lower proportions of TAGs in our analysis, since obesity is
typically characterized by high TAG content in plasma (Quehenberger and Dennis, 2011). Despite

these differences, our data clearly demonstrate alterations in lipid storage induced by WD intake.

The lipids in the plasma of WD-fed mice were also characterized by shorter length and increased
saturation. This further confirms that the higher proportions of short-length fatty acids and lower
proportions of polyunsaturated fatty acids (such as C18:2 and C18:3) in the WD directly influenced
the lipid composition in plasma. Lower rates of PUFAs over SFAs are known to increase the risk for
cardiometabolic disease (Quchenberger and Dennis, 2011; Tortosa-Caparros et al., 2017; Yagi et al.,

2017), and our study suggests that such alterations can also perturb regeneration in the brain.

In old mice, the alterations in the plasma lipidome were modest. We observed a decrease in DAG
and a non-significant increase in CE, whereas the length and saturation of lipids was not altered. In
addition, old mice had a higher total content of lipids in plasma (p value = 0.055). Hence, our data
suggests that although WD has a more significant influence, age also causes a certain degree of lipid
metabolism alterations in plasma. Alterations of the plasma lipidome with ageing have been
previously reported both in humans (Frahnow et al., 2017; Ishikawa ct al., 2014) and rats (Saito et al.,
2014). Thus, further investigations would be required to better understand how age alters the lipid
profile and whether there are some parallelisms between age-induced and WD-induced lipid
metabolism alterations. In addition, it would be interesting to measure to content of free fatty acids
in plasma both in WD-fed and in old mice. Free fatty acids are the most direct mediators between
lipid metabolism alterations and inflammatory cascades in other organs, thus; their analysis would
provide further information on how changes in the plasma lipidome can cause inflammatory

alterations in the CNS.
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3.2. The lipid alterations in plasma are associated with lipid alterations in the brain
We characterized the changes induced by WD on the brain lipidome and observed that the alterations

found in plasma (i.e. shorter length, increased saturation) appear to be mirrored in the grey and white
matter of the brain. Although the changes were not as extensive as in the plasma, they followed the
same trend. These findings are relevant, since they are the first description of lipid alterations in the
white and grey matter upon WD consumption. However, it is important to mention that other groups
investigated similar questions. For example, Pakiet et al. described the influence of HFD on whole-
brain lipid composition (Pakiet et al., 2019) and reported decreased content of the anti-inflammatory
molecule eicosapentaenoic acid (EPA), thereby suggesting that altered inflammatory regulation could
contribute to the impaired brain function upon HFD consumption. Additionally, other reports have
focused on understanding the influence of diets rich in SFAs or PUFAs on the brain lipidome and
documented modest but relevant differences (Elsherbiny et al., 2015; Giles et al., 2016; Valentini et
al., 2018, Fitzner et al., 2z revision). Hence, it is clear that diet can influence the brain lipid composition.
Nevertheless, it is now important to demonstrate whether the changes in lipid composition are
involved in brain and cellular function. The highest lipid content in the brain is found in myelin, and
changes in myelin lipid composition could affect its stability and, therefore; could potentially affect
neuronal signalling and myelin remodelling and plasticity. Furthermore, alterations in the lipid
composition of cellular membranes of microglia and astrocytes could contribute to the reactivity
observed in these cells upon HFD or WD intake. For these reasons, it would be crucial to analyse
the lipidome of single cell types isolated from the CNS. In a recent study, Nugent et al. analysed the
lipidome of microglia and astrocytes isolated from healthy and demyelinated mouse brain (Nugent et
al., 2020) and described an increase of cholesterol esters in microglia upon demyelination. Similar
techniques and analyses could be applied in our model to determine how the cellular lipidome
changes upon diet. Moreover, a combination of lipidomics and transcriptomics analysis from white
and grey matter will allow a comprehensive understanding of how changes in lipid brain profiles

correlate with cellular function.

One interesting question is the route of entry for the plasma lipids into the brain. Our preliminary
data show lipid accumulation in the epithelial lining of the lateral ventricles and a diminished cover
by astrocytic processes. This is associated with an increased accumulation of lipid particles in the
microglia in the corpus callosum. Thus, the cerebrospinal fluid and the ventricular system are a
potential route of lipid exchange between plasma and CNS. To determine whether other barriers
such as the choroid plexus, the ventricular system and the perivascular spaces also show similar
characteristics, it would be relevant to examine other CNS macrophages than microglia, i.e.
perivascular macrophages, meningeal macrophages and choroid plexus macrophages, given their role
in regulating the CNS barriers. In addition, the labelling of plasma lipids using stable isotope labelling
(Triebl and Wenk, 2018) would allow the tracing of the diffusion of certain lipids from the plasma
into the CNS.

109



Discussion

To conclude, we show that WD feeding causes relevant changes in the lipid composition of the white
and grey matters of the brain, and future studies will be needed to determine how these influence

cellular function.

3.3. Lipid alterations associate with low-grade neuroinflammation in the white matter
The lipid alterations in the white matter caused by WD intake appear to be associated with microglia

reactivity in the corpus callosum. Using several microglia activation markers, we observed a certain
degree of inflammatory response, which we interpreted as low-grade microgliosis. To better
characterize these small changes, it would be interesting to analyse the microglia transcriptome at a
single-cell level so that we can describe which populations are altered by WD. Furthermore, we could
compare the populations found in WD-fed mice to the ones in old mice, to determine whether there

are any parallelisms in their response.

In all our experiments, we have analysed the influence of 8 to 10 weeks of WD consumption.
However, different effects of WD and HFD are described dependent on the duration of the diet
(Guillemot-Legris and Muccioli, 2017). Thus, it would be intriguing to understand how a short-term
pulse of WD (i.e. 1 week) and a very long term WD challenge (i.e. 6-8 months) could affect microglia
function in the white matter. In the literature, it is apparent that the first reaction from microglia to
WD is highly reactive and skewed to classical pro-inflammation (i.e. including the secretion of
cytokines such as IL6, TNFa and 1L18). However, with time microglia appear to adapt to the new
environment and start secreting factors demonstrating an alternatively activated or even anti-
inflammatory profile (Baufeld et al., 2016; Guillemot-Legris and Muccioli, 2017; Kim et al., 2019,
Miller and Spencer, 2014).

In short, microglia in the corpus callosum of WD-fed mice presented excessive lipid deposits and a
certain degree of activation. Future transcriptomic analyses will provide more detailed information

on the influence of WD on microglia function.
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4. Conclusion
Together, our data delineate a model of how obesity might be disturbing microglia’s response to

damage in the white matter (Fig. 4.1). We suggest that the perturbed lipid homeostasis and low-grade
inflammation prevailing in peripheral organs upon the consumption of a high-fat, high-sugar diet
such as WD translates into alterations in the lipid composition of the brain white matter and into
low-grade neuroinflaimmation characterized by modest microgliosis. In this context, chronic
neuroinflaimmation triggers TGFB production to re-establish homeostasis, which is beneficial to
oppose chronic neuroinflammation. However, upon acute damage to the CNS such as demyelination,
excess TGFB prevents microglia’s full activation, which results in poor cholesterol efflux and
lipotoxicity. Therefore, even though phagocytes are recruited to the lesioned area, they cannot fully
turn on the functional machinery necessary to cope with the damage. Thus, blocking TGFR signalling
or promoting microglia activation through TREM2 could be ways to promote correct microglia

activation and successful resolution of damage in the CNS.

Response to damage

Homeostasis Inflammation activation

CD68
I ARG1

MAC2
MHCII

LXR
PPAR

Microglia inflammatory response

Healthy mice (CD-fed) Time

Response to damage

Homeostasis No resolution Lipotoxicity

Peripheral inflammation
Altered brain lipid composition
Low-grade neuroinflammation

Obese mice
(WD-fed)

Microglia inflammatory response

Time

Figure 4.1: Working model of the influence of obesity on microglia’s response to myelin
damage. The top diagram illustrates the microglia response upon demyelinating damage in healthy
mice, while the bottom diagram illustrates the response in obese mice. In healthy mice, damage
triggers a potent inflammatory response by microglia, characterized by the expression of activation
markers such as CD68, ARG1, MAC2 and MHCII. This inflammatory peak is necessaty to then enter
the inflammation resolution phase, were the LXR and PPAR pathways are activated to process
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ingested lipids and to resolve inflammation. These processes are mediated by the activation of TLRs
and TREM2, and the silencing of TGFp. In obese mice, microglia homeostasis is perturbed and
associated with increased TGFp signalling. Due to the excess TGFp signalling, microglia from obese
mice cannot respond as potently as they should, which renders them unable to enter the resolution
phase and induces lipotoxicity and thus, failure to regenerate myelin.

Treatments that delay, prevent or reverse the progression phase are an unmet need in MS research.
Large efforts have been directed into identifying strategies to promote the generation and
differentiation of OPCs into pre- and myelinating oligodendrocytes to enhance endogenous
remyelination. Currently, some treatments are finishing phase 2 clinical studies and report efficacy,
thus; the prospect of licensed remyelinating treatments in MS looks increasingly feasible (Cunniffe
and Coles, 2019). Here, we expand the spectrum of potential therapeutic strategies by uncovering
central microglial checkpoint mechanisms as possible targets in promoting a reparative inflammatory
response after demyelinating injury. Nevertheless, recent research raised doubts about the
contribution of OPCs to remyelination in humans. Using an elegant *C-dating technique, Yeung et
al. demonstrated that the oligodendrocytes in areas supposed to have undergone at least partial
remyelination could not derive from new OPCs (Yeung et al, 2019). Concurrently, Jikel et al
reported reduced OPC numbers in these same areas (Jikel et al., 2019). These findings reveal a new
dimension of complexity to the process of remyelination that challenges our view of remyelination
in humans and force us to better examine how biological mechanisms unravelled using animal models

translate into human disease.

In conclusion, our study further proves the detrimental influence that obesity can have on health and
strengthens the evidences demonstrating that obesity can indeed also perturb CNS function. The
implantation of a diet high in sugar, fat and calories (i.e. WD) in developed countries has led to
endemic rates of obesity. According to the World Health Organization, worldwide obesity has nearly
tripled since 1975, with 39% of adults older than 18 and over 340 million children and adolescents
aged 5-19 being overweight in 2016. Several studies show an association between obesity in childhood
and adolescence and the risk of developing MS and a high prevalence of obesity in MS patients
(Altowaijri et al., 2017). Since obesity is preventable, our study emphasizes the need to establish strict
diet guidelines not only for MS patients, but also for the general population. Furthermore, I believe
ethical restrictions of market regulations should aim to facilitate the consumption of a health-

promoting diet.
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Figure 5.1 (ptevious page): Cellular processes triggered upon myelin debris intake. This figure
illustrates the vatrious steps performed by a phagocyte from myelin debris intake and processing to
transcriptional changes via activation of the LXR pathway. Myelin debris are detected by several
receptors, which stimulate PI3K-dependent signalling pathways to re-arrange the actin filaments and
promote phagocytosis. At the late endosome stage, lysosomal hydrolases derived from the Golgi
apparatus are incorporated into the phagosome and process myelin debris into its components, one
of which is free cholesterol. Free cholesterol is transported out of the late endosome/lysosome
through the cooperative action of NPC1 and NPC2, bound to a cytoplasmic cholesterol-binding
protein, and trafficked to the endoplasmic reticulum. There, free cholesterol is esterified by ACAT1
and, together with fatty acids, incorporated into lipid droplets. An excessive accumulation of lipid
droplets gives the cell a foam cell morphology. Free cholesterol can be de-esterified by nCEH, which
liberates free cholesterol that can be then out flowed from macrophages through the transporters
ABCA1 and ABCG1. Free cholesterol can also oxidised, thereby forming oxysterols, which are LXR
agonists. Furthermore, free cholesterol inhibits cholesterol synthesis, thus causing the accumulation
of desmosterol, another LXR agonist. Also, synthetic agonists can be incorporated into the cell and
also bind the LXR. Ligand binding activates the heterodimer LXR-RXR and initiates the transcription
of genes that promote cholesterol efflux from the cell. In parallel, inflammatory pathways are
inhibited. If these lipid processing mechanisms are overloaded, unbuffered free cholesterol will
accumulate in the cytoplasm and lead to lipotoxicity. This can associate with ER stress, further pro-
inflammatory activation, and cholesterol crystallization, which eventually leads to necrotic cell death
and the release of cholesterol crystals into the extracellular space. I/ustration created by Martin Krgywinski
Sfrom a draft by Mar Bosch Queralt. For abbreviations, please see the list of abbreviations.

Figure 5.2 (next page): Lipid processing by microglia and macrophages is the bottleneck for
successful remyelination. This illustration summarizes the inflaimmatory response triggered upon
myelin damage. Upon demyelination, microglia and macrophages are recruited to the area of damage,
where they will take up myelin debris. Once myelin debris have been taken up, they need to be
processed into the different myelin components. Cholesterol and free fatty acids present in myelin
debris then activate the LXR and PPAR pathways, respectively. These will induce lipid processing
and buffering by either promoting cholesterol efflux, lipid burning, or safe lipid storage in lipid
droplets. If these pathways are correctly activated, inflammation will resolve and remyelination will
occur. If, however, these pathways are not timely and propetly activated, lipid overload will lead to
lipotoxicity and microglia/macrophage malfunction. Thus, inflammation will not resolve, and
remyelination will not occur. Ilustration created by Mar Bosch Queralt, with the assistance of Martin
Krzywinski. For abbreviations, please see the list of abbreviations.
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2. Generation of recombinant anti-TREM2 antibodies
Isotype and 4D9 antibody materials were produced, characterized, and assessed for quality performed

at Denali Therapeutics as reported in (Schlepckow et al., 2020). Wistar rats were immunized
subcutaneously and intraperitoneally with a mixture of 70 pg recombinant his-tagged mouse TREM2
protein (aal9-171, Creative Biomart) in 500 ul PBS, 5 nmol CpG2006 (TIB MOLBIOL, Berlin,
Germany), and 500 pl Incomplete Freund's adjuvant. Fusion of the myeloma cell line P3X63-Ag8.653
with the rat immune spleen cells was performed. Hybridoma supernatants were tested in an enzyme-
linked immunoassay using biotinylated peptides (0.2ug/mlL) bound to avidin-coated plates. The
hybridoma cells of TREM2-reactive supernatants were cloned at least twice by limiting dilution. The
IgG subclass was determined in an ELISA assay with mouse anti-rat kappa light chain antibodies as
capture and HRP-coupled mouse anti-rat IgG subclass-specific antibodies for detection. Total RNA
was extracted from the monoclonal antibody expressing hybridoma cells using QIAGEN RNeasy
Plus Mini Kit (QIAGEN, Germantown, MD) following manufacturer’s instructions. The extracted
total RNA was used as template for 5- RACE-ready cDNA synthesis (Takara Bio, Mountain View,
CA). The heavy chain variable domain (VH) and the light chain variable domain (VK) of 4D9 were
amplified separately by PCR using the 5-RACE adaptor-specific forward primer, rat IgG or kappa
constant-specific reverse primers. For VK domain amplification, a peptide nucleic acid oligo
(CCTGTGGAGGAGGAGGATGCT-KK) was used to selectively amplify the functional kappa
chain. The PCR products of VH and VK were purified and cloned into the pCR-TOPO vector
(Invitrogen, Catlsbad, CA). The cloned vector was transformed into TOP10 E. e/ (Invitrogen,
Catlsbad, CA) by chemical transformation and selected on a LB agar plate containing 100 pg/mL
carbenicillin. Sanger sequencing was done on bacteria colonies using the M13 forward and M13
reverse primers to sequence VH and VK of the 4D9 antibody. The polypeptide sequences of VH
and VK were codon optimized for CHO cell expression and synthesized by Integrated DNA
Technologies (Coralville, IA). The synthesized VH and VK fragments were cloned into the human
IgG1 containing effector knock-out mutations (L234A, L235A, and P329G) and human kappa chain
expression vectors, respectively. ExpiCHO cells (Gibco, Cartlsbad, CA) were transfected with the
antibody expression plasmids. The culture medium containing the expressed recombinant antibody
was harvested 5 days after transfection. The recombinant antibody was purified by MabSelect SURe
(GE Life Sciences, Pittsburgh, PA). The purity of 4D9 recombinant antibody was analysed by SDS-
PAGE (NuPAGE 4-12% Bis-Ttis, Invitrogen, Carlsbad, CA) and size exclusion chromatography
(Tosoh TSKgel, Tosoh Biosciences, Japan).

The 4D9 antibody was sequenced and reformatted onto a human IgG1-effectorless backbone for
cell culture experiments, and in a mouse backbone for mouse 7 vivo experiments (Schlepckow et al.,

2020).
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3. Custom-made macros in Fiji
Macro to measure consecutive lesion areas in one demyelinated lesion

This simple macro analyses the area and intensity of a region of interest (ROI) selected manually in

consecutive images of a lesion from one mouse. The steps to achieve that are the following:

1. Create dialog for user to select the file to process.

2. Open file container or directory with single images and make a selection list with all
images.

3. For each image, allow the user to select the ROI and measure the area and intensity of that
ROL

4. Save results and close.

Dialog.create ("Measure Lesion Area");
Dialog.addCheckbox ("Save ROI Selections", true);
Dialog.addString ("Name of saving folder: ", " ResultsDem");
Dialog.show() ;

single_file=false;
SAVE_ROI=Dialog.getCheckbox () ;
save_folder=Dialog.getString();
sep = File.separator;

if (single_file)

{
Filelist=newArray(l);
Filelist[0] = File.openDialog("Select a file to proccess...");
SourceDir=File.getParent (Filelist[0]);
Filelist([0O]=File.getName (Filelist[0]);
SAVE_DIR=SourceDir;

}else

SourceDir = getDirectory("Choose source directory");
Filelist=getFileList (SourceDir);
SAVE_DIR=File.getParent (SourceDir);
BASIC_NAME=File.getName (SourceDir) ;

tmp=newArray () ;
for (k=0;k<Filelist.length;k++)
{
if (!File.isDirectory(SourceDir+"/"+Filelist[k]))
{
tmp = Array.concat (tmp,Filelist[k]);
}
}
Filelist=tmp;
Array.sort (Filelist);

new folder=SAVE DIR + sep + save folder;

File.makeDirectory(new_folder);

roiManager ("reset");

run ("Clear Results");

for (k=0;k<Filelist.length;k++)

{
run ("Bio-Formats Macro Extensions");
Ext.setId(SourceDir+sep+Filelist[k]);
Ext.getSeriesCount(SERIES_COUNT);
FILE_PATH=SourceDir + sep + Filelist[k];

for (i=0;i<SERIES_COUNT; i++)
{
options="open=["+ FILE_PATH + "] " + "autoscale color _mode=Default view=Hyperstack
stack _order=XYCZT " + "series "+d2s(i+1,0);
run ("Bio-Formats Importer", options);
FILE_NAME=File.getName (FILE_PATH) ;
Ext.setSeries (i) ;
Ext.getSeriesName(SERIES_NAMES);
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SERIES NAMES=replace (SERIES NAMES, " ", " ");
SERIES NAMES=replace (SERIES NAMES, "/", " ");
SERIES NAMES=replace (SERIES NAMES, "\\ (", "");

SERIES NAMES=replace (SERIES NAMES, "\\)", " ");
SAVE_NAME=Filelist[k]+"_ "+SERIES_NAMES;

rename (SAVE_NAME) ;

run ("Enhance Contrast", "saturated=0.35");

setTool ("freehand") ;
waitForUser ("Please select the region of lesion and press OK");
run ("Set Measurements...", "area mean min shape integrated redirect=None decimal=3");
run ("Measure") ;
roiManager ("Add") ;
close();
}

}
saveAs ("Results", new_folder+ sep +BASIC_NAME+"-Results"+".txt");

run ("Clear Results");

roiManager ("save", new_folder+ sep + BASIC_NAME+" Selections"+".zip");
roiManager ("reset") ;

run ("Close All");

Macro to measure percentage of area covered and intensity of different signals

This macro analyses the area and intensity occupied by a particular signal in a ROI selected manually.
The macro pasted here measures DAPI, crystals, myelin, lysosomes and macrophages, but a similar
macro was used for several combinations of signals, such as CD68, PLIN2 or pPSMAD2. In short,

the steps to achieve this analysis are the following:

1. Create dialog for user to select the file(s) to process and the thresholding strategy (both
manual and automatic options available). Also, the option is given to load a pre-selected
ROL

2. Open file container or directory with single images and make a selection list with all
images.

3. For each image, convert the image to 32-Bit and allow the user to select the ROI. Then,
allow the user to select a thresholding strategy to eliminate the tissue holes and measure the
area occupied by the tissue. For each channel, allow the user to select a thresholding
strategy to distinguish the positive signal from the background and measure the area and
intensity of the thresholded signal. For the DAPI channel, allow the user to select a
thresholding strategy to distinguish the positive signal from the background and quantify
the number of particles of a certain size and circularity.

4. Save results and close.

Example given for measuring DAPI, crystals, myelin, lysosomes and macrophages. Variations of the same
were used to analyse PLIN2, CD68 in lesions and GFAP, IBAl in unlesioned samples.
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The tissue thresholded i e (the 1 e ed to mea e only ti e are

five channel image:
1=Crystals
2=DAPI
=Ly mes (Lampl
4=Myeli
= r e Ibal)

“reate dial , Create ve folders, nd select file(s) t T e

ThresholdMethods=getList ("threshold.methods") ;

Dialog.create ("Parameters");

Dialog.addMessage ("Quantify crystals, lysosomes myelin and macrophages within a lesion");
Dialog.addCheckbox ("Analyse single image container file", true);

Dialog.addCheckbox ("Load lesion ROI", false);

Dialog.addNumber ("Crystals Channel", 1);

Dialog.addNumber ("DAPI Channel", 2);

Dialog.addNumber ("Lysosome (Lampl) Channel", 3);

Dialog.addNumber ("Myelin Channel", 4);

Dialog.addNumber ("Ibal Channel", 5);

Dialog.addString ("Name of saving folder: ", " Results");
Dialog.addCheckbox ("Automatic Threshold", true);

Dialog.addChoice ("Threshold Algorithm for crystals", ThresholdMethods) ;
Dialog.addChoice ("Threshold Algorithm for DAPI", ThresholdMethods);
Dialog.addChoice ("Threshold Algorithm for Lampl", ThresholdMethods);
Dialog.addChoice ("Threshold Algorithm for Myelin", ThresholdMethods);
Dialog.addChoice ("Threshold Algorithm for Ibal", ThresholdMethods);
Dialog.show () ;

Variable f Dial
single file=Dialog.getCheckbox () ;
LOAD_ROI=Dialog.getCheckbox () ;
CRYST ch=Dialog.getNumber () ;
DAPI ch=Dialog.getNumber () ;
LAMP1 ch=Dialog.getNumber () ;
MYELIN_ch=Dialog.getNumber () ;
IBAl_ch=Dialog.getNumber () ;
save_folder=Dialog.getString();
auto_thr:Dialog.getCheckbox();
Method_cryst=Dialog.getChoice();
Method dapi=Dialog.getChoice();
Method_ lampl=Dialog.getChoice();
Method myelin=Dialog.getChoice();
Method_ibal=Dialog.getChoice () ;

if (auto_thr)
{
save_folder=save_folder+" "+Method_ibal;
}else{
save folder=save folder+" ManualThr";
}

sep = File.separator;

if (single_file)

{
Filelist=newArray(1l);
Filelist[0] = File.openDialog("Select a file to proccess...");
SourceDir=File.getParent (Filelist[0]);
Filelist[O]=File.getName (Filelist[0]);
save_folder name_add=Filelist[0];
SAVE_DIR=SourceDir;

lelse
{
SourceDir = getDirectory("Choose source directory");
Filelist=getFileList (SourceDir);
SAVE_DIR=SourceDir;
save_folder name_add=File.getName (SourceDir) ;
}
save_folder=save_folder+" "+save folder name_add;

// Remove Folders from Filelist array
tmp=newArray () ;
for (k=0;k<Filelist.length;k++)
{
if (!File.isDirectory(SourceDir+"/"+Filelist[k]))
{
tmp = Array.concat (tmp,Filelist[k]);
}
}
Filelist=tmp;

if (LOAD_ROT)

{
LARGE_ROI_PATH = getDirectory("Select the folder containing the lesion ROIs");
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}

getDateAndTime (year, month, dayOfWeek, dayOfMonth, hour, minute, second, msec);
month=month+1;
save_folder=save folder+" "+year+" "+month+" "+dayOfMonth+" "+hour+" "+minute+" "+second;
new_folder=SAVE DIR + sep + save folder;
File.makeDirectory (new_ folder);
setBatchMode (true) ;
for (k=0;k<Filelist.length;k++)
{
if (!endsWith (Filelist[k], sep))
{
run ("Bio-Formats Macro Extensions");
Ext.setId(SourceDir+sep+Filelist[k]);
Ext.getSeriesCount (SERIES_COUNT) ;
FILE_PATH=SourceDir + sep + Filelist[k];

SeriesNames:newArray(SERIES_COUNT);
TotalArea_Lesion:neWArray(SERIES_COUNT);
Nuclei_count:neWArray(SERIES_COUNT);
Cryst_Area=newArray (SERIES_COUNT) ;
Cryst_Mean=newArray (SERIES_COUNT) ;
Lampl_ Area=newArray (SERIES_COUNT) ;
Lampl_ Mean=newArray (SERIES_COUNT) ;
Myelin_Area:newArray(SERIES_COUNT);
Myelin Mean=newArray (SERIES_COUNT) ;
Ibal_Area=newArray (SERIES_COUNT) ;
Ibal_Mean=newArray (SERIES_COUNT) ;

for (i=0;i<SERIES_COUNT; i++)

{
options="open=["+ FILE PATH + "] " 4+ autoscale color mode=Default

view=Hyperstack stack order=XYCZT " + "series "+d2s(i+1,0);

run ("Bio-Formats Importer", options);
FILE_NAME=File.nameWithoutExtension;
Ext.setSeries (i) ;
Ext.getSeriesName (SERIES_NAMES) ;
SERIES NAMES=replace (SERIES NAMES, " ", " ");
SERIES NAMES=replace (SERIES NAMES, "/", " ");
SERIES_NAMES=replace (SERIES_NAMES, "\\ (", "");
SERIES_NAMES=replace (SERIES NAMES, "\\)", " ");
SeriesNames [i]=SERIES_NAMES;
SAVE_NAME=FILE NAME+" "+SERIES NAMES;
rename (SAVE_NAME) ;
run ("32-bit");
run ("Gaussian Blur...", "sigma=1.5 stack");
getDimensions (width, height, channels, slices, frames);
if (slices>1)
{

run ("Z Project...", "projection=[Max Intensity]");
selectWindow (SAVE NAME) ;
close();

selectWindow ("MAX "+SAVE NAME) ;
rename (SAVE NAME) ;

}

Stack.setDisplayMode ("composite") ;

roiManager ("reset") ;

Stack.setChannel (CRYST_ch);

run ("Grays") ;

Stack.setChannel (DAPI_ch);

run ("Cyan") ;

Stack.setChannel (LAMP1_ch);

run ("Green") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setChannel (MYELIN_ch);

run ("Magenta") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setChannel (IBAl_ch);

run ("Yellow") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setActiveChannels ("011110"™);

selectWindow (SAVE_NAME) ;

run("Duplicate...", "duplicate channels="+IBAl ch+"");

rename ("temp") ;

setBatchMode ("show") ;

waitForUser ("Please select the threshold limits,press Apply and convert
background to NaN\nThen click OK for this message");

setBatchMode ("hide") ;

selectWindow (SAVE_NAME) ;
setTool ("freehand") ;
if (LOAD ROI)
{
roiManager ("Open", LARGE_ROI_PATH + sep + SAVE_NAME+"-
Lesion ROI"+".zip" );
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setBatchMode ("show") ;

waitForUser ("Please select the region of interest and press OK");
roiManager ("Add") ;

setBatchMode ("hide") ;

selectWindow ("temp") ;

roiManager ("Select", 0);

run ("Set Measurements...", "area redirect=None decimal=3");
run ("Measure") ;

TotalArea_Lesion[i]=getResult ("Area", 0);

run ("Clear Results");

selectWindow ("temp") ;

saveAs ("tif", new_folder+ sep +SAVE_NAME+"-Tissue_only");
run ("Close") ;

selectWindow (SAVE_NAME) ;

roiManager ("deselect");

run ("Select None");

run (
run (
run (

"Clear Results");
'Set Measurements...", "area mean redirect=None decimal=3");
'Split Channels");

selectwindow("C"+CRYST_ch+"—"+SAVE_NAME);
if (auto_thr)

{

}else

{

setAutoThreshold (Method cryst+" dark");
run ("NaN Background") ;

setBatchMode ("show") ;
waitForUser ("Threshold Crystals channel\n\nPlease select the

threshold limits,press Apply and convert background to NaN\nThen click OK for this message");

}

setBatchMode ("hide") ;

roiManager ("Select", 0);

run ("Measure") ;
Cryst_Areali]=getResult ("Area", 0);
Cryst_Mean[i]=getResult ("Mean", 0);
run ("Clear Results");

selectwindow("C"+DAPI_ch+"—"+SAVE_NAME);
run ("8-bit");
if (auto_thr)

{

lelse

setAutoThreshold(Method_dapi+" dark") ;
run ("NaN Background") ;

setBatchMode ("show") ;
waitForUser ("Threshold DAPI channel\n\nPlease select the threshold

limits and press Apply\nThen click OK for this message");

}

setBatchMode ("hide") ;

setOption ("BlackBackground", true);

run ("Convert to Mask");

run ("Fill Holes");

run ("Watershed") ;

roiManager ("Select", 0);

run ("Analyze Particles...", "size=4.00-Infinity display clear");
Nuclei_count[i]=nResults;
selectWindow ("C"+DAPI ch+"-"+SAVE NAME) ;

run ("32-bit");

run ("Clear Results");

selectwindow("C"+LAMPl_ch+"—"+SAVE_NAME);
if (auto_thr)

{

lelse

setAutoThreshold (Method_lampl+" dark");
run ("NaN Background") ;

setBatchMode ("show") ;
waitForUser ("Threshold Lampl channel\n\nPlease select the threshold

limits,press Apply and convert background to NaN\nThen click OK for this message");

}

setBatchMode ("hide") ;

roiManager ("Select", 0);

run ("Measure") ;
Lampl_Area[i]=getResult ("Area", 0);
Lampl_Mean[i]=getResult ("Mean", 0);
run("Clear Results");

selectWindow ("C"+MYELIN_ ch+"-"+SAVE_ NAME) ;
if (auto_thr)

{

setAutoThreshold (Method myelin+" dark");
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run ("NaN Background") ;
lelse

setBatchMode ("show") ;
waitForUser ("Threshold Myelin channel\n\nPlease select the threshold
limits,press Apply and convert background to NaN\nThen click OK for this message");
setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Measure") ;
Myelin_ Area[i]=getResult ("Area", 0);
Myelin Mean[i]=getResult ("Mean", 0);
run ("Clear Results");

selectwindow("C"+IBA1_ch+"—"+SAVE_NAME);

if (auto_thr)

{
setAutoThreshold(Method_ibal+" dark") ;
run ("NaN Background") ;

lelse

setBatchMode ("show") ;
waitForUser ("Threshold Ibal channel\n\nPlease select the threshold
limits,press Apply and convert background to NaN\nThen click OK for this message");
setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Measure") ;
Ibal_Area[i]=getResult ("Area", 0);
Ibal_Mean[i]=getResult ("Mean", 0);
run ("Clear Results");

run ("Merge Channels...", "cl=[C"+CRYST_ch+"-"+SAVE_NAME+"] c2=[C"+DAPI_ch+"-
"+SAVE NAME+"] c3=[C"+LAMP1 ch+"-"+SAVE NAME+"] c4=[C"+MYELIN ch+"-"+SAVE NAME+"] c5=[C"+IBAl ch+"-
"+SAVE NAME+"] create");

Stack.setDisplayMode ("composite") ;

Stack.setChannel (CRYST_ch);

run ("Grays");

Stack.setChannel (DAPI_ch);

run ("Cyan") ;

Stack.setChannel (LAMP1_ch);

run ("Green") ;

run ("Enhance Contrast", "saturated=0.35");

Stack.setChannel (MYELIN_ch);

run ("Magenta") ;

run ("Enhance Contrast", "saturated=0.35");

Stack.setChannel (IBAl ch);

run ("Yellow") ;

saveAs ("tif", new_folder+ sep +SAVE_NAME+"-Thresh");

roiManager ("Select",0);
roiManager ("save", new folder+ sep + SAVE NAME+"-Lesion ROI"+".zip");
roiManager ("reset") ;

run("Close All");
}
roiManager ("reset") ;
for (t=0;t<SERIES COUNT; t++)
{

run ("Input/Output...", "jpeg=85 gif=-1 file=.xls copy row save column");
setResult ("Slice", t, SeriesNames[t]);

setResult ("Lesion Area [um”2]", t, TotalArea Lesion[t]);

setResult ("Number of nuclei in lesion", t, Nuclei_ count[t]);

setResult ("Crystals Area [um”2]", t, Cryst Arealt]);

setResult ("Crystals mean intensity", t, Cryst_Mean[t]);

setResult ("Lysosomes Area [um™2]", t, Lampl Area(t]);
setResult ("Lysosomes mean intensity [um”2]", t, Lampl_Mean[t]);

setResult ("Myelin Area [um"2]", t, Myelin_ Areal[t]);
setResult ("Myelin mean intensity", t, Myelin Mean[t]);

setResult ("Macrophages Area [um~2]", t, Ibal_Arealt]);
setResult ("Macrophages mean intensity", t, Ibal_Mean([t]);

updateResults () ;
}
saveAs ("Results", new_folder+ sep +FILE_NAME+"-Results"+".txt");
run("Clear Results");
}
}
setBatchMode (false) ;
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Macro to quantify the signal from fluorescent in situ hybridization

This macro was used for quantification of particles positive for a certain RNA, labelled using FISH.

The macro quantifies the number of positive particles in two different channels and the area occupied

by a third channel (standard protein labelling by immunohistochemistry). Furthermore, it creates a

mask out of the protein-labelled channel, and applies this onto the channels representing the RNA

particles. Then, it quantifies the number of RNA particles contained in the particular protein staining.

In our case, the RNA particles were always for Tgfb7 and Tgfb2, and the protein staining was either

labelling IBA1 (represented here) or GFAP. In short, the steps to achieve this analysis are the

following:

1.

Create dialog for user to select the file to process and the thresholding strategy for each
channel (both manual and automatic options available). Also, the option is given to load a
pre-selected ROL

Open file container or directory with single images and make a selection list with all
images.

For each image, convert the image to 32-Bit and allow the user to select the ROI. Then,
allow the user to select a thresholding strategy to eliminate the tissue holes and measure the
area occupied by the tissue. For the protein channel, allow the user to select a thresholding
strategy to distinguish the positive signal from the background and measure the area and
intensity of the thresholded signal. For the DAPI and RNA channels, allow the user to
select a thresholding strategy to distinguish the positive signal from the background and
quantify the number of particles of a certain size and circularity.

Convert the protein channel to 8-Bit and to a binary (0-1) mask. Use this mask to multiply
each other channel (DAPIL, RNA 1 and RNA 2) so that only the signal that falls into the
positive pixels of the mask is considered. Then, quantify again the number of positive
particles.

Save results and close.
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: 1=DAPT 1 Ibal+
- 2=TGFB1 ts in Ibal
- 3=TGFB2 ts in Ibal

ate dialog, create save folders, and select file
ThresholdMethods=getList ("threshold.methods") ;

Dialog.create ("Parameters") ;

Dialog.addMessage ("Quantifying RNA Scope results");
Dialog.addCheckbox ("Analyse single image container file", true);
Dialog.addCheckbox ("Load lesion ROI", false);

Dialog.addNumber
Dialog.addNumber

"DAPI Channel", 1);

"IBAl Channel", 2);

Dialog.addNumber ("TGFB1 Channel", 3);

Dialog.addNumber ("TGFB2 Channel", 4);

Dialog.addString ("Name of saving folder: ", " Results");
Dialog.addCheckbox ("Automatic Threshold", true);

Dialog.addChoice ("Threshold Algorithm for DAPI", ThresholdMethods);
Dialog.addChoice ("Threshold Algorithm for IBAl", ThresholdMethods);
Dialog.addCheckbox ("Automatic Threshold", true);

Dialog.addChoice ("Threshold Algorithm for TGFB1", ThresholdMethods);
Dialog.addChoice ("Threshold Algorithm for TGFB2", ThresholdMethods);

Dialog.show () ;

riables of Dialog
single_file=Dialog.getCheckbox () ;
LOAD_ROI=Dialog.getCheckbox () ;
DAPI_ch=Dialog.getNumber () ;
IBAl_ch=Dialog.getNumber () ;
TGFB1_ch=Dialog.getNumber () ;
TGFB2_ch=Dialog.getNumber () ;
save_folder=Dialog.getString();
auto_thr:Dialog.getCheckbox();
Method DAPI=Dialog.getChoice ()
Method IBAl=Dialog.getChoice ()
(
(

7

Method TGFBl=Dialog.getChoice

)i
Method TGFB2=Dialog.getChoice ()

;

if (auto_thr)
{
save folder=save folder+" "+Method DAPI+" "+Method IBAl+" "+Method TGFB1+"_ "+Method TGFB2;
telsef
save folder=save folder+" ManualThr";
}

sep = File.separator;

if (single_file)

{
Filelist=newArray(1l);
Filelist[0] = File.openDialog("Select a file to proccess...");
SourceDir=File.getParent (Filelist[0]);
Filelist[0O]=File.getName (Filelist[0]);
save_folder name_add=Filelist[0];
SAVE_DIR=SourceDir;

lelse

SourceDir = getDirectory("Choose source directory");
Filelist=getFileList (SourceDir);

SAVE_DIR=SourceDir;

save_folder name_add=File.getName (SourceDir) ;

save_folder=save folder+" "+save folder name_ add;

Rer ve Folders from Filelist rray

tmp=newArray () ;

for (k=0;k<Filelist.length;k++)

{
if (!File.isDirectory(SourceDir+"/"+Filelist[k])
{

tmp = Array.concat (tmp,Filelist[k]);

}

124



Appendix

Filelist=tmp;

if (LOAD_ROI)
{

LARGE_ROI_PATH = getDirectory("Select the folder containing the lesion ROIs");
}

getDateAndTime (year, month, dayOfWeek, dayOfMonth, hour, minute, second, msec);
month=month+1;
save_folder=save folder+" "+year+" "+month+" "+dayOfMonth+" "+hour+" "+minute+" "+second;
new_folder=SAVE DIR + sep + save_ folder;
File.makeDirectory(new_folder);
setBatchMode (true) ;
for (k=0;k<Filelist.length;k++)
{
if (!endsWith(Filelist[k], sep))
{
run ("Bio-Formats Macro Extensions");
Ext.setId(SourceDir+sep+Filelist[k]);
Ext.getSeriesCount(SERIES_COUNT);
FILE_PATH=SourceDir + sep + Filelist[k];

SeriesNames:newArray(SERIES_COUNT);
TotalArea_ ROI=newArray (SERIES_COUNT) ;
DAPI_Count=newArray (SERIES_COUNT) ;
IBAl_Area=newArray (SERIES_COUNT) ;
IBA1l_Mean=newArray (SERIES_COUNT) ;
IBAl_IntegratedDen=newArray (SERIES_COUNT) ;
TGFB1_Count=newArray (SERIES_COUNT) ;
TGFB2_Count=newArray (SERIES_COUNT) ;
DAPIIBAl_ Count=newArray (SERIES_COUNT) ;
TGFB1IBAl Count=newArray (SERIES_COUNT) ;
TGFB2IBAl Count=newArray (SERIES_COUNT)

7

for (i=0;i<SERIES COUNT; i++)
{
options="open=["+ FILE PATH + "] " 4+ Tautoscale color mode=Default
view=Hyperstack stack_order=XYCZT " + "series "+d2s(i+1,0);
run ("Bio-Formats Importer", options);

FILE_NAME=File.nameWithoutExtension;
Ext.setSeries(i);
Ext.getSeriesName (SERIES_NAMES) ;

SERIES_NAMES=replace (SERIES_NAMES, " ", "_");
SERIES_NAMES=replace (SERIES_NAMES, "/", "_");
SERIES_NAMES=replace (SERIES_NAMES, "\\ (", "");

SERIES NAMES=replace (SERIES NAMES, "\\)", " ");
SeriesNames [i]=SERIES_NAMES;
SAVE_NAME=FILE NAME+" "+SERIES NAMES;

rename (SAVE_NAME) ;

run ("32-bit");

run ("Gaussian Blur...", "sigma=1.5 stack");
getDimensions (width, height, channels, slices, frames);
if (slices>1)

{

run("Z Project...", "projection=[Max Intensity]");
selectWindow (SAVE_NAME) ;
close();

selectWindow ("MAX "+SAVE NAME) ;
rename (SAVE_NAME) ;

}

Stack.setDisplayMode ("composite") ;

roiManager ("reset") ;

Stack.setChannel (DAPI_ch);

run ("Cyan") ;

Stack.setChannel (IBA1l_ch);

run ("Magenta") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setChannel (TGFB1_ch);

run ("Green") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setChannel (TGFB2_ch) ;

run ("Yellow") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setActiveChannels ("11111");

selectWindow (SAVE_NAME) ;

run ("Duplicate...", "duplicate channels="+IBAl ch+"");

rename ("temp") ;

setBatchMode ("show") ;

waitForUser ("Please select the threshold limits,press Apply and convert
background to NaN\nThen click OK for this message. Bravooo!");

setBatchMode ("hide") ;
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selectWindow (SAVE_NAME) ;
setTool ("freehand") ;
if (LOAD_ROI)
{
roiManager ("Open", LARGE_ROI_PATH + sep + SAVE_NAME+"-
Lesion ROI"+".zip" );
}else

setBatchMode ("show") ;
waitForUser ("Please select the region of interest and press OK.
Efharisto!");
roiManager ("Add") ;
setBatchMode ("hide") ;
}
selectWindow ("temp") ;
roiManager ("Select", 0);
run ("Set Measurements...", "area redirect=None decimal=3");
run ("Measure") ;
TotalArea ROI[i]=getResult ("Area", 0);
run ("Clear Results");
selectWindow ("temp") ;
saveAs ("tif", new_folder+ sep +SAVE_NAME+"-Tissue_only");
run ("Close") ;
selectWindow (SAVE_NAME) ;
roiManager ("deselect") ;
run ("Select None");
run ("Clear Results");
run ("Set Measurements...", "area mean integrated redirect=None decimal=3");
run ("Split Channels");

selectWindow ("C"+DAPI_ch+"-"+SAVE NAME) ;
run ("8-bit");
if (auto_thr)
{
setAutoThreshold (Method DAPI+" dark");
}

else

setBatchMode ("show") ;
waitForUser ("Threshold DAPI channel\n\nPlease select the threshold
limits and press Apply\nThen click OK for this message\nLooking good! Keep going...");
setBatchMode ("hide") ;
}
setOption ("BlackBackground", true);
run ("Convert to Mask");
run ("Fill Holes");
run ("Watershed") ;
roiManager ("Select", 0);
run ("Analyze Particles...", "size=4.00-Infinity display clear");
DAPI_Count[i]=nResults;
selectWindow ("C"+DAPI ch+"-"+SAVE NAME) ;
run ("32-bit");
run("Clear Results");

selectWindow ("C"+IBAl ch+"-"+SAVE NAME) ;
if (auto_thr)
{
setAutoThreshold (Method IBAl+" dark");
run ("NaN Background") ;
}else
{
setBatchMode ("show") ;
waitForUser ("Threshold IBAl channel\n\nPlease select the threshold
limits,press Apply and convert background to NaN\nThen click OK for this message\nThank you, love!");
setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Measure") ;
IBAl Area[i]=getResult ("Area", 0);
IBAl Mean[i]=getResult ("Mean", 0);
IBAl_ IntegratedDen[i]=getResult ("IntDen", 0);
selectwindow("C"+IBA1_ch+"—"+SAVE_NAME);
run ("32-bit");
run ("Clear Results");

selectWindow ("C"+TGFB1_ch+"-"+SAVE_NAME) ;
run ("8-bit");
if (auto_thr)
{
setAutoThreshold (Method TGFB1+" dark");
}
else

{
setBatchMode ("show") ;
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waitForUser ("Threshold TGFB1 channel\n\nPlease select the threshold
limits and press Apply\nThen click OK for this message\nEfharisto!");
setBatchMode ("hide") ;
}
setOption ("BlackBackground", true);
run ("Convert to Mask");
run ("Fill Holes");
run ("Watershed") ;
roiManager ("Select", 0);
run ("Analyze Particles...", "size=0.80-Infinity circularity=0.50-1.00
display clear");
TGFB1_Count[i]=nResults;
selectWindow ("C"+TGFB1l_ch+"-"+SAVE_NAME) ;
run ("32-bit");
run ("Clear Results");

selectWindow ("C"+TGFB2_ch+"-"+SAVE_NAME) ;
run ("8-bit");
if (auto_thr)
{
setAutoThreshold(Method_TGFB2+" dark");

else

setBatchMode ("show") ;
waitForUser ("Threshold TGFB2 channel\n\nPlease select the threshold
limits and press Apply\nThen click OK for this message\nParakalo!");
setBatchMode ("hide") ;
}
setOption ("BlackBackground", true);
run ("Convert to Mask");
run("Fill Holes");
run ("Watershed") ;
roiManager ("Select", 0);
run ("Analyze Particles...", "size=0.80-Infinity circularity=0.50-1.00
display clear");
TGFB2_Count [i]=nResults;
selectWindow ("C"+TGFB2_ch+"-"+SAVE_NAME) ;
run ("32-bit");
run ("Clear Results");

selectwindow("C"+IBAl_ch+"—"+SAVE_NAME);
run ("Duplicate...", "™ ");

rename ("IBAl Mask");

run ("8-bit");

setOption ("BlackBackground", true);

run ("Convert to Mask");

run ("Fill Holes");

run ("Subtract...", "value=254");

selectWindow ("C"+DAPI_ ch+"-"+SAVE NAME) ;

run ("Duplicate...", " ");

rename ("C"+DAPI_ch+"-DAPI-positive");

imageCalculator ("Multiply create","C"+DAPI ch+"-DAPI-positive","IBAl Mask");

selectWindow ("Result of C"+DAPI_ ch+"-DAPI-positive");

run ("8-bit");

roiManager ("Select", 0);

run ("Analyze Particles...", "size=4-Infinity display clear");
DAPIIBAl_ Count[i]=nResults;

selectWindow ("Result of C"+DAPI_ch+"-DAPI-positive");

run ("Clear Results");

Selectwindow("C"+TGFBl_ch+"—"+SAVE_NAME);

run ("Duplicate...", " ");

rename ("C"+TGFB1_ch+"-TGFBl-positive");

imageCalculator ("Multiply create","C"+TGFB1_ch+"-TGFB1-
positive", "IBAl Mask");

selectWindow ("Result of C"+TGFBl_ch+"-TGFBl-positive");

run ("8-bit");

roiManager ("Select", 0);

run ("Analyze Particles...", "size=0.8-Infinity circularity=0.50-1.00 display
clear ");

TGFB1IBAl_Count[i]=nResults;

selectWindow ("Result of C"+TGFBl ch+"-TGFBl-positive");

run ("Clear Results");

selectWindow ("C"+TGFB2_ch+"-"+SAVE_NAME) ;
run ("Duplicate...", " ");
rename ("C"+TGFB2_ch+"-TGFB2-positive");
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imageCalculator ("Multiply create","C"+TGFB2_ch+"-TGFB2-
positive", "IBAl Mask");

selectWindow ("Result of C"+TGFB2_ ch+"-TGFB2-positive");

run ("8-bit");

roiManager ("Select", 0);

run ("Analyze Particles...", "size=0.8-Infinity circularity=0.50-1.00 display
clear ");

TGFB2IBAl_ Count[i]=nResults;

selectWindow ("Result of C"+TGFB2_ ch+"-TGFB2-positive");

run ("Clear Results");

run ("Merge Channels...", "cl=[C"+DAPI_ch+"-"+SAVE NAME+"] c2=[C"+IBAl ch+"-
"+SAVE_NAME+"] c3=[C"+TGFB1l_ch+"-"+SAVE_NAME+"] c4=[C"+TGFB2_ch+"-"+SAVE_NAME+"] create");

Stack.setDisplayMode ("composite") ;

Stack.setChannel (DAPI_ch);

run ("Cyan") ;

Stack.setChannel (IBAl_ch);

run ("Magenta") ;

run ("Enhance Contrast", "saturated=0.35");

Stack.setChannel (TGFB1_ch);

run ("Green") ;

run ("Enhance Contrast", "saturated=0.35");

Stack.setChannel (TGFB2_ch) ;

run("Yellow") ;

run ("Enhance Contrast", "saturated=0.35");

saveAs ("tif", new_folder+ sep +SAVE NAME+"-Thresh");

selectWindow ("IBAl_ Mask");

saveAs ("tif", new_ folder+ sep +SAVE NAME+"-Mask");

run ("Merge Channels...", "cl=[Result of C"+DAPI_ch+"-DAPI-positive]
c2=[Result of C"+TGFBl_ch+"-TGFBl-positive] c3=[Result of C"+TGFB2_ch+"-TGFB2-positive] create");

saveAs ("tif", new_folder+ sep +SAVE NAME+"-DAPI-TGFB1-TGFB2_ Masked");

roiManager ("Select",0);
roiManager ("save", new_ folder+ sep + SAVE NAME+"-ROI"+".zip");
roiManager ("reset") ;

run ("Close Al1l");
}
roiManager ("reset") ;
for (t=0;t<SERIES_COUNT; t++)
{

run ("Input/Output...", "jpeg=85 gif=-1 file=.xls copy row save column");
setResult ("Slice", t, SeriesNames[t]);
setResult

7

("ROI Area [um”2]", t, TotalArea ROI[t]);
setResult ("Number of nuclei", t, DAPI Count[t])
setResult ("IBAl Area [um”™2]", t, IBAl Areal[t]);
setResult ("IBAl mean intensity", t, IBAl Mean[t]);
setResult ("IBAl integrated density", t, IBAl IntegratedDen[t]);
setResult ("Number of TGFB1", t, TGFBl Count([t]);
setResult ("Number of TGFB2", t, TGFB2_ Count([t]);
setResult ("Number of DAPIIBAL", t, DAPIIBAl Count[t]);
setResult ("Number of TGFB1IBAl", t, TGFBL1IBAl Count[t]);
setResult ("Number of TGFB2IBAl", t, TGFB2IBAl Count[t])

;

updateResults () ;
}
saveAs ("Results", new_folder+ sep +FILE_NAME+"-Results"+".txt");
run ("Clear Results");
}
}
setBatchMode (false) ;

Macro to quantify the signal from the reporter mouse line CX3CR1-GFP x CCR2-RFP

This macro was created to quantify the percentage area occupied by the different signals in the
reporter mouse line CX3CR1-GFP x CCR2-RFP, plus the signal from a IBA1 staining. It quantifies
the area occupied by a certain signal after thresholding and computes image calculations to also
quantify the percentage area occupied by the overlap between different signal combinations. In short,

the steps to achieve this analysis are the following:

1. Create dialog for user to select the file to process and the thresholding strategy for each
channel (both manual and automatic options available). Also, the option is given to load a
pre-selected ROL
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Open file container or directory with single images and make a selection list with all
images.

For each image, convert the image to 32-Bit and allow the user to select the ROI. For each
channel, allow the user to select a thresholding strategy to distinguish the positive signal
from the background and measure the area and intensity of the thresholded signal.
Multiply 32-bit-thresholded versions of different channels in order to generate 32-bit
images with only the double-positive areas (for example: IBA1TCX3CR1%). Then, measure
the percentage of total area occupied by this new signal.

Save results and close.

ThresholdMethods=getList ("threshold.methods") ;

Dialog.
Dialog.
Dialog.
Dialog.

Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.
Dialog.

single_

create ("Parameters");

addMessage ("Quantify macrophages and microglia infiltration within a lesion");
addCheckbox ("Analyse single image container file", true);

addCheckbox ("Load lesion ROI", false);

addNumber ("DAPI Channel"™, 1);

addNumber ("Ibal Channel", 2);

addNumber ("CX3CR1 Channel", 3);

addNumber ("CCR2 Channel", 4);

addString ("Name of saving folder: ", " Results");
addCheckbox ("Automatic Threshold", true);

addChoice ("Threshold Algorithm for DAPI", ThresholdMethods) ;
addChoice ("Threshold Algorithm for Ibal", ThresholdMethods) ;
addChoice ("Threshold Algorithm for CX3CR1", ThresholdMethods) ;
addChoice ("Threshold Algorithm for CCR2", ThresholdMethods) ;
addCheckbox ("Dilate and fill Ibal mask", true);

show () ;

file=Dialog.getCheckbox () ;

LOAD_ROI=Dialog.getCheckbox () ;
DAPI_ch=Dialog.getNumber () ;
IBAl ch=Dialog.getNumber () ;

CX3CR1_

ch=Dialog.getNumber () ;

CCR2_ch=Dialog.getNumber () ;
save_folder=Dialog.getString();
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auto_thr:Dialog.getCheckbox();
Method_dapi=Dialog.getChoice () ;
Method_ibal=Dialog.getChoice();
Method CX3CRl=Dialog.getChoice();
Method CCR2=Dialog.getChoice();
dilate option=Dialog.getCheckbox () ;

if (auto_thr)
{
save_folder=save_folder+" "+Method_ibal;
telse{
save_folder=save_ folder+" ManualThr";
}

sep = File.separator;

if (single_file)

{
Filelist=newArray(1l);
Filelist[0] = File.openDialog("Select a file to proccess...");
SourceDir=File.getParent (Filelist[0]);
Filelist[0O]=File.getName (Filelist[0]);
save_folder name_add=Filelist[0];
SAVE_DIR=SourceDir;

lelse

SourceDir = getDirectory("Choose source directory");
Filelist=getFilelList (SourceDir);

SAVE_DIR=SourceDir;

save_folder name_add=File.getName (SourceDir);

}

save_folder=save_folder+" "+save folder name_add;

// Remove Folders from Filelist array

tmp=newArray () ;

for (k=0;k<Filelist.length;k++)

{
if (!File.isDirectory(SourceDir+"/"+Filelist[k]))
{

tmp = Array.concat (tmp,Filelist[k]);

}

}

Filelist=tmp;

if (LOAD_ROI)
{

LARGE_ROI_PATH = getDirectory("Select the folder containing the lesion ROIs");
}

getDateAndTime (year, month, dayOfWeek, dayOfMonth, hour, minute, second, msec);
month=month+1;
save folder=save folder+" "+year+" "+month+" "+dayOfMonth+" "+hour+" "+minute+" "+second;
new folder=SAVE DIR + sep + save folder;
File.makeDirectory(new_folder);
setBatchMode (true) ;
for (k=0;k<Filelist.length;k++)
{
if (!endsWith (Filelist[k], sep))
{
run ("Bio-Formats Macro Extensions");
Ext.setId(SourceDir+sep+Filelist[k]);
Ext.getSeriesCount (SERIES_COUNT) ;
FILE PATH=SourceDir + sep + Filelist[k];

SeriesNames:newArray(SERIES_COUNT);
TotalArea_Lesion:newArray(SERIES_COUNT);
Ibal_Area=newArray (SERIES_COUNT) ;
CX3CR1_Area:newArray(SERIES_COUNT);
CCR2_Area:newArray(SERIES_COUNT);
Ibal_CCR2_Area:newArray(SERIES_COUNT);
Ibal_CX3CR1_Area:newArray(SERIES_COUNT);

Ibal CX3CR1_CCR2_Area=newArray (SERIES_COUNT) ;
Ibal CX3CR1_CCR2_neg_ Area=newArray (SERIES_COUNT) ;

for (i=0;i<SERIES_COUNT; i++)

{
options="open=["+ FILE PATH + "] " 4+ Mautoscale color mode=Default

view=Hyperstack stack order=XYCZT " + "series "+d2s(i+1,0);

run ("Bio-Formats Importer", options);
FILE NAME=File.nameWithoutExtension;
Ext.setSeries(i);
Ext.getSeriesName (SERIES_NAMES) ;
SERIES_NAMES=replace (SERIES NAMES, " ", " _");
SERIES_NAMES=replace (SERIES_NAMES, "/", " _");
SERIES_NAMES=replace (SERIES_NAMES, "\\(", "");
SERIES_NAMES=replace (SERIES_NAMES, "\\)", "_");
SeriesNames [1]=SERIES_NAMES;



Lesion ROI"+".zip" );
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SAVE_NAME=FILE NAME+" "+SERIES NAMES;

rename (SAVE_NAME) ;

run ("32-bit");

run ("Gaussian Blur...", "sigma=1.5 stack");
getDimensions (width, height, channels, slices, frames);
if(slices>1)

{

run ("Z Project...", "projection=[Max Intensity]");
selectWindow (SAVE_NAME) ;
close();

selectWindow ("MAX "+SAVE NAME) ;
rename (SAVE_NAME) ;

}

Stack.setDisplayMode ("composite") ;

roiManager ("reset") ;

Stack.setChannel (DAPI_ch);

run ("Cyan") ;

Stack.setChannel (IBAl_ch);

run ("Grays") ;

run ("Enhance Contrast"™, "saturated=0.35");
Stack.setChannel (CX3CR1_ch) ;

run ("Green") ;

run ("Enhance Contrast™, "saturated=0.35");
Stack.setChannel (CCR2_ch);

run ("Magenta") ;

run ("Enhance Contrast", "saturated=0.35");

Stack.setActiveChannels ("0110");
setTool ("freehand") ;
if (LOAD_ROI)
{
roiManager ("Open", LARGE_ROI_PATH + sep + SAVE_NAME

}else

setBatchMode ("show") ;
waitForUser ("Please select the region of interest and press OK");
roiManager ("Add") ;
setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Set Measurements...", "area redirect=None decimal=3");
run ("Measure") ;
TotalArea_ Lesion[i]=getResult ("Area", 0);
run ("Clear Results");

roiManager ("deselect") ;

run ("Select None");

run ("Clear Results");

run ("Set Measurements...", "area redirect=None decimal=3");
run ("Split Channels");

selectWindow ("C"+IBAl ch+"-"+SAVE NAME) ;
if (auto_thr)
{
setAutoThreshold (Method ibal+" dark");
run ("NaN Background") ;
}else
{
setBatchMode ("show") ;
waitForUser ("Please select the threshold 1limits,press Apply

convert background to NaN\nThen click OK for this message");

setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Measure") ;
Ibal_Area[i]=getResult ("Area", 0);
run ("Clear Results");
selectwindow(”C”+IBA1_ch+"—"+SAVE_NAME);
rename ("C"+IBAl_ch+"-Ibal-positive");
run ("Select None");
run ("Duplicate...", "title=C"+IBAl ch+"-positive-binary");
setOption ("BlackBackground", true);
run ("Make Binary");
if (dilate_option)
{

run ("Options...", "iterations=4 count=2 black do=Dilate stack");
run("Close-", "stack");
run ("Fill Holes", "stack");

}

run ("Divide...", "value=255.000");

run ("32-bit");
setAutoThreshold ("Default dark");
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run ("NaN Background") ;

selectWindow ("C"+CX3CR1_ch+"-"+SAVE_NAME) ;
if (auto_thr)
{
setAutoThreshold (Method CX3CR1+" dark");
run ("NaN Background") ;
}else
{
setBatchMode ("show") ;
waitForUser ("Please select the threshold limits,press Apply and
convert background to NaN\nThen click OK for this message");
setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Measure") ;
CX3CR1_Area[i]=getResult ("Area", 0);
run ("Clear Results");
selectWindow ("C"+CX3CR1_ch+"-"+SAVE_NAME) ;
rename ("C"+CX3CR1_ch+"-CX3CRl-positive");

selectWindow ("C"+CCR2_ch+"-"+SAVE_NAME) ;

if (auto_thr)

{
setAutoThreshold (Method CCR2+" dark");
run ("NaN Background") ;

}else

{
setBatchMode ("show") ;
wailtForUser ("Please select the threshold limits,press Apply and

convert background to NaN\nThen click OK for this message");

setBatchMode ("hide") ;

}

roiManager ("Select", 0);

run ("Measure") ;

CCR2_Area[i]=getResult ("Area", 0);

run("Clear Results");

selectWindow ("C"+CCR2_ch+"-"+SAVE_NAME) ;

run ("Select None");

rename ("C"+CCR2_ch+"-CCR2-positive");

run ("Duplicate...", "title=C"+CCR2_ch+"-binary");

setOption ("BlackBackground", true);

run ("Make Binary");

run ("Divide...", "value=255.000");

run ("Invert") ;

run ("32-bit");

setAutoThreshold ("Default dark");

run ("NaN Background");

rename ("C"+CCR2_ch+"-CCR2-negative");

imageCalculator ("Multiply create 32-bit", "C"+IBAl ch+"-positive-
binary","C"+CCR2_ch+"-CCR2-positive");

selectWindow ("Result of C"+IBAl ch+"-positive-binary");

rename ("Ibal-CCR2") ;

roiManager ("Select", 0);

run ("Measure") ;

Ibal_CCR2_Area[i]=getResult ("Area", 0);

run ("Clear Results");

imageCalculator ("Multiply create 32-bit", "C"+IBAl ch+"-positive-
binary","C"+CX3CR1_ch+"-CX3CRl-positive");

selectWindow ("Result of C"+IBAl ch+"-positive-binary");

rename ("Ibal-CX3CR1") ;

roiManager ("Select", 0);

run ("Measure") ;

Ibal_ CX3CR1_Area[il=getResult ("Area", 0);

run ("Clear Results");

imageCalculator ("Multiply create 32-bit", "Ibal-CX3CR1","C"+CCR2_ch+"-CCR2-
positive");

selectWindow ("Result of Ibal-CX3CR1");

rename ("Ibal-CX3CR1-CCR2") ;

roiManager ("Select", 0);

run ("Measure") ;

Ibal_ CX3CR1_CCR2_Area[i]=getResult ("Area", 0);

run ("Clear Results");

imageCalculator ("Multiply create 32-bit", "Ibal-CX3CR1","C"+CCR2_ch+"-CCR2-
negative");

selectWindow ("Result of Ibal-CX3CR1");

rename ("Ibal-CX3CR1-CCR2_neg");

roiManager ("Select", 0);

run ("Measure") ;
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Ibal_ CX3CR1_CCR2_neg_Areal[i]=getResult ("Area", 0);
run ("Clear Results");

run ("Merge Channels...", "cl=[C"+IBAl _ch+"-Ibal-positive]
c2=[C"+CX3CR1_ch+"-CX3CRl-positive] c¢3=[C"+CCR2_ch+"-CCR2-positive] c4=[Ibal-CX3CR1] c5=[Ibal-CCR2]
c6=[Ibal-CX3CR1-CCR2] c7=[Ibal-CX3CR1-CCR2 neg] create");

saveAs ("tif", new_folder+ sep +SAVE NAME+"-Thresh");

roiManager ("Select",0);
roiManager ("save", new_folder+ sep + SAVE NAME+"-Lesion ROI"+".zip");
roiManager ("reset") ;

run ("Close All");
}
roiManager ("reset") ;
for (t=0;t<SERIES_COUNT; t++)
{

run ("Input/Output...", "jpeg=85 gif=-1 file=.xls copy row save_column");
setResult ("Slice"™, t, SeriesNames[t]);
setResult ("Lesion Area [um”2]", t, TotalArea_Lesion[t]);

setResult ("Ibal+ Area [um™2]", t, Ibal_Areal[t]);
setResult ("CX3CR1+ Area [um"2]", t, CX3CRl_Arealt]);
setResult ("CCR2+ Area [um"2]", t, CCR2_Arealt]);

setResult ("Ibal+/CX3CR1+ Area [um™2]", t, Ibal CX3CR1_Arealt]);

setResult ("Ibal+/CCR2+ Area [um”2]", t, Ibal CCR2 Area(t]);

setResult ("Ibal+/CX3CR1+/CCR2+ Area [um”2]", t, Ibal CX3CRl1 CCR2 Arealt]);

setResult ("Ibal+/CX3CR1+/CCR2- Area [um~2]", t,
Ibal CX3CR1_CCR2 neg_ Arealt]);

updateResults () ;

}
saveAs ("Results", new_folder+ sep +FILE_NAME+"-Results"+".txt");

run ("Clear Results");
}

}
setBatchMode (false) ;

Macro to quantify the signal from the reporter mouse line ARG1-YFP x iNOS-tdTomato
This macro is very similar to the one used for the CX3CR1-GIFP x CCR2-RFP mouse line. It was
created to quantify the percentage area occupied by the different signals in the reporter mouse line
ARG1-YFP x iNOS-tdTomato, plus the signal from a IBA1 staining. It quantifies the area occupied
by a certain signal after thresholding and computes image calculations to also quantify the percentage
area occupied by the overlap between different signal combinations. In short, the steps to achieve
this analysis are the following:

1. Create dialog for user to select the file to process and the thresholding strategy for each
channel (both manual and automatic options available). Also, the option is given to load a
pre-selected ROL

2. Open file container or directory with single images and make a selection list with all
images.

3. For each image, convert the image to 32 Bit and allow the user to select the ROI. Then,
allow the user to select a thresholding strategy to eliminate the tissue holes and measure the
area occupied by the tissue. For each channel, allow the user to select a thresholding
strategy to distinguish the positive signal from the background and measure the area and
intensity of the thresholded signal.

4. Multiply 32-bit-thresholded versions of different channels to generate 32-bit images with
only the double-positive areas (for example: INOS*ARG1™). Then, measure the percentage
of total area occupied by this new signal.

5. Save results and close.

133



Appendix

only ssue area)

Create dialog, create save folders, and select file(s) to proce
ThresholdMethods=getList ("threshold.methods") ;
Dialog.create ("Parameters");
Dialog.addMessage ("Quantify macrophages and microglia infiltration within a lesion");
Dialog.addCheckbox ("Analyse single image container file", true);
Dialog.addCheckbox ("Load lesion ROI", false);

Dialog.addNumber
Dialog.addNumber

"DAPI Channel", 1);

"Ibal Channel", 2);

Dialog.addNumber ("Arginase Channel", 3);//Arginase
Dialog.addNumber ("iNOS Channel", 4);//iNOS

Dialog.addString ("Name of saving folder: ", " Results");
Dialog.addCheckbox ("Automatic Threshold", true);

Dialog.addChoice ("Threshold Algorithm for DAPI", ThresholdMethods) ;
Dialog.addChoice ("Threshold Algorithm for Ibal", ThresholdMethods) ;
Dialog.addChoice ("Threshold Algorithm for Arginase", ThresholdMethods) ;
Dialog.addChoice ("Threshold Algorithm for iNOS", ThresholdMethods) ;
Dialog.addCheckbox ("Dilate and fill Ibal mask", true);
Dialog.show() ;

Variables of Dial
single file=Dialog.getCheckbox () ;
LOAD ROI=Dialog.getCheckbox () ;
DAPI ch=Dialog.getNumber ();
IBA1l ch=Dialog.getNumber () ;
ARGINASE ch=Dialog.getNumber () ;
iNOS_ch=Dialog.getNumber () ;
save_ folder=Dialog.getString();
auto_thr=Dialog.getCheckbox () ;
Method dapi=Dialog.getChoice();
Method ibal=Dialog.getChoice();
Method ARGINASE=Dialog.getChoice();
Method iNOS=Dialog.getChoice();
dilate_option=Dialog.getCheckbox () ;

if (auto_thr)
{
save_folder:save_folder+"_"+Method_iba1;
telse{
save_folder=save_ folder+" ManualThr";
}

sep = File.separator;

if (single_file)

{
Filelist=newArray(1l);
Filelist([0] = File.openDialog("Select a file to proccess...");
SourceDir=File.getParent (Filelist[0]);
Filelist[0]=File.getName (Filelist[0]);
save_ folder name add=Filelist[0];
SAVE_DIR=SourceDir;

}else

SourceDir = getDirectory("Choose source directory");
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Filelist=getFileList (SourceDir);
SAVE_DIR=SourceDir;
save folder name add=File.getName (SourceDir) ;

}

save_folder=save_folder+" "+save folder name_add;

// Remove Folders from Filelist array

tmp=newArray () ;

for (k=0;k<Filelist.length; k++)

{
if (!File.isDirectory(SourceDir+"/"+Filelist[k]))
{

tmp = Array.concat (tmp,Filelist[k]);

}

}

Filelist=tmp;

if (LOAD_ROT)
{

LARGE_ROI_PATH = getDirectory("Select the folder containing the lesion ROIs");
}

getDateAndTime (year, month, dayOfWeek, dayOfMonth, hour, minute, second, msec);
month=month+1;
save_folder=save_folder+" "+year+" "+month+"_ "+dayOfMonth+" "+hour+" "+minute+"_ "+second;
new_folder=SAVE_DIR + sep + save_folder;
File.makeDirectory (new_ folder);
setBatchMode (true) ;
for (k=0;k<Filelist.length;k++)
{
if (!endsWith (Filelist[k], sep))
{
run ("Bio-Formats Macro Extensions");
Ext.setId(SourceDir+sep+Filelist[k]);
Ext.getSeriesCount (SERIES_COUNT) ;
FILE PATH=SourceDir + sep + Filelist[k];

SeriesNames=newArray (SERIES_COUNT) ;
TotalArea_Lesion:newArray(SERIES_COUNT);
Ibal_Area=newArray (SERIES_COUNT) ;
ARGINASE_Area=newArray (SERIES_COUNT) ;
iNOS_Area=newArray (SERIES_COUNT) ;

Ibal_ ARGINASE_Area=newArray (SERIES_COUNT) ;

Ibal_ iNOS_Area=newArray (SERIES_COUNT) ;
ARGINASE_iNOS_Area:newArray(SERIES_COUNT);

Ibal ARGINASE iNOS_Area=newArray (SERIES_COUNT) ;
Ibal ARGINASE iNOS neg_ Area=newArray (SERIES_COUNT) ;

for (i=0;i<SERIES_COUNT; i++)
{
options="open=["+ FILE PATH + "] " 4+ Mautoscale color mode=Default
view=Hyperstack stack order=XYCZT " + "series "+d2s(i+1,0);
run ("Bio-Formats Importer", options);
FILE_NAME=File.nameWithoutExtension;
Ext.setSeries(i);
Ext.getSeriesName (SERIES NAMES) ;
SERIES NAMES=replace (SERIES NAMES, " ", " ");
SERIES NAMES=replace (SERIES NAMES, "/", " ");
SERIES NAMES=replace (SERIES NAMES, "\\(", "");
SERIES NAMES=replace (SERIES NAMES, "\\)", " ");
SeriesNames [1]=SERIES NAMES;
SAVE NAME=FILE NAME+" "+SERIES NAMES;
rename (SAVE_NAME) ;
run ("32-bit");
run ("Gaussian Blur...", "sigma=1.5 stack");
getDimensions (width, height, channels, slices, frames);
if (slices>1)
{

run ("Z Project...", "projection=[Max Intensity]");
selectWindow (SAVE_NAME) ;
close();

selectWindow ("MAX_"+SAVE_NAME) ;
rename (SAVE_NAME) ;

}

Stack.setDisplayMode ("composite") ;

roiManager ("reset") ;

Stack.setChannel (DAPI_ch);

run ("Cyan") ;

Stack.setChannel (IBA1 ch);

run ("Grays") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setChannel (ARGINASE ch) ;

run ("Green") ;

run ("Enhance Contrast", "saturated=0.35");
Stack.setChannel (iNOS_ch) ;
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run ("Magenta®) ;
run ("Enhance Contrast"™, "saturated=0.35");
Stack.setActiveChannels ("0110") ;

selectWindow (SAVE_NAME) ;

run ("Duplicate...", "duplicate channels="+IBAl ch+"");

rename ("temp") ;

setBatchMode ("show") ;

waitForUser ("Please select the threshold limits,press Apply and convert
background to NaN\nThen click OK for this message");

setBatchMode ("hide") ;

selectWindow (SAVE_NAME) ;
setTool ("freehand") ;
if (LOAD_ROT)
{
roiManager ("Open", LARGE_ROI_PATH + sep + SAVE_NAME+"-
Lesion ROI"+".zip" );
lelse

setBatchMode ("show") ;

waitForUser ("Please select the region of interest and press OK");
roiManager ("Add") ;

setBatchMode ("hide") ;

selectWindow ("temp") ;

roiManager ("Select", 0);

run ("Set Measurements...", "area redirect=None decimal=3");
run ("Measure") ;

TotalArea_ Lesion[i]=getResult ("Area", 0);

run ("Clear Results");

selectWindow ("temp") ;

saveAs ("tif", new_folder+ sep +SAVE NAME+"-Tissue_only");
run ("Close");

selectWindow (SAVE_NAME) ;

roiManager ("deselect");

run("Select None");

run("Clear Results");

run ("Set Measurements...", "area redirect=None decimal=3");
run ("Split Channels");

selectwindow("C"+IBAl_ch+"—"+SAVE_NAME);

if (auto_thr)

{
setAutoThreshold(Method_iba1+" dark") ;
run ("NaN Background") ;

lelse

setBatchMode ("show") ;
waitForUser ("Please select the threshold limits,press Apply and
convert background to NaN\nThen click OK for this message");
setBatchMode ("hide") ;
}
roiManager ("Select", 0);
run ("Measure") ;
Ibal Area[i]=getResult ("Area", 0);
run ("Clear Results");
selectWindow ("C"+IBAl ch+"-"+SAVE NAME) ;
rename ("C"+IBAl ch+"-Ibal-positive");
run("Select None");
run ("Duplicate...", "title=C"+IBAl ch+"-positive-binary");
setOption ("BlackBackground", true);
run ("Make Binary");
if (dilate_option)
{
run ("Options...", "iterations=4 count=2 black do=Dilate stack");
run("Close-", "stack");
run("Fill Holes", "stack");
}
run ("Divide...", "value=255.000");
run ("32-bit");
setAutoThreshold ("Default dark");
run ("NaN Background") ;

selectwindow("C"+ARGINASE_ch+"—"+SAVE_NAME);
if (auto_thr)
{
setAutoThreshold (Method ARGINASE+" dark");
run ("NaN Background") ;
}else
{
setBatchMode ("show") ;
wailtForUser ("Please select the threshold limits,press Apply and
convert background to NaN\nThen click OK for this message");
setBatchMode ("hide") ;
}

roiManager ("Select", 0);
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run ("Measure") ;
ARGINASE_Area[i]=getResult ("Area", 0);

run ("Clear Results");

selectWindow ("C"+ARGINASE_ch+"-"+SAVE_NAME) ;
rename ("C"+ARGINASE ch+"-ARGINASE-positive");

selectWindow ("C"+iNOS_ch+"-"+SAVE_NAME) ;

if (auto_thr)

{
setAutoThreshold (Method iNOS+" dark");
run ("NaN Background") ;

}else

{
setBatchMode ("show") ;
waitForUser ("Please select the threshold 1limits,press Apply and

convert background to NaN\nThen click OK for this message");

setBatchMode ("hide") ;

}

roiManager ("Select", 0);

run ("Measure") ;

iNOS_Areali]=getResult ("Area", 0);

run ("Clear Results");

selectWindow ("C"+iNOS_ch+"-"+SAVE_NAME) ;

run ("Select None");

rename ("C"+iNOS_ch+"-ARGINASE-positive");

run ("Duplicate...", "title=C"+iNOS_ch+"-binary");

setOption ("BlackBackground", true);

run ("Make Binary"):;

run ("Divide...", "value=255.000");

run ("Invert");

run ("32-bit");

setAutoThreshold ("Default dark");

run ("NaN Background") ;

rename ("C"+iNOS_ch+"-iNOS-negative");

imageCalculator ("Multiply create 32-bit", "C"+IBAl ch+"-positive-
binary", "C"+ARGINASE ch+"-ARGINASE-positive");

selectWindow ("Result of C"+IBAl ch+"-positive-binary");

rename ("Ibal-ARGINASE") ;

roiManager ("Select", 0);

run ("Measure") ;

Ibal ARGINASE_Area[i]=getResult ("Area", 0);

run ("Clear Results");

imageCalculator ("Multiply create 32-bit", "C"+IBAl_ch+"-positive-
binary","C"+iNOS_ch+"-iNOS-positive");

selectWindow ("Result of C"+IBAl ch+"-positive-binary");

rename ("Ibal-iNOS") ;

roiManager ("Select", 0);

run ("Measure") ;

Ibal_iNOS_Area[i]=getResult ("Area", 0);

run ("Clear Results");

imageCalculator ("Multiply create 32-bit", "C"+iNOS_ch+"-1NOS-
positive","C"+ARGINASE ch+"-ARGINASE-positive");

selectWindow ("Result of C"+iNOS_ch+"-iNOS-positive");

rename ("iNOS-Arginase") ;

roiManager ("Select", 0);

run ("Measure") ;

iNOS_ARGINASE Area[i]=getResult ("Area", 0);

run ("Clear Results");

imageCalculator ("Multiply create 32-bit", "Ibal-ARGINASE","C"+iNOS_ch+"-
iNOS-positive");

selectWindow ("Result of Ibal-ARGINASE");

rename ("Ibal-ARGINASE-iNOS") ;

roiManager ("Select", 0);

run ("Measure") ;

Ibal ARGINASE_iNOS_Area[i]=getResult ("Area", 0);

run ("Clear Results");

run ("Merge Channels...", "cl=[C"+IBAl_ch+"-Ibal-positive]
c2=[C"+ARGINASE_ch+"-ARGINASE-positive] c3=[C"+1NOS_ch+"-iNOS-positive] c4=[Ibal-iNOS] c5=[Ibal-
ARGINASE] c6=[iNOS-Arginase] c7=[Ibal-iNOS-ARGINASE] create");

saveAs ("tif", new_folder+ sep +SAVE NAME+"-Thresh");

roiManager ("Select",0);
roiManager ("save", new folder+ sep + SAVE NAME+"-Lesion ROI"+".zip");
roiManager ("reset") ;

run("Close All");
}
roiManager ("reset") ;
for (t=0;t<SERIES_COUNT; t++)
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run ("Input/Output...", "jpeg=85 gif=-1 file=.xls copy row save_column");
setResult ("Slice", t, SeriesNames[t]);
setResult ("Lesion Area [um”2]", t, TotalArea Lesion[t]);

setResult ("Ibal+ Area [um”2]", t, Ibal Areal(t]);
setResult ("ARGINASE+ Area [um”2]", t, ARGINASE Areal[t]);
setResult ("iNOS+ Area [um”2]", t, iNOS Area(t]);

setResult ("Ibal+/ARGINASE+ Area [um”2]", t, Ibal ARGINASE Arealt]);

setResult ("Ibal+/iNOS+ Area [um”2]", t, IbaliiNogiArea[t]);
setResult ("ARGINASE+/iNOS+ Area [um”2]", t, ARGINASE iNOS Area[t]);
setResult ("Ibal+/ARGINASE+/iNOS+ Area [um~2]", t,

Ibal ARGINASE iNOS Arealt]);

}

setBatchMode (false) ;

updateResults () ;

saveAs ("Results", new_folder+ sep +FILE_NAME+"-Results"+".txt");
run ("Clear Results");
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4. Protocols
Find in the following pages the detailed protocols of the most commonly used techniques of this

study.

DNA isolation and PCR for genotyping

Lysis with NucleoSpin Tissue Kit

1. Add 200 pL Buffer T1 and 25 pL Proteinase K solution. Vortex to mix. Be sure that the samples are completely covered
with lysis solution

2. Incubate at 56°C overnight. Use a shaking incubator, around 700-900 rpm.

3. Shortly vortex.

4. Centrifuge for 10 min at high speed (21000 xg) and transfer 200 pL of supernatant to a new microcentrifuge tube
(get rid of hairs, sometimes that will be difficult).

5. Add 200 pL Buffer B3, vortex vigorously and incubate at 70°C for 20 min at 1200 rpm.

Add 210 ethanol (96-100%) to the sample and vortex vigorously. Place elution buffer at 70°C to warm up.

For each sample, place on NucleoSpin Tissue Column into a Collection Tube. Apply the sample to the column.

Centrifuge for 1 min at 11000 xg. Discard collection Tube with flow-through and place the column in a new collection

tube (provided)

8. Add 500 pL Buffer BW. Centrifuge for 1 min at 11000 xg. Discard flow-through and place the column back into the
collection tube.

9. Add 600 pL Buffer B5 to the column and centrifuge for 1 min at 11000 xg. Discard flow-through and place the column
back into the Collection Tube.

10. Centrifuge the column for 1 min at 11000 xg. Residual ethanol is removed during this step.

11. Place the NucleoSpin Tissue Column into a 1.5 mL microcentrifuge tube (not provided) and add 100 Buffer BE.

Incubate at 70°C for 2 min. Centrifuge 1 min at 11000 xg.

N

25 pL dream Taq Green PCR Master Mix (2X)

0.2 pL of each primer (original concentration 100 uM, final concentration 0.4 uM)
X pL DNA

To 50uL with nuclease-free Water

Component For one well For 35->40 wells |
Dream Taq Green 25 pL 1000 pL

Primer CX3CR1cre Mainz fw (double amount) 0.4 pL 16 pL

Primer CX3CR1cre Mainz rev wt 0.2 pL 8 pL

Primer CX3CR1cre Mainz spec 1 0.2 pL 8 L

Water 19.2 pL 768 pL

DNA 5 pL in each well
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Standard [IHC fluorescence

All procedures are performed at RT unless otherwise stated.

140

-

UhAwWwN

o

Incubate slides 30’ at 37°C (bacterial incubator, must be DRY). This brings slides to RT and makes the sections stick
even more on the glass slide.

Wash with PBS 3x10’

Permeabilization - wash with PBS+0,3% Triton X100 for 10’ .

Wash 2x5’ with PBS

Draw liquid blocker line with pap pen and let dry for 5 seconds before dipping it again into a solution (do not do this
step before triton - even if they say that the pen resists... it doesn’t!)

Incubate with mouse Fab fragments if any of the primary antibodies are produced in mouse, 1:100 in PBS, 1h, then
wash 3x5’ in PBS.

Incubate with Blocking solution (ready made in lab, PBS+2.5% BSA, 2.5% FCS and 2.5% fish gelatin - no triton because
it messes up with lipid stainings. Add triton if better infiltration required and not looking for lipid stainings) for 1h -
carefpL with timing when you have many slides!

Dip slides once in PBS

Prepare Primary Antibody in Staining solution (25% of Blocking Solution - no triton because it messes up with lipid
stainings. Add triton if better infiltration required and not looking for lipid stainings).

Incubate Primary Antibody overnight at 4°C

Take slides out of fridge and incubate primary antibody for 1h
Wash 3x10’ with PBS (each staining separately)

Dilute Secondary Antibody in Staining Solution

Incubate Secondary Antibody for 2h (alternatively: Overnight at 4°C)
Wash 3x10’ with PBS (each staining separately)

Prepare Fluoromyelin and DAPI in PBS

Incubate Fluoromyelin and DAPI for 15’

Wash with PBS 3x10’ (important washing step)

Dilute LipidTOX in PBS.

Incubate with LipidTOX for 30’. (LipidTOX shouldn’t be washed!)
Dip once in H20 to remove salts

Dry

Mount with Mowiol

Dry

Check staining! ;)
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L929 cell line preparation

Cells are kept in 10% DMSO in the media (which depends on the cell line). DMSO protects the membranes, but it is toxic so we
should get rid of it before plating the cells.

Serum helps cells recover after thawing, makes it easier to plate them and expand them so that they recover well. | should
not do the experiments right away on those cells, because cells are in shock.

L929 are fibroblasts (they will form nice epithelia), and they are tumor cells, so they accumulate mutations.

- Media: DMEM+ 1% P/S + 1% Sodium Pyruvate - filtrate sterile (because sodium pyruvate is common stock).
- Add serum just before use, 10% (5mL serum, 45 mL medium) - into a separate aliquot (50 mL) of medium, not into
the stock bottle - avoid contamination.

1. Warm up media

2. Take frozen tube from liquid N2 storage: our rack is n. 7! Tube is labelled “L929 cells, P(X)” - this X will be the

number of passages already undergone by this line.

Thaw cells by shaking tube in 37°C until it is liquid (water bath should not touch the lid).

Transfer cells (2 mL) to a 15 mL tube.

Add 9 mL warm media very slowly - by reclining pipette on the wall of the tube (not surface but more deep inside)

and going at low speed.

Spin down at 300 xg for 10’ at RT - intention: get rid of all the DMSO.

We plate in flasks (orange cap with filter. If it did not have holes with the filter, it would be necessary to keep the

lid lose so that cells get the correct CO; concentration.

8. Label flasks with my name, the cell’s name and the passage number (freezing and thawing counts as one passage as
well!

9. We obtain a bit pellet from the centrifuge. Discard supernatant with pump.

10. Resuspend pellet in 1 mL new media and then add 9 mL more.

11. Put the 10 mL with the cells in the flask (10 mL/flask, 30mL/flask in the bigger ones). Pipette again more media into
the same plastic pipette to completely wash cells off the pipette.

12. Check cells under microscope and decide whether they are too many and we therefore have to put them in a bigger
flask or not.

13. Shake flasks a little - avoid touching neck.

14. To the incubator!

vhw

No

1 Remove media of the flask.

2. Add 5 mL for small, 10 mL for big flask of media without serum (with pyruvate) - this will wash serum off

3. Close and shake

4. Remove these 5 or 10 ml

5. Add 1.5 mL for small, 3 mL for big flask of Trypsin + EDTA mix, shake strongly

6. Hit repeatedly with the hand surface to de-attach the cells. Have a look under the microscope to confirm that cells
are floating.

7. Add 2-3 volumes of media with serum (5 mL for small, 10 mL for big flask)

8.  Flush on the wall of the flask to detach cells

9. Transfer all liquid to 15 mL tube

10. Centrifuge 300x for 10’, resuspend in 1 mL of media

11. Prepare media + FCS

12. Prepare 4 flasks and label them. Add 12 mL for small, 30 mL for big flask of media in each flask

13. Add 250 pL of the resuspended stuff in each flask.

The cells should be passaged again 1:4. Then:
- Wait until 100% confluence and change the media.
- Wait 1 week.
- Collect the medium, filter it, aliquot in 10 mL aliquots and keep frozen.

Freeze them when they have around 70% confluence (never at 100% because they would downregulate their proliferation
machinery). Each cell line has its specific properties - check instructions online.

We leave the cells in medium for around one week and collect the medium they produce, which we use at 10-20% in the
medium for microglia.
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Myelin isol ation protocol

Standardised protocol followed at AG Simons in the Gottingen Lab
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Waste Bottle - ddH20 sterile filtered

10 and 25 mL pipettes (many) - glass vase to balance (100 mL vase)

Centrifuge tubes (Beckman Coulter, REF 326823) - Filter tips 1 mL and p20

20 mL syringes - Ultracentrifuge

Big needles (green) - Rotor and buckets for pUltracentrifuge (SW32Ti in
Ice bucket BMC).

Rack for 50 mL falcons - Forceps

HEPES Buffer, sucrose solutions, sterile filtered - Pipette P1000 and P20

Prepare Buffers: filtrate sterile in cell culture hood

o 10 mM HEPES (1 mol=238.31 g) in ddH20 - 2.38 g HEPES in 1 L ddH20
Prepare Sucrose solutions in different molarities, in the Buffer just prepared. Place in ice once done. Prepare fresh
everytime, maximum keep 1-2 days at 4°C.

o 0.35 M sucrose (1 mol = 342.3 g) > 29.95 g for 250 mL, 59.9 g for 500 mL

o  0.85Msucrose (1 mol = 342.3 g) > 72.74 g for 250 mL, 145.48 g for 500 mL

** do not dissolve in full volume of buffer. If, e.g. preparing 100 mL, just fill it up with buffer until 50 mL. Then, when

U WN =

o N

9.
10.

shaked, the sucrose dissolves and makes it increase in volume. Once dissolved, add buffer volume up to 100 mL.
Filter some ddH20 (approx. 1.5 L needed for 6 big tubes)

(In BMC!) Fill tubes up with EtOH to make them more sterile and wash them. Remove EtOH after a while and re-use
it. Dry tubes well with Kimtech tissue.

Use adult male mice (we used 8 wo mice).

Dislocate head and cut off. Remove brain and spinal cord.

(optional) Wash brain and spinal cord in PBS in a culture dish in order to remove blood.

Possible: freeze brains on dry ice if later use predicted. 3 brains and 2 spinal cords per each tube.

Add HEPES solution (2 mL) to the tube with brains+SC under cell culture hood

Homogenise tissue: perform with sonicator (3™ floor). Button to turn on is in the front lower part. Recall program
13. Press “start” to run. Program takes 40s. Check for pieces, and run again if there are still some.

Keep tubes on ice.

Go to BMC.

Turn on centrifuge, turn vacuum on and set temperature to 4°C.
Make sure to clean tubes with EtOH before using them.

They are plastic, in theory not reusable, but we reuse them as long as they do not have cracks.

1.
12.
13.

14.

15.
16.

17.

18.

19.

24.

25.
26.

Add 15 mL of 0.35 M sucrose into each tube.

Cut needle tip so that it is not sharp (clean scissors in EtOH).

Fill tubes up with 15 mL of 0.85 M sucrose from the bottom of the tube, using a long needle and a big syringe (approx.
20 mL syringe), thereby creating a gradient. Perform slowly and with great care not to mix the two phases. Handle
the tubes with care from here on in order to avoid mixing.

Transfer tubes to buckets with forceps.

Add the 2 mL of homogenate on top of the tube by laying pipette tip on the side of the tube.

Weight buckets with tube inside and without lid. Weigh one, add 1 mL of 0.35M sucrose to this one, then zero
balance, and then adjust all others. Balance all tubes by adding 0.35 M sucrose on the top of the tube so that all
tubes have the same weight (only +0.01 g is allowed).

Close lids by turning and pressing until number of lid and bucket are in front of each other.
Centrifuge at 25000 rpm (for SW32Ti) for 38’ at 4°C.
o  Acceleration: set to slow.
o  Deceleration: set to slow.
Collect white interphases (as shown in figure) into new tubes (same tubes as before, also cleaned). To do so, aspirate
the myelin part by staying with the pipette tip at the surface of the myelin phase and rotating slowly.

Fill tubes up with ice-cold ddH20 (pipette up and down a bit if liquid is not homogenous) - water osmotically breaks
myelin membranes.

Again, place tubes in the buckets and balance them.

Centrifuge for 18’ at 4°C at 25000 rpm (for SW32Ti). Acceleration and deacceleration set at max.

Discard supernatant with 25 mL pipette and pipette boy. Be carefyL because the pellet is quite loose - there will be
more washing steps, so it is better to keep some water in there than to lose pellet!

Add 2 mL of ice-cold ddH20 in each tube and resuspend pellet thoroughly with the 1 mL pipette. Add water until
almost fuLl, dry tubes and transfer to buckets, and balance all tubes.

Centrifuge for 18’ at 4°C at 10000 rpm (for SW32Ti). Acceleration and deacceleration set at fast.

Repeat steps 22-24.
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Discard supernatant with 25 mL pipette and pipette boy. Be careful because the pellet is still quite loose.
Resuspend in 2 mL 0.35 M sucrose in each tube.
Fill another round of tubes up with 15 mL of 0.35 M sucrose.
Then add 0.85 M sucrose from the bottom of the tube, using a long needle and a big syringe (approx. 20 mL syringe),
thereby creating a gradient. Perform slowly and with great care not to mix the two phases. This time it is a bit harder
to see the two phases but it is still manageable. Handle the tubes with care from here on in order to avoid mixing.
Add the re-suspended myelin on top of the tubes by laying pipette tip on the side.
Centrifuge at 25000 rpm (for SW32Ti) for 38’ at 4°C.

o  Acceleration: set to slow.

o  Deceleration: set to slow.
Again, aspirate the white interphase that contains the purified myelin and transfer into new tube. To do so, collect
the myelin interphase with the 1 mL pipette. At this point, myelin is sticky and it sticks to the walls of the tube, so
be careful to get it all.
Fill in tube with ice-cold ddH20 - first only 2 mL to mix with myelin, then fill tube up.
Transfer tubes into buckets, balance buckets.
Centrifuge for 18’ at 4°C at 25000 rpm (for SW32Ti). Acceleration and deceleration set at maximum.
Discard supernatant by decantation.
Add 2 mL of ice-cold ddH20 in each tube and resuspend pellet thoroughly with the 1 mL pipette. Add water until
almost full, dry tubes and transfer to buckets, and balance all tubes.
Centrifuge for 18’ at 4°C at 10000 rpm (for SW32Ti). Acceleration and deacceleration set at fast.
Discard pellet with 25 mL pipette and pipette boy - pellet is quite loose!
Repeat steps 37-39.
Keep pellets on ice, cover tubes with Parafilm cleaned with Ethanol, go back to lab.
Resuspend pellet in 500 pL of 4°C HEPES Buffer under the hood. Pool all myelin in one 15 mL tube. Add 500 pL of
HEPES Buffer more to the tubes to really clean them and get all the myelin.
Use 27G needle to break the remaining myelin pieces.
Freeze myelin at -20°C (if you want to go home and sleep. Otherwise, simply continue).

Thaw myelin and sonicate it (Program 13, twice). This resuspends really all pieces.
Use BSA for creating the standardised curve in HEPES Buffer. Create different concentrations of BSA (1, 0.8, 0.6, 0.4,
0.2, 0.1, 0.05 mg/ml) and transfer 10 pL of each into a flat 96-well plate, in triplicates.
Transfer 10 pL Hepes Buffer into also three of the wells.
Dilute myelin 1:3 in a separate tube and also transfer 10 pL in plate.
Add 200 pL of Biorad Protein Assay Dye Reagent Concentrate, diluted 1:5 in ddH20.
3’-4’ of incubation with the dye
Measure concentrations in the Hoglinger Lab and extrapolate in curve using regression line. Take care that R? is high
enough (more than 0.9!).
o  Omega software - magda user - run
Plate out, put plate in, plate in
Manage protocol - bradford - edit
Wavelength 595 - set up layout
Start measurement - recheck - confirm
Say yes to “no concentration values”
The program runs, then finishes when noise stops. Plate out!
Where is it saved? In Mars - Exit Omega to enter Mars
Open Mars (Omega_Data Analysis) - magda - run
Ignore error
Double click to open the last run program (make sure it is the date and time correct)
Have raw and blank correct options
Export excel and save

OO0 O0OO0OO0OO0OO0OO0OO0OO0OO0O0

Be always VERY SAFE when using an Ultracentrifuge:

o  Balance tubes to the +0.01 g.

o  Fill tubes up as much as possible - leave approximately 2-3 mm free in the small SW60 tubes, and approx.
5 mm in the big SW20 tubes.

o Fill up first tube balance with 1 mL more of solution, then all tubes have less weight and liquid has to be
added to reach the wanted weight - makes balancing easy peasy.

o Move rotor always with its base, because it is really not balancable without it. Put it into the centrifuge in
a straight fashion (without the base of course).

o  Each rotor has its buckets, make sure you use the correct ones!

o  Keep numbers: bucket to lid and to position in the rotor.

o  Double check correct positioning of tubes in rotor by pulling them downwards and sidewards.

o  Switch vacuum off everytime we want to open the ultracentrifuge, and on again once it is closed.

o  Double check correct positioning of rotor in centrifuge by assuring that we hear the click and by turning
the rotor manually.

o  Decrease the acceleration and deceleration of the rotor when working with gradients so as to avoid initial

or final mixing of tube content.
o  Stay in the room until the centrifugation reaches 3000 rpm to ensure that everything runs smoothly.
o Turn tubes open with the help of forceps in order to avoid breaking lid hook.
Protocol can be stopped anytime you have a pelleted, by adding a bit of buffer and freezing it in dry ice.
The more diluted myelin is, the better the yield and the quality are going to be (?).
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How does the centrifuge work:
- On: side switch
- PuLl handle and slide open lid
- Put in the rotor with the buckets
- Close
- Set up speed, time and temp (press enter after entering the value)
- Set up accel and deccel
- Pres start (vacuum starts automatically)
- To finish: press vacuum to turn it off, wait until there is no number under vacuum which means there is no vacuum,
then open lid again and remove rotor
- Leave lid open when finished?
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MACS cultures of microglia
Protocol adapted for GentleMACS Dissociator with Heaters - 02.08.2019

Performed with:
Experiment date:

Animals: P7-10 C57BL/6 wild-type pups - count on 1 million cells/pup

2 or 3 brains per C tube (depending on how big the brains are - for >p9, use 2 brains/C tube.

gentleMACS C tubes and LS columns

Neural Dissociation Kit (P) (Miltenyi Biotec, order No. 130-092-628)

Enzyme A aliquots stored at -20 °C (Reconstitute 1 vial of Enzyme A with 1 mL of Buffer A. Do not vortex.)
Anti-CD11b MicroBeads, human and mouse (Miltenyi Biotec)

DMEM/pyruvate medium at RT: DMEM containing 1 mM sodium pyruvate (1%)

DMEM/FCS medium at RT: DMEM containing 10% FCS, 1 mM sodium pyruvate (1%) and 1% pen/strep (prepare little,
like 30 mL)

10 mL of L929-conditioned medium

e  DMEM/FCS/L929 medium: 10 mL of L929-conditioned medium + 40 mL of DMEM/FCS medium

Solution Theoretical amounts Quantity for today
500 mL DMEM

DMEM + Pyruvate 5 mL Sodium Pyruvate (1mM)
Lasts 2-3 weeks

10 mL of Fetal/Bovine Calf Serum (FCS/BCS) 200 mL is what is normally needed for 4 pups.
1 mL PenStrep

89 mL of DMEM/Pyr

Filtrate sterile (due to FCS/BCS). Lasts 2-3 weeks.

DMEM/FCS

40 mL of DMEM/FCS 50 mL is what is normally needed for 4 pups.
DMEM/FCS/L929 10 mL of L929-conditioned medium
Prepare only what needed for the day.

Enzyme P (-20°C) 50pl
Enzyme Mix1 Buffer X (+4°C) 1900uL
PER BRAIN >mix and pre-heated in waterbath.

Buffer Y (+4°C) 20ul
Enzyme Mix2 Enzyme A (-20°C) 10pl
PER BRAIN - keep at R.T till use.

1. Dissection Hood: turn on UV light and expose all instruments to it for 30’ (dissection dishes and all tools, big
scissor, medium sized curved forceps, tissue-pincher forceps and 2 thin pointy straight forceps). Cover hood
with papers with ethanol.

2. Prepare the Enzyme Mix 1 for 2 brains in 2 C tubes (see table). Pre-heat Enzyme Mix 1 at 37°C for 10-15 min.

3. Prepare media

4. Coat the coverslips with Poly-L-Lysine (PLL) for 1 h. Wash twice with PBS. (Add DMEM/FCS medium.)

5. Decapitate the pups. Flush all heads, instruments and hands with EtOH.

6. Cut the scalp in the middle and flap aside. Cut the skull and uncover the brain. Transfer 2 brains to 1 dish.

7.  Chop the brain tissue with a blade into a tiny mush.

8. Under a cell culture hood, transfer 2 brains to each C tube containing enzyme mix 1: put forceps in 70% EtOH
for 1°, then let dry, then use them to transfer the mush into the C tubes.

9. Add 30 pL of enzyme mix 2 into the C tube.

10. Close the lid tightly. Attach the C tubes upside down onto the sleeve of gentleMACS Octo Dissociator with

heaters (flat side to flat side).

11. Run gentleMACS program 37C_NTDK_1. (it takes around 20 min)

12. Centrifuge at 300 xg for 5 min at RT (protocol says briefly). Aspirate most of the supernatant carefully (loose
pellet).

13. Filtering and washing of cells (1 filter for each 2 mL - for each brain):

14. Resuspend the pellet in 1 mL of DMEM/pyruvate medium per C tube by pipetting 5 times (pressing the pipette
at the bottom of the Falcon. Avoid bubbles). Then add 9 mL more.

15. Place 70um cell strainers on 50mL Falcons. Apply 3 mL of DMEM to wash, then 5 mL of cell suspension to each
cell strainer. Lift the cell strainer to get the last drops of cell suspension.

16. Wash with 2 mL of DMEM/pyruvate medium.

17. Place new cell strainers on the same Falcons. Repeat procedure.

18. Centrifuge the cell suspension at 300 xg for 10 min at RT. (Meanwhile wash coated plates with PBS?)

19. Aspirate most of the supernatant carefully. Resuspend the cells in 1 mL of DMEM/pyruvate medium first, and
then top up to 20 mL of DMEM/pyruvate medium per tube.

20. Count the number of brighter round cells (usually several hundred cells per 16-square grid). Calculate the total
number (nx107) of cells in 20 mL. Averaged the cell suspension in 2 Falcons.
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Centrifuge the cell suspension at 300 xg for 10 min at RT.
Aspirate the supernatant carefully. For each 107 cells, add 90 pL of DMEM/FCS medium (serum is necessary to
block unspecific binding) and 10 pL of anti-CD11b MicroBeads. Mix well (do not vortex). Incubate on ice for 15
min.
For each 107 cells, wash with 2 mL of DMEM/FCS medium . Centrifuge at 300 xg for 10 min
at4 °C.
Aspirate all the supernatant carefully. Resuspend the pellet in 500uL of DMEM/FCS medium per 107 cells.
Place the LS columns on the magnet, the flaps of column facing outside. Activate the column by passing 3 mL
of DMEM/FCS medium through it. Collected the flow-through in Falcons labeled “waste”.
Prepare Falcons for “unlabeled cells”. Apply the cell suspension onto the column. Collected the flow-through
containing unlabeled cells, which could be used for the isolation of OPCs.
Wash the column 3 times with 3 mL of DMEM/FCS medium.
Prepare a 15mL Falcon for each column. Take the column from the magnet and place it into a 15mL Falcon.
Apply 5 mL of DMEM/FCS/L929 medium onto the column, and immediately flush out the labeled cells by pushing
the plunger into the column.
Count the cell number. (Do not dilute the cells.) A good yield from 8 brains is 8x10¢ cells. Plate accordingly.
12 well plate: plate 100-150K cells/well
24 well plate: plate around 100K cells/well
48 well plate: plate 80K cells/well

10. Keep the cells in DMEM/FCS/L929 until they have the desired density for experiments. Switch the media at

least once a week (preferred: once every 3-4 days).

Keep 2 pups/tube
Divide each tube in 18 wells of a 24-well-plate.
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Microglia isolatio

n from adult mice

Protocol established by and learnt from AG Tahirovic (Alessio+Laura). | added my own modifications to eliminate all myelin

debris.

Date this was run:
Sample this protocol was run on:

e  HBSS with Mg2+ and Ca2+, no phenol red (Gibco,
14025-100).

. HBSS without Mg2+ and Ca2+, no phenol red .

° HEPES (Roth, HN78.2)

Bovine Serum Albumin lyophilized powder, >96%

(Sigma A2153)

PercollTM (GE Health Care 17-0891-01)

DMEM

Fetal Calf Serum or Bovine Serum.

D-PBS without Mg, Ca.

CD11b MicroBeads, MACS

Neuronal Tissue dissociation Kit (P) (130-092-628)

(MACS)

e 15and 50 ml tubes (falcon tubes with blue lid)

15 ml tubes, fully transparent (Sigma Aldrich,
CLS430053-500EA)

Sterile cell strainer 70pm

Fire-polished Pasteur pipettes with decreasing tip
diameters (3/animal). They must have a long thin
part and a cotton filter (VWR, 612-1799)

Suction cups for the Pasteur Pipettes (2 ml)

Enzyme Mix1 and Enzyme Mix2 (freshly prepared)
Sterile instruments - especially, 1 forceps with fine
sharp straight tip and 1 forceps with very find curved
tip.

6 cm dishes

Waterbath at 37°C.

Stereoscope with light from top.

Waste bottle.

e  Stock Solutions are prepared when Kit arrives and aliquots are stored at -20°C or +4°C (Enzyme P and A are

stored at -20°C)

e  Bring Percoll and DMEM+FCS to room temperature to prepare the Percoll solutions and shake them well!
e  Turn on UV light in hood and disinfect the dissection tools there.

e  Prepare the following solutions:

Solution Theoretical amounts
100 mL 1x PBS
MACS Buffer 0,5g BSA

(PBS+0,5% BSA)
month). Pre-prepare!

Approx. 30 mL per brain, filtrate sterile (holds for 1

Quantity for today \

500 mL HBSS w/o

HBSS without Mg2+, Ca2+ + 0,834 g HEPES

7mM HEPES

filtrate sterile (should hold long time). Pre-prepare!

HBSS with Mg2+, Ca2+ + 7mM (5)0&21; :EISJ?E gNlth

HEPES

filtrate sterile (should hold long time). Pre-prepare!

100 mL ddH20

4% BSA in ddH20 4 g BSA

filter sterile (should hold long time). Pre-prepare!

100 mL DMEM

DMEM + 2% FCS/FBS 2,04 mL FCS/FBS/BS.

Approx. 30 mL per 4 brains (one day). Filtrate
sterile (due to FBS). Prepare fresh each day!

3.15 mL of DMEM+FCS
1.85 mL Percoll
5 mL total per brain

37% Percoll

1.2 mL of DMEM+FCS
2.8 mL of Percoll
4 mL total per brain

70% Percoll

Enzyme P (+4°C) 50pl

Enzyme A (-20°C) 10pl

PER BRAIN > keep at R.T till use.

Enzyme Mix1 Buffer X (+4°C) 1900pL
PER BRAIN >mix and pre-heated in waterbath.
Enzyme Mix2 Buffer Y (+4°C) 20ul

. Fire-polish 2 sets of 3 sizes of Pasteur Pipettes: 1st size is original size, 2nd is half of original, 3rd is really thin
- | kept the first ones | used as example. Then, coat them with 4% BSA by pipetting up and down.
. Prepare 4x 6¢cm dish and 4 tubes with 4 ml HBSSw/o+HEPES.

Manual dissociation

1. Perfuse mouse with ice-cold PBS, isolate brain, transfer to tube with HBSS w/o and keep in ice.
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In a glass dish, drop the HBSS solution and the brain, cut out the cerebellum and the olfactory bulb (not used) and separate
the two hemispheres. Clean the brain from the most prominent meninges, especially in the area (“pocket”) where the
midbrain covers the hippocampus. Then transfer the cleaned hemispheres to the clean dish. Do this for all brains.

Then, cut the brain into small pieces with the forceps in HBSS. Approx. Size: 2mmx2mm? Don’t cut too small. Technique:
take piece with one forcep, do knife move with other forcep.

Transfer the pieces with a 5ml glass pipette into a clear 15ml tube (let the pieces precipitate and use the supernatant to
take the left pieces in the dish). Do not do up and down!

Let the brain pieces precipitate down to the tube. Then aspirate and discard the supernatant with the 5mL pipette
carefully - no need to remove it completely.

Add 1950l of preheated enzyme mix 1, mix gently by shaking tube, without completely turning it, do not vortex!
Incubate for 15min at 37°C in the waterbath (shake the tube every 5 minutes) - do not do in incubator, it breaks too
much!

Add 30pl of Enzyme Mix2 to the sample and mix gently, do not vortex!

Dissociate tissue mechanically using the wide-tipped, fire-polished Pasteur pipette and pipetting up and down 10 times;
avoid air bubbles. It will not completely dissociate the tissue, but that is okay. Do not overdo.

Incubate at 37°C for 10min in the waterbath (shake the tube every 5 minutes).

Centrifuge for a short pulse the tubes in order to bring all material down.

Dissociate tissue mechanically using again the wide-tipped pipette and then the other two fire-polished pipettes in
decreasing diameter. Pipette slowly up and down 10 times with each pipette, or as long as tissue pieces are still
observable. Avoid formation of air bubbles. Do not overdo the dissociation. Around 10 times for the first two sizes, and
around 15-20 for the last are enough. Only very small pieces of mostly white matter will remain unbroken'.

Incubate at 37°C for 10min in the waterbath (shake the tube every 5 minutes), or in the shaker in the incubator.

Apply 5ml of HBSS through a 70um cell strainer, placed on a 50ml tube (to condition the cell strainer).

Pipette up and down 5 times with smallest glass pipette, then apply cell suspension through the cell strainer with the fire-
polished glass pipette with the smallest tip opening.

Add 5ml of HBSS into the tube where the sample was and apply it through the cell strainer to wash it. Some pieces, mostly
of white matter, will remain in the filter.

Discard cell strainer and centrifuge at 300xg for 10min at 4°C2. Aspirate supernatant completely with the 10mL pipette.
Resuspend cells in 1ml of HBSS Buffer (with!) slowly and well, then add 9 ml HBSS buffer.

Magnetic labeling of neural cells

18.
19.
20.
21.
22.

23.

You should count cells, but | assume 30 million.

Centrifuge cell suspension at 300 xg for 10min at 4°C. Aspirate supernatant completely.

Resuspend cell pellet in 270 pL MACS Buffer+30 pL CD11b Beads per brain. Make mix first and then add to each tube!
(otherwise liquid stays on wall of tube). For 4.5 brains: 1215 yL MACS Buffer+ 135 pyL CD11b Beads.

Mix well with the P200 at 200 pL (do not vortex) and incubate for 15min in the fridge. Shake every 5 minutes very slowly
(done with the rack)*.

Wash cells by adding 6 ml of MACS buffer, make sure they mix®, and centrifuge at 300xg for 10min. Discard supernatant
completely.

Resuspend cells in 500 pL MACS buffer.

Magnetic separation (use LS columns).

30.

31.

Place column in the magnetic field of the MACS Separator.

Prepare column by rinsing with 3mL MACS buffer.
Apply cell suspension onto the column.

Perform washing steps by adding MACS buffer 3x with 3 mL of MACS Buffer.

Remove column from the separator and place it on a fresh 15ml CLEAR collection tube. Do one sample at a time®!
Pipette 5 ml MACS buffer onto the column and flush out the cells by firmly pushing the plunger into the column (one
sample at a time!).

Determine cell number

We count: (average) x 10.000= cells/mL x 2mL= total microglia after the isolation
Centrifuge at 300xg for 15 minutes at 4°C and aspirate the supernatant carefully (with 1mL pipette).

If for the desired application you are not measuring lipids or possible myelin debris don’t play a role, stop the protocol here,
wash the sample with PBS, and flash-freeze the pellet.

Percoll gradient separation

32.
33.

34.
35.

36.

38.

39.
40.
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Resuspend cells in 37% Percoll. 5 mL 37% Percoll per tube.
Overlay the layer of 70% Percoll (4 ml in a clear tube) carefully with the sample in 37% Percoll. It is very important to be
very slow! How: first shake a bit the tubes with 70% Percoll so that it gets a bit wet around the liquid interface. Then,
keep tube with 70% Percoll in your left hand, in an angle of approx. 30°C from the horizontal. With the right hand, aspirate
the cells (diluted in the 37% Percoll) in a 10 ml Pipette with the Pipet boy. Put end of pipette quite close to 70% Percoll
solution in the tube. Then start to very slowly push the solution of 37% out of the pipette. As the tube is filling, retract
the pipette accordingly, so that it never directly touches the solution but it is always close to it.
Let all tubes rest for 5’ in the ice.
Centrifuge at 500 x g for 30’ at 4° without brake or acceleration.

What you obtain here is, from top to bottom: Myelin debris, 37% Percoll, Cells, 70% Percoll.

Discard the myelin debris located at the top by aspirating it from the very top (until like the 7 ml mark!?).
With a 1 ml pipette, collect cells from the cloudy interface between 70% and 37% Percoll into a new 15 mL clear tube. Be
very slow and never move the pipette tip fast!
Add DMEM+2% FBS to the solution obtained. Add twice the amount of liquid that was collected. Make sure that the added
DMEM and the solution with the cells mix well! Pipette up and down with the 1 ml pipette®.
Centrifuge 400 g for 15’ at 4°C. The pellet is not super clear, but it is there!

Discard supernatant but keep it in a tube. Resuspend the pellet very well and transfer into 0.5 mL of PBS (once
resuspending, the pellet is indeed seeable, you see that it de-attaches and mixes!). Transfer to an autoclaved epi tube.




Appendix

1. Centrifuge the supernatant tubes again - and process following same protocol to see if | see a pellet at the epi tubes’.

2. Centrifuge the epi tubes at 400 g for 15’ at 4°C (table top centrifuge).

3. Discard supernatant completely, resuspend in 510 pL of PBS, take aliquots for cell counting and keep tubes in ice.

4. Transfer 10 pL into the Neubauer Chamber (mix well to avoid chunks!).

5.  Aliquot sample if needed (requires a lot of pipetting!)

6. Centrifuge again all tubes at 800xg for 15’ at 4°C. Completely withdraw and discard supernatant. CarefpLly clean tube
walls with cotton tipped stick to discard all liquid. Snap-freeze the pellet in liquid N2.

Comments:

1.

10.
11.

Don’t overdo the manual dissociation. Some very small pieces were left in the end, and remained on the strainer
once filtering, but that is okay. The pieces were mostly white matter. That weird gellyish whitish substance didn’t
form.

Start centrifuging at 4°C right after filtering.

Use autoclaved epi tubes and pipette tips all the way through.

While incubating the cells with the beads, shake the tubes every 5 minutes. The tubes were kept in the rack, and |
shook them very smoothly while still in the rack.

Make sure the 2 ml washing MACS Buffer after the labelling mixes with the rest of the sample.

Transfer the column onto the new clear tube and flushed the cells out one sample at a time (transfer column onto
new tube, add 2 ml MACS Buffer, flush. Then next sample).

When counting the cells after the MACS Column isolation, the cells might be quite coagulated, forming chunks. You
should not really count those (meaning | counted maybe 1 or 2 cells for each chunk).

It is important to ensure that the added DMEM+FCS mixes well with the solution containing the cells after Percoll
gradient centrifugation!

It is a good idea to process the supernatants from the first centrifugation after taking cells from Percoll gradient,
but there was absolutely no pellet at the epi tube.

The pellet while you work with the single cell suspension is really lose, so be careful.

To check: clean the counting chamber not with ethanol but with water! Ethanol might be killing the cells??? Many
cells were dead in the counting chamber last time, be careful with that!
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Microglia isolation from adult mice for RNA
analysis

Protocol established by and learnt from AG Tahirovic (Alessio+Laura). | added my own modifications to really eliminate all
myelin debris. Adapted to RNA with help from Minhui’s protocol and Shima’s advice.

Date this was run:
Sample this protocol was run on:

Waste bottle.
RNase Zap to clean surfaces and instruments.

e  HBSS with Mg2+ and Ca2+, no phenol red (Gibco, e  Fire-polished Pasteur pipettes with decreasing
14025-100). tip diameters (3/animal). They must have a long
e  HEPES (Roth, HN78.2) thin part and a cotton filter.
e  Bovine Serum Albumin lyophilized powder, >96% e  Suction cups for the Pasteur Pipettes (5 ml?)
(Sigma A2153) . Enzyme Mix1 and Enzyme Mix2 (freshly
. PercollTM (GE Health Care 17-0891-01) prepared)
o DMEM e  Sterile instruments - especially, 2 forceps with
e  Fetal Calf Serum or Bovine Serum. fine sharp straight tip.
e  D-PBS without Mg, Ca. e  6cm dishes
e  CD11b MicroBeads, MACS e  Waterbath at 37°C.
e Neuronal Tissue dissociation Kit (P) (130-092- e  Stereoscope.
L]
L]

628) (MACS)

50 ml tubes (falcon tubes with blue lid)

. 15 ml tubes, fully transparent (Sigma Aldrich,
CLS430053-500EA)

o  Sterile cell strainer 40um

e  Stock Solutions are prepared when Kit arrives and aliquots are stored at -20°C or +4°C.

e  Bring Percoll and DMEM+FCS to room temperature and shake them well!

e  Turn on UV light in hood and disinfect the dissection tools there. Also with RNAse ZAP!

e  Prepare the following solutions:
Solution Theoretical amounts Quantity for today |
MACS Buffer 00 ML 1x PBS
(PBS+0,5% BSA) 0,5g BSA done.

’ Approx. 30 mL per brain, filtrate sterile (holds for 1 month).
500 mL HBSS

HBSS + 7mM HEPES 0,834 g HEPES done

filtrate sterile (should hold long time).

100 mL ddH20
4% BSA in ddH20 4 g BSA Already done
filter sterile (sold hold long time).
Enzyme P (+4°C) 50ul
Buffer X (+4°C) 1900pL
PER BRAIN >mix and pre-heated in waterbath.
Enzyme Mix2 Buffer Y (+4°C) 20ul
(prepare during experiment) Enzyme A (-20°C) 10pl
PER BRAIN > keep at R.T till use.
100 mL DMEM
2,04 mL FCS/FBS.
Approx. 30 mL per 4 brains (one day)
3.15 mL of DMEM+FCS
1.85 mL Percoll
5 mL total per 2 brains
1.2 mL of DMEM+FCS
2.8 mL of Percoll
4 mL total per 2 brains

Enzyme Mix1 250 pL Enzyme P

9500 pL Buffer X

100 pL Buffer Y
50 pL Enzyme A

DMEM + 2% FCS/FBS
(prepare during experiment)

50 mL DMEM
1,02 mL FCS/FBS

37% Percoll
(prepare during experiment)

9,45 mL DMEM+FCS
5,55 mL Percoll

70% Percoll
(prepare during experiment)

3.6 mL DMEM
8.4 mL Percoll

e  Fire-polish 3 sizes of Pasteur Pipettes: 1st size is original size, 2nd is half of original, 3rd is really thin - | kept
the first ones | used as example. Then, coat them with 4% BSA by pipetting up and down.

e  Prepare 8x 6cm dish with 3ml HBSS+HEPES (2 per sample: one to isolate the brain and clean it from the meninges
and the other one for the cleaned hemispheres and cut them in pieces). 4 dishes with 3 mL HBSS, 4 dishes with
6 mL HBSS.

Manual dissociation

1. Sacrifice mouse with CO2 and remove the mouse brain. Determine the weight (should not be more than 400mg per tube)
by subtracting the weight of the empty dishes. Keep dishes on ice ALWAYS, also while dissecting meninges (smaller dish
within bigger dish).
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Cut out the cerebellum and the olfactory bulb (not used) and separate the two hemispheres. Clean the brain from
meninges, especially in the area (“pocket”) where the midbrain covers the hippocampus (and transfer to the clean dish)
and cut the brain into small pieces with the forceps in HBSS. Approx. Size: 2mmx2mm? Technique: take piece with one
forcep, do knife move with other forcep.

Transfer the pieces with a 5ml pipette into a clear 15ml tube (let the pieces precipitate and use the supernatant to take
the left pieces in the dish). Do not do up and down! Centrifuge a very short pulse just to bring all pieces down.

Aspirate and discard the supernatant with the 5mL pipette carefully.

Add 1950pl of preheated enzyme mix 1, mix gently by shaking tube by tipping its bottom, without completely turning it,
do not vortex! 2 mL per tube, slightly pipette up and down with the 5 mL pipette only once to “resuspend” the tissue
after the centrifuge pulse.

Incubate for 15min at 37°C in the waterbath, shake the tube every 5 minutes.

Add 30pl of Enzyme Mix2 to the sample and mix gently, do not vortex!

Dissociate tissue mechanically using the wide-tipped, fire-polished Pasteur pipette and pipetting up and down 10 times;
avoid air bubbles.

Incubate at 37°C for 10min and shake the tube every 5 minutes.

Dissociate tissue mechanically using again the wide-tipped pipette and then the other two fire-polished pipettes in
decreasing diameter. Pipette slowly up and down 10 times with each pipette, or as long as tissue pieces are still
observable. Avoid formation of air bubbles. Pipette up and down while touching with the end of the pipette to the bottom
of the tube around 5x.

Incubate at 37°C for 10min and shake the tube from time to time.

Apply 5ml of HBSS through a 40um cell strainer, placed on a 50ml tube (to condition the cell strainer).

Apply cell suspension through the cell strainer.

Add 5ml of HBSS into the tube where the sample was and apply it through the cell strainer to wash it. Lift strainer to get
last drops.

Discard cell strainer, move to bench and centrifuge at 400xg for 10min at 4°C. Aspirate supernatant completely with the
10mL pipette.

Resuspend cells in 10ml HBSS buffer for further applications

Magnetic labeling of neural cells - From here on, keep both cells and solutions always on ice
(except Percoll?)

16.

19.
20.
21.

Determine cell number (dilute 1:4 with Tryphan blue - 15pL tripan blue+5pL cell suspension) - very difficulLt to count!
Assume 20-30 million cells!? Always consider you have around 5 million cells more when calcplLating the buffer and beads
volume.

Centrifuge cell suspension at 400xg for 10min at 4°C. Aspirate supernatant completely (count the cells during the
centrifugation)

When working with mouse cells, resuspend cell pellet in 90ul of MACS buffer per 107 total cells and add 10ul of CD11b
(Microglia) MicroBeads per 10 total cells (mix up-down with the 200 pL pipette).

Mix well, do not vortex and incubate for 15min in the fridge. Shake every 5 minutes.
Wash cells by adding 2ml of MACS buffer and centrifuge at 400xg for 10min. Discard supernatant completely.
Resuspend cells in 1mL MACS buffer.

Magnetic separation (use LS columns).

22.
23.
24.
25.

26.
27.

28.

29.

Place column in the magnetic field of the MACS Separator.

Prepare column by rinsing with 3mL MACS buffer.

Apply cell suspension onto the column.

Perform washing steps by adding MACS buffer 3x with 1mL (this is different from the MACS protocol itself, where it says
3x with 3 mL.

Remove column from the separator and place it on a fresh 15ml CLEAR collection tube.

Pipette 2ml MACS buffer onto the column and flush out the cells by firmly pushing the plunger into the column (one sample
at a time).

Determine cell number (dilute 1:2 with Trypan blue)

Centrifuge at 400xg for 2 minutes at 4°C and aspirate the supernatant carefully (with 1mL pipette).

Percoll gradient separation

30.
31.

32.

33.

35.
36.

Resuspend cells in 37% Percoll. 5 mL 37% Percoll per tube&brain.
Overlay the layer of 70% Percoll carefully with the sample in 37% Percoll. It is very important to be very slow!

Centrifuge at 500 x g for 30’ at 4°, brake=0 and acceleration=0. RespLt: top to bottom: Myelin debris, 37% Percoll, Cells,
70% Percoll.

Discard the myelin debris located at the top by aspirating it from the very top (just like 1 mL).

With a 1 ml pipette, collect cells from the cloudy interface between 70% and 37% Percoll into a new 15 mL normal tube
(blue cap). Be very slow and never move the pipette tip fast! Collect like 2 mL, restrict yourself to the cell interface!
Add DMEM+2% FBS to the solution obtained. Add twice the amount of liquid that was collected.

Centrifuge 800 g for 15’ at 4°C. It might be hard to see the pellet!
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Discard supernatant but keep it in a tube. Resuspend pellet into 0,51 mL of PBS and count cells. Transfer to an epi tube.

Centrifuge the epi tubes at 400 g for 15’ at 4°C (table top centrifuge).
Centrifuge the supernatant tubes again - check for Pellet!

Discard supernatant, resuspend in 500 pL of RTL Buffer for around 500,000 cells.
Snap-freeze sample in liquid Nitrogen.
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RNA isolation Protocol

Performed on:

Samples:

Always read the Rneasy plus mini kit protocols before starting

Centrifuge always at 20-25°C

The centrifuge has no 15’ option, so all centrifugations are minimum 30’’ long

Very low ratios of A260/230 are normal because of some component of the RLT buffer that stays there - not a problem
for gPCR.

Kit: RNeasy Plus Mini

After centrifugation, carefully remove the RNeasy spin column from the collection tube so that the column does not
contact the flow-through. Be sure to empty the collection tube completely.

| added 44 mL of 100% Ethanol (the one super pure for RNA!) to the RPE Buffer.

Considering the samples you have on that day, prepare an aliquot of the buffer RLT Plus with Beta-mercaptoethanol
(B-ME, C2H60S, ART Nr 4227.3 Roth) In this case, | had 8 samples, and 600 pL per sample are needed > 5 mL of
RLT+50 pL of B-ME.

Prepare the 70% Ethanol necessary: 10 samples + 350 pL 70%EtOH/sample =3500 pL ->prepare 6 mL of 70% Ethanol,
using the 100% Ethanol for RNA and the RNase-free water (4.2 mL of 100% EtOH, 1.8 mL of RNase free water)

Maximal amount of starting material:

Disrupt
1.

Animal cells: 107 - Plant tissues: 100 mg
Animal tissue: 30 mg - Filamentous fungi: 100 mg
Yeast: 5x107

and homogenize tissue:
Add 350 pL of RLT Buffer into each tube - re-suspend sample.

2. Set the P1000 Pipette to 350 pL and pipette up and down the RLT Buffer containing the sample, so that you
homogenize the sample. Pipette also up and down against the wall of the tube to really dissociate the tissue.

3. Transfer all the liquid onto a QlAshredder spin column placed in a 2 ml collection tube (supplied), and centrifuge
for 2 min at maximum speed.

4. Remove the column and cover tube with the lids. Make sure that the tubes are labelled. Centrifuge the lysate for 3
min at maximum speed.

5. CarefpLly remove the “supernatant” by pipetting and transfer it to a gDNA Eliminator spin column placed ina 2 mL
collection tube (supplied).

6. Centrifuge for 30s at 12000 g. Discard the column, save the flow-through.

Isolate RNA

7. Add 350 pL of 70% EtOH to flow-through. Mix and immediately transfer (all liquid (700 pL) and any precipitate) onto
an RNeasy spin column placed in a 2 mL collection tube (Supplied).

8. Centrifuge 15s at 12000 g.

9. Discard flow-through. Add 700 pL Buffer RW1 to the RNeasy spin column.

10. Close the lid gently and centrifuge for 15°’ at 12000 xg to wash the spin column membrane.

11. Discard the flow-through. Reuse the collection tube in next step. Add 500 pL Buffer RPE to the RNeasy spin column.

12. Close the lid gently and centrifuge for 15’’ at 12000 xg to wash the spin column membrane.

13. Discard the flow-through. Reuse the collection tube in next step. Add 500 pL Buffer RPE to the RNeasy spin column.
Close the lid gently, and centrifuge for 2 min at 12000 xg to wash the spin column membrane.

14. Optional(DO IT!): Place the RNeasy spin column in a new 2 ml tube and centrifuge at full speed for 1 min.

15. Place the RNeasy spin column in a new 1.5 mL collection tube (supplied, looks like a normal one). Add 30pL RNase-
free water directly (means making sure that the drop goes onto the membrane and not to the side of the tube) to
the spin column membrane. Incubate for 5 min.

16. Centrifuge for 1 min at 12000 xg to elute the RNA.

17. Use the eluate from step 16-17 to elute again the RNA from the membrane by simply aspiring the elute and adding

it again directly to the spin column membrane. Incubate again for 5 min and centrifuge for 1 min at 12000g.

We use the NanoDrop Spectophotometer for determining RNA yield. This is based on Absorbance.
Absorbance at 260 nm provides total nucleic acid content, while absorbance at 280 nm determines sample purity. Since free
nucleotides, RNA, ssDNA and sdDNA absorb at 260 nm, they all contribute to the total absorbance of the sample.
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- 230 nm - chemicals
- 260 nm - nucleic acids
- 280 nm - proteins

Procedure
1. The sensor is very sensitive, so do not touch it directly (not even with the pipette tip).
2. Wash the Nanodrop sensor: Put 1 pL of RNase free water on top of the sensor, close the Nanodrop and open again,
wipe with a tissue (both parts, “lid” too!!). Do this three times.
3. Open Software: Nanodrop 2000, choose nucleic acid. Choose RNA as sample and write sample name.
4. Run blank: add 1 pL of RNase free water to the sensor and run the blank.
5. Measure sample: pipette up and down the sample with the RNA, and add 1 pL of the RNA sample onto Nanodrop
detector.
6.  Wash the sensor 1x or 2x between samples.
7.  When finished, wash the Nanodrop sensor again just like in step 2.
8. At software: reports, export - save file to USB Stick.
Results:
- Ratio A260/A280 of around 2 is considered pure (more nucleic acids than proteins).
- Ratio A260/A230 should also be around 2 (more nucleic acids than chemicals) - in trizol isolation method this is going
to be worse than in the column method.
Save the file that the software gives you by exporting the project - select all samples - and combine it in a excel file!
Aliquot the samples in 2 small red tubes, each with approx. 13 pL of liquid
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The art of producing cDNA

Performed:
Samples:

First-strand cDNA Synthesis

Using SuperScript Ill First-Strand Synthesis System for RT-PCR - see the protocol online for more details.

- SuperScript Ill First-Strand Synthesis System for - Autoclaved 1.5 mL tubes
RT-PCR, cat 18080-051, Invitrogen (kept -20°C) - Sterile filter tips all sizes
- RNase ZAP to clean surfaces - Epi Rack

- Made to detect targets from 100 bp to >12 kb.

- Amount of starting material required can vary from 1 pg to 5 ug of total RNA (we normally use 1 ug), or 1 pg to 500
ng of poly(A)'RNA. For >5 ug total RNA, increase reaction volumes and amount of SuperScript Ill RT proportionally.

- Small amounts of genomic DNA in the RNA preparation may be amplified along with the target cDNA. Ig your
application requires removal of all genomic DNA from your RNA preparation, we recommend using DNase I,
Amplification Grade (catalog n. 18068-015).

- Primers:

o  Random hexamers: it is the most typical. Most nonspecific priming method, typically used when the mRNA
is difficult to copy in its entirety and when you want to screen for many genes. With this method, al primers
confer specificity during PCR. To maximize the size of cDNA, you should determine the ratio of random
hexamers to RNA empirically for each RNA preparation. However, for most applications 50 ng of random
hexamers per 5 ug total RNA is adequate.

o  Oligo(dT): more specific priming method, used to hybridize to 3’ poly(A) tails, which are found in the vast
majority of eukaryotic mRNAs. Since poly(A)+ RNA constitutes approximately 1% to 2% of total RNA, the
amount and complexity of cDNA is considerably less than with random hexamers. This is recommended
when performing RT-PCR for new mRNA targets, because the product it produces is more consistent.
However, one has to be careful because since the primers bind the poly A, the polymerase will start at the
poly A, and there might be many base-pairs separating the polyA from the actual coding sequence, and if
the polymerase falls off the RNA before it has reached the coding sequence, this coding sequence will
actually not get converted to cDNA!

o  Gene-specific primer: then you basically only convert to cDNA your gene of interest. Most specific.

- Ice bucket with ice

- Transfer all tubes of the kit into the ice to thaw - it takes a while! Exception: RNase OUT and the SuperScript Il RT,
which should stay at -20°C until just before use (and when you do need them, keep them in the yellow container for
frozen samples).

- Transfer tubes with RNA to the ice.

- Mix and briefly centrifuge each component before use. You can vortex, EXCEPT: enzymes, DNA, RNA and primers,
which should NEVER be vortexed.

- Clean with RNase ZAP: bench, hands, pipettes, epi rack, lids of tubes before opening them (spray RNase ZAP on tissue
and use that to wipe tubes, pipettes and so on).

- Calculate amount of RNA to be added: normally, Ludo adds 1 ug of RNA.

- Prepare heater at 65°C

Denature: RNA + Primer + dNTPs (10 pL)
65°C for 5 min

Place on ice for at least 1 minute

l ‘ cDNA Synthesis Mix:
Oligo(dT),, or GSP Random Hexamers 10X RT Buffer 2
Add 10 uL cDNA Synthesis Mix Add 10 uL cDNA Synthesis Mix 25 mM MgCl, 4
0.1 MDTT 2
¥ RNaseOUT™ 1
25°C for 10 min SuperScript® Il RT 1
1 | 10uL
cDNA Synthesis: 50°C for 50 min
¥
Terminate Reaction: 85°C for 5 min
¥
Remove RNA: Add 1pL of RNase H
37°C for 20 min
¥
PCR Amplification: Remove 2pL aliquot for PCR

(up to 10uL may be used)

—_
ol
(G2
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1. RNA calculations: We want to add between 100 ng and 1 ug of total RNA into the reaction - make calcpLations.
Anyway, it is not so important to be very precise with the amount of RNA added in the beginning because the gPCR
already controls the initial amount - you can control for the initial differences in material quantity. Simply try to
keep it constant.

2. Combine the following in an autoclaved 1.5 mL tube:

Component Amount / tube For test samples:  For control samples:
Up to 5 ug total RNA  npL

Primer* 1L

10 mM dNTP mix 1L

DEPC-treated water  To 10 pL

*Use Random Hexamers. There are other options, but the random hexamers is best for our application.
3. Incubate the tubes at 65°C for 5’, then place on ice for at least 1 min. Change the thermoblock to 50°C.
4. Prepare the following cDNA Synthesis Mix, adding each component in the indicated order. MIX WELL!

Component Amount 1x For Today (+RT) For Today (-RT)
10X RT buffer 2L

25 mM MgCl2 4L

0.1 MDTT 2 L

RNase OUT (40 U/uL) 1pL

SuperScript lll RT (200 U/pL) 1 pL -

DEPC-treated water 1L -

5. Add 10 pL of cDNA Synthesis Mix to each RNA/primer mixture, mix gently (up and down, don’t vortex) and incubate as
follows:
a. Random hexamer primed: 10 min at 25°C (on the bench), followed by 50 min at 50°C. Prepare block at 85°C.
b.  Oligo(dT)20 or GSP primed: 50 min at 50°C.
6. Terminate the reactions at 85°C for 5°. Chill on ice for 5°. Prepare block at 37°C.
7. Collect the reactions by brief centrifugation. Add 1 pL of RNase H to each tube and incubate the tubes for 20 min at
37°C.
8.  cDNA synthesis reaction can be stored at -30°C to -10°C or used for PCR immediately (keep on ice if wanted to use for
PCR, simply put into the freezer if you want to store it).

It is generally better to have your own tissue for positive control. This should be RNA from tissue you know definitely has the
genes. Also on this control RNA and in one of the samples, a non-RT control should be added.

Control Reactions 8.

The control RNA provided with this system consists of total HeLa RNA

Prepare a PCR mixture for each control reaction. For each control
reaction, add the following to a 0.2-mL tube sitting on ice:

(10 ng/pL). The sense and antisense control primers provided with this Component Volume
kit are designed from the human B-actin gene and produce a 353-bp
RT-PCR product. DEPC-treated water 38.1pL
Sense primer: 5-GCTCG TCGTC GACAA CGGCT C-3' 10X PCR batferminus Mg SuL
Antisense primer: 5-CAAAC ATGAT CTGGG TCATC TTCTC-3' 50 mM MgCl: 1.5pL
Use the following protocol for both plus and minus RT control reactions: 10 mM dNTP mix 1L
1. Dilute the total HeLa RNA to 100pg/uL with DEPC-treated water. Control sense primer (10 uM) 1pL
2. Prepare the RNA/primer mixtures in sterile 0.2- or 0.5-mL tubes as
Follows: Control antisense primer (10 pM] 1pL
Component + RT Control - RT Control cDNA from control RNA 2pL
Diluted total HeLa RNA TuL TuL Tag DNA polymerase (5 units/pL] 0.4pL
(100 pg/pL) -
OligoldT)a 1uL TpL Final volume 50 pL
10 mM dNTP mix 1pL Tyl 9. Mix the contents of the tube. Centrifuge briefly to collect the reaction
DEPC-treated water 7L 7pL components.

3. Incubate the samples at 65°C for 5 min, then place them on ice forat ~ 10.
least 1 min. Collect the contents by brief centrifugation and add the
following:

Component + RT Control - RT Control s
10X RT buffer 2pL 2pL
25 mM MgClz LpL LpL
0.1MDTT 2pL 2pL
RNaseOUT™ (40 U/pL) 1L 1L
SuperScript® Il RT (200 U/pL) 1pL — 12.
DEPC-treated water — 1pL

Mix the tubes gently and collect the reactions by brief centrifugation. 13.
Incubate the samples at 50°C for 50 min.

Terminate the reactions at 85°C for 5 min. Chill on ice.

bl ol

Collect the reactions by brief centrifugation. Add 1 uL of RNase H to
each tube and incubate for 20 min at 37°C

Place reaction mixture in preheated (94°C) thermal cycler. Perform
an initial denaturation step: 94°C for 2 min.

Perform 40 cycles of PCR:

Denature 94°C for 15 sec
Anneal 55°C for 30 sec
Extend 68-72°C for 1 min

Note: For slow-ramping thermal cyclers, follow manufacturer’s
directions.

Upon completion, maintain reactions at 4°C.

Analyze 10 pL of each reaction, using agarose gel electrophoresis
and ethidium bromide staining. For the + RT Control, a 353-bp
band, corresponding to at least 25 ng of product, should be visible.
For the — RT Control, the same band should be =50% in intensity
when compared to the + RT Control.

*For First Strand cDNA Synthesis of Transcripts with High GC Content, see Invitrogen protocol.
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gPCR particularities

General protocol for: PowerUP SYBR Green Master Mix - always check the User Guide before starting (find it as a printed copy
in Protocols folder)

-

Use 1-10 ng single-stranded cDNA or 10-100 ng gDNA per reaction

Four replicates of each reaction are recommended (we sue 3)

Reaction mixes can be prepared depending upon experimental requirements. Scale the components according to the
number of reactions and include 10% overage

If using smaller reaction volumes, scale all components proportionally. Reaction volumes less than 10 pL are not
recommended.

Using no template control (NTC) reactions can be used to identify PCR contamination. NTC reactions contain all
reaction components except sample and therefore should not return a Ct value - this we do with the noRT control!

Clean bench with EtOh

2. Thaw all components in ice - SYBR Green Master Mix, Primer Mixes and cDNA. Takes a long time! Sometimes leave at
RT for a bit and move back to ice.... Important is, that none of the components stays for too long at RT.

3. Prepare the cDNA: dilution 1:10 recommended, but one can modify it a bit in case of very small RNA amounts.

4. Keep the SYBR green and any tubes made with that covered - protect fluorescence.

5. Mix absolutely very tube before use by pipetting up and down the whole volume.

Prepare the appropriate number of reactions, plus 10% coverage (10 pL/well for 384 well-plate):
a. For optimal performance in Fast and Standard modes, use 300-800 nM for each primer - we used 300 nM in
the first testings and worked.
b.  Use 1-10 ng cDNA or 10-100 ng gDNA for each reaction

Component Volume (10 pL/well) | Volume (20 pL/well)
PowerUp™ SYBR™ Green Master 5L 10 pL
Mix (2X)
Forward and reverse primers!! Variable Variable
DNA template + Nuclease-Free Variable Variable
Waterl?!
Total 10 puL 20 puL

2. Centrifuge briefly in case of any liquid on the tube walls, then mix thoroughly by pipetting up and down the whole
volume right before use.
3. Transfer the appropriate volume of each reaction to each well of an optical plate (9 pL/well for 384 well plate) - to

the wall

4. Transfer 1 pL of the corresponding cDNA to each well - put tip all the way to bottom of well.
5. Cover plate and centnfuge with a plate centrifuge (AG Haass) for 1 minutes at 1000 rpm.

1. Place the reaction plate in the RT-PCR instrument

2. Use fast cycling mode:

Table 3 Fast cycling mode (primer T, >60°C)

Step Temperature Duration Cycles
UDG activation 50°C 2 minutes Hold
Dual-Lock™ DNA polymerase 95°C 2 minutes Hold
Denature 95°C 1 second" or
3 seconds!? 40
Anneal/extend 60°C 30 seconds

1 When using a QuantStudio™ Real-Time PCR System or a ViiA™ 7 Real-Time PCR System.

12 When using a 7500 Fast Real-Time PCR System, StepOnePlus™ Real-Time PCR System, or StepOne™

Real-Time PCR System.
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Example:
Primers:
1. Fabp4_2
2. Cd36_1
3. Hmox1_2
4. Plin2_2 (target genes)
5. CYCt,

Sampl;es: cDNA from tgfb9 cond 1.1 - 1.12 + NO RT (2.1-2.12 another day, 3.1-3.12 another day, 4.1-4.12 another day) (14
samples total). 3 replicates of each

TOTAL: 195 wells

Prepare cDNAs:
Already ready (1:10 dilution)

Prepare primer mixes:
Of each primer mix you need enough for 39 wells -> calculate for 45.

Component 1 well 45 wells \
MasterMix SYBR Green 5 pL 225 pL

Primers (both together at a concentration of 5 uM each) 0.6 (final concentration 300 nM) 27 pL
Nuclease-free water 3.4 153 pL

DNA Template Add 1 pL in each well Add at each well
TOTAL VOLUME PER WELL 10 pL

Mix well and share 9 pL of primer mix to each well (with the step-pipette!)
Then mix well cDNA and add 1 pL of cDNA per well (change pipette every time!)

Special things:
e  gPCR run at the AG Dichgans machine - newer machine
®  Primer mixes from Mar
e  Performed by Agata/Mar
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M-CSF: macrophage colony stimulating
factor

MDMs: monocyte-derived macrophages
MEF2C: myocyte-specific enhancer factor
2C

MgnD: Microglial neurodegenerative
phenotype

MHCII: Major histocompatibility complex 11
MMP12: Matrix metalloproteinase-12
MNA: methylnadic anhydride

MS: Multiple Sclerosis

MSMS: tandem mass spectrometry
MYDS88: Myeloid differentiation primary
response 88

nCEH and nCEH1: neutral cholesterol ester
hydrolase 1

NFxB: nuclear factor kappa-light-chain-
enhancer of activated B cells

NGF: neural growth factor

NPC1: Niemann Pick Disease type C
intracellular cholesterol transporter 1
NPC2: Niemann Pick Disease type C
intracellular cholesterol transporter 2
NRROS: Negative Regulator of Reactive
Oxygen Species

OPCs: Oligodendrocyte Precursor Cells
P14: postnatal 14

PA: phosphatidate

PAMP: pathogen-associated molecular
pattern

PC: phosphatidylcholine

PC: phosphatidylcholine

PD: Parkinson’s disease

PDGFa: Platelet-derived Growth Factor o
PE: phosphatidylethanolamine

PE: phosphatidylethanolamine

PG: phosphatidylglycerol
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PI: phosphatidylinositol

PI3K: Phosphoinositide 3-kinase

PLIN: Perilipin

PMT: photo multiplier tubes

PNS: Peripheral Nervous System

PPAR: Peroxisome Proliferator Activator
Receptor

PS: phosphatidylserine

PUFA: polyunsaturated fatty acids

RG: rosiglitazone

ROS: Reactive Oxygen Species

RXR: Retinoid X Receptor

SCFA: Short-Chain Fatty Acid
scRNAseq: single-cell RNA sequencing
SFA: saturated fatty acids

SM: sphingomyelin

SPP1: secreted phosphoprotein 1

SRBI: scavenger receptor Bl

SREBP: sterol regulatory element-binding
protein

SREBP1c: sterol regulatory element-binding
protein 1c

SRII: scavenger receptor 11

STATT1: signal transducer and activator of
transcription 1

TAG: triacylglycerol

TGIBRI and II: transforming growth factor
B receptor I and 11

TGF: transforming growth factor 3
Th1: T helper cell 1

Th17: T helper cell 17

TLR: toll like receptor

TMEM119: transmembrane protein 119
TNFa: tumour necrosis factor a

TREM2: triggering receptor expressed on
myeloid cells 2

UCP2: uncoupling protein 2

UFAs: unsaturated fatty acids

WD: western diet

ZI9: Zinc finger transcription factor 9
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