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Abstract

Traumatic brain injury (TBI) based on Positron emission tomography (PET) and
Single photon emission computed tomography (SPECT) are molecular imaging
technique that reflects in vivo spatial distribution provided functional/quantitative
information using radiotracer molecules that enable us to realize its
pharmacodynamics and pharmacokinetics through dynamic PET and SPECT scans
and mathematical modeling.

Across this plan will gradually research in the field for nuclear medicine preparation,
analysis and application for Translation Medicine. Conducted with the functional
imaging of animal PET and SPECT, to provide precision medical and personalized
medical. Brain inflammation seems to be a common denominator among brain
injury survivors. Experiencing brain inflammation after a traumatic brain injury
(TBI) is virtually inevitable. Neuroinflammation by activated by neuroimmune cells
and implicated in the pathogenesis of several neurodegenerative diseases. Glial cells
are activated in response to brain injury, and activated microglial/macrophages are
associated with dramatically increased expression of translocator protein (TSPO),
radiolabeled-TSPOcould improve early diagnosis and therapeutic follow-up.

In this project plans, we established the animal model of traumatic TBI animal
model (Day 0, 1, 7, 30, 60, 90), and established TSPO second-generation nuclear
medicine (F-18-FEPPA) in PET image analysis. In the result, at day 7 showed the
significant accumulation of F-18-FEPPA in striatum and cortex (the ratio were 1.556
and 1.212 folds). And we also observant by MRI T2 image, to show the structural
imaging of brain trauma.

We also continued take the animal on I-123-ER176/SPECT image, and also take the

brain specimens have been commissioned with TSPO immunohistochemically



fluorescence staining analysis (IHC). We believe that future results will confirm the

binding effect of TSPO with radiopharmaceuticals.

Key words : Positron emission tomography (PET), Traumatic brain injury

(TBI), Single Photon Emission Tomography (SPECT)



P hgdes o

£l M0 5 (TBI) ATk 5 e SR Eg » £ R4 5 7 5 fosnsws
RARGL]od B A pE ~ F e IR WA ¥ R L R R TBI A
BRBROEDAABREOTF R EEN MR GART TN ERERTE
(s (B 1) PRI [3-4] 0 ¢ A A LB AN s e
30 G B IR kR R(2) ¢ R b W R i AR
FAARLE TRT o fé.iﬂt"r{a SHEEECIER AEERN 4 £ X FN CT &
Bl [1] 200k * G i g RERADLIE » Ra » A3 2T i Fi-
B iE IR B RS R BE ] o 231/ HRUR o TBL & mTBI #p B
A e R e iRe s R FRRAD S BRI ST 5 - B

e TVEAEMHET ALY RAERAKREF L T T IR DFIR2] . R

i

25 AW TBL B & A 301 R b % X B 0 bldole 7% B (AD) -
rd f R e B A A R[] o T B A R SR I A TS )T §F F)

TBI & 4 Jz[4] °

CHE RVES L R R N SRR SRR R R 2

LOTRGHEIE ) BT AT A4 oA S Nd MW S LB mE ST RS

ABA ST L o e I [S] o A R T St BYRGAT 6 £ A A A
R e B m e 81 5 = 3ed (TSPO) % i BF ¥ H S 4P BE[6]

bt fEzech TSPO M ™ i L S PP erfoish B — § 1§ (NO) £
FAEA RAeRpILFARNT - BER Y RSN o INOS 7 e ? w4
é’iiwﬁiﬁﬂ%%ﬁg%%%’ﬁ#iﬁ%%@ﬁﬂ*ﬁé@ﬁ%%%
(LPS)[7] = FJgt » * 3t 4 p INOS /Eianf¥i]- § * § & 2p% (INOS)

E M R T A TR BB INOS £ d ke [7] -

I3 %7k 4F8 (PET) fr¥ %3 %447k 4 (SPECT) £ it 7 i H|



AIFRHAZEAGEREHN/TETAOL I X I AP N EE
% i PET ~ SPECT ¥ 45 {r#cd 7 f2 2 #oxF fr#EfH &4 & - #53][3] - ~3H%
#™ 11 * PET ¢ fi % F-18 FDG 4= SPECT ¢ Tc-99m HMPAO/ECD ( - #&
BRI ) Rofcl o ETRA 4 TR B G S i Ap M en TBI e * £

Boo ARKAR S adE A5 TBI 24 5 B i B e 5[4] o

5 @R mTBI G E 428 © TR R E S5 0708 v S HIRIE e £ F e

CRRAFER[S] R M BT RRKR U G G MR A

énhn

FifILd LE ¥R e B ETein R = i LA LAR] e R B m T s T
B N EEMPN BB e s FIE L% & 5 e d mTBI oS ¥ e
6 mTBI fi# enfocdt ) % h1 B o 3 FR LB EL BT 1T K
¥ (PET) fr¥ k3 3 547 "%k 44 (SPECT) £+ @409 # % eh
HAMRE TR WA RREL LFAE T K FA[9] o PET » SPECT et
RS G (MRD) £7 3 #2 0 n & U kit {5 o2 Rl
AL B ATE IR BB 4R £ [10] -

AT Y o ApE ¥ F-18-FDG ;5B "% 5 4~ # - #* F-18-FEPPA
fr I-123-ER176 ;s TSPO ehdl = A 3 o 1@ % B /T 3ot 3B &
(SUVmax/mean) p # (HiE#Ht) & LoH ER 2EDMHFE S T (VOI &
ROD)» 3t 4 {82 drH - 27 » g% [[123-ER176 7 P~ F-18
FDG -~ F-18-FEPPA % M4k # % o Aich3: s p v ouge 8 o 3 SE4pRE B > 12
SRS AR A R PR L o b o @ T ER A 2 B R A
MAFREEF > NFRAAFE F{odd FH E %Y 0BRSS DB oK

E IEIJ o



R aER

1. &3

A7 3 & * Crl:CD (Sprague Dawley » SD) 24+« & (BioLASCO ¢ #7F 2

DE BN FIREARG6ES  MEFRE 164~204g ML R
7 ATUE T HORE E 20% o # ELd4F A 2142°C ~ 50420%48 $HR A o 12 /] pE
RPR/12 L PR/ P B R RETR o iR T HT BT SRR Sk
AP ¥ b o BT AR kTR P ARAETY P PIg o AT Bl E R
FALE LI E H20% o T BHARA R %KD RIORE LHF A FH S

(TMU) #3& * BIE | & it o

AIB G40 S (TBI) ehet £ i

L % B 5% B A EUERS > £ T0%/30% F AR & # (N20/02) ¢ <
1.5-2.5% B & BBAFFRRF o @ F K AR & 4o Ak SURREIR 4 ¥ IR3F B 37405

Ce P ETRACSEIRBFHBAREFAF BFE R0 (34092 &2 01
WA de ) U EBET o K] BUTE AT R > TR JEfoD {5
WIFEEIN e @R *F 3K B g FRAR LRI E o UGB T o RS
WirBrF=rmsd % d TR HFLE (ImpactOne > Leica 20) Zx#-
B T 5L 3mm kPR B T A A F R (CCL) edp 0 2 iR R
UBEE G20 AhERKIMETE BN kAT e ML o ZRIERT
¥ errlambda (¥43t ¢ & TBI(modTBI) > %3,/% & 5 2mm ; & & : 5.0m/s ; f#F
HREE 1 02s0o B s ¥y pH g+ 7 > 2 184 (TS

%*”*{‘k#ﬁk’mﬁiﬁr y ﬂ'\U ]FB 4ﬁ %;IJ :__E] ;%;/fgrs R

3. SchtHE LR



A3Ldli r P F st B > # ¢ [F-18]FEPPA £ #= B @ Fpufi 5+ F 834
F

4@ 5 [IF123]ER1I76 & 3B 7B+ s A g f F /W e

4. BT HEMEE &

B b F-18 fhse it & ¥ E 3~ b #% e AR INH LR LHE & Dl

T oo Bk Bl A # 4 PET #F4 kek L+ 0 @ % SuperArgus PET # 4 &

(Sedecal Medical Solutions > Inc.):& (¥ 4w o fhe FOV £ B 5 7 B > fFhhE
Fa 10 Bk o Fri RS T FEEAE S 15 5 od MR L2 o
FRETR CARFFF e 4D 35 FF o afF2 w0 8% 68Ge-68Ga
£9h (3TMBqs & P+ o b 5) 817 B R4 30 A 47 RF R o F-18
Hieit £F 02 039-088MBqg/g MEH TR fEA 0.lmL A1 a ke > F
WHE N BB GEE P B RS 3 FHREE 60 A EPEF T
WA ERGN G o SR A EE S 45 (10 x 353 x 10s~6 x 305~
11 x 60s v 15 x 180s)° it 128 x 128 x 159 &L ¢ £i&x y fr 2

S E <L A B s 0.776 x 0.776 x0.796 mm -
5. B

fig # '?—T T mfﬁﬁ?%lﬁp\ #1& PET {v SPECT #cip> 1 ¢ * AsiProVM (#
Pt 5% B # U2 348 > CTI Concorde Microsystems )i% i g # 48 % 3 (ROI) 4
W RFEREGME . AR ET Ay SRR P G FHE
X Bt B ] Hy (CB) Ap B ROL e % o P A1 SR 1 P B
(SUV) 2B =53 53-8 5 (%as#$/om3) e (g) B &

WEfos» AR PLD o



1. TBI # 3~ #i-3% 2= =

hofl- #5770 i 7 TBI £ jeab » 200 5% B4 RReps* 8 302 70%/30% #
9iR & (N20/02) # 1 1.5-2.5% B & = aFfrps o BB &% was
v gk SRR dF A 37205C e 2 Wi AR T RIS AR R R T A o
T FRARERR 0 (AN R L M)k BAET o M

CRNE AR > DR R R AN @ % 324 F g S

i

MEEB ORI FFG T o R P HIEBRFFIRES o

® % d T RIS % % ¥ (ImpactOne » Leica 20)5%#> 12 /& 5 3 mm k|14
FEAFTFLFIR FEFECCL) *Hip i » ZEFF 143 6 20 494
BEIEE %> £ 4 ad ffed (2 B - 2 ®lk B ¥ o0 lambda(® B TBI
(modTBI) e FR 5 2mm; # & 5.0m/s; BFFpFRF 1 02s) #-X R E T
B B E P S I RRCTIRARE FH ) o BRI E AR AR

P RA VPR XPER R

2. TBI #: # ;% %t F-18-FEPPA/PET £ i§ A 7

p % ¢ % = sham control 3 & #+ 4+ 24hr TBI 3 & # 4 ~7D TBI 3 & # 4 30D TBI
388 4%-60DTBI3 £# 4 -90DTBI3 &# F fi7-B= 5 £ 3 H ¢ sham
control ~ 24hr ~ 7D 2_ F-18-FEPPA/PET ¥, i i % o £ — 5 H ¥ QIR & F K2
F-18-FEPPA SUV & (Striatum-R, Striatum-L, Cortex-R, Cortex-L, Hippocampus,
Thalamus, Hypothalamus, Pons, Cerebellum) - B = 5 i T H ¢ $F7G30 % 8
(Striatum-R, Striatum-L, Cortex-R, Cortex-L, Hippocampus) > %4 5% sham
control ~ 24hr TBI ~ 7D TBI ~ 30D TBI ~ 60D TBI ~ 90D TBI % §.% % » 47 - %

ZERe ARk e LR =+ ] F-18-FEPPASUV * &



3. TBI # 4 #°5% * T2 MRI A 45

L OFE ARSI 4 TBI (4 5530 kk e o™ vreee % > TR/TE % 513/46ms » Voxel
Size 5 0.19x0.39x1.5 mm3 > 4] * Multi-slice =7 TSE(turbo spin echo) % 7 >
TR/TE % 3760/114ms > 12 %2 FLAIR(fluid attenuation inversion recovery) »
TR/TE/TT % 8420/155/2500ms » i& {7 = 8 F| T2 4c 8% > Voxel Size ¥ 3
0.19x0.39x1.5 mm3’ L2 "% % £ Hp & it - 385 ¢ = & sham control 4 & #* 4= ~24hr

TBI7 & #53 ~ TDTBI6 & # 4+ 8 e » B 1fs % Ao u| T FT ~L r77 o



7® .

o

References:

[01].

[02].

[03].

[04].

[05].

[06].

ST e

McKee, A.C. and D.H. Daneshvar, The neuropathology of traumatic
brain injury. Handb Clin Neurol, 2015. 127: p. 45-66.

Skye Hsin-Hsien Yeh, Wen-Sheng Huang, Chuang-Hsin Chiu,
Chuan-Lin Chen, Hui-Ting Chen, Dae Yoon Chi, Zhengxing Ge,
Tsung-Hsun Yu, Pao-Yeh Wang, Yu-Yeh Kuo, Chun-Tse Hung,
Geng-Ying Li, Chi-Wei Chang. Automated Synthesis and Initial
Evaluation of
(4'-Amino-5',8'-difluoro-1'H-spiro[piperidine-4,2'-quinazolin]-1-yl)
(4-[18F]fluorophenyl) methanone for PET/MR Imaging of Inducible
Nitric Oxide Synthase. Mol Imaging. 2021 Jul 8;2021:9996125.
Chi-Wei Chang, Chuang-Hsin Chiu, Ming-Hsien Lin, Hung-Ming
Wu, Tsung-Hsun Yu, Pao-Yeh Wang, Yu-Yeh Kuo, Ya-Yao Huang,
Chyng-Yann Shie, Wen-Sheng Huang, Skye Hsin-Hsien Yeh.
GMP-compliant fully automated radiosynthesis of ['*F]FEPPA for
PET/MRI imaging of regional brain TSPO expression. EINMMI Res.
2021 Mar 16;11(1):26.

Cyrus Ayubcha, Mona-Elisabeth Revheim, Andrew Newberg, Mateen
Moghbel, Chaitanya Rojulpote, Thomas J] Werner, Abass Alavi.A
critical review of radiotracers in the positron emission tomography
imaging of traumatic brain injury: FDG, tau, and amyloid imaging in
mild traumatic brain injury and chronic traumatic encephalopathy.

Eur J Nucl Med Mol Imaging. 2021 Feb;48(2):623-641.

Shun-Tai Yang, Ing-Tsung Hsiao, Chia-Ju Hsieh, Yung-Hsiao Chiang,
Tzu-Chen Yen, Wen-Ta Chiu, Kun-Ju Lin, Chaur-Jong Hu.
Accumulation of amyloid in cognitive impairment after mild

traumatic brain injury. J Neurol Sci. 2015 Feb 15;349(1-2):99-104.

Michael C Dewan, Abbas Rattani, Saksham Gupta, Ronnie E

10



[07].

[08].

[09].

[10].

Baticulon, Ya-Ching Hung, Maria Punchak, Amit Agrawal, Amos O
Adeleye, Mark G Shrime, Andrés M Rubiano, Jeffrey V Rosenfeld,
Kee B Park. Estimating the global incidence of traumatic brain injury.
J Neurosurg, 2018: p. 1-18.

Kaibin Shi, Jianning Zhang, Jing-Fei Dong, Fu-Dong Shi.
Dissemination of brain inflammation in traumatic brain injury. Cell
Mol Immunol, 2019. 16(6): p. 523-530.

Samira Parhizkar, David M Holtzman. APOE mediated
neuroinflammation and neurodegeneration in Alzheimer's disease.
Semin Immunol. 2022 Jan;59:101594.

Shenbin Xu, Jianan Lu, Anwen Shao, John H Zhang, Jianmin Zhang.
Glial Cells: Role of the Immune Response in Ischemic Stroke. Front
Immunol, 2020. 11: p. 294.

Maris A Cinelli, Ha T Do, Galen P Miley, Richard B Silverman.

Inducible nitric oxide synthase: Regulation, structure, and inhibition.

Med Res Rev, 2020. 40(1): p. 158-189.

11



B- ~ R %&b TBI in 425




» sham control ~ 24hr ~ 7D 2. F-18-FEPPA/PET # i} % %

Cortex Striatum Hippocampus

I OIOS - 0-05
H
‘ 0 | 0
w—:‘-’

| 0.05

I 0.05

‘0

| 0.05

‘0

I 0.5

Sham

| 0.05

\

1D

‘0

IO

7D




= ~ sham control ~ 24hr ~ 7D ~ 30D ~ 60D ~ 90D 2. F-18-FEPPA/PET % i} % %
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Wz ~ S43 Rk E L & =+ R F-18-FEPPASUV &

Related ratio between striatum and cortex
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B ~sham £ T2 MRI B if 78 %

Sham control MRI image

Bregma -2.64 mm Bregma -3.60 mm Bregma -4.54 mm Bregma -5.64 mm Bregma -6.60 mm



B+ ~24hr TBI %&* T2 MRI # 4 7% %

24hr TBI MRI image

Bregma -2.64 mm Bregma -3.60 mm Bregma -4.54 mm Bregma -5.64 mm Bregma -6.60 mm




B - ~7DTBI £* T2 MRI g if A 78 %

7D TBI MRI image

Bregma -2.64 mm Bregma -3.60 mm Bregma -4.54 mm Bregma -5.64 mm Bregma -6.60 mm



B ~ ~ 30D TBI %&* T2 MRI # %4 7% %

30D TBI MRI image




B+ ~ 60D TBI *&* T2 MRI ¥ %4 7% %

60 D TBI MRI image




Bl - 90D TBI i+ T2 MRI & A 45 3% %

90 D TBI MRI image
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% — ~ G L %P2 F-18-FEPPA SUV &

SUV average Oday 24hr 7day 30day 60day 90day
Striatum-R 5.368+3.360 5.501+2.852 4.641+0.776 3.250+0.231 3.487+0.172 3.492+0.544
Striatum-L 4.562+2.869 5.059+1.486 3.964+1.138 3.770+0.357 3.241+0.681 2.618+0.540
Cortex-R 5.616x£1.957 6.709+3.449 5.535+1.289 4.465+0.411 4.277+0.680 3.654+1.372
Cortex-L 5.687£3.135 5.579+1.965 5.504+2.230 4.931+0.700 4.349+1.020 3.620+1.030
Hippocampus 5.029+2.023 4.141£1.762 3.481+0.932 4.072+0.492 3.837+0.762 2.751+0.278
Thalamus 5.381+£2.357 4.471£1.505 2.991+0.831 3.754+0.393 3.547+0.176 3.168+0.461
Hypothalamus 5.270+2.869 3.771£1.311 4.224+0.655 3.797+0.463 3.2214+0.444 3.337+0.703
Pons 6.091+4.284 3.896+1.920 3.530+1.541 4.702+1.065 3.635+0.589 3.631+0.986
Cerebellum 6.734+4.112 5.318+4.351 3.626+1.516 4.493+0.475 5.247+1.239 4.401+1.092
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2o~ kla gl k =+ @ F-18-FEPPASUV V&

SUVRtoL Oday 24hr 7day 30day 60day 90day

Striatum 1.107+0.064 1.236+0.200 1.556+0.314 0.890+0.012 1.107+0.233 1.344+0.076

Cortex 0.968+0.161 1.340+0.128 1.212+0.054 0.932+0.058 0.997+0.133 0.996+0.105
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