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Abstract

It is widely recognized that an early detection of life-threatening sepsis or septic shock using biomarkers is of great
importance for successful treatment of diseases. Bacterial endotoxins in human blood are one of the target analytes to iden-
tify sepsis patients. It has been half a century since endotoxin determination techniques with Limulus Amebocyte Lysate
(LAL) were applied to human plasma using the gel-clot method. Thereafter, chromogenic and turbidimetric techniques with
high specificity to endotoxin or Bf-D-glucan were successfully developed, and these technologies enable detection of trace
amounts of the analytes in blood. With reference to FDA-approved f-D-glucan detection, it became a global standard to aim
for early diagnosis of invasive fungal diseases. A number of questions and problems with endotoxin detection, however, still
remain unsolved from the standpoint of clinical significance.

In this review, firstly we focus on development history, recent advances and limitations of LAL techniques coupled with
extraction methodologies from blood, and secondly, we suggest a new approach to the solution of the above for biomarker—

guided therapy and clinical investigations.
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LAL Activation of pro—clotting enzyme in Gel-clot Plasma Levin J” 1970
Limulus amebocyte lysate

GC/MS pf-Hydroxymyristic acid content of Gas chromatograph- Serum Maitra SK® 1978
lipid A Mass spectrometer (Rabbit)

Anti-endotoxin antibody Anti-bacteroides lipopolysaccharide IgG  Inhibition ELISA Serum Allan EY 1995

LBP (LPS Binding Endotoxin-LBP-sCD14 complexes ELISA Serum Opal SM'? 1999

Protein)

EAA (Endotoxin Human neutrophil-Complement Chemiluminescent Whole blood ~ Marshall JC'V' 2002

Activity Assay) opsonized LPS-IgM complexes emission

MAT (Monocyte In vitro activation of human monocytoid ELISA NA* Hoffmann S2 2005

Activation Test) cells in response to pyrogens

NF-xB activation Toll-like receptor 4/MD-2/CD14 NF «xB-dependent lucif- Plasma (Rat) Nishida M 2007

erase reporter assay

*NA : not applicable

2. LAL test DEEKIA

2-1. AT N XD BIEEDES ERE
FIMAE & 13 T A 1P Wl 4 DN % 523 2 AE %
HThy, ZoBRIHLTIHREOFRLVEED
AR e ST & oo BUERUMIE L [I&G 53 2 il
A5 AR ROS IR N $ 2 A a5 I fah% % T T3 s 6t
E|LEHRSNTBY, TV FMFY 2L, BE, &
27T AR EMINEDFREBIEKICH S LTwa
ZEPHLNIZENT WS, TV F M3 VOl RE
OB LIRS 5121%, AP EZHwCZ Yy P
YW in vitro TR T AHETIMAZ, T FMFY
VTR T S 30-f-e FaF I YRAF UERRE
ERIEOTIC X W EEERT 5%, 5\ LPS-bind-
ing protein (LBP) R¥LT ¥ F b F ¥ vhuik7 L BH 5
FRMWET 20 EOHEPMOLR TS, K1IZIh
IO s NPy R F v vilgsEE 8o OR
T B X IBEWE IR in vitro % (mono-
cyte activation test : MAT) (¥~ K b F ¥ v PAtox
A0V LB T 525, BEIHES - RO MEE
I LAB L WE b RPFOM A IEEZD
e, MULEREE, WEAEE, B3, BEL Losl
RS LAL test ik bENL TV B Z L idiwmx £727,
ERSFRFI T > F MR VR E LTI CI=EmER N
WKIER ST b, LA L, BRRIEFRIZDO W TIZEHb
PEFE ST, WEROFEE M, mpz> FhE
YOFAERAR 7 )T T U ADEOEMTRE ML
EEhTwa™W, ZhE T FDA #l (510k, Endotoxin
Activity Assay Device) Z#BUS L7zl > F hF >~
TWEFEIZEAA 23 THY, RIFTIEEITRYIF T~
BZBEE LAY FFF Y Yl T 4 (polymyxin
B-immobilized fiber column-direct hemoperfusion :

PMX-DHP) O#nHiEZ & B ROMEITH VS
NTwb, LA»L, LAL test & EAA Xl JF A4 <
Wi 720, MHEOWEMHZ HAMICHKT LI LIETE
v F 7z, BUMKEDOFEIRICEE F 53, BIRFEALMEEE R,
MERE, ARV v 7Ty Fa—2D X ) REMRE s
OREL IR INTB Y, BINWER S FOHE 4 565
EET L EEDbNS,

LAL test # RIS T 2 A EE L 25k Hh,
1960 44t X 1V, Levin % Fine, Cooperstock 52 & ¥ IfiL
Y FhEY ol l BRI ERZICE T 2 ME 255
HENTzo WO L 2T TR o 2 wiEIE, LAL
OEHEIS 2P ET L ST LT L THBRTZ2H 520D
MNEALT A ETHY, HRIEE, BROB HHIUnEE
7o EORE &2 OFTLELE R & NSHEIEE (v, EER)
PRI SN2, bAEICBWTIE, 1985 412 LAL
test (ARCAEE) L@MEEEE (PCA) BIALRIC X i
By N2 oEEENE A U TRBGE S
N, 2HOIZHEERIYEOEE S CHEZET L) 2
THOTEROKRZI RO TH S LIIHL TV 535,
Z0%, T FMFTIFERI LAL test & AV 726 B
WEHEBLOWHEEICE D04 2T 4 v ZEFARITH
FEEIN, LY CRELRAES X T A (Wb A
SWHESES) ~NERIEZ BT 2o BETIE, B
N D A AFIH ] E (A AT DO M) T 2 A5,
BRIR I REEAMK , PRBRES SR BIR— X5 T b 7 a A v
VAN UDIEIIVBEHREEINSG, 212N FTHIRES
NzMH T > F Ry VMEEE $ Lo TR A
77 K EVER IR IAE O S W - G HICE IS 5121,
RS REREID %L B ZDF%, Shimizu 512 &
D LAL # X=X & §HBEBEEL Y Ry VillEsk
(endotoxin scattering photometry : ESP %) 5% % &
N, ERFETHRINTELZVLNVOREDTREE 72 5 72
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WS, KRR, BRBOERAN O 72, KB 2 R — M FgE
RERBRSE TN BY, $72, BEFHEBEZ LAL R
FIZOWTIE, Ding HIHEE, FH S D 2000 FACHLE
POMEEBRQTE S, BfE) a2y EF Y P CHTO
ARERCD Y VTV RMERETRTOY I EF b
BHEMNT (CWT, BT, proCE) OREMEERD 2 Hl
HABISE - TSN T B2 wehd LAL test DAL
Bk (AEd) L LTOMEDTICH S5, BRI
BLTESBOBHEPFINE LA TH S,

2-2. MPIT RN FIDBAEDERICEBINEZE
ELER

LAL # V2 =¥ F ¥ ¥ g, LAL %
DIEVALE R IRIEE L L7z F b ¥ v T oGtk
WO MBMHIEETH Y, kL X 1S, lipid A
PR T AR ERERGKs O N T T 4 —
(HPLC) T B2 (A 5 2 i H2 i o vk
EXHREICX T B ED D Do WHDRIEIXLAL test
DI ) BHHEEIENLTBY, MPICHEET S pgt —
F— DR O T Y by vl I I b e
ETRRIATETE RV, —F, Ay FrF2 v
ZEM L CHEIR 2 BRES A B2, BRISEEZ 5 2
LENNEL 2 AT 5O TEBEZ L) LEXRD L. 1
BRI T O M S5 b,

1. 7994 b THDITY FMF¥ v OnfHEEIZE
b3 52, L IIBHIEZT, RS EZ S
Z5%E (A)

2. LAL ORIs% () v 7a 7 7 —ChikIR ik
By 7rusr7—¥) CHEENT 2546 (B)

3. L7 a ¥ 7 b (FALB X O LLE T - AN
a7¥a) A VvEREZaTF2) kT bt
W EEO R = a7 =) Y EITEIEO 4-2
FNI =) 2R E)DRENER Y 7 F VIR
T25%E (O

) AVARIRE, & O E RIS A & L

L7z—# OIS TH D, SUGIRE, pH, A4 YiRk
EWMA, WA EREFNCHET 27 0 H
IREERRA ey —, &EA L, F U8 qEN
Fl EALIELIZY AV AL E ED 5 WV IdREST 2
(B)o F7z, #OLKEEOWHE, ¥/ VFEhkOX) %
PN LY EEREOK T AL 286050 (C), &
D&Y By T vF 7L EYOREEERIOWTH HH]
WCHGEST 2002 F L, USTHBRT%2BREF 2R
WAL BB, BBIENZDD (A) THH, PaE
FRWERN T F v otk B bsd, )
2OV A BB DIEHALI B % BATT A D 5 IR
B FEFEWES T Y F MY R E 2L S
&, ) AV ARISOWEEAIS R L AT HE G
Z NI H, WIMERTF R, W TF e E),

acyloxyacyl hydrolase (AOAH) 12X 5 lipid A 7 ¥V
WOMAKDELR ERH T ENBPD, $7- 46Kk (&
SEIEN) BB LY F M3y U45TEEw LAL
HEALRE R A L, FUEER R S CaREE L/ MR
VU TIE LAL Gt bie s kb s 720, LIEL XM
BEHORKE 25, %0TH RO X 9 2 S TEE
MaBTHEREGOREILDT Y FNFY V510
TP T Y R F 2 UGy v 87 L ofiahs &k
CTYAF VT (BEYE) &, LAL test O 57 — & fHR
ICITEETRE G L HnD,

EHIT, WEMRICRIZTHEL LT, R L8BEE
FEICBITALUTO3IODOERDBHITHN, WInbika
P F 72 3BT R V155,

1 AURHRICE P (A - i/ PRAETRE - RER)

2. RLEREE (S FeoEE, B/ IEIEL, AR/ -
TIA))

3. MERE - WEs: (Fufb/kealE T RN FY
VIR RN /IEERN, TV MR VN AL AT 4
7R, RIR/BIZFHLAIEZ)

Zofiiz, HEEE WEBEE, FRRENL5
TR MR OHGRES REELCBEEORK L % 5
A, ERLER O AT, 3 Ol it3E (LAL O
B~ N H AT B FOBE) &S ONTHlEDE: (RIBkES
AL LE) RHEM) PEKTUELIEBREE»A L 572
DEBPLETH 5,

3. BUMEEE T > N &2 2 IN%E (endotoxemia)

LAL test i, Fia#8k1cfb 2 A& LT, B2
JEE 2 FEE BE D 125\ UILAE 0 U RS I 2 R 19 22 T6 3 O
BPUTRVL TS Z IR I N T 5, 1970 AR &
D, FRES A HLIC, WEOZ Y F MY v oAMREH,
NZFVTNVNTF v ATr—3a v E HbE,
LAL test Bitt (=¥ F bF ¥ VIfifiE, endotoxemia) D
BRI ERICHET2HEMPEAERLONTE 7
Yoshida &%, R IMEHEEZ S RICHMGES = > F
Y VIMEOMBE X PR L oEMEIC O W T
B RRERM LAL 32 W TRE Lz 20k
R, WIMAED 70% 25> F b ¥ ¥ VIETHY, = F
b ¥ VMED 40% IZMBEEMETH 5 Z EVHBIL, T
BEDBRERWY gy 7GR LELTER (>40%) 2L
7270, =5, WIEE T2 F N F S VMR BT 2 R
WD X7 7 F1) 3 AA%, Hurley 512 &0 2015 4E12H
HE N7z 2009 EEDOHEWIH L ¥ 2 — 128 < BRI E &
LN R TH B0, 77 AR ERGIUADO T Y F
by VE (W OA—HB) PEETHL, SF
SFELERVH T ONDA, fEH L7 LAL i35
FFEYVERBRIZA-ZNA VIZH BT HI LT
RAFEKEEZOND, AL E 2—Tld LAL 30K
FEEMED: (FMLE/ ERIEERE) TSR LTnAHb 0D
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x 3 M (1—3)-p-D-J VA 2 BIEEDERKEE R

BTN

W AR B 3L JREE RRERE IET VR s SCHR
ERF Y b
Obayashi, et al.(Lancet, 1995) 90% 100%  ZliakiRAE  HA Fungitec G-test 31
9 sites
Ostrosky, et al.(CID, 2005) 70%  87% e/ =8 S SE| Fungitell 32
6 sites
Lu, et al.(Intern Med, 2011) 76%  85% 13 Fungitell (9/13) 6
WAKO (2/13)
Karageorgopoulos, et al.(CID, 2011)  77%  85% ity 23 Fungitell (10/23) 6
[ Fungitec G-test (7/23)
A 5 it WAKO (5/23)
(meta—analysis) * GKT-5M (China) (1/23)
Onishi, et al.(J Clin Microbiol, 2012) 80%  82% 36  Fungitell (17/36) 6

Fungitec G-test (9/36)
WAKO (6/36)
GKT-5M (China) (3/36)

*Multicenter cohort study, Multicenter case-control study, Prospective cohort study, Prospective case—control study, Retro-

spective cohort study, Retrospective case-control study, etc.

D, BURFEFNE R M AT LB LTI EEICANRT
WV CIZECRIZBWTIE, LAL test TR SR
LY FbFYUVMBEDFMIX, =¥ FFF T AT
BRI SN TR WIRERSE L O, kL
DEFEDPLETH L, X512, MHRIMPOBMED T~
FEFT 2, 79 —OREL HIEK - /MR L
7IREBCTRIELTEBY, BT LAL test Ti&, Mk
BE, BWRESARLTBY, MRWEZEEZ K GE
MV SHBITT Y F MY o@IRIaER (REtk
HIR, €—X) Iy F IR I U a8 %k TW
K% PEifbrZs, LAL S CTllE 9 % analyte trapping
XD, WEOT Y N MY U R L THET 50
HER R 2MEB L OBEW RS LI NS,

—Ji, WA, T MEOTY F MY VORISR
s, WRAEAL, 2 TUREIRE 2 & 4 A TG E B & 5
FEMHE S 2 A7 BREZ 2 o, BYEEAE (chronic
low grade inflammation) & OMMAEH S5 L) I
olze TNEBHML, metabolic endotoxemia (ME)
LV BEAIRBENTE 22, I, FETova—
MNRIEIT % (nonalcoholic steatohepatitis : NASH), &
PESIE & ME & OB D W TR 2 B ROARIILC 2
L\, Ramendra 51, & DN THEEOWIE (leaky
gut syndrome : LGS) 2%, X7 FUTIV Ty A0 —
Va VIGERT BBEIERCL IR EBOTE &R D
EEZ, Z0) A7l LAL test & 728727
T —F, WA F = — ORI 7 M 2 D T
WBY, ZDXHIE, TR MRV, BRI &
R ED D X2 SN AMIMEZ T TR L, &Y
bR RE GEEEER, 27A) IZB8WTY,
WERHEHER-LTCWDLEEZLN, LALZRN—2 L

L7z X ) BIEEIORREOZ Y F X2 VlET T v
N7 4 — L O LR ERER SR S S

4. bPETHESI WP B-TIVHBE
& EERME

INFTHBRAIHIC, LALEHWAZ Y FMFv Y
T2 3213 1980 4F LR & e 2 3815 7225, BRRIGH T
&, BHZED B P AYRE S Z2 S D RBIS TR B LD
Z— A& LTS EIEFEVEEC, & CITRRIZBW
TIEHE OB WL IR ABRICHWOh A Z LT EN
Thbd, T LT, MU LAL&EET-ZMHET 5
M g-27 v g, HRIZEERT D 25 E TS
SNRTEE B R RE ORIV BWTEE T, £ iRk 2L ] RR AR F
72 DRE DS Obayashi 512 X U Lancet 35128 sh 3
L, WHERLKICKOIRROFEH 2 ED L2 L o
723V 1995 4EICIEATRIC 31T B ICEH ASBIG S L, K
El~ 4 F 22—+ v VM Associates of Cape Cod #1234l
BE SN, LRICB 2 Ltk 3L R EERIFZE O B
R LT, 2004 4EIC FDA B 2% L7z Dtk
KERDZHEZHAA P4 LI Ehs L EHIT, B
TEHEEE (7)) 2Wii%Ed) ORMBN & HHE, P
WHOEREARE 2 S ICZEN S0 7 — OVERICK &
CEBLTWRY, %31, 77 vF¥57927GFR b
(HA) & Fungitell CKE) ORIRMIKE & FpRE, <
HIZIE, INHOBKEL WV CTEM S NZERBGED
A ZIENT (3H) OKETH B, K 76% 0 HIFHE
85.3% & B2 BWIHEIE 2R LT A, $ 72, BT
#F (NPV) OFESLAREORELFEHTH Y, A%
MRS G %2E2 5 2 &L CRBEEOWHIFTE 5,
DXL, M g-r v v REEEEREO RS
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Chemokines/Mediators
1 (IL-1B, IL-6, IL-8, TNF-q,
COX-2, MMPs, iNOS, etc. )
, NF-kB

IkB

NF-kB

K2 MIFMERDDHICRYA bHA ICE S RMEDAEREE N FY—H—

Wr & BRI OIS, VO, AFa
T— Ry S TaT T AOWEMEICES L TWb,

5. BUMAEARERIRAD/S A 47 —H—0

E

W ISE DRI, BIOBBE» S REDTI & 4L %
LEROE AR 2 OO v FMFY v EOBERES
FOPICRIE X P F 223 (RYMER) 35 7,
IV R MFYUZHERTH D TLRE & DG Z VI
#L (7> T=2 1), MIBNOERIZERNZ WIS
s 52, HEEOFEHEZWZz OO ED L H TR E
HERT 5%, EAMEEL WHPICHERT 20074 E5K
LY b, RNV RY=F Y METHAIBE
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