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, 6 october 2023 (class)
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1| october 2023
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- Quck Frepze Shelf

- Heating Glass

+ Section 51285 12 Pm

« Thim si2@: 30 pm

o vext Meeting () September 2023)!

Creade /s chedule Ga—.ﬂ‘e Meet

N ?in'(,sl., ywsh ‘}Mﬁ of nthoduct,on for vesearch




lv . . 'IL( I; A l’ -. L V
— T Werking e concice, infaimative descrigive

e lg 5‘?‘(‘?‘~:rn;.2'f~ 2023 :‘."7‘5:-.;

Tan be taified loter

= Mstact:

'USui]’LrprJ Ye sults

| " X hecessary

|+ Introduction: buckarasmd knowledge

__Make an astling

* Rroader Apect of Field

&

Nf»\)rgwev Topic

b

3. Mk Question (Sepante duestion and hyothesis)

‘Why do we nged 4o study fipict

-lack’mg S‘iu.S‘le;, CohHaJ’:do\-/ S’fuJ‘/es} better studies

. ({4 1)
Need far tmy S'fudy

4 |« Goals b

T+ metaodology (Jtoup fegether)

9.| * Voriatles + Wypothesis (oly fop experimenta| Projects and certain Studies) .

‘A 1 (Jaihj o 9+u({‘/) P)‘Pevirnenf, ow ;hMGVa‘HOV\?‘

.| e Me‘HnoJOh’ﬂy

o Wht method § do we W3€, Whydowe use j¢°¢

. GeheVal Ideﬂ

— |.vete mere jnformation
U g need B Lo H55 Contise e

3| . Swwidicance : Suttaly

o what will o cobribide to the field of Study

9. | Refetence

| euse paperpile




44 o~ i P . ' N
\Mﬂﬂt’o" 2023 (Mezting 'ty Mentor)

Mounting Somples ot Slideg
————  a) —— —

(@ ?
' >amples; Corenal kiain gliceg

*Steps.

l. Place shide, ‘-/.'.'Hj rough end  facing upwards ) " fhaid -
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draw {luid
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Slide (Do NoT RELEASE - bubbles wifl form) £

8. Place slide cover over Slide at an augle to prevent bubbles (air
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“\ nme . Following Repeated Mild Traumatic Brain Injury:ii'l Adolescent Mice l :
INTRODUCTION: = ; ‘gcv;'
' A Traumatic Brain Injury, or TBI, is.a type of brain injury caused by the applicatior.l ofa ' :M
violent external force to the head. TBIs are extremely prevalent, often being caused by falls, ” ‘ 2\;: ..:
contact sports, motor vehicle collisions, physical abuse, and armed combat (Mayo Clinic Staff, w\;‘lt“
2021). In the United States, there are as many as 2.8 million cases of TBI annually, and TBIs are W 5
W :

responsible for approximately 30% of all injury-related fatalities (Faul et al., 2010; Taylor et al.,
2017). Similarly, 500 out of every 100,000 Canadians \yfcr from a TBI annually (Langlois,
2004). This trend is repeated worldwide, where there are about 42 million cases of TBI every

year (Gardner & Yaffe, 2015). The variety of potential causes and the high rates of incidence - :

associated with TBIs identify it as an intemationally" significant healthcare concern which is I
o
it %
g : - 5. o hai
deserving of extensive research. \0/ et 2Drvam v 4 wai isgy Y
The majority of TBIs are mild traumatic brain injuries (mTBIs), better known as W

concus/sions. Studies conducted by ﬂle;Q@ptgfs ,fQ'r. Diseasg Control and grgxggtign have
confirmed that around 75% of all TBIs are mTBIs, making them a critical area of interest in
brain injury research (Gerberding & Bir‘ld/e[,' 2003). Symptoms of mTBIs include headaches,

dizziness, blurry vision, ringing in ears, difficulty sleeping, loss of consciousness, nausea, and a 7 4

variety of cognitive issues (What Are Common Symptoms of Traumatic Brain Injury (TBI)?, F P

—

2020). Symptoms usually resolve within three months but certain patients have been known to '_w o) /

experience post-concussive syndrome (PCS), where symptoms persist beyond the regular period FEALSS

"
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causes diffuse axonal injury (DAnyh uter gray matter and inner gray matter of the brain have ~

Y an

(‘\M Mdlfferent density and.m‘ghm, consequently, when a force is applied, either rr\/gt&& y
; —-9 CautsSing Newro e

cloa®d moves at different speeds and causes the axons to tear klllmg the neurons| Neuron death-,’fh/-s F"D ey

o‘ aw ) . c
a:m\‘k& continties throughess: the secondary injury cascade; axonal stretching induced by the-primsasy =5 ba W
‘-N
!l ] easeade causes mechanoporation, or the creation of holes in the axon, allowing an influx of ions fvw
:&0“?3 which triggers depolarization. This causes the pre-synaptic neuron to release an excessive

amount of neurotransmitters, namely glutamate, to the post-synaptic neuron, which subsequently

initiates an influx of calcium ions into the neuron. Calcium ions activate microtubule-breaking

proteins (microtubules comprisg the onal cytoskel on), cause mitochongrial dysfunction,.and
wlh leadiing 10 Biath M mf

release cytotoxic molecules, killing the neuron (Eyolfsoni Khan, et al., 2020).

are amongst the most vulnerable Wdolescence is characterized by a period.of peak €N
‘7&5

neural reorganization, Which-has-the-potestial to cause neurological disorders/Previous studies
@ﬂkmﬂ o vantedle pedalke —7 [injuh,

yé /-".7 An overlooked fact regarding mTBIs is that adalescents and young adults aged 15 to 24

observing neuroanatomical changes during adolescence concluded that\ﬂ{ere was a decrease in o
M o »
\\ / gray matter and increase in white matter durmg uﬁ\s 10 to 18 he gray matter loss was o
e 2% fo TN WW | Calhest 7
attributed to synaptic pruning, the destructlon of excess synapses and neuropil (dendrites, % Y o
dendritic spines, axon terminals) as the brain matures; the white matter gain was thought to be o '{\ ¥

caused by axonal myelination, the encasing of axons by conductive myelin sheaths to increase
the speed of signal transfer. There was also a reduction in electrical activity in ages 10 to 20,

which was suspected to be caused by synaptic pruning in the cortices (Whitford et al., 2007). In

particular, synaptic p{}rﬁmg is a critical component of neural maturation during infancy through
Sourfl

b s adolescence/{'he destruction of excess or weak synapses allows for the strengthening of the
“M& ,‘

remaining synapses.
i R
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owever, mTB@ have been shown to either decrease or
; g Spuk Sy’ g
increase synaptic pruning in adolescents/Pruning may decrease du(to, an increase in activation \ e
‘ Q= 25

‘ A . - i
\mcrog Tgwhi ient at-prusing /inversely, pruning may increase as the ] "_\
- <l e U /- i

)fw expression of C3 comple cntaty protein increases with injury (Eyolfson, Khan, et al., 2020). ; 7 {—!‘

R s ;
Microglia are amongst.the three main glial cells (the others being astrocytes and

o T2wht
% M ohgodendrocytes) whose function is to support neurons. Since immune cells are normally W
7

* prevented from entering the brain by the blood-brain barrier (BBB), microglia serve aspthe

o

W, resident immune cells of the brain instead. When microglia detect an infection, they trigger an” | » ldl,f .
v / . S
MW‘ inflammation and phagocytose the pathogens; they are also responsible for destroying o ) o

fnalﬁmctioning proteins (Ozturk & Wu, 2022). Beyond participating in the brain’s immune
b v esponse, microglia have a wide variety of functions throughout the various stages of life.[n the
d:;d .ﬁ, prenatal brain, microglia play a role in neurogenesis (neusen.generation,), phago’}'tosm of ( b

w " neuronal progenitors (neufenel-pseouf-so;s) axonal growth, and neuronal fasciculation (fermmatien

M rANTN D
P of-neuron-bundies)f In postnatal stages to early adulthood the main functlon of microglia shifts
9‘”5“9

to synaptic pruning in order to support neural maturation](The neuroinflammation triggered by
T

7
.‘,,p«’« ~ microglia ,gfter injuries is a hallmark of mTBIs! UWWmmgﬁa-ebmither

W ‘“1J causeERrATERAIOT Cxacesbate-damage. When 4 brain experiences a mTBI, microglia- respond
& vheused N doenged (olls .
f;) W by phagocytosing any cellular debns/cytotox1c molecules vrifehareprotused mdinitng

'

V“ &

P
3-' c.ﬂ* ,ﬁ p‘éna-l-eﬁpalr Damaged neurons release damage- assocnated rq’olecular pattems (DAMPs), which
&.ﬂ‘*‘ -activate microglia from their ramified surveillance state to their activated amoeboid state.

2y h- Microglia have a highly plastic nature and amoeboid microglia may either adopt

Y ’ '“
” -'0 pro mf-lammatory (M'I ]1ke) phenotypes or antl-mﬂammalory (M2 hkg_phcnqt) pes) The
\».:"3 -'-1.1 Mot an? el AN i ket et
1)

e e ‘n}“\“‘v‘,




immune cellsy neutrophils, macrophages, T cells, and dendritic cells, cross thd BBB find

contribute to neuroinflammation (Eyolfson, Khan, et al., 2&20\ C/l/\—t LW

mTBIs leave the bram vulnerable for uncertain perlods of time, duting which additional
\

impacts can lead to repeated mild traumatic brain i injuries (RmTBIs). RmTB{)xacerbate neural

AV ;:f .
damage and are responsible for causmg chronic neuroinflammation/{hey are espec1ally a major .."c :" ol
concern amongst adolescents, with a study concluding that 19.5% of surveyed adolescents ‘w:k’. h ‘.’f‘
, experienced at least one mTBI and 5.5% experienced RmTBIs (Veliz et al., 2017). Sustaining e ,"“"' :
M k/ﬁﬂ'l'{during adolescence has also been linked to increased risk of developing ‘j"’" ;4::0? §
P( il ‘i‘ e Llﬁdéhthe?dtlvb disease later in life, the most common being chronic traumatic : ‘ m:}:”” T'J
::;’\:Q’Q\' encephalopathy (CTE), Alzheimer's disease, and Parkinson’s disease]/ e e
—

" Previous research has ldentlﬁ\e)%TBIs amongst adolescents)efge a common and A m
\ Yhoe's wo contradichn hore ! 5
potentially life-changing mjury/ However there is currently a dearth of research concerning the . {R

I

D ’-‘”
pathophysiology of RmTBIs and how they affect adolescent populations. EM.LW Q'\
colalyea E .?
5 g est. 3 mn Fuf% OL\“.P
.'.u.'n:QRua 'M"vn .
similasstudy by Eyolfsonard colléagues in 2020 investigated sex-dependent effects of RmTBIs ’(\L ‘(
- Mmotos A
on adolescent mice. Q\nalyzing changes in the cortex, hippocampus, thalamus, and corpus L
‘ ’ ¢ . i ) -, ?
. 5.3
¢ =3y SR g
’-‘q ; : .-..l 4
on n@nl; reduced microglia density b oy
aj) ‘\')\ e
amongst male mice | AN '4.-‘ 4 g
Yo y.\\mas T, ' S T
(iné on'et?(( thalamus, and corpus callosum) ard-easkicr % ";"-‘,;! T

ol
ICopOnees. Mtlle loss of microglia in thei/adolcscent brain was pretieted to deerasse s{ﬁ;W

\'] AN ol
o e ““‘:’3 “m R ot
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, the 2022 study conducted by Eyolfson ‘r‘\ Mt“-

.

L ITN
and col €s delivered either RmTBIs or sham injuries 1o adult or adolescent and female or ‘l’ 00

co[\wbomhw ALW

male mlce(Flve injuries were delivered every 24 hours and a series of cognitive tests were

?CO cd-that—dh S-t d and-age-depende chavieural-deficits 2 -
/1

60,,), smicroghia/dSHITIICspine-density. Male mice experienced increased motor deficits vehabe female
Y L d fmwd

mice,experienced increaseg-legs-efTOTSAIQUINCSS. peidy, male %
LRV
aoleboehtmice cxpetieneada decrease in microglia density. Male adolescent mice also M bt
1 ﬁ('ew M .
experienced ageesease in dendritic spine densxty in the motor cortex. These results suggest that a “\:"

.‘.ﬁuw&ymw Jq..\, gu™

6 loss of microglia impairs synaptic pruning ané=z o=t etrodogene

&
disem=chSTin-life (Eyolfson et al., 2022).@“ he stud\i;S(Onducted by Eyolfson and colleagues QO”\ )

confirms the threat posed to cognitive function and neural development by RmTBIs amongst y 2092

RmTBISs; they further identify adolescent males as being more vulnerable to RmTBIs than
] W oV condudl Pus bk W tor comdudl Prak ha«m\o dofes oo onfair by
adolescent females . "’"! Mm 'e‘:o "hﬂ\'é‘

ol w
Despite the advances in our understanding of adolescent RmTBIs medr-by-%lﬁen-end‘ '(I\Of‘on (g

cc;ll;agtﬁs, the effect of RmTBIs on microglia function during adolescepce remains unclear. In
particular, the role of complemexllt}mteins in RmTBIs remains relatively unexplored and is
deserving of additional research. Awd,gomplement proteins C3 and Clq tag excess
synapses for pruning by microglig’ 3:1%?: are thought to increase the expression of

complement proteins, causing excessive synaptic pruning and leading to the emergence of

S
0, neurodegenerative disease later in liﬁ/ The complement cascade is a critical component of the
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immune system, but can also exacerbate neuroinﬂammation or canse-neurodegeneratrve disease. i\

d and
Once the cascade is activated by the presence of pathogens, complement proteins are cleave
juk dok oot oot 4 fleof Cla ¢

deploy a variety of immune responses ézor example, C3b proteins (cleaved C3 proteins) perform

8

surface opsonization, where they tag pathogens for phagocytosis:}Sb proteins (cleaved C5 ! t,m\,’:,).
' - X Sty

proteins) initiate the assembly of C5b-9 complexes, or membrane attack complexes (MACs), . 4};-&%;
: d |

which are capable of causing pathogen lysis. Other cleaved proteins, such as C3a (cleaved C3
proteins) and C5a (cleaved C5 proteins), can recruit pro-inflammatory cells and cause
neuroinﬂammation Thus, a failure of the strict regulatory mechanisms controlling complement

cascades could lead to né‘tﬁ‘o’lﬁfl atlon and neural damage (Alexander etal., 2008) In order

to better understand the effects of RmTBIs on complement protein expression, thls_ study will . -Pl,vf

femtay g .
investigate the changes in complement deposition and its role in microglia-m‘édiafed synaptic

prur"nng foﬁomng R"m"l"gls m adolescent mrcgm&tuwamhqmmhmﬂmn@aeiby €Y
Eygl-fsen-and-eel-leagaes-.ﬁns study will also focus on 1dent1fymg the relationship between

complement protein expression and behav1oural deficits, microglia density, and spine density.

. ' N7 5 1 : ve
“"‘ 18;@\ mﬂ) AiQ ‘.E,.'\‘ '/}\'_\.‘“) Y Stw L'lj . RIS B *&.'-’J'\r-: SOABSY WY i

“”""7‘ (520w a s o \an"rf t

e PMv\ﬂo’i'prawd‘er-tMMB brain i injuries (RmTBIs) affect complement protein expression

in the motor cortex of male adolescent mice?

OBJECTIVES:
The main shopteferm objective of this study is to investigate changes in complement

protein (C3 and C1q) expression in the motor cortex of male adolescent mice following RmTBIs

and sham injuries. Due to the critical role complement proteins C3 and Clq play in ~
e ——

Micrg



Lyt
microglia-mediated synaptic pruning during neweeisrraftratrorrsiTony st agedes®en(s, the study
ams . ,
ypes to understand what function complement proteins serve inmeuratdamage.following
{‘,k-S
RmTBIs. This study alsoh}peg to make advances in the optimization of immunohistochemistry

techniques to detect complement proteins[lmmunohistochemistry (THC) is a staining technique
which utilizes the binding that occurs between specific antigens and antibodies to detect antigens

in certain tissue (Magaki et al., 2019). Immunohistochemistry usually follows an indirect method

which involves the .4,_\— tsdue; these primary antibodies bind to
Tnadebon ¢ e w) 1° &b
an antigen, or protein of interest. In order to detect the primary antiboc_iies usisEaetght '\nww

meesesagpe, secondary antibodies tagged with fluorescent proteins are subsequently injeetedsinto

ha,cy\"" Hus

The long-term objectives of this study are to provide additional insight into the

mechanisins through which RmTBIs induce downstream effects on behaviour, microglia density,

and spine density. These factors have been determined by=Byelfsan.and-coleagues Egsmdergo
(c

negative sex-specific and/or age-specific changes in RmTBI-affected brainsy/this study seeks to

further corroborate these conclusions and provide potentially valuable information ;egar;iing the

-

role of complement protein in RmTBls.

VARIABLES: " P &f_ a meldTBRIT vy
The independent variable of this experiment isyhdﬁer@e adolescent micd| reeeived- & _M/

RmTBI 8¢ shant ég&ﬁc'nﬁ +? I‘w('cé H_
-, » The degpendent,yariable of this experiment is the level of com lemeitz‘gtein ex ressi,c‘)g §
% ’ Ui PN Gy T PJ‘ CAlY T "“'5 Y N ,.'p. ; B P w

in the motor-cortex of adolescent mice. /\ 3 5 )
; ~ L ‘_((\ w :

"” .v'.-' Lomad 3 A LY ],

\ \ RLLae b ol [ S P
. . . ‘,.r." v I

ae W i (L ? i : .




The conirlb.l‘i'::d';;’f;riagl_c;s/gonstants of this ;xperiment are the speed of the projectile l\l}fﬁ é\‘
in the RmTBi model (Sm/s  0.2m/s), the head position in the RmTBI model (lateral impact el
model), the frequency of injury in the RmTBI model (5 injuries/24 hours), age/sex of the mice
(adolescenqpéle), antibody concentration, and imaginé par‘?‘eters- The consistencies
maintained in the RmTBI model minimize any variatio?x in the intensity of injury. In particular,

controlling the frequency of injury ensures that the mice are at specific periods of post-injury

vulnerability when they receive successive injuries. Since research egnduoted-brEyel-ﬁen-aﬂé

. eoHeagues already jde(ntifiid)male adolescent mice ‘;{'s hi"g'hll;!gl;sc‘:éﬁii‘sfg’fc’) heural damage | I ! Ga
Was 1N 0y ” 3 . C‘I w' ] '.';‘
caused by RmTBlj/sex and age will not be independent variables in this experiment and c;a(‘f y \-"L_.

kept constant. Differences in primary or secondary antibody concentration can result in'different

levels of staining during immunohistochemistry. Antibodies are usually titrated to determine the

o
-

optimal antibody concentration for staining[lmaging of samples will be performed using %0/4{[0@

confocal imaging on a ZEISS Celldiscoverer 7 microscope under constant parameters]

g

The main confounding variables of this experiment are the anaesthesia of mice prior to ‘\M i

injury, the stress level of mice, and natural variation between mice. \/

HYPOTHESIS:

If male adolescent mice either received repeated mild traumatic brain injuries (RmTBI) or sham
injuries, then the mice which received RmTBIs will experience an increase in complement
protein expression in their motor cortex in relation‘!t}:./the mice which received sham injuries.

[. RmTBIs have been shown to cause neurological deficits by triggering exe8bsie. J/ J-u;&ﬂ

_ microglia-mediated synaptic pruning; complement proteins allow microglia to identify ~se'napses
¥ T las -+ 57 Yois dat ~d¢ aceyanly veon Yot WU M T CY
for pruning and an in_cyéase in Tfeir expression is therefore associated with RmTBls.]

%
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il be
: male o
Q‘?Afsh for e RmTD! M

The RmTBI group and sham injury group will each be assigned eight to ten male

METHODOLOGY:

™Y
adolescent mice. 4 lateral impact model (LIM) will be used to deliver RmTBIs and sham
cile ( souM)

injurieg’
m;ce,.but-{l-'le general RmTBI injury delivery procedure can be summarized as followsamicg will | "5 1 d :
Y

be anesthetized, after which a pl'Q]eCtlle will be fired at a speed of Sm/s + 0.2m/s at their heads M

“helmet” covering the head of the mice will distribute the force laterally across the brain. 'ic
w\\j/ rhast) miee

S=Tn WS oX Twneo
_.\'{uus npiectilaswilihc fired five times ower 24 hour intervals to-sirmulatessepeated=injuries /Mlce in the _ *“‘w n
S " g L-\‘"‘. ot
ham inj oup will also be anesthetized but a projectile will not be fired against their heads. as SRR
s jury group proj 1l g0};be figgd against deir heack :"; ‘
Five days after the injury, the mice will be euthanized. Their brains will bgremoved and A f; # i
o
\ﬁ fromen at 4°C before being cut into 40um-thick coronal slices tewt-paratiel-to-the y-axis) by ,J»J:? ¢
7N \‘-‘\.‘
TS, -Priwfﬁb_jﬁmary F““‘a o g
L kat-are {0&."_ oz U
do (_dﬂ'L 1 odiesn £ e 1Inserfed-H-o0 i 0 ; O i c;b.‘h
7 we '\\ Qd‘d'\ \“C J\‘Pw bmb\‘ll w”) C-f?'.)
M immMﬂer.mmM the,Gamp[es will be washed three >
mj: ey
ST¢ o
p(bS times over 10 minute intervals using phosphate buffefed saline (PBS). Then, blocking will-be 83«
of wi Il be pefored . s .
p__;fgmmﬂd.mbl“k non-specific binding sxte;/on-psetems this increases the “signal-to-noise” =4

ratio by preventing the primary antibodies used in IHC from binding to non-target proteins (the \/

“noise”) and thus allowing them to bind in greater numbers to the pSotem of interest (“the

b et ) i v St (“\Mm\,m blo:km.‘"c
signal”). Arreeidody spiutionauit-he : reo=RE attdorieey=serua, 3%

ws
mmmmmsm’rmme. Primrmm-antibodies will be
FYERY.™

incubated at 4°C overnight in order to equilibrate the temperature between them and the sample. I/

(\ The-antibody-sotution-will-act-as-carrier-protefmstramsTerring (he primary-antibodtes-to their

m\* h




Renae¥t
esqes
)z‘wmm)

2) O

faRu®
ok e da

:¢

"" #

Onocst Yoo
s

. w9

. 563

- 69Y

- 647

op™ o
e

target proteins; in particular ffriton X-100 creates holes in the phospholipid membrane of cells ‘
and delivers antibodies to intracellular proteins. Rabbit a-C1q and goat a-C3 primary antibodies,

which target complement proteins C1q and C3, respectively, will be used; the primary antibodies

will bind to antigens (the complement proteins) at their variable regions. Follmgii'hg primary

antibody labelling, samples will be washed using PBS again and labelled using secondary /

° . . i i s
) Ak WTM secondary antibodies will bind to the constant region of the primary antibodies

and be tagged with fluorophores (fluorescent proteins); the fluorophores undergo shape chang

e /
AN C_{}}it light when excited by specific wavelengths of light, allowing for detection by

icroscopes, The sample will then be counterstained with 4(,é’fgimidino-2-phenylindole (DAPI)

in order to illuminate t

JRA S g WY w‘t ﬂﬂw.
onto slides.

. Afterwards, the samples will be mounted

Fluorescence microscopy will be performed on the samples using a ZEISS Celldiscgsef;c_‘_r’ ~<

\?w\s‘&s. \xb««k\swi

7 confocal microscope, Z-stacking will be used to 1mage and measure the comi)le/x protein
— 1
expression in the motor cortex.

nenra

&

= Dat= Wr *ﬂan A’]Lf“ rg,itkd’-l&& f&wmcwe,e,

SIGNIFICANCE:

Adolescent health is an incredibly important issue given the variety of critical p!ml—

w.l

and physiological changes that occur during this period of growth. In=pestiewlar, the brain E

undergoes significant neuroanatomlcal and neurophysiological changes during adolescence
b aaveld ol dnd QKSOW : 50.4,@5

H\

which have longlastmg nnphcatlons in the futurg’ However given “statistical data{nd the high

level of physncal actMty that usually occurs durmg this penod adolescents are especially

LS
i ]

vulnerable to traumatic brain injuries (TBISs), especially repeated traumatic brain injuries

(RmTBISs). Past research has determined that adolescent males affected by RmTBIs experience ~
v 4

o

"h’ansla./\rf Hat
ml‘° Ly pressio leveds” of €3 ‘“‘""7,
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neurological deficits and are at high risk of developing neurodegenerative diseases later in life/
Nevertheless, the research into the pathophysiology of RmTBIs amongst adolescents is relatively
scarce. Microglia-mediated synaptic pruning is a hallmark of adolescent maturation in the brain

which is suspected to play a major role in the development of neurological deficits post-injury.

iprivte S i o0 Y ()0

papses. By studying

This process

the changes in complement protein expression, this study attempts to better understand the
pathophysiology of RmTBIs in adolescence. The results of this study will be invaluable in

developing safety procedures to protect adolescents from the negative effects of RmTBlIs.
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Experimental Procedures



Animals

C57BL/6 Mice:

Source: Charles River Laboratories

Gender: Female

Age: Post-natal Day 48 (P48)

Number of Mice: 10

RmTBI and Sham Injury groups each assigned 5 Mice

RmTBI and Sham Injury Delivery
Lateral Impact Model:
1. Mouse anesthetized for 15 seconds using 5% isoflurane
2. Mouse placed in prone position inside Gothenburg Impactor Device
a. Left side of head beside a sheet of metal (used to simulate a “helmet”)
3. 50g cylindrical projectile fired at head of mouse five times at 24 hour intervals
a. Speed of projectile: Sm/s + 0.2m/s
b. “Helmet” distributes force onto lateral surface of head
c. Force causes mouse to accelerate away from initial position, turn 180°, and then
rapidly decelerate (see diagram below)
Sham Injury Delivery: steps 1-3 repeated, but without firing a projectile at the mouse
e Intended to minimize effects of confounding variables (neurological effects of anesthesia,
stress caused by environmental factors)
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Tissue Fixation

1. On Post-injury day 5 (PID 5) mice anesthetized using 5% isoflurane

2. Mice euthanized using an intraperitoneal injection of sodium pentobarbital solution
(0.05mL of 240 mg/mL solution)

3. Transcardial Perfusion: ice-cold phosphate-buffered saline (PBS) pumped through mice
circulatory systems to remove all the blood

4. 4% paraformaldehyde perfused through mice to fix the tissue and avoid degeneration in
the future

5. Brains stored in 4% paraformaldehyde (PFA) solution for 24 hours

6. Brains transferred to 30% sucrose solution at 4°C for storage



Cryosectioning
e Leica HMS550 cryostat/microtome used (see below)

Display Control Panel«

Heating Glass+

Control Panel+

Stationary Heat

Extractor« Specimen Clamp+

Quick Freeze Shelf«

Knife Holder+

Peltier on freeze

shelf freezing
Area+

Lock Lever+

Handwheel+

Waste Container+

Tool Shelf«

1. Brain freezed using optimal cutting temperature (OCT) compound onto circular stand

compatible with cryostat
a. OCT freezes at -20°C

2. Stand placed onto specimen clamp on cryostat and angle of clamp adjusted to line up

with blade as needed
3. Slice thickness set to 40um on control panel
4. Handle rotated clockwise to cut brain into 40pm-thick coronal (front-to-back) slices
5. Each brain slice transferred to six-well plate filled with PBS
a. Serial sectioning used to gain an accurate representation of the brain (each

consecutive brain slice transferred to a different well, and then repeated when all

six wells filled, starting again from first well)
6. Brain slices transferred to antifreeze solution
a. Antifreeze Solution: 30% ethylene glycol, 20% glycerol, 1x PBS + pH 7.4
7. Brain slices in antifreeze stored at 20°C

Immunohistochemistry

e [mmunohistochemistry (IHC): staining technique which uses specific binding between

antigens and antibodies to visualize target antigens
e Indirect Immunofluorescence used:



Primary antibody tags target antigen
Secondary antibody conjugated to a fluorophore (fluorescent molecule) tags
primary antibody

o Fluorophore visible underneath confocal fluorescence microscope

Direct Indirect

s
)—.

Cell

Blocking:
e Block non-specific binding sites (epitopes) on antigens where antibodies may erroneously
bind to and increase background fluorescence
e Increase signal-to-noise ratio
o “Signal”=target antigens (C1q and C3)
o “Noise”=background fluorescence (non-target antigens)
1. Blocking solution created using PBS, 10% donkey serum, 5% bovine serum albumin
(BSA), cold fish skin gelatin, and 0.25% triton X-100
a. Triton X-100 permeabilizes membranes of cells, allowing primary antibodies to
access the interior of the cell more easily
2. Brain slices incubated in blocking solution
Primary Antibody Incubation:
e Primary Antibodies:
o Clq: rabbit a-C1q (Abcam, catalog # ab182451)
o (C3: goat a-C3 (MP Biomedicals, catalog # ICN55730)
m Primary antibodies must have different host from sample (mouse) - if
primary antibody and sample have the same host, the secondary antibody
(raised against a primary antibody produced by that host) may erroneously
bind to other binding sites in the sample, increasing background
fluorescence
e Primary Antibody Solution (buffer) - same solution used for both C1q and C3: PBS, 5%
bovine serum albumin (BSA), cold fish skin gelatin, triton X-100
o Primary antibody diluted in buffer to:
m Clq: 1:100 concentration
m  C3:1:250 concentration



o Dilution in buffer stabilizes antibody, promotes its uniform diffusion across the
tissue, and discourages nonspecific binding
Primary antibody solution moved to well plate using pipette
Primary antibodies moved to well plate using pipette
a. One well maintained as a negative control (primary antibodies not introduced) in
order to observe background fluorescence
Brain slices transferred to well plate and incubated in primary antibody solution at 4°C
overnight
Brain slices washed five times at 10 minute intervals using phosphate-buffered saline
(PBS) and 4% paraformaldehyde
a. Washing rinses out primary antibodies weakly bound to nonspecific sites and
unbound primary antibodies

Secondary Antibody Incubation + DAPI Counterstaining

AN e o

Secondary Antibodies:

o Rabbit a-C1q: donkey a-rabbit (Thermo Fisher, catalog # A10042)

o Goat a-C3: donkey a-goat (Thermo Fisher, catalog # A32849)

o Secondary antibodies must have different host from primary antibodies - if the
secondary and primary antibodies had the same host, they would not recognize
each other and thus not bind to each other

Fluorophores:
o Donkey a-rabbit: AF568
o Donkey a-goat: AF 647
Secondary Antibody Solution (buffer) - same for both Cl1q and C3: PBS, 5% bovine
serum albumin (BSA), cold fish skin gelatin, triton X-100
o Secondary antibodies diluted in buffer to:
m Clq: 1:500 concentration
m C3: 1:500 concentration
Counterstaining: Provide contrast to primary stain
o Stain: 4',6-diamidino-2-phenylindole (DAPT)
m Stains cell nuclei to provide contrast for principal stain (stain performed
on complement proteins using the antibodies)
Secondary antibody solution moved to well plate using pipette
Secondary antibodies moved to well plate using pipette
Brain slices transferred to well plate
DAPI counterstain added to secondary antibody solution at dilution of 1:1000
Brain slices incubated in secondary antibody solution at 4°C overnight
Brain slices washed five times at 10 minute intervals using phosphate-buffered saline
(PBS) and 4% paraformaldehyde
Washed brain slices stored in PBS at 4°C until mounting



Mounting:

A S

)]

7.

Each slide contains six brain slices (two rows of three slices) obtained from serial
sections
Brain slices mounted onto side of slide with rough end
Slide submerged (excluding white end) in PBS (contains brain slices)
Side which brain slices naturally orient to observed (this side will be mounted facing up)
Samples mounted onto slide
a. Push rather than pull on brain slices
b. Push down on brain slices to remove bubbles
Slides dried out after all samples mounted
Pipette used to apply fluid onto slide
a. Pushed down then released to draw fluid
b. Steady pressure applied to release droplets of fluid onto slide
Slide cover placed on at an angle to prevent bubbles from being trapped

Imaging (Confocal Fluorescence Microscopy)

1.
2.

3.

ZEISS Celldiscoverer 7 confocal fluorescence microscope used
o Confocal fluorescence microscopy creates higher resolution images (especially in
the z-axis) by restricting light emitted from the sample to a pinhole, only allowing
in-focus light from the focal plane to be captured and making it less likely for
scattered light from above or below the focal plane to be captured
m This is in contrast to widefield microscopy, the other type of light
microscopy, where both out-of-focus and in-focus light is captured,
resulting in more blurry images
Three slides can be imaged at the same time
Exposure of samples to light must be minimized in order to avoid photobleaching
(repeated excitation of electrons in fluorophore weakens light emitted by
fluorophore)
Set of three slides placed inside microscope
Imaging region (motor cortex) delineated in each brain slice using a tiling function
a. Each region about three blocks in size
Images for DAPI, AF568 (C1q), and AF647 (C3) selected
a. Imaging Parameters:
1. General: 20X magnification (0.95 numerical aperture objective, or NA
objective), 2048 X 2048 pixel resolution, and bidirectional scanning
ii.  DAPI: excited using a 405nm excitation laser at 2% power, and light
collected through a pinhole at a size of 2 AU (airy units)
iii.  AF568: excited using a 561nm excitation laser at 1% power, and light
collected through a pinhole at a size of 1AU
iv.  AF647: excited using a 640nm excitation laser at 1% power, and light
collected through a pinhole at a size of 1 AU



4. Confocal z-stacks (collection of 2D images from multiple focal planes to create a 3D

image) obtained at 1.5um intervals

a. Z-stacks centred in order to capture full thickness of tissue

b. Each imaging cycle (three slides) took around 50 minutes to complete
Three images (DAPI, AF568, and AF647) produced for each brain slice
Images underwent maximum intensity projection to collapse the 3D-stack into a single
2D image and were exported as TIFF files labelled with corresponding mouse and brain
slice number (eg. brain slice number 1 from mouse number 1 — scene-1-#1-MC)

o Treatment type excluded from label to avoid bias during image analysis

o Each mouse had three brain slices/images

Image Analysis
e Fiji image processing package used to obtain complement protein count:

(Fiji Is Just) Image) - O X

File Edit Image Process Analyze Plugins Window Help

— 1 1 1

e Imaging parameters must be kept consistent between all images for each protein
o Parameter values may vary between cohorts
1. Images converted from RGB TIFFs to 8-bit TIFFs
2. Image scale changed (analyze—set scale)
a. Unit of length: mm
b. Distance in pixels: 5263
c. Known distance: 1.00
d. Pixel aspect ratio: 1.00

Py Set Scale X

Distance in pixels: |2263
Known distance: |1.00
Pixel aspect ratio: |1.0

Unit of length: |Mm

Click to Remove Scale |
I~ Global

Scale: 5263 pixels/mm

3. Brightness & contrast of image adjusted (ctrl-shift-C or image—adjust—brightness &

contrast)
a. “Auto”
b. “Set” (min-max):
i. Clq:2-25

. C3:0-25



| B&C X

0 755
Al |

Minimum gg Set Display Range X
Kl 1]

Maximum Minimum displayed value: 4
Ex Il | maximum displayedvaiue: [B

Brightness

L] J _’I Unsigned 16-bitrange: |Automatic v

Contrast

[~ Propagate to all other open images
Auto | Reset |

4. Image despeckled (process—noise—despeckle)

5. Background subtracting performed on image (process—subtract background)
a. Select: sliding paraboloid, preview
b. Rolling ball radius

1.  Clqg: 1.5px
. C3:20px
¥y Subtract Background... X

Rolling ball radius: |1-5 pixels

[~ Light background
[~ Create background (don't subtract)
Vis

[~ Disable smoothing

™ Preview

[ J
6. Image converted to 8-bit/grayscale (image—type— 8-bit)
7. Thresholding performed on image (image—adjust—threshold)
a. Select: B&W (black&white)
b. Threshold Range:
i. Clq: 45-225
ii.  C3:20-255



[}' Threshold

X

—

0.01%
< » [i5
Ll » [255

| Default ~| [Baw |

v Dark background |~ Stack histogram
[V Dontresetrange | Rawvalues

Autol Applyl Resetlﬂ]

8. *Measurements for image analysis set (analyze—set measurements)
a. Select: area, display label

s Set Measurements X

H [” Mean gray value
[~ Standard deviation [~ Modal gray value
[~ Min & max grayvalue [~ Centroid

[ Center of mass [~ Perimeter

[” Bounding rectangle [~ Fitellipse

" Shape descriptors [ Feret's diameter
[ Integrated density [~ Median

[~ Skewness [ Kurtosis

[ Area fraction [ Stack position

[~ Limitto threshold [V Display label
I InvertY coordinates |~ Scientific notation
[~ Add to overlay [ NaN empty cells

Redirect to: |N°ne L]
Decimal places (0-9): |3

[ J
9. *Area of image calculated (ctrl-M)

a. Area given in mm”2

e Example of results:

[ Results _
File Edit Font Results

ILabeI IArea |

1 #1-1_Male_PLX_cohort1_C1qg-C3_23-11-23-01-Scene-1-#1-MC-10101_AF568-T3 tif 0.424

10. Number of proteins in image/“particle count” calculated (analyze — analyze particles)
a. Size:
1.  Clq: 3.5-infinity
ii.  C3: 3.5-infinity
b. Select: pixel units
c. Show: overlay masks
d. Select: summarize



¥ Analyze Particles X

Size (mm2):  |3.50-Infinity

[V Pixel units

Circularity: |0.00-1.00

Show: |Overlay Masks v

[~ Display results I” Exclude on edges
I Clearresults I Include holes

[V Summarize I~ Overlay

[~ Addto Manager |~ Composite ROIs

Example of results:

Summary —

File Edit Font

]

X

Slice |Count |Tota| Area |Average Size ]%Area |

#1-1_Male_PLX_cohort1_C1g-C3_23-11-23-01-Scene-1-#1-MC-10101_AF568-T34if 128 4.112E-5 3213E-7 0.010

*Only needs to be performed once

Data Organization/Refinement
Volume, Density, and Average Calculations for Each Image:
e Image area (mm”2) and particles count data organized into spreadsheet beside
corresponding mouse and brain slice number
o Image area constant for all images
o Clqand C3 data separated into different tables
1. Image volume (mm"3) calculated for each brain slice
a. Formula: volume = area*(35/1000)
i.  Depth of image (from microscope): 35um = 35/1000mm
2. Particles density (particles/mm”3) calculated for each brain slice
a. Formula: volume = particles count/volume
3. Particle density average (particles/mm”3) calculated for each mouse
a. Each mouse has three brain slices/images
b. Formula: particle density average = ) particle density/3
4. Steps 1-3 repeated for other protein



e Example of data table (C3):

. @ |
EN# Image# |Area (um2)|Particles count|Volume (mm3)|Density (particles/mm3) | Mouse average
1 0.424 303 0.01484 20417.78976
1 2 0.424 325 0.01484 21900.26954
3 0.424 401 0.01484 27021.56334 23113.20755
1 0.424 25 0.01484 1684.636119
2 2 0.424 36 0.01484 2425.876011
3 0.424 21 0.01484 1415.09434 1841.868823

Checking for Outliers Within Each Mouse
1. First and third quartiles of particle densities calculated for each mouse
a. Formula:
1. Ist quartile (Q1) = QUARTILE.INC(particle density for brain slice
1:particle density for brain slice 3,1)
ii.  3rd quartile (Q3) = QUARTILE.INC(particle density for brain slice
1:particle density for brain slice 3,3)
2. Interquartile range of particle densities calculated for each mouse
a. Formula: interquartile range (IQR) = Q3-Q1
3. Upper and lower bounds of particle densities calculated for each mouse
a. Formula:
1. Upper bound = Q3+IQR*1.5
ii.  Lower bound = Q1-IQR*1.5
4. Determined whether particle densities of any of the brain slices were outliers
a. Formula = OR(particle density<lower bound,particle density>upper bound)
i.  Eg. OR(F3<$J$5,F3>8K$5)
1. “$”: absolute cell reference - prevents cell from changing when
formula is copied and pasted
b. Cell stated either “TRUE” or “FALSE”
1.  “TRUE”: particle density was outside the range and was an outlier
1.  “FALSE”: particle density was within the range and was not an outlier
c. Ifaparticle density is an outlier, it was excluded from the average for the
corresponding mouse
5. Repeated steps 1-4 for other protein
e Example of data table after checking for outliers within each mouse (C3):

EN# Image# |Area (um2)|Particles count|Volume (mm3)|Density (particles/mm3)1st quartile (Q1)_3rd quartile (Q3)| IQR Lower bound|Upper bound|Outlier?|Mouse average
1 0.424 303 0.01484 20417.78976 FALSE
1 2 0.424 325 0.01484 21900.26954 FALSE
3 0.424 401 0.01484 27021.56334 21159.02965 | 24460.91644 [3301.886792|16206.19946|29413.74663| FALSE | 23113.20755
1 0.424 25 0.01484 1684.636119 FALSE
2 2 0.424 36 0.01484 2425.876011 FALSE
3 0.424 21 0.01484 1415.09434 1549.865229 | 2055.256065 |505.3908356|791.7789757(2813.342318| FALSE | 1841.868823

Checking for Outliers Within Each Protein Group



1. Mice sorted into RmTBI and sham injury groups and corresponding particle density
averages recorded into a spreadsheet
a. The RmTBI group was denoted by “1” and the sham injury group was denoted by
«o”
2. First and third quartiles of average particle densities calculated for each injury group
(RmTBI or sham)
3. Interquartile range of average particle densities calculated for each injury group
4. Upper and lower bounds of average particle densities calculated for each injury group
5. Determined whether any of the average particle densities were outliers
a. Outliers excluded from the group average
6. Steps 1-5 repeated for other protein
e Example of data table after sorting mice based on treatment and checking for outliers
within each injury group (C3):

EN# Injury Cc3 Q1 Q3 IQR LB UB Outlier?
2 0 B41.86882 FALSE
20 0 92969.45 FALSE
35 0 47371.96/24606.91824|70170.70979|45563.79155 |-43738.76909 138516.3971| FALSE
1 1 B113.2075 FALSE
10 1 190.4761 FALSE
25 1 84973.04 FALSE
36 1 34905.66(17632.52471|47422.50674(29789.98203 |-27052.44834/92107.47978| FALSE

*Grey cell denotes that staining for that particular mouse failed and thus its data was not
used

Statistical Analysis
t-Test and Graphing (Manual):
e Two-sample two-tailed t-test used:
o Two-sample (independent) t-test: used when two different populations are present
o Two-tailed t-test: used when experiment only wants to determine if means of the
two selected populations are different from each other (as opposed to if
experiment wants to determine if the mean of one population is greater/less than
that of the other population - an one-tailed t-test use in this case)



e Formula for two-sample t-test:

Two-Sample T-Test

(Z B Xz)

S? S3
n, T,

X; = observed mean of 1%t sample

X, = observed mean of 2" sample

s, = standard deviation of 1t sample
s, = standard deviation of 2" sample
n; = sample size of 15 sample

n, = sample size of 2" sample

o In this experiment:
m Population 1: RmTBI group
m Population 2: sham injury group
m  95% confidence interval used - 95% probability that a value will fall
within the range produced by the confidence interval (calculated using
t-value)
m Level of significance (a) - probability of obtaining a difference due to
chance: 0.05
e a=1-0.95
m Degrees of freedom (df)
e Formula: df (for a two-sample t-test) = n1+n2-2
o Conditions for a t-test:
m  Samples are randomly selected
m Samples are independent of each other
m  Sample distribution is roughly normal about the mean
1. Formulate null hypothesis (HO) and alternative hypothesis (Ha)

Ho:py=pp
Hot iy # 1o

1. pl: mean of population 1 (RmTBI group)
ii.  p2: mean of population 2 (sham injury group)
2. Calculate t-value using collected data
a. t-value can be negative
3. Calculate p-value (t-value=t)
a. p-value: the probability of sample (mouse) having a value (average particles
density) t units below or above the mean



1. P(Javerage particle density[>t) = p-value

ii.  Formula:
1. Ift<0: p-value = 2*tcdf(-1*10799,t,df)
2. Ift>0: p-value = 2*tcdf(t,1*10"99,df)

iii.  tcdf (Student’s t cumulative distribution function): can be found in

graphing calculator
1. tcdf(lower bound,upper bound,degrees of freedom)
2. As tcdf only calculates the probability of a sample having a value
below (or above) the mean, 2*tcdf to obtain the p-value
a. Since the data is assumed to be normally distributed,
tedf(-1*10199,t,df) = tedf(t,1*10799,df)
b. Distribution of data for a two-tailed t-test:

Two-Tailed Test

Ho: 6=0
Ha: 620

g = ‘ °°=n -y ‘
critical value critical value

Statistically SIGNIFICANT! isgbtisﬁcally SIGNIFICANT!
This is unlikely if Hq is true. ‘his is unlikely if Ho is true.

Statistically insignificant.
We expect this if Ho is true.

4. The confidence interval can also be calculated if desired (although it is not necessary for
this experiment)

a. Formula:

v o_ sf St

Lower bound: (X; — X;) — tgjp * |—+—

n, n,

2 o2

v _ ¥ ST, Si2

Upper bound: (X; —X,) + typ * |[—+—

ng Ny

5. Conclusion: compare p-value to level of significance (a)



a. If p>a: reject null hypothesis, accept alternative hypothesis — there is a
statistically significant difference between the means of the two populations
b. If p<a: cannot reject null hypothesis — there is no statistically significant
difference between the means of the two populations
6. Calculate the standard error of the mean (SEM) for each group:
a. Formula for true SEM using population standard deviation (o):

SE = =
~ n

i. o =population standard deviation
ii. n=sample size
iii.  Formula for population standard deviation:

2 (x;—u)?
N

iv.  This formula cannot be used, as the population mean () is unknown; the
SEM must be estimated instead using an alternative formula

b. Formula for estimated SEM using sample standard deviation (s):

SE. =—
=T
n
i. s =sample standard deviation

ii. n=sample size
iii.  Formula for sample standard deviation (s):

2 (x;—%)*
V n—1

S =

1. x1i= data point
2. x bar = sample mean
3. n=sample size
7. Calculate the range of the error bars for the graph using the SEM
a. Error bars: sample mean + SEM



8.

9.

Graph the data using the appropriate sample mean and error bars
a. Ifthe error bars overlap, there is no statistically significant difference in particle
density between the two groups
b. If the error bars do not overlap, there is a statistically significant difference in
particle density between the two groups
Repeat steps 1-8 for other protein

t-Test and Graphing (Digital):

1.
2.

8. Graph data with standard deviation (SD) or standard error of the mean (SEM)

GraphPad Prism program used
Choose: Column (1 independent variables) v.s. Grouped (2 independent variables)
Average particle densities for C1q and C3 from each mice inputted into separate sheets
a. Separate data into RmTBI and sham injury groups for each sheet
Normality and lognormality test performed (data passed if at least one “yes” was
displayed)
Choose: Unpaired v.s. Paired Data
Choose: Assume both populations have same standard deviation v.s. Welch’s correction
(do not assume populations have standard deviation)
Confidence level selected as 95%
Perform t-test function — results show whether there is a statistically significant
difference between the means of the two groups
a. Example of digital t-test results (C3):

Table Analyzed

Column B
V8.

Column A

Unpaired t test
P value
P value summary
Significantly different (P <0.05)?
One- or two-tailed P value?

t

How big is the difference?
Mean of column A
Mean of column B
Difference between means (B - A) = SEM
95% confidence interval

R squared (cta squared)

F test to compare variances
F
P value
P value summary

Significantly different (P < 0.05)?

Data analyzed

Sample size

Sample size

C3

RmTBI
A&

Sham

0.7243
ns
No
Two-tailed

df 1=0.3731 df=5

47394
36046
-11349 £30415
-89534 to 66837
0.02709

DFn Dfd
0.6576
ns

No

column A 3

column B 4

1.649

&)




a. Example of graph (C3):

100000+

80000

C3 Particles/mm3




Information on Antibodies and Conjugates Used in Experiment (Source: Abcam, Thermo
Fisher, and MP Biomedicals)

Primary Antibodies:
e Rabbit a-C1q (Abcam)
o Catalog Number: ab182451

m  Product:
https://www.abcam.com/products/primary-antibodies/c1g-antibody-48-ab1
82451.html

Host: Rabbit

Isotype: 1gG

Species Reactivity: Mouse
Class: Monoclonal

o O O O

m Produced Recombinantly
Immunogen: Human Complement Clq
Storage:
m Buffer: 0.01% Sodium azide, 99% PBS, pH 7.2
m Conditions: store at 4°C short term, store at -20°C long term, avoid
freeze/thaw cycles
e Goat a-C3 (MP Biomedicals)

o Catalog Number: ICN55730
m Product:
https://www.fishersci.com/shop/products/anti-complement-c3-polyclonal-
ab-5-mp-biomedicals/ICN55730
o Host: Goat
o Species Reactivity: Mouse
o Class: Polyclonal

Secondary Antibodies:
e Donkey a-rabbit AF568 (Thermo Fisher)

o Catalog Number: A10042
m Product:
https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-1gG-
H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A 10042
Host: Donkey
Isotype: I1gG
Species Reactivity: Rabbit
Class: Polyclonal

Immunogen: Gamma Immunoglobulin
Storage Conditions:

o O O O O O


https://www.abcam.com/products/primary-antibodies/c1q-antibody-48-ab182451.html
https://www.abcam.com/products/primary-antibodies/c1q-antibody-48-ab182451.html
https://www.fishersci.com/shop/products/anti-complement-c3-polyclonal-ab-5-mp-biomedicals/ICN55730
https://www.fishersci.com/shop/products/anti-complement-c3-polyclonal-ab-5-mp-biomedicals/ICN55730
https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A10042
https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A10042

m Buffer: PBS, pH 7.5
m Conditions: 4°C, in dark
o Cross Adsorption: against bovine, chicken, goat, guinea pig, hamster, horse,
human, mouse, rat, and sheep serum
o Form: Whole Antibody
e Donkey a-goat AF 647 (Thermo Fisher)
o Catalog Number: A32849
m Product:
https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-1gG-H
-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A32849
Host: Donkey
Isotype: 1gG
Species Reactivity: Goat
Class: Polyclonal
Immunogen: Gamma Immunoglobulin

0O O O O O O

Storage Conditions:
m Buffer: PBS, pH 7.5
m Conditions: 4°C, in dark

o Cross Adsorption: against human IgG, mouse IgG, rabbit IgG, rat IgG, and
non-immunoglobulin goat serum

o Form: Whole Antibody

Fluorophores*:
e Alexa Fluor 568 (Thermo Fisher)

o Colour: Orange-Fluorescent
o Laser Line Wavelength: 568 nm
o Excitation Wavelength Max: 578 nm
o Emission Wavelength Max: 603 nm
o Initial Brightness (per ThermoFisher Scientific): 4
e Alexa Fluor 647 (Thermo Fisher)
o Colour: Far Red-Fluorescent
o Laser Line Wavelength: 594 nm or 647 nm
o Excitation Wavelength Max: 650 nm
o Emission Wavelength Max: 671 nm
o Initial Brightness (per ThermoFisher Scientific): 5
*The emission wavelength is always longer (and thus has a lower energy) than the excitation
wavelength, as energy is lost as heat when excited electrons return to their ground state


https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A32849
https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A32849

Glossary:
e Antibody (Immunoglobulin): proteins produced by the immune system to bind foreign
molecules in the body to facilitate their elimination
o Produced by B cells - production mechanism harnessed to produce desirable
antibodies in host animals which can then be used to detect molecules of interest
in research
Antigen: the foreign molecules which antibodies bind to
Epitope: the attachment of point on an antigen for an antibody
Isotype: classification of antibodies based on the shape of their heavy-chain constant
region
IgG (immunoglobulin G): the most common type of antibody isotype in human serum
Animal Immunization: method of antibody production where target antigen (or
antibody) is injected into a host animal
e Monoclonal Antibody: antibody produced from different B cells in a host animal; can
recognize multiple different epitopes
o Recovered directly from host serum
e Polyclonal Antibody: antibody produced from identical cloned immune cells; only
recognize a single epitope (higher specificity)
o Expressed by monoclonal hybridoma cells (produced by fusing spleen cells from
host with immortal myeloma cells)
e Immunogen: antigen which is able to evoke an immune response, including the
production of antibodies
o In antibody production, immunogens are created by conjugation of the target
antigen with a carrier protein and then injected into the host animal
e Recombinant Antibodies: antibodies produced in vitro using synthetic genes; allows for
long-term secure supply of identical antibodies
o Cross Adsorption: step in secondary antibody purification process where antibodies
which bind to non-target immunoglobulins are filtered out



Data Collection



Female
¥est Cohort Summary:
® Animals: 9 female adolescent (P48) C57BL/6 mice
o Mice numbered (EN#): 46, 47, 53, 54, 62, 69, 71, 79, 80
o 5 mice (EN# 46, 53, 62, 71, 79) assigned to RmTBI group
© 4 mice (EN# 47, 54, 69, 80) assigned to sham injury group
® Injury Delivery:
o RmTBI: 50g projectile fired five times over 24 hours at a speed of 5m/s + 0.2
at the heads of the mice
o Sham injury: same conditions as RmTBI group, but projectild no
® Cryosectioning:
0 40um-thick coronal slices
o Serial sectioning used
® Immunohistochemistry:
o Clq:
m  Primary Antibody: rabbit a-C1q (Abcam, catalog # ab182451)

m  Secondary Antibody: donkey a-rabbit AF568 (Thermo Fisher, catalog #
A10042)

o C3:
m Primary Antibody: goat a-C3 (MP Biomedicals, catalog # ICN55730)

m Secondary Antibody: donkey a-goat AF 647 (Thermo Fisher, catalog #
A32849) g

Image Analysis Parameters:
o Brightness & Contrast:
m Min-Max:
e Clq:2:25
e (3:0-25
o Subtract Background:
m Rolling Ball Radius:
e Clqg: L5px
e (C3:20px
o Thresholding:
m  Range: 259
; o Clq:45-2%5
] e (3:20-255
3 o Analyze Particles:
s Size:
o Clq: 3.5-infinity
e (3:3.5-infinity
o Data Refinement:
o Brain Slice Outliers:

1
1




m Clq: None
m C3: None

0 Mouse Outliers:

s Clqg:
e RmTBI: None

e Sham: #79
m C3:
e RmTBI: #54
e Sham: None
e Statistical Test Results:

© Mean Particles Density:
m Clq:
e RmTBI: 23473 particles/mm”3
e Sham Injury: 13342 particles/mm”3 V
m C3: '
e RmTBI: 2860 particles/mm”3

e Sham Injury: 49456 particles/mm"3
o t-Test Results:

m  Clq: no statistically significant difference
m  C3: no statistically significant difference

*Underlined information indicates values which may change between different cohorts




\

&4

EN# Image# |Area (mm2)| Particles count [ Volume (mm3) | Density (particles/mm3) | 1st quartile (Q1)| 3rd quartile (Q3) IQR Lower bound | Upper bound Outlier? Mouse average
1 0.424 33 0.01484 2223.719677 FALSE

46 2 0.424 15 0.01484 1010.781671 FALSE
3 0.424 94 0.01484 6334.231806 1617.250674 | 4278.975741 | 2661.725067 | -2375.336927 [ 8271.563342 FALSE 3189.577718
1 0.424 179 0.01484 12061.99461 FALSE

47 2 0.424 94 0.01484 6334.231806 FALSE
3 0.424 26 0.01484 1752.021563 4043.126685 | 9198.113208 | 5154.986523 | -3689.3531 | 16930.59299 FALSE 6716.082659
1 0.424 22 0.01484 1482.479784 FALSE

53 2 0.424 110 0.01484 7412.398922 FALSE
3 0.424 102 0.01484 6873.315364 4177.897574 | 7142.857143 | 2964.959569 | -269.541779 | 11590.2965 FALSE 5256.06469
1 0.424 50 0.01484 3369.272237 ) FALSE

54 2 0.424 301 0.01484 20283.01887 L FALSE
3 0.424 386 0.01484 26010.78167 11826.14555 | 23146.90027 | 11320.75472 | -5154.986523 | 40128.03235 FALSE 16554.35759
1 0.424 350 0.01484 23584.90566 / FALSE

62 2 0.424 592 0.01484 39892.18329 / FALSE
3 0.424 228 0.01484 15363.8814 19474.39353 | 31738.54447 | 12264.15094 | 1078.167116 [/50134.77089 FALSE 26280.32345
1 0.424 767 0.01484 51684.63612 FALSE

69 2 0.424 987 0.01484 66509.43396 7 FALSE
3 0.424 67 0.01484 4514.824798 28099.73046 | 59097.03504 | 30997.30458 | -18396.2264p | 105592.9919 FALSE 40902.96496
1 0.424 531 0.01484 35781.67116 N/ FALSE

71 2 0.424 274 0.01484 18463.61186 FALSE
3 0.424 25 0.01484 1684.636119 10074.12399 | - 27122.64151 | 17048.51752 | -15498.65229 | 52695.41779 FALSE 18643.30638
1 0.424 3428 0.01484 230997.3046 FALSE

79 2 0.424 468 0.01484 31536.38814 FALSE
3 0.424 2950 0.01484 198787.062 1151617251 | 214892.1833 | 99730.45822 | -34433.96226 | 364487.8706 FALSE 153773.5849
1 0.424 92 0.01484 6199.460916 FALSE

80 2 0.424 173 0.01484 11657.68194 FALSE
3 0.424 1058 0.01484 71293.80054 8928571429 | 41475.74124 |[32547.16981 | -39892.18329 | 90296.49596 FALSE 29716.98113




|

EN# Image# | Area (um2)| Particles count | Volume (mm3) | Density (particles/mm3) | 1st quartile (Q1)| 3rd quartile (Q3) IQR Lower bound | Upper bound | Outlier? | Mouse average
1 0.424 79 0.01484 5323,450135 FALSE

46 2 0.424 247 0.01484 16644.20485 FALSE
3 0.424 2436 0.01484 164150.9434 10983.82749 | 90397.57412 | 79413.74663 | -108136.792 | 209518.1941 [ FALSE | 62039.53279
1 0.424 27 0.01484 1819.407008 FALSE

47 2 0.424 20 0.01484 1347.708895 FALSE
3 0.424 13 0.01484 876.0107817 1111.859838 | 1583.557951 | 471.6981132 | 404.3126685 | 2291.105121 | FALSE | 1347.708895
1 0.424 11 0.01484 741.2398922 FALSE

53 2 0.424 20 0.01484 1347.708895 FALSE
3 0.424 45 0.01484 3032.345013 1044.474394 | 2190.026954 | 1145.552561 | -673.854447 | 3908.355795 | FALSE | 1707.097934
1 0.424 31 0.01484 2088.948787 FALSE

54 2 0.424 773 0.01484 52088.94879 i FALSE
3 0.424 232 0.01484 15633.42318 8861.185984 | 33861.18598 25000 28638.814 | 71361.18598 | FALSE | 23270.44025
1 0.424 134 0.01484 9029.649596 FALSE

62 2 0.424 213 0.01484 14353.09973 FALSE
3 0.424 207 0.01484 13948.78706 11489021833 | 14150.9434 | 2661.725067 | 7496.630728 | 18143.531 | FALSE | 12443.84546
1 0.424 61 0.01484 4110.512129 FALSE

69 2 0.424 137 0.01484 9231.80593 FALSE
3 0.424 44 0.01484 2964.959569 3537.735849 | 6671.15903 | 3133.423181 | -1162.39892 | 11371.2938 | FALSE | 5435.759209
1 0.424 4217 0.01484 284164.4205 FALSE

71 2 0.424 576 0.01484 38814.01617 FALSE
3 0.424 32 0.01484 2156.334232 20485.1752 | 161489.2183 | 141004.0431 | -191020.889 | 372995.283 | FALSE | 108378.257
1 0.424 2525 0.01484 170148.248 FALSE

79 2 0.424 89 0.01484 5997.304582 FALSE
3 0.424 178 0.01484 11994.60916 8995956873 | 91071.42857 | 82075.4717 | -114117.251 | 214184.6361 | FALSE | 62713.38724
1 0.424 11 0.01484 741.2398922 FALSE

80 2 0.424 20 0.01484 1347.708895 FALSE
3 0.424 49 0.01484 3301.886792 1044.474394 | 2324.797844 | 1280.32345 | -876.010782 | 4245.283019 | FALSE | 1796.945193




EN# Injury Clq Q1 Q3 IQR LB UB Outlier?
46 0__ [3189.578 FALSE
53 0__ | 5256.065 FALSE
62 0__ | 2628032 FALSE
71 0__ [ 1864331 FALSE
79 0 |153773.6| 5256.06469 | 26280.32345 [ 21024.25876 | -26280.3235 | 57816.71159 | TRUE
47 1__ | 6716.083 FALSE
54 1__ | 16554.36 FALSE
69 1__ | 40902.96 FALSE
80 1 | 29716.98] 14094.78386 | 32513.47709 | 18418.68823 | -13533.2435 | 60141.50943 | FALSE
EN# | Injury l Q1 a3 IR LB UB___ [Outlier?
46 0__[62039.53 FALSE
53 0__ | 1707.098 FALSE
62 0 |1244385 FALSE
71 0 | 1083783 FALSE
79 0 [62713.39] 12443 84546 | 6271338724 | 50269.54178 | -62960.4672 | 138117.6999 | FALSE
a7 1 |1347.709 FALSE
54 1__ | 2327044 TRUE
69 1__|5435.759 FALSE
80 1 |1796.945] 1684.636119 | 9894.42947 | 8209.793351 | -10630.0539 | 22209.1195 | FALSE

Injury

Clq

3189.578

5256.065

26280.32

18643.31

6716.083

16554.36

40902.96

Lll Ll Ll Lol (=1 [=) =) R M=)

29716.98

Injury

62039.53

1707.098

12443.85

108378.3

62713.39

1347.709

5435.759

HHHHOQOQO

1796.945




EN# Injury Clqg Ql Q3 IQR LB UB Outlier?
2 0 [78.88589 FALSE
11 0 D687.3315 TRUE
20 0 502.2461 FALSE
35 0 B4344.11926746.40611143429.91914|16683.51303|1721.136568/68455.18868| FALSE
1 1 8072.7762 FALSE
10 1 169.8113 FALSE
25 gl 752.9200 FALSE
36 1 18912.84816|35961.36568|17048.51752|-6659.928122(61534.14196| FALSE
EN# [ Injury | 3 Q1 Q3 IQR LB UB _ [outlier?
2 0 B41.86882 FALSE
11 o FALSE
20 0 92969.45 FALSE
35 0 |47371.96|24606.91824|70170.70979(45563.79155|-43738.76909| 138516.3971| FALSE
1 1 B113.2075 FALSE
10 1 |190.4761 FALSE
25 1 |84973.04 FALSE
36 1 |34905.66|17632.52471|47422.50674|29789.98203}-27052.44834]92107.47978| FALSE




Table Analyzed Clq
ColumnB RmTBI
vs. Vs. I =2
Columna ™ ~ - " ., |sham e
Unpaired ttest ) o s A il
 Pvalue 03173 :
P value summary o ns Bt L e ke
_Significantly dj?eréﬁt(? <0.05)? No e a1, S T SO

| One-or two-tailed P value?  |Two-tailed : b
S N T R T T T
How big is the difference? pal
_Mean of column‘f SRS - |13342 > - s
_MeanofcolumnB  [23473
__Difference between means (B - A) + SEM 10130 + 9289 / 1
 95% confidence interval -12599 to 32859 L—"
_ R squared (eta squared) 0.1654
F test to compare variances
= T i DFn Dfd 1.845 |3
~ Pvalue S A 0.6275 A |

P value summary ns

Significantly different (P < 0.05)? No
Data analyzed

Sample size column A 4

Sample size column B 4




Table Analyzed =l b
ColumnB “|RmTBI
T N S ARSI TR re 5e
ColumnA Sham T e i [ S
Dhpalieliiteed § o o Bl S e Medacd onleacid
_Pvale —  [omem 0 QIS e S
 Pvalue §gm>ma>r_yr B . ns ST AN |l R ST | S
Significantly different (P<0.05)? N0 | PR G SN
_One-or two-tailed Pvalue? ~ [Two-tailed | | e
i R N T e T R R
How big is the difference? ——
| MeanofcolumnA _ |agase y
__Mean of column B -.; g 2860
__ Difference between means (B - A) + SEM |-46596 + 25761
| 95% confidence interval - |-109631 to 16439
_ Rsquared (eta squared) . |03529 =
F test to compare variances e
F DFn Dfd 3709 . @) LB
DRPRENRE Ty T PR L TG05A E b
P value summary s
Significantly different (P < 0.05)? Yes
Data analyzed B
Sample size column A 5
‘_Sé;ﬁple size column B 3
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Test Cohort Summary:
e Animals: § male adolescent (P48) C57BL/6 mice
o Mice numbered (EN#): 1,2, 10, 11, 20, 25, 35, 36
o 4 mice (EN# 1, 10, 25, 36) assigned to RmTBI group
o 4 mice (EN# 2, 11, 20, 35) assigned to sham injury group
® [Injury Delivery:
o RmTBI: 50g projectile fired once at a speed of 5m/s + 0.2m/s at the heads of the
mice
m Simulated a mTBI rather than a RmTBI
m Purpose was to familiarize with experimental procedures and determine if
experiment had a likelihood of success

o Sham injury: same conditions as RmTBI group, but projectile not
e Cryosectioning:

o 40um-thick coronal slices
o Serial sectioning used
e Immunohistochemistry:
o Clq:
m Primary Antibody: rabbit a-Clq (Abcam, catalog # ab182451)
m Secondary Antibody: donkey a-rabbit AF568 (Thermo Fisher, catalog #
A10042)
o C3:
m Primary Antibody: goat a-C3 (MP Biomedicals, catalog # ICN55730)
m Secondary Antibody: donkey a-goat AF 647 (Thermo Fisher, catalog #
A32849)
o Image Analysis Parameters:
o Brightness & Contrast:

m Min-Max:
e Clqg:2-25
e (3:0-25

o Subtract Background:
m Rolling Ball Radius:

e Clg: L5px :
e (3:20px
o Thresholding: [/
m Range:
o Clq:45-225
e (3:20-255
o Analyze Particles:
m Size:

e Clq: 3.5-infinity




o (3:3.5-infinity
o Statistical Test Results:
o Mean Particles Density:

m Clgq:
RmTBI: 28332 particles/mm”3
Sham Injury: 25442 particles/mm”3
m C3:

e RmTBI: 36046 particles/mm”3
e Sham Injury: 47394 particles/mm”3
o t-Test Results:
m Clg: no statistically significant difference
m C3: no statistically significant difference

*Underlined information indicates values which may change between different cohorts

/




Clq

EN# Image# |Area (mm2)[Particles count [Volume (mm3)|Density (particles/mm3)|1st quartile (Q1)|3rd quartile (Q3) IQR Lower bound
1 0.424 128 0.01484 8625.336927

1 2 0.424 79 0.01484 5323.450135
3 0.424 375 0.01484 25269.54178 6974.393531 16947.43935 |9973.045822 |-7985.175202
1 0.424 93 0.01484 6266.846361

2 2 0.424 183 0.01484 12331.53639
3 0.424 146 0.01484 9838.274933 8052.560647 11084.90566 |3032.345013 | 3504.043127
1 0.424 671 0.01484 45215.63342

10 2 0.424 674 0.01484 45417.78976
3 0.424 755 0.01484 50876.01078 45316.71159 48146.90027 |2830.188679 | 41071.42857
1 0.424 1070 0.01484 72102.42588

11 2 0.424 886 0.01484 59703.50404
3 0.424 1191 0.01484 80256.06469 65902.96496 76179.24528 |10276.28032 | 50488.54447
1 0.424 185 0.01484 12466.30728

20 2 0.424 557 0.01484 37533.69272
3 0.424 705 0.01484 47506.73854 25000 42520.21563 [17520.21563 | -1280.32345
1 0.424 160 0.01484 10781.67116

25 2 0.424 719 0.01484 48450.13477
3 0.424 223 0.01484 15026.95418 12904.31267 31738.54447 |18834.23181 [-15347.03504
1 0.424 655 0.01484 44137.46631

35 2 0.424 314 0.01484 21159.02965
3 0.424 560 0.01484 37735.84906 29447.43935 40936.65768 |11489.21833 | 12213.61186




Upper bound

Outlier?

Mouse average

FALSE

FALSE

31907.00809

FALSE

13072.77628

FALSE

FALSE

15633.42318

FALSE

9478.885894

FALSE

FALSE

52392.18329

FALSE

47169.81132

FALSE

FALSE

91593.66577

FALSE

70687.33154

FALSE

FALSE

68800.53908

FALSE

32502.24618

FALSE

FALSE

59989.89218

FALSE

24752.92004

FALSE

FALSE

58170.48518

FALSE

34344.115




Table Analyzed Clq

Column B RmTBI

Vs. vs.

Column A Sham

Unpaired t test
P value 0.8325 *
P value summary ns
Significantly different (P < 0.05)? No —
One- or two-tailed P value? Two-tailed ,
t df 1 0.2256  df=4 |

How big is the difference? h
Mean of column A 25442 ||
Mean of column B 28332 [ _
Difference between means (B -A) + SEM 2890 + 12809 ,
95% confidence interval -32674 to 38454 m

R squared (eta squared) 0.01257 ‘

F test to compare variances

F DFn Dfd 1.564 2 2 |

P value 0.78 A _ “
P value summary ns | M
Significantly different (P < 0.05)? No ﬂ ”

[
Data analyzed I ;
Sample size column A 3 _
Sample size column B 3 y F




EN# | Image# |Area (um2)|Particles count |Volume (mm3)|Density (particles/mm3)|1st quartile (Q1)|3rd quartile (Q3) IQR Lower :o::m
1 0.424 303 0.01484 20417.78976 N

1 2 0.424 325 0.01484 21900.26954 <
3 0.424 401 0.01484 27021.56334 21159.02965 24460.91644 |3301.886792 | 16206.19946
1 0.424 25 0.01484 1684.636119

2 2 0.424 36 0.01484 2425.876011
3 0.424 21 0.01484 1415.09434 1549.865229 2055.256065 |505.3908356 |791.7789757
1 0.424 16 0.01484 1078.167116

10 2 0.424 13 0.01484 876.0107817
3 0.424 24 0.01484 1617.250674 977.0889488 1347.708895 |370.6199461 |421.1590296
1 0.424 150 0.01484 10107.81671

20 2 0.424 662 0.01484 44609.16442
3 0.424 3327 0.01484 224191.3747 27358.49057 134400.2695 | 107041.779 |-133204.1779
1 0.424 66 0.01484 4447.439353

25 2 0.424 2567 0.01484 172978.4367
3 0.424 1150 0.01484 77493.26146 40970.3504 125235.8491 |84265.49865 |-85427.89757
1 0.424 1457 0.01484 98180.59299

35 2 0.424 345 0.01484 23247.97844
3 0.424 307 0.01484 20687.33154 21967.65499 60714.28571 |(38746.63073 |-36152.29111
1 0.424 495 0.01484 33355.79515 ;

36 2 0.424 181 0.01484 12196.7655
3 0.424 878 0.01484 59164.42049 22776.28032 46260.10782 |23483.82749 [-12449.46092

|




Upper bound

Outlier?

Mouse average

FALSE

FALSE

29413.74663

FALSE

23113.20755

FALSE

FALSE

2813.342318

FALSE

1841.868823

FALSE

FALSE

1903.638814

FALSE

1190.47619

FALSE

FALSE

294962.938

FALSE

92969.45193

FALSE

FALSE

251634.097

FALSE

84973.04582

FALSE

FALSE

118834.2318

FALSE

47371.96765

FALSE

FALSE

81485.84906

FALSE

34905.66038




Table Analyzed

Column B
vs.
Column A

Unpaired t test
P value
P value summary
Significantly different (P < 0.05)?
One- or two-tailed P value?
t

How big is the difference?
Mean of column A
Mean of column B
Difference between means (B - A) = SEM
95% confidence interval
R squared (eta squared)

F test to compare variances
F
P value
P value summary
Significantly different (P < 0.05)?

Data analyzed
Sample size
Sample size

C3
RmTBI
vs.
Sham
0.7243
ns
No
Two-tailed
df 1 0.3731  df=5
47394
36046
-11349 + 30415
-89534 to 66837
0.02709
DFn Dfd 1.649 2
0.6576
ns
No
column A 3

column B 4
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Discussion, Conclusion, and
Future Directions



Discussion:

1. Possible Reasons for No Statistical Significance:
a. Low power of study: sample size was too small to yield significant results

m Sample sizes from experiment:

e Female sham: n=5

e Female RmTBI: n=4

e Small sample size was due to limitations in resources provided for

study
m A good sample size is 10% of the population)
m Past studies have used:
Female sham: n=31
Female RmTBI: n=30
Male sham: n=27
e Male RmTBI: n=27
b. High variability in complement C1q and C3 expression between individual
mice

c. No biological effect: RmTBIs do not induce significant changes in C1q and C3
complement expression in female mice

m Results may be different for male mice

d. RmTBI cascades are time-dependent: C1q and C3 complement levels may have
differed based on time of euthanization/observation

m Timeline of synaptic pruning (in particular, at what time after injury
pruning peaks) is unknown

e. Transcardial perfusion washes out any soluble complement proteins, only
allowing THC to detect membrane-bound C1q and C3 deposited on the
synapses

m  Complement can either be soluble or membrane-bound

m After RmTBI, brain recruits peripheral immune cells (neutrophil,
monocytes/macrophages) into the CNS. These peripheral immune cells
can produce Clq and C3. However, while the soluble complement
produced by peripheral immune cells, microglia, astrocytes, and neurons
may increase, these cannot be detected by IHC and it is unknown whether
this is true or not.

m  Soluble complement may have played a role in synaptic pruning in the
future, although it is unknown whether peripheral immune
cell-synthesized complement play a role in pruning or not.

m See diagram below:
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2. Possible Reasons for Potential C3 Downregulation:
a. Neurons downregulate C3 expression in response to injury of inflammation

m  No concrete biological reason as to why
b. Neuronal death after RmTBI decreases C3 expression
m Causes of neuron death after RmTBI (part of primary and secondary
injury cascades):
e Diffuse Axonal Injury (DAI): differential velocities of white and
grey matter tear neurons
e Wallerian Degeneration: mechanoporation caused by stretching
causes depolarization of neuron and apoptosis of the distal neuron
segment
e [Excitotoxicity: depolarization of pre-synaptic neuron by
mechanoporation causes excessive glutamate neurotransmitter
release to the post-synaptic neuron, triggering calcium influx and
subsequent neuronal death through mitochondrial dysfunction or
cytotoxic molecule release
m  Neurons synthesize both Clq and C3 in CNS
e [t is unlikely that this is a cause, as we should also have observed a
potential C1q downregulation if this were the case
c. Increased pruning of synapses decreases C3 expression



m (3 expression may initially have increased, causing increased synaptic
pruning. However, increased pruning would decrease the number of
synapses available for C3 production and deposition (as synapses are part
of neurons, which synthesize C3), leading to decreased C3 levels being
detected by IHC over time.

m (3 expression may differ based on time after injury when observations
were taken, and the certainty regarding the optimal time for observation is
again handicapped by lack of knowledge regarding the timeline of pruning
after RmTBIs.

m See diagram below:
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Conclusion:

There was no statistically significant change in the expression of C1q or C3 complement
proteins observed motor cortices of female adolescent mice after RmTBIs, as compared to mice
which underwent sham injuries. However, there may have been a potential decrease in C3
expression in the motor cortices of female adolescent mice. My hypothesis that the mice
subjected to RmTBIs would show a greater increase in C1q and C3 expression compared to mice
subjected to sham injuries was not supported, but my experiment may have yielded different
results had the number of soluble C1q and C3 complement proteins been able to be quantified. In
regards to the effect of RmTBIs on synaptic pruning, which was the focus of my experiment,
although Clq and C3 complement expression was not significantly affected by RmTBIs, changes
in microglia density after RmTBIs may still cause changes in synaptic pruning, which may be
responsible for the cognitive deficits seen after RmTBIs. It is also possible that C1q and C3
complement proteins (and by extension, the complement system) are not responsible for changes
in synaptic pruning after RmTBIs and do not play a crucial role in the neurodegeneration
observed after RmTBIs.

Significance:

1. Better understand the unique pathophysiology of adolescent and female RmTBIs,
especially in regards to synaptic pruning and neuroinflammation

a. Prevent the development of long-term cognitive deficits and NDDs in the future

b. Raise awareness regarding the need for TBI research to be more representative of
adolescent and females, who have previously been overlooked compared to
adults, the elderly, and males. A lack of accurate representation of population
demographics may be responsible for the lack of consistency between TBI studies
and interfere with the applicability of their results.

c. Improve accuracy of TBI education so that the public may be better informed of
the potential risks associated with injury.

d. My results showed that the role of the complement system in adolescent and
female TBIs may not be as substantial as previously thought. These findings can
be used to direct future studies in the direction of investigating other unique injury
mechanisms of adolescent and female TBIs.

2. Investigate the possibility of using complement inhibitors as a potential
pharmaceutical TBI therapy

a. Inhibitors of C3 convertase (converts C3 into C3b, which is involved in synaptic
pruning) has been proposed as a potential pharmaceutical TBI therapy

b. Despite being successful in preclinical studies, no pharmaceutical TBI therapy to
this date has succeeded in clinical trials. As a result, no FDA-approved
pharmaceutical TBI therapy is commercially available.



C.

My results indicate that complement inhibitors would not be an effective
pharmaceutical TBI therapy, but these findings can be used to direct future studies
in the direction of other proposed therapies
i.  For example, estrogen and progesterone (female sex hormones) are
suspected to have neuroprotective effects and have been proposed as a
potential pharmaceutical TBI therapy



Future Directions:

1. Repeat experiment using male adolescent mice and.or a larger sample size
a. Male mice have been observed to experience more severe motor deficits than
female mice. As a result, they have more dramatic changes in C1q and C3
expression in their motor cortices.
2. Observe complement changes in other regions of the brain
a. Other proposed regions: corpus callosum (CC), thalamus, angular insular
cortex (AID)

1. Changes in microglia and dendritic spine density observed in these regions

after RmTBISs, likely caused by changes in synaptic pruning.
1. Males: decreased microglia and dendritic spine density in AID,
increased dendritic spine density in MC
2. Females: decreased spine density in AID
3. Observe mice at different times after injury
a. Proposed times:

1. 6 hours, 1 day, and 3 days after injury: times of peak peripheral immune
cell recruitment - may indicate peak in RmTBI primary and secondary
cascades

ii. 1 week, 2 weeks, and 1 month after injury: determine long-term
changes in complement expression
4. Use cell markers to tag neurons and compared with IHC results to confirm if all
detected particles are bound to neurons

a. Although blocking was performed to block all non-specific binding sites/epitopes,
background staining may still occur. Background staining occurs when the
primary antibodies bind to a non-target protein (bound to the membrane of a
random cellular structure). This is in contrast to the principal stain, where primary
antibodies correctly tag the C1q and C3 complement proteins (bound to the
synapses of neurons). Since all C1q and C3 complement proteins are expected to
be bound to the synapses of neurons, comparing images from the neuronal cell
marker stains and the IHC would allow me to eliminate any signal that was
background staining, improving the accuracy of my results.

b. See diagram below:
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5. Use cell markers to tag peripheral immune cells, microglia, astrocytes, and neurons
a. As these cells are expected to be sources of C1q and C3 synthesis after RmTBIs,
their approximate numbers can be used to estimate the number of Clq and C3
complement proteins (both membrane-bound and soluble) produced.



