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Abstract and Background

Abstract Ventilatory acclimatizationto hypoxia(VAH)is defined asthe time-dependentincreasein
ventilation which occurswith chronicsustainedhypoxia(CSHpf severalhoursto months Previous
researchhas shown that astrocytesand microglia become activated upon exposureto hypoxic
conditions and may contribute to VAH Understandingwhen and how the different cell types in
respiratory control regions are activated is pertinent to understandingventilatory control during
hypoxicconditions Thereare a number of ventilatory control regionsin the brainstem,but the two
regionsof recentinterest in our lab are the nucleustractus solitarius (NTS)and the Pre-Botzinger
CompleXPBC)DuringCSHthe NTSs activatedby stimulifrom the peripheralchemoreceptorsn the
carotid body causingchangesin ventilation to maintain homeostasiswhile the PBCis thought to
generatethe normalbreathingrhythm in mammals Thefirst part of this studyaimedto optimizethe
sholl analysis method to detect morphological changesin microglia Two different microglia
antibodies,lba1l and C1b[OxX42], were comparedusingshollanalysigo determinewhichantibody
best representsthe branchingpattern of the individual microglia Analysisindicated that neither
antibody was statistically different from the other in terms of microglia branching(p < 0.05), so
COL1b[O¥2] was chosento simplify the immunohistochemistryprotocol. The secondpart of this
study assessedhe activation of microgliain the NTSand PBCfollowing CSHexposure Basedon
previous research,we hypothesizedthat microgliain the NTSand PBCwould be activated, as
assessewia a morphologyshift to a more amoeboidstate, following CSHexposure To addressthis
hypothesisrats were exposedto either normoxic,60-minutesof CSHpr 12-hoursof CSHMicroglia
morphologywasassessetn perfusedbrainstemtissueviaimmunohistochemistryconfocalimaging,
and image analysis In the NTS, microglia branching analysisrevealed a trend towards a more
amoeboidmorphologyat the 60-minute CSHime point, but only one of the sholl analysisorackets,
21-30uM, was statisticallysignificant(p<0.05). In the PBCmicrogliabranchinganalysisalsorevealed
a trend towards a more amoeboid morphologyat the 60-minute CSHtime point with statistically
significant (p<0.05) branch patterns at the 11-20uM, 21-30uM, and 31-40 pM sholl brackets A
morphologyshift of microgliato a more amoeboidstate could indicate their localizedresponseto
neurotransmittersor cytokines In the secondstudywe investigatedthe expressionf IL-1 inthe NTS
regionusingimmunofluorescentabeling Ratbrainstemtissuefrom normoxicconditions,15-minute
CSHand 60-minute CSHwas labeled with antibodiesagainstll-1 , GFAPand CdlL1b[Ox42]. IL-1
positive cellswere countedin the NTSregion Thispreliminaryset of cell counts(n=2) suggestgshat
thereisanincreasean IL-1 expressiorwith CHSexposure Takentogetherthesedata providea great
starting point assessinghe activationprofiles of glial cellsand cytokineactivity in selectrespiratory
controlregions

Methods

Animals Rats were exposed to experimental conditions and tissue was perfused and fixed at the University of Calif

San Diego lab of Dr. Frank Powell (Division of Physiology). All animal experiments were carried out according to pr
approved by the Institutional Animal Care and Use Committee of the University of California, San Diego (under the
for Care and Use of Laboratory Animals, National Institutes of Health publicati®®, &ethesda, MD, UA
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Immunohistochemistry Primary antibodiesfor microgliaused in were CdL1b[Ox42] at 1:1000 (Abcan) and Iba-1 at

1:1000 (Wako),and astrocyteswere visualizedwith GFAPat 1:000 (Abcan), and IL-1 at 1:500 (AbCan). Imageswere
obtainedusinga LeicaSP ConfocaMicroscopeanalyzedusinglmageJFI1Jl)

Microglia Morphology Quantification: Microgliaactivationwas quantified usinglmageJFIJisoftware version2.0.0. The
extent of activation was measuredby analyzingthe changein branch proliferation and length usingthe sholl analysis
pluginin FIJlto assessnorphologicalchangesindividualmicrogliain the regionof interest were isolated(A), cleaned(B)
and then analyzedusingthe sholl analysisplugin (GD). The number of crossingdoy eachbranchwas assessedisinga
starting radius of 2 mm with a step sizeof 2 mm. The extent of branchingat different time points was comparedby
analyzinghe numberof crossingsat different step intervals(D).

IL-1 b positive cell countinglL-1 positive cells were counted in the NTS region. Only clearly definelikeelegions of
IL-1 positive fluorescent expression were counted.

Results

Figurel: Comparisonof microglia morphologyusing lba-1 and CdlL1b[Ox42] antibodies Microgliabranchingwas
assessedisingsholl analysisand the averagenumber of branchcrossingsvere calculatedper sholl bracket(A, B).
There was no significantdifference in the branchingpatterns between the two antibodies as defined by sholl
analysisassessedty a 2-way ANOVA(p > 0.05). Confocalmagesof the samemicrogliavisualizedwith Iba-1 (C)and
CdL1b[O¥2] (D) antibodiesare shown Thisstudy suggestshat Ibal and CdL1b[Ox42] are labelingthe same
microgliaandyieldingsimilarbranchingpatternsboth in normoxic(A)and hypoxicconditions(B) All datapresented
asmean+ SEM n=2-3 animals/group
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A morphology shift of microglia to a more amoeboid state could indicate their localized respo
to neurotransmitters or cytokines. In the figures below we investigate the expressiorif lin
the NTS region.

Figure 3: Immunofluorescentimaging of IL-1 , astrocytes,and microglia in the NTSregion. Ratbrainstemtissue

from normoxicconditions,15-minute CSHand 60-minute CSHvaslabeledwith antibodiesagainstiL-1 (A-C),GFAP
(D-F),and CdlL1b[Ox42] (GI). Imageswere obtainedusinga LeicaSP confocalmicroscopewith a 40x oil immersion

objective,anda 10uM Z-stackwith imagesevery0.2uM. Theimagebelowis a Z-projectionof the entire imagestack
(by ImageJ) The merged images (JL) do not suggestoverlap of the secondaryfluorophores, therefore a

colocalizatioranalysisvasnot performed

Future Studies

A Additional section analysiswhich will increasethe n for each of the conditions, as well as
analysiof microgliacellbody sizeand endpointnumber

A Inclusionof antibodiesfor neurons(NeuN Map2)

A Additionalcytokines(TNF", IL-6) will alsobe visualized

Stokeslab.com

Figure 2. Shollanalysisof microglia in the NTSand PBC The averagenumber of branch crossingswere

calculated for each treatment group (normoxic, 60-minute hypoxia,

and 12-hour hypoxia) acrossfive

different shollbrackets 0-10t{ M, 11-20t M, 21-30{ M, 31-40t M, and 40+t M (not shown) In the NTSA),
sholl bracket 21-30 { M showsa significantdecreasein branch crossingdor the 60-minute hypoxiagroup
comparedto the normoxic(N)group(p <0.05). Inthe PBJB),shollbrackets11-20{ M, 21-30t{ M, and 31-40
t M show a significantdecreasein branch crossingsfor the 60-minute hypoxia group comparedto the
normoxic(N) group (p < 0.05). All data presentedasmean+ SEM n=2-3 animals/group 1-way ANOVAwith

5 dzy Yy Pasthdeest; *p <0.05.
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Figure4: Preliminarydata of IL-1 positive cell countsin the
NTSregion. IL-1 positive cells were counted in the NTS
region Onlyclearlydefined celtlike regionsof IL-11 positive
fluorescentexpressionwere counted Normoxic,15minute,
and 60-minute CSHissuewas assessedT hispreliminary set
of cell counts(n=2) suggestgshat there is anincreasen |L-1
expressionwith CHS2xposure

Cells identified by a yellow asterisk (left) are
examples of the clearly defined céfe regions
that would be included in the i positive cell
count.

Conclusions

Thefirst study (Figurel) indicatesthat both Iba1l and C
usedto visualizemicrogliaandasses®ranchingpatterns

A1b[O¥42] antibodiescan be

The secondstudy (Figure 2) suggestsa morphology shift of microglia during hypoxic
exposurein two different central respiratory control regionsduring an early CSHtime
point of 60 minutes Thesedata support previousfindings from our lab (Stokeset al.

2017).

Cytokinell-1 isexpressedn the NTSegion(Figure3) andatrend of anincreasen IL-1)

protein expressionvasobserveawith hypoxia(Figured).
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