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Abstract: Blast-induced traumatic brain injury (bTBI) is defined as the damaging effect of the shock wave on the brain, which
may cause behavioral impairment, physical symptoms and long-term cognitive impairment. Statistically, bTBI is the most

common type of traumatic brain injury in combatants, but the mechanism has not been fully elucidated so far because of the
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high complexity of bTBI. When the shock wave produced during explosions acts on the surface of the skull and propagates
within the head, it can lead to a diffuse damage to the brain. In terms of pathological mechanism, bTBI includes two aspects:
primary injury and secondary injury. The mechanical injury effect of the shock wave generated by explosions can cause the
primary injury of craniocerebral structures, which is usually irreversible and can be only prevented with effective measures.
And the secondary injuries will be triggered by the primary injury after bTBI, which involve a series of complex cascades
including synaptic dysfunction, excitotoxic injury, blood-brain barrier disruption, meningeal lymphatic system dysfunction,
neuroinflammation, mitochondrial dysfunction, oxidative stress, tau protein hyperphosphorylation and amyloid-B pathological
changes. And it can last for some time or even extend into the chronic stage after injury, providing a critical window for
intervention. It is difficult to diagnose mild bTBI due to the high heterogeneity of clinical symptoms and the positive imaging
manifestations. However, great progresses have been made in the research of blood biomarkers of bTBI in recent years, such as
ubiquitin carboxyl-terminal hydrolase L1, neuron-specific enolase, neurofilament protein-light, hyperphosphorylated tau
protein, myelin basic protein, glial fibrillary acidic protein, S100 calcium-binding protein B and neurogenic exosomes. All of
the above-mentioned biomarkers are expected to be effective means of early diagnosis and prognosis judgment of imaging-
negative bTBI. In conclusion, this review focuses on the frontier progress of the pathogenesis and biomarkers of bTBI, and
looks forward to future research directions in order to provide more new ideas for exploring the pathogenesis, early diagnosis
strategies as well as intervention targets of bTBI.
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Table 1 Classification of bTBI severity
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The black font sections represent the main pathological processes of bTBI, and the yellow font sections represent the potential blood
biomarkers. This figure was drawn by Figdraw

1 bTBI 25 B B AL A b 5 )
Fig. 1 Main pathological processes and blood biomarkers of bTBI
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JULZH B ] 4 B O, BT e Jo 24 L ¢ J2 i, &4 A ] 55 %8 i H B IR, BBB A2 4312427, [ I 28 AR
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tau U —MIER S oo h m RN HAE S G R, EEAEHERE RS, bTBI 5N
R4k tau £ F (hyperphosphorylated tau protein, p-tau) . 25 34 I, B RS Fa & M, BUH 28 fil n] Y8 VR 9%
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B AR SCET, AWESE R B TBI /INER 12 /INBs A A 28 50 RIVAT 20 7 A — S5 B p-taw, AT A D0 il
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5 x IE, 55 MR B G i R A MR FIAE VR S T St e % x

HAREAR 5y A s AT bTBI BA S 5% & 30 R8 AT 4 B R O 20 B8 M 463 43 1) v 4 R 1 42 1 A 9
AB,, F1 AB,, KK T JC M 461 5 % BE 20 A CTE & P R iF o8 s I B W b = AB,, KSEET
AD B, HARY CTE B& 1 AB,, KK T JC CTE/JC AD XFHEAHPY ) BEAA BF558 TBI 31 4 AD %
I O A I TR 2R, (Rt A R R I R A B A 9 3 B R B8 & B 38 22 (8] 78 o 22 5 B 2 RT3 784 26 01y il () AR
K pELE1

3 BRI R R B AR Y

3.1 EBRFEUINRED

HATPEAL bTBI B2 AR 2 M F-BeAk £, 46 CT. #E 4R 1% (magnetic resonance imaging, MRI) | £ fii
2288 . BRI 3% (magnetic resonance spectroscopy, MRS) . HL Az BEEE A (Hii i <l Fn i oL 161 Fl PET 4
PR bTBI 151 1 5 o b, A —Fh s AR0PAG FBOE H T B, HNILA WL A% 5, MEAYHZ
TE S B A3 £ T AR Y

CT KA PR . AT (s, X 20rE i g sk, 2 HERR h 8 B bTBI i 7 XU 2, CT i
bTBI 56 72 A R 80 A7 R, RSP v, 1 ELXT DAT A 56 45 3545 A0 SR PE A JE . MIRT R 22 4%
RG34 23 S , Lol 3t 2 S TR 9 S 306 bTBY J5 A [7) 5 2 ke 25 116 L 40 SR 50 % 90 i % o 1k 5
RS2 B AT U DTBI H i 5 85 15 55 R SO AL A5 ORT i f HS i 5 ) 808%; MRS AT 4 i
i 453 3 S5 AR o3 IO 5 i TR R EBON A AR B 08 A 52 45 F5 G 2H 2 N K 43 R S 3 O D Re bk
MRI 38 33 11 KA A5 5 B A8 b R DA Bl 28 00 1% ) G ) B s 1 PR ) Bl 7K 2 1% (diffusion tensor
imaging, DTI) REW [H] Hzil it 7K 43 F VR G 2 1 45 1) S, % I 1 BT £ 4 4 R it A 7 A >0,

DTI W% 5 7 Fi i 453 473 )i i 11 J5 2 4% 5 235 449 17 50 38 1 MO 40 2148 4k, BLEL 8k bTBI 2 i fl il
PRGN NG R SR Wb i, W 2 B0 R 45 1a] 5% (fractional anisotropy, FA) A FN-F 344 #1 R 4L
(mean diffusivity, MD) 75, AR5 HSEGE A R IY BUR B, 213 #0% (radial diffusivity, RD) A1)
PRI RSN 72 44 A bTBLB(HZE A 21 £ K B bTBLIB(HZ AR DT KIS 2E4T T L
B, R IEA R bTBI iR ZE N s 2 APk 1 0T 58 PR, 59405 i )™ 21 R B3 Rl 2600 32 3R
AR AT A DG M, 2 B DTT &R 3 bTBI J5 fili (153 52 48 M i SO AE b g U0, AR AR ZE T
20 44 bTBI A5 [ 14 2 %5 B, DTI 455 R FA B 5 2 BRI RD W37, 518 M A Bt ghie — 30,
— T Z2 v I I 9 K B, 55 {6 B AL AH L, 52 TBI S5 MDD (7= . FA (BRI, HLH mT 45 i o
T 6 A H IR IR PR 25 Js, 2B DTI X JE TBI % BA — & 1 R 39012 W A iiUs JEAs o (0o, —
T9 56 TR B TBI A A9\ a WF98 & B, DTI XF DAT A4 11 5 25 45 5o AR 55 09 5000 7 1, $2725 DTI A&
i BhFHERR AW DAT B Iz A pi 23R A 7 A 11 U 107
3.2 MiREDRE

454 P4 bTBI AT TBI W AE W An S5, H FiXT bTBI ™ 5 A5 A9 IFAG 32 B AR I PR IEAG 5 1%
R, (A GCS W4 X A7 B TR R g sl A A 1 AR 8 N A2 B, ELPPAG I 5 43 15 i e 0 AT BR o 3k /i
MRI % CT X 5/ bk B UG 3 e 38, (H 25 18 3 bTBI & vl RE A 1 48 1 R 5% i AR 88 3R LA &
ERFFRAE LA BT B Z MR &4, T8 T4 00 04 1% 4 Db s ) 2 R R bTBI 4518 PP T B 2y
] OSSRl e s T bTBI A A I AR P Am s W 122 A5 an B 1 Bz, BAR X bTBI A9 AT B I
A YIhR YR R B YR ST AT T e .

3.2.1 A2 TR BAG

12 & C KK il L1 (ubiquitin carboxyl-terminal hydrolase L1, UCH-L1): UCH-L1 J&—Fh{E#H 2200
o R 2232 ZAREE, Il UCH-L1 v] LIAE R bTBI 2tk E Wik i® . 2018 4F UCH-L1 #i £ EH &
o 2 W R B AN T 12 /NE PN A B TBT 4 00 R I L 9 /0 1 i B 475 12 DT ot AR R L B
CT U HWRA T 30 24 WA 337 1 B HE 2R 58 1 A2 BA N B, 5 e kot R 4 AH L, I3 UCH-LA
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AP ZE TP XF 108 24 S 2 JA 0 KE I 2R ZE A I3 UCH-L1 228 fb 5% & 3, UCH-L1
KT R A8 K 2 5 10 o LR B 5 P88 A DG 55, R 22 AR B TC AR DTS fHL S5 — T XS 29 24 ZE AN
SRR MR R 2 R 11 I3 2 A S e AR AT S, I3 UCH-L1 7K 78 2R e J5 A Sk R A
e A S E TN WAL IREST 45 Y UCH-L1 X+ TBI 5 B9 RESS J5 AT P 4 120,
— WIS AR 5E T 1696 24 32, &% TBI 2475 24 H 1L UCH-L1 )5 68 i #E A7 5%, & B UCH-L1 X}
FET AN BL 45 J= 0 45 47, (B 6 A A I AS 58 A 5217 4 ) Tl /i 3 A5 BRE)

P 22 T0 4 5 M 4 5 AL il (neuron-specific enolase, NSE): 3= B A7 7E T4 25 0 I A rp 1) — o 1o it il ,
FEFRZETTH 0 B BB A B AN, AT A R dF A e oo 0™ AR BE 1 AR AR A 1), NSE Xt bTBI 9™ 5
TR B A2 Wl g, (R M AR B85 12, RN RIG PR 25 SR i T DU 48 A 22, — TG IRBF S A T
104 44 F5 R AR SR B, & BRBE TR S 42 5 TBI A9 EE (55 6i)) 1l 7 NSE 7K -5 il e Xof B (49 1)) & 3%
THEU2, WS RIS NSE KV 5% 3 TBI J5 PCS Ilf R 2 8T8 138 1K, $i7m FUS M (B4 FRU2, (H
75— WIS A B L TBI AR (Y 117 NSE /K- This 5 R 45 )5 (JET- 3R GCS<<3) Z[a] A AHSCHE,
— I A 63 44 TBI S B9 I RAF 58 2 B, 1038 NSE X ik 314512 Wi (1) 22 U A 100%, 7] 6 4
20% [ MRI #2512, K17, NSE WAFZE T L0401, ¥ i vl 3% hi i 7% NSE 7KF-, B HAE Ry it A6 b
TP FH a8 7 RO
322 M TEHRT B

P25 22 35 [ #2585 (neurofilament protein-light, NfL): NfL 24l A EHZ —, EA ML h &£
K, RVPAR Al 2 AR R B AR A bR ) 2 — O SIS UE B T L NfL & TBI 1A H1 sk
Yy, AL 2P A RS 1 A i 12 W R B P4k R B B 0 A BRSERT 195 44 BRAE B A bTBI AR R
TN MLRAE DA S W HEAT TR, 2 BRI 3 NEL 7K T 5 48 0 % 8 B0 AE ARG, O HonT 48 Tt e
ZAGPE B, TR A 12 PCS. PTSD FHAMARIEAR A A FE B W R B, XF 34 2 2 npg e B VIR i 42\
PRKERER T 30 408k By ML SEFT AN, K B NFL 7K 76 5 S MR ME 22 5 it Bt 3 T U0, 5 — Tl A
197 4 EJE TBI g W2 o0 BAFIRFFE 408 T TBI A LR AE A &4 . DT 516 R4S s 26 &, & B
HONSL AE 45 Jm T3 i, T S (10 K3 6 JR) KB (H, 75 6 A~ H R 1 AR 7B & F 1IE % K
-, Hofi %% NfL /K5 DT B A A S i B, 7500 6 4~ H R 1 ARG b 2 R AT M AR 25 R
T, S 3 9 I NFL 7K 80 T s (9 S0 B8 0, Hooh DTI Y FA 4150, —I40A T 230 44
TBI B4 WF5E &3, NEL AU AT RAXF TBI ™ 8 F2 B2 #E 4T X 43, E NfL 5 TBI B9 D) RE 4 Jm) Fpf 22
BATHEAS IR BT FHOCHEDS ) SRR — 0% 143 44 TBI SR F 13k 5 4F 098 W7 R0 10 F 5% 25 50 S, s
NfL fifig 20 <7 T TBI 5 A %25 4 ik e 121

IR tau 25 1 (p-taw): tau 2 (2 —FPE oo b s 2R IO 45 A 1, EZ/E R R e s il
BB, CTE B P Ko, B p-tauy,, K5 X5 LA AD S8 5H LL S5 &7, I tau 25 1
IKF-REAE ZRAE TBI A CTE A4l 289 BRI 0515 Y 34 24 S g JE R U H X0 ) 42 N A 252 [ 52 8 M 2
J&i 30 43 8h B I tau 25 (R p-tau,g, KX IR E T & U0, AT 30 4 36 E AR A S 5E IR
N AR R E R R S A2 1 1Y LT tau 85 HKOP B AR PO AR R LI p-tau Bl p-tau/t-tau Xf 2008 M
TBI A5 1132 W s B A5 (8, A3 BP0 A 196 ] 20k TBI &35 f1 21 418 7 TBI i, & B Atk
TBI 34 L3 t-tau, p-tau Fl p-taw/t-tau 3 8 3 & T X R4, p-tau. p-tau/t-tau 7KF- 0] FF X 4 TBI A A ™
AL, A8 TBI B H MK p-tau, p-tau/t-tau 101 3 5 T X HRAL . X T X4 CT 25 5 hy BH /B4 )5 T,
p-tau Al p-tau/t-tau ) AUC {E43-571 49 0.921 F1 0.923, 7% HvERA AY S 516 1123, eAh, 1% p-tau A p-taw/
t-tau ZK-F-XF 6 4~ H BB A B S BA — @ N GE 77 (AUC 435024 0.771 F10.777)1" . ik — I 58
SR ML tau K5 TBI BRER N EA AH G, W tau 8T /54 TBIAS K S A9 Fm 1134,

1 #5514 2 14 (myelin basic protein, MBP): MBP J2& HHAX #ih £5 2 55 1) /1 5 Jie Joi 200 i 1 J&) [l ift 46 R 4 11
25 I 20 LT S S 1) 2 B AR o Y, bTBI 5 T 4 A 497, 28 1 A4 50 4 A o 2 R 20 5 Je I 24
MIZET, B MBP 2 i A, B )5 22 BBB AL, MBP 7 IfiL 3% 7 i B 42 {I%, HLl % 7¢ TBI j5 2~3 H#
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TR L, 6 XL T8 A I R o 75 2 ) ik A2 B, {HL 1L 78 MBP — EL b 5 m 35642 2 J&, H. MIBP 1 Jy SR 1E fih 2 44
P b i B i B R S PR D8 TBI R 3 B4 IV AN 4T MBP 7K - (8 35 vy (i B o R L0140 {H 5
AEoK T bTBI AR I MBP 2B 4L I R A 5T UL . —IRA AT 131 5] TBI 835 B9 I R A 58 7, i
5 MBP /K V-5 TBI ™ 5 A2 B 2 IEAH ¢, I BLREAE FI AN X 4> TBILJ5 6 A~ H B B A [R] A T R 45 s, 2 B
IML3% MBP % TBI HA — & 2 Wrfn i f5 A a1,
323 WEEE

JBZ J5 4T 44 12 7% 7 11 (glial fibrillary acidic protein, GFAP): GFAP J& & JE i o 40 il 5 22 8 11, 1E b
TBI Ji5 B P i Jot 40 R 1% Ak i A b sk W e ) iz e Y, X v 49) TBIV7 e 1) 02 Sk 3K CT A AT Il
4D ST s AR 5 P 0 728 12 W f AR e U421, 2018 4F 3 [ £ i 24 Wa B A8 BRI A GFAP i T 12 /e
W EE TBI I ki ™', vk E 202 R i GFAP H THE & 1E TBI i WIS Wi, —Tiigh A
T 1959 flz i TBI g (i sk i CT BHEE R 6%) FIAFFE & B, ML GFAP Xk /i CT B K42 %
TBI 3% B A R & 12 Wik e, H CT /i 5 4535 31 89 2 0% R 0.976, BHPEFEI(E A 0.9961 14, tE Ak,
GFAP X} TBI th A —EWE M H. —IH A 143 5] TBI B E A\ WF53 & B, 1L GFAP HEag sl 7 il
TBI J& A28 45 g JR 31 55 —TR4E 55 T 1696 44 TBI B F A9\ A A58, TBI JG 24 H AV L3¢ GFAP /K F
LEFMBET (2R H T AERE il 28 11 X (area under curve, AUC) 4 0.87) FIA R 45 7 (AUC 25 0.86) J7 Ifi
HIRE T, (AXF 6 H IR ANSE 2K E (AUC=0.62) [ 0 8 147 BRI, X 30 44 WRAT B2 32 o 1 1 % 1 1) 5
FE R AE N B B 5 8 m HL 1ML 35 GFAP K TXF BRA, (H 25 R RG24 U0, 78 5 — 2Bl R 55
bTBI ABE ML GFAP 7K-F- 0 38 B HE FAAIG, X — 505 TBT AR g % 117 129 1451971 pip S R OB . — T3
IR SE T 550 24 A TBI R MAZE N, 78.18% ZE /D4 Jrad — AR MEZ #5, A Fil — I F B TBI kAL
K WS- [E] R 9.15 4 (0~46 4F ), BFFE 45 R W] 5 JC MR 1 2 58 0 A AR LE, bTBI ABEAY I 2K GFAP i
FREAK, JF BRI ™ RS #R AT  (PTSD. AR . M & A7 RAE RS ) A7 U, LR85 T
GFAP BRI S5 18, (HREFEAE bTBI 7 k25 504 R 8h iy 52 56 1481300 ep s s 30 T S o 1 2 T st I 4 i 34 4=
BOTESE, PR AR A GFAP 7K F-J2& 15 & bTBI Ji4% A (5 45 1F, A R E— 2098 .

S100 5454 3 H B(S100 calcium-binding protein B, SI00B): S100p J&=—FP 40 il P45 45 &5 1, FE
FIE B BT 40 M5 B, 1K S100P /& TBI 2 VR AE Wdn & ¥, 5 TBI ™ s A2 B M A Y, S100B 21
AN TBI $8 5 09 A PIbR 59, 5 W07 SHE 0% 20 248 0 B N o i i 405 B i AT [ B2 B 2
SR M A TBI R 2 Wi AR 575 2 CT 22 7 bR K L A8/ e =000 T
30% 9 CT HH 75K, 15 S100B U A7 76 Ry FR 1, 4l w040 (752276 TBLJG 3 /N PRI ) DL K il = i 42
Fr S (CFEAE AL AR ) 152 ST00PB ARG Fii i 45 475 1) UM AR 5, 3 30T 2000 44 2 32 Fi i 483 403 KB 3 1 i
BEPERIF ST & BRI ST00B %251 CT 45 5 Ay Uk A B A 11001843531 R 98.2% Fl1 99.5%, i % 51l I R AH 5%
it PN S 2 P TR R IS A 0 L 00 43 51 A 100% F1 100% 153, {H f5 3T i — TR ST 99 A T 933 142 Ji
TBIL %, RIAESGE 6 /NN . 6~9 /INIF . 9~12 /NI, Il 7 GFAP #1 UCH-L1 2 W7 TBL J5 f5i N 45 45
P BB R ARE S 1 A KO TBI A8 35 1 285 Jm Tl /8 0 24 1 S100B"%. bTBI R RS Y 1Y) H 928 20 Ab A 5T
WORERYERERS 1 /NGF S100B BRI FTAETE, 24 /NG 43 Af BT 3459, 3 J] I A7 ] A6 I 31049, {H H HiT S100B 12 Wt
bTBI Il AR BA S B 5 70 Ui
324 HMFHXAEMATEY

AR, 20402 0 (extracellular vesicles, EV) FIZNBANE A TBI A9H 2% AW br &Y 32 2 e,
EV S A [A] 4 i 73 W0 B W b i B BORL, 2 5 I ) (5 A% 3 Y . ZE 2T seh & 8 T bTBU/TBI &
H MR EV A 6 A Wrbn W K 10 FH i, 045 GFAP, NfL . tau & 4. MBP, CD13. CD196, MOG.,
CD133 Z7 MRS BV i —F e 28, A 35 19 1/ IMEZ R AZ iR (microRNA, miRNA) %12 2
AR ML AR S R SRR R R P R S AR Y, B — T S A il P R T
TBI J5 L3 1 245 4> miRNA KA 22840, IF %00 T 5 & H % BBB 588N MR Fl— &5
Y 2 P55 A 56 (1) 178 miRNA Fk 07, 4145 8 4~ LI miRNA (miR-124-3p, miR-137-3p. miR-9-
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3p. miR-133a-5p. miR-204-3p, miR-519a-5p, miR-4 732-5p Al miR-206) Fl 2 4~ F 4 ) miRNA (miR-21-
3p il miR-199a-5)[5%

H#7 T TBIJF ML miRNA KPR R R ZE . —TA T 47 £ 321308 1 I R 5 B,
& TBI B I ' miR-765. miR-16. miR-92a 1E°>h TBI ZEWbr &M AUC {H 53514 0.89., 0.82 FlI
0.86, X 8L WhR P41 A 5 X X 2 5 TBI A ot FEUBEELAT 100% Ao UM Ay bl — a4l
AT 5 2% TBI A 5 44 TBI £ B9 I R 5T 278, miR-425-5p Fl miR-502 S22 Wii2 i TBI AT 3L
AP FREY), miR-21 Fl miR-335 S22 Wi d & TBI A U EWbr E 4, H miR-425-5p Fl miR-21 X} TBI J5
6 I H IR Tl R4 JR BE IS A i 1m U %3 b miR-320c, miR-92a, miR-126-3p. miR-3610, miR-206, miR-
549a-3p. miR-let-7i %%, #§ 5 bTBI/TBI A B 4f FIAH G, R H miRNA /E2 TBL 2 Wi f1 5 AE bs i 4
F s yuotes,

Zi I, GFAP 1 S100B J& 2 M1 TBI iAW A= Wbr iy, H A — & U5 FIWrGe 77, (k55 i —
AR HAE bTBI ARF 3R I . 76 bTBI ML MR A P 1, NFL R B AE, IF HL X PR 45 Jm HA TR 3
AYFINAE S . UCH-L1 Al p-tau th n] /0y bTBI A6 2 Il 72 )P i) . NSE BB AT — 2 2 Wi fig
JI B LRSI P & 2 R . I 4E K 56 T MBP 7E bTBUTBI 5 AT FE 8 /0, AR S s (L It 94 v v 32 5 A1
H2aMEmAZM . Ak, SMBAR miRNA 1E 8 TBL B A Ybe B 2 2112 K78, (R U — 2 AR
5 36 TIE FCAE S8 0 450 £ B 2 W RS T I R (B . 3 Ah, ST ET X R i A AR O A Y A
Yrbs il R 5E A BR 22 B 55 40 A 11854 /b, (B 2%5 6 3] bTBI & — ARk LY TBL, LiRNAE S
ZRIAGSE T S HT TBI KA L AE D An R A S N 25 o (A B2, BOAR 38 e AR LTI RN B 0
AR KR L (S, (A A 1% 2 AR 2 2 EALHIR B, TBI A9 Prbs &%t F bTBI ARERY S b F 78
7 B — 2L G R IIE

4 INEFIREE

58, bTBI B ML 4, H i 26K 22850 L 451 i 42 5 bTBI M P9 G S 3 A8 1 i AN 28, 4 M i 4y
T2 TETAIL I A AT AN, AR i i DA S () 1 43 D 248 1R 2R bTBI & 7547 76 fiki X 5 J8 1tk 0 5 5 200 B
VR, YHTA R EE bTBI Ay 45 5 O R AD, Ak @7 bTBL I R BRI, WA 4% B bTBI 43 ) b 2845
FRRAE, R bTBI MG ROA S UL R AR . BLAh, B AT A58 W T B LA 30938 448 21 20 fl b 28 4
&, FHEERA bTBI W1 PRI 2 FAE RI2 W7 AL i o il 22 R A W i ) St s R e it 3 56 3 i
P 008 77, AT HE— 25 A KREAR DTBI i R BA S Hh 56 E & A 6 7 10132 W7 00 00 9 3 e v A s DR A
{8, WA bTBI I A= P0bm 22 4 X0 FHE G L, 57 bTBI A 010 A AU R 2R o
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