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)40 293+70.25 920.33+50.12 4.58+0.65 1.94+0.21  16.33+3.53

QARJESFEAGR NG HRER IR REAMETARGE S MNE. 661KV, SHEAFE
439 NT71.39%. 75.86%, P > 0.05(y2=0.243) . Cox[ElH4#7 &8, FiES5ER. Wl FAR
THERAR G H ARE TG B3 A e PE(P>0.05) , TLER2.

2 T AH R fE ks R 2= 1) Cox Bl )= 73 A
HXHEZE B SE Wald df Sig Exp(B) 95% Cl
FAHFY: 0122 0297 0.170 1 0.680 1.130  0.632~2.02
1
Fs -0.023  0.020  1.295 1 0.255 0.977  0.940~1.01
4
PER -0.332  0.322  1.061 1 0.303 0.717  0.381~1.35
0
% fE  -0.388  0.312 1542 1 0.214 0.687  0.368~1.25
1

3R
S5 g AR R ZE AR K, FARTT IR B ELR IR B I TR B T R B & IRIE VIR TR
JRAE R A S g K VT b v R B AR T 1 D) R AR O s ik L R, ek
WG A0 5 e 4T 0 350 P 988 U Bk AR+ I A R M S0 — BB R I IR AR I 1 D ok
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W K. MO 2 B TR S B E M. A, BT 2 ot & R
I S, REEBEBE T ARG M E KR —N60%~70%, I HXE R TTRAEFRME, X
LR F IR T R I A I BEE AT, e DUTRT SR L st I B PR A2 R A
IR I P R R ) R BT B

AW FER, AT ETARIBET RG], REAH s> T4, FAREE., (R
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A 2 RBERR £h 7 AR Fi 0 A 24 v R A E T AL R
X#FHAEL, s

LM AN RERMIRARL, 74 77, 510000; 2. ] HEER K £ & 5 TLEB R RL, | &
]I, 510700
[HHE]) £ WL 2E (Poly-phosphatase, Poly P) & JL+HAN31JLE N T HLUERR £h 8@ it =
REBRIRBE SR -5 B A 22 2844, R AEAR M b PR A A7 B S RE R 2 RIBE X, TEIRFE(REE
DL RAE AR T AN AR A, 2 RBER I ARG e A, B
Wi JE NIRRT ARV . A R S AR TR e 2 U R, 2 R
SAEMINZMEA K. BRI, EEY A 2l 5Poly PRIMY, W2 Rk
i £ B (poly phosphate kinase,PPK) . polyP-AMP-fi g % F5 B ( polyphosphatea-AMP-
phosphotransferase, PAP) . #MJIZ WRHERE (Exo-poly phosphatase ,PPX) . P 1IBk & fik i
(Endo-poly phosphatase ,PPN) %, HrAPPK1&Poly PAREE A, JFHS5ZMMNA
W BB, B H AT L, TR SRR TR R IIPPKL A FL R LG, FitLAppk &R Al LAE Ry
HEARIT B —ASBTE o A SR [ 58 22 SRR 1 76 40 B rh IR PUHA B2 K 0 AN 25 0 U 1 A
FAEH AT B4
REBW: ZRBREL: ZRMERBRMIGL: KGIRAw: 248Ukt
AEIRAE % 156815438@0qg.com
R RFBT XFE20184ET M EERIR 2200 18 SCEHR H 45

R F BN, C=2 m AR R LA 2L E A OB 2E A R A
TR A2 Bk T Kl FRIR IR 287K LI AFZEPoly P, Poly PHT & R 21t i & it
K=, T2 AR TR . SR A Poly PRESSAE 9 E MR I ALV, BERRAL IR W& (b 2
BE. BE. REME AR, FUHENEEA il B — e e, — ML AMITENR
X YUK KL 1 Poly P, [ 5 & IMPoly P fA7E T4t . 4 Poly PACINEE L A0t
I 5 [R] 1) %5 5 4 B HR 2 i EL A B A Poly PR, {R-1IEZH i P Poly P4 776 AH Xt A4 5 7K
T RYNE . HE SRS R, R &%, Poly PILFAFET BRI — A4l
Moz, i B EEE. Wk AEE R — B AT AR, AR B AT R K 5T
H1, Poly PHURFE T AT ZMAIVER .« 4 P IPoly PRI R SRR A EE(S 5. Poly PJ



ZAFAEANE IR AR AL M e A AR B D e B A AN ZAEIE R . A RTFER ], Poly P45
Miwizzh. VIR, BRI AL 7R S O, 1 HLd BE 3 i 1 7 5 R f) 38 i 3
BhA IR P SEA 5 77 . LR, ADBE T4 5TEPoly PS5 U R LT /1 RE 71 [ 254 UK
PERIAI R . ASCERIEPoly PAEYH T PL IS 77 HE 71 AN 25D U b (R T LR ot Feidt e, A
HHReHE BT FiPoly PYEAN 1 A B FRARU WML 4R 5%
() 2 TR #h I AU

2 TWEIR £ A& 15 H = RE R IR I B8 K B+ = 80m A B IR SRR R IE BRI E R &)
B, (B EAfrke i LART (Rt Al s, 23 i &% & I Poly PRI LA 2 KA T S
SE N ECE AR I 2 B T AR M REE SO A A R E I R &), Poly PREW] LABERR
WIHEAC B B IR 5, 3] DS I A IR e i A0 g i 1 e oz A RS g i R A0 22 ik
FEEZADT, Poly PAALET 2 45 4 Bl 40 M 25 AN L B0 b, RBNS 3 40 T F20%0),
W s W Poly PRI LA B E D& N AR o O A 88, Bl s Bid k. TH. RIPLAE
G, U EE AR R 1 AR AT

0 0 0
|| |

0‘—|P—0-—|P—0-—l|’—0‘
0 L Jn 0
Kl1. Poly PIZsF = K

WL R LA ARG B S AR Poly PV AT 4E 55 i ]9 Poly PIIAR E /K F. 2 JEMEIR 2RI

(polyphosphate kinases,PPKs) J&Poly Pix & Z AR Eg 2 —, 2 H AT N1k SR sL A
PPK1. PPK2AIPPK3 =7, PPKLAJ LAY A1 s N A ATP A i Bk 1R A4 AN T 5 A B 1Y) 22 B 19
Rk, PPK2IIZME AL AT 8 [ N GTP A i GDP®!, PPK3F|fHPoly P{E NCDP# AL NCTPHI
&1, PPK 12 Kornberg!%% A 1 {EE K735 A5 B A B, Zhu% A0S K a5 4 1 1 4 K R
PPKLAMRSS M BEAT AT ST, RINPPKLZ R 1) S ARM B, AT DA S5 MR, VETELL s
TR E R G EIE T, BT S H R T IEMATPE & 148, AL FipolyPHE L2844 1135
i, PPK17E100% Rl i A7 A2 [RIE 7 51, ot Ko #R R BUm i, W EZ A2
i T4 S50 A 4 5 PP 1) ppk A B Rl 3k Sk Wt 5 polyP AT PPICX 4 T AF A7 AN U 1 6 i . 7
Rashid 13 25 A (R FT A, 20 SR 008 I s SR et 0 4 (% P 1 2B M BB P T ks A SR B2 A0 25




JEHHE, B AU AT B ppkk PR i 2k ik 1) AR W BT 1 e 70 SR B i 0 A8 0 W Sk LB A
S04, PPKLYE 7% i 25 AT 1A 38 82 P4 58 s 7 B 470 B 243 ) B ik 45 O T R 2 o A RIS, T
pPKAJ R 7E O Ji7 158 A5 B S0PR e JE e rh ke 1 45 4R A IS 1. PPILYE o JiR IR HR L & Al b 2R b e
AL RBEE T, R T ppkd 2 R (10 4 2 AR B0 A B 0oF 5 Pt AR R IR 0 8 R R T 08, A
Fraley ™14 2 T8 (¥ 7 £ 52 50 0 147 ppkcd 25 P B Bk PAOMIS AT B- A I i S Bt A 3 G iUk, i
KimU2OSE 2 DA FE VD T T IRB Bk T ppkIEE R JS , 6] 22 K6 B 2R AR AR 14 B SR 38 . PP L[]
VEAE B S AL A A IR ORI, IF B Bh it 78 45 52 R PPKUZE B0 s AT 3514
PR SCRERIVERT, Bt APPK AT DA 8 7E I 245 W08 s et 37 IR 2540

(=) Poly PYEAH R HRHTIA 5 [ g o i 5/

(1) Poly PR PR BG4 A AR AL A H S B

TR fie 8 30 I R R EA BT AR A LU AR B, BB, BB R AE R, ATE R B
IR 7. P EE 4 M JBLIM 1 2 ph SR AR L T Rl . #53 T AIPoly PALRL, JFHAA B Fik#
.

FEARRN (quorum sensing, QS) 2 TMUAMIHFAALE I I R b, H T T 445 52 ) 48
EFNRAER, 155 F IR EEWIA R — @ K-, i B4 28 E AR AR E IS 5%
W, P EANHNE SR AR A, R R R R Ak, PRI YR A A BERRAE
mAMIR G BUAERG R RV . BRI R G R 2 Fhge MR, anBom
BRRIL, BRSEMMSZ G, TR AMIER S A Y B T Ol R R
HEERHEEEH. BB ARENG S EEB S S 2B ANEE (N-Acyl homoserine
lactones,AHLs) . Zfik (Oligopeptide) 254;F. R IEAZMIR H 3ERE (Palmitic acid methyl
ester, PAME) . FRIEHER —F& (Furanosyl borate diester,Al-2) 13 B4z 5 4> T (Diffusible
signal factor,DSF), e KR 73 8 S 4 B w5 I I 15

B IR R 28 48 0 0 TR 4% A M R R T SORT B3R 2 5 29 AMFE SR IR A CE A0 T T 24 P AL
HRI R R A% 7 AR . fERashid BT FE Y, ppka AT 4tk S5 A5 1] 2 15 FP e T e RN
A R B M S A I T RSOR 75 ) R R R R ik
(2) Poly PZ 5 =W ¥ ik

AP B RGP TR, i 2R . AR O, EREOSEEE a5
T & A R E R R R S MR RE T =AM B B, HHIZsh AR
B & B S 5, S HE AL K AR R BN BRI SRS, 0 WA A R 3R T 2 A e



VIR EER,  A0LIE S S A ST AR R = 4E S5 . PPKINEEE 2 5 AL W) T L) 5
—. W, MAAPPKZEE =/ B . AMARWIAERSGBREME Y, BRSHE VIR
PRI E R T ERRIEAIA R, 7 B Poly P,GTPHppGpp i3t MR, 1M i% 85 5 o e i 1
THRALGR2EEH o ppk13E PR i B R M A1 58 S0 6 AN /2 5 AT 32 S500) A =35 1) I 40 B8 B g
(3) Poly PZ 5 X Wy B AN, 5 Rl ¥ FIT 88U s ) e 2
a.2 5SOSNZ& £4: (SOS response system,SOSrK) :

B S TN AN TR PR A (N EEH R E 259 B- I BE% 3R
Zivy. FIAESE) RIS AR DNAAR TS84, UK — & &I 1E % 1 45 DNA
(sSDNA) B}, 4= A AL B MRS 515 T SOSM BT MR AR, 12 K30 4341 B [ 6 DNATH
1 I 87 3 A7 TR R AR N 2% . H ATTE K545 B SOSr L& i 8 I 2 R 402 N2, Hopfuds S
IR E A K recARTlexA, 2 5DNAFGEE KuvrARIruvAB, 2 53K 2248 [fjumuDC. polB
FdinB, &F FEWE. A2 HsulAFISHARPL, Poly P2 5SOSMN 2 & 48 Fk K 1) K ik .
Shibal?V45 it 72 i I 24 240 it P9 41MT) 22 B R T i iod J82 ik B 2 5| A rpoSRE (R R0k R B, Ik A0
AR A 1 katE 3 (K] 22 75 B BE R %, R katE 4% 65 O HP = S8 b« Tsutsumil?125 A % 31
polyPAEMS 2 SOSTUN FE [H (35, JuH R recAE[N, &) LLgw Y AT DNAKK I (1 ATPHE
HEEZ 5DNARIEE . PPl ZpolyPik = & FHSOSH NI KL T, I HDNAXS 225
B 3R CELE MR RIS v R U
b.Z 5N v (Stringent response) :

TS . e 4 B A AN (R IR B 77 e I () — R o LIS S T BOP PR R A
FRRFRE: (1) ppGpp-TUMEFR S  (2) pppGpp- FLBERR 1S . X L6 19 12 A 1 /Ny 1
R, WAHFRTY (p) ppGpp.  (p) ppGppxi 4 i A i iiF 20 0 1 4% B 7 A2 2 M A 2408,
BRI R 2 R PUERA R A SR 3107 A DR 5B R S0 TR A5 1280, 23R
Bich (B £ . IR R BZ I, RelAZ %1552 5 pppGppMppGppfti & . HH%,
K& (p) ppGppH ™ AL 2 IS KB NS R OB (R ) ik, T IR BeA% 1 R <>l i 1 FH T 4h
V) Z B R EERG I H poly PIHIZKARAE FH {fpoly PARZRZ,
¢.Z 5— it SN (General stress response,GSR):

B TE 28 78 IR Bk Z FNEREE ) e i, 34 R e gk — MR B S R R 3R 4G 3 B I AR A7
RpoS/2& — MM ) B F ZREF T . RpoS2 4 B RNAR G EFI —Fho WAL, 440 B ik N &



IEEE 2P KPH. mil . S YRS P8 2% H RS, 40 P9 RpoS & Ut 2=
W, RNAZA R LMKEERPoSIR A 30T, (3l 56 A8 T A A7 i A 75 ik R 11 % g 1300,
A 578 3 W RpoS AT LA B 42 5[] 52 R 4% DR i 1% A5 181 29500/ Jik [ (1 2k BB X & B 45 /1 41 i
WS 542 5 T RpoSIiE, A5 T 45 HlrpoSi kit s A A F K -7-cAMP-CRP.  IE [ 142 [A]
T-ppGpp- GacS/GacAXNA 1 #2555 . Poly Pt a] UM rpoSIE K (4% 5%, K Apoly PREH] LA
i 1S ppGpp IE [A) % rpoSHe K I ik, T LU IS AMJ) 22 1 1 1 e 1] 42 3 e 1 3 rpoS 2 [A]
e 2oL, 53 4hPPKAT LI i f2crp,  FEHE KT MHcAMP-CRPE &R L . cAMP-
CRPH &1 5 rpoSE: K A 8l T X IBAFE MICRPLE &A1 s 454, AT rpoSH: 2. RpoSZ 5
JEL TR S B AN 5 AR B P ) # J3/E FI2 34, it Dlpoly PYESH B 55 3 RN BT 1 245 W0 i 24 1 b R 9
HEMMER . Rashid s & I S5 5 B8 ppk L2 [R5 2% J5 % B- N RS R 20 R 5 85 K
JENE R ET A bk I R PO, [RIRE K R A RIPNO33 ppk L3 [R] 5 2R A Sk 47 18 24 470 (10 SR v 19
(351

(=) Poly PTEAH % 25 ¥k Ht o I 5 1F

(L) AN E Rk

AP (outer membrane protein, OMP) & 777 T2 Bl 2 it J162 2 1] 3438 15 245 44 v 1) — b s
PRIV VT, AXAFAE T 5 22 IR P B B0, ot A 22 TS A B D 24 2 32 L =2 B
W e R 22— ST AESRIIBT ST R, A 5 S5 40 B A/ R A S B4 T 2 80
2 IE KRR S 5 MBI ZIHLHITE S . KA 66 H WK S & B4 OmpC. OmpF.
OmpA. TolC%, XLLHMEEEE [ 7E 25 M5 A FLAR K/NSE A A, SHiA R oA A 1A
HAEH.

ARIERR, PPKA] LS A 8 A 2R K ) Rk k2 SIS 25/ H . cAMPRERS IE 1%
AT ompFAlompCHE A R IR, {HJ&Poly PHT LA 55 = 2 Bt IR PR AL B 135 1 f CAMP A=
R/ 8, R AT A Poly P 5 4E AT LA ompF AllompC 3t (R % 3A /K7 R F#. ChenZ Il K
[ A5 AL R B 3 A HI IR Poly PoT BLI Y AME R B R (HiAE R FE RN EE KD 11
kB,

(2) W5 I R F GiacrAB-tolC

AR T3 AM R RG] DR 25k £ B A E e B HE A o, SR A Y 2
YRR — A EEHLH], HFacrAB-tolC RGAF(E T Z MU 1. acrAB-tolC R4 L E h =# 4
B FFRALEEE (acrA) | AMERIZEE (acrB) MIAME@EIEE H (tolC) . AcrAB-tolC



SN PR AR 25 AR R AR — R SN ZE S, 456 5 BT I gn i A b s
¥2iizm =ML, Wz AN A KERMIURAER: &S5RI RZ
Yigi 4y, StolCHRIK: 259is 2 40T AR 440, Chen I HF 7t Fb K 15 75 T ppk LR SR vk o 2 Fh Bt
AR AR N BURER &, I ol RT-gPCRH A M ppk Lk 2k MracrAk K i I 2 1% 7K ~F- B
PR,

(3) FHZHEMZ (mar) BIET

mari 7/ ZAFAE T AT R B 0 Je e dh b, R — AR R SR G . markE R
AWAER AL (TULAITU2) , TULF BLgifgMarCH . TU2F] LLg P8 8 A MarR. {F:
FH 3% S5 10D IE 1 R 458 2 T MarA RT3 7 1 — /N EE ETMarB . Mar 3 3 (1 24 5 1 32 2 2 i i
MarA i ¥ mar 5 20 P9 AN [F) 22 R ) 2k 1 T s i MU . MarAGE P 18 5 mar i 715 7 1l micF %
R, AT 51 A2 OmpFER A I 12, Martk 1 rIOmpCifi 4 2%, IX A A3 40 B ot B2k 2 138 v
TFe. MarARR T EIMEE ARG, @0 ORI R ACrAB, {2 FhfitE =
FIETEE . PUFRER . SER. RIS D M, 5 5L B marA K& marB2E [ 7E ppk ik
PRI Ak 2k IR 2 T, S EmarARER, BB Poly PXImarii g\ 1R I A fm e,

C4) 75 A B AR 0 HEL VT T 1

B AR IR T IR R BRGNS REREE ST LA, AT DLFS B 4t B 0SB 25 9 7 AR Tid 245
Mo AP ET L DURALEIS BUHT 258 a s D PUB Z9MIBEE R bR BT B 2
PR, (LD 2K AR cAEAEYIRE N RO AN ACHHE ) T B, BRI BT B 25 ) AN
& d AR ERE AL T LA A R ) S AR R, A e ki, BILAA G L X 2 R )
AE L2, Poly PRV — b 1B 7, MR g N EA R, #s
S5HEMERTERG, IF B AR AR VIR E B B AR I AR . A AR, U KGRAE
PPk R AR LA RN, EVIERE 2 RIS, 25 4P 5 i i) 5% DR 2 ) o4 6 4R
e HEBLETER A ST T (BolAFIMCbR) ikt T B9,

QUPyS]

HAr, BEERAESZMAMEMAN, ImR LI 7 KERm 2 EER, 2w
PUAER XA SRR, RIS SRHT BT R0 B 240 A 125 2 AT 9 35 T Wi 1) B R R
CLANPoly P7EZH B e I A i s AT Bt b 29 0 b R 4 L EEHIVE ], 1 PPK/ppk Al BAFE y—
AMRGF B 1% BT B8 250 (04 FHBE SR BGRB8 R B, JF B/ 2451, AR T iR A
()% . Saurav Sahal*®Mif 7t & B Dynemicin A5 PPK IS MEAL A A RSB IKEA 77, I HA4lig



BVERBAR, W BMEE I PPKEL i 2Rt — D W FE . X T PPK/ppk #E x5 2454 1] 1lfs PR S
o L FH s 75 22 58 22 1) SR 56 2K B0 UE AR Y
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Effect of Competing Failure Mechanisms on The Fracture Toughness of AZ31 Mg Alloys
Yan Li
Department of Mechanical and Aerospace Engineering
California State University, Long Beach, CA 90840, U.S.A
Abstract
The objective of this study is to develop a multiscale computational framework which evaluates the
fracture toughness of Mg alloys by resolving different failure mechanisms. Design of high
toughness Mg alloys with improved fracture toughness requires in-depth understanding of two
levels of competitions: the competition between plastic deformation and crack formation as well as
the competition between transgranular and intergranular fracture.A Cohesive Finite Element Method
(CFEM) based model is developed to quantify the two levels of competition. The fracture surface
energy for both transgranularfracture and intergranular fracture are evaluated through explicit
simulation of crack propagation at the microstructure level. The conclusions indicated that
microstructures with refined grain size and grain boundary bonding strength can best promote
favorable failure mechanisms.
Keywords: fracture toughness, cohesive finite element method, transgranular and
intergranular fracture

1. Introduction

Transportation is the fastest growing major contributor to the global climate change, accounting for
23% of energy-related carbon dioxide (CO2) emissions. There is strong demand from the
transportation industry to reduce the weight of structural components in order to reduce both energy
consumption and CO2 emissions. Magnesium is the lightest known structural metal. Magnesium
(Mg) alloys are approximately 35% lighter than aluminums and 80% lighter than most of the steels.
In addition to light weight, Mg alloys also have many other attractive properties, such as excellent

sound damping capabilities, hot formability, and excellent machinability. In order to use magnesium



alloys in structural applications, it is important to ensure that their mechanical properties satisfy both
reliability and safety requirements. Fracture toughness is one of the most important mechanical
properties considered in engineering applications. It has been reported that fracture toughness in
magnesium alloys is lower than that in aluminum alloys[1-3].Improvement of fracture toughness of
Mg alloys requires quantitative relations between failure/deformation mechanisms and fracture
toughness to be established.

Fracture toughness of Mg alloys is a combined effect of both plastic energy dissipation and crack
surface formation. Intergranular fracture usually leads to tortuous crack path by promoting crack
propagation along grain boundaries. However, it discourages the energy dissipation through plastic
deformation and does not always lead to high fracture toughness. Transgranular fracture, on the
other hand, forms smaller areas of fracture surfaces but allows more significant plastic energy
dissipation and more ductile response [4]. Therefore, the design of Mg alloys with improved fracture
toughness requires in-depth understanding of the underlying physics of each failure mechanism,
their competition and influence on the toughening of the entire material. In this paper, we primarily
focus on two aspects of the design task: (1). the competition between material deformation and
crack formation; (2). the competition between transgranular fracture and intergranular fracture.

A multiscale computational framework is developed toevaluate the fracture toughness of Mg alloys
by quantify the competing mechanisms. This framework allows realistic representation of
microstructure and account of microstructural level of deformation, damage and failure mechanisms.
J-integral is employed to evaluate the fracture toughness by considering all the microscopic
information. Cohesive Finite Element Method (CFEM) is employed to tract the crack propagation at
the microstructure level. To explicitly resolve transgranular and intergranular fracture, cohesive
surfaces are embedded everywhere along the edges of all the bulk elements in the microstructure
region [5-8]. Constitutive relations for the bulk grains and cohesive surfaces within grains and along

the grain boundaries are specified separately. Therefore, the energy dissipation rate in terms of



surface formation can be evaluated directly by measuring the corresponding crack length. The
plastic energy dissipation rate can be obtained as the difference between the J value and the surface
energy dissipation rate.

2. CFEM —based multiscale framework

An edge-cracked specimen under Mode | tensile loading is modeled as shown in Fig.1. This
proposed framework consists of two length scales. The microstructure region has a length of 0.5
mm, width of 0.25mm and a pre-crack length of 0.18 mm. The entire square specimen has a size
length of 1.825 mm. A boundary velocity of V=5 mm/s js imposed at the top and bottom edge of
the specimen to effect Mode | tensile loading. The remaining edges of the specimen are traction-

free. Conditions of plane strain are assumed to prevail.

v =5 mm/s

1

1

| .
] Homogenized
| region
1

1

1

1

1

1

1

Microstructure
region

Fig.1 Specimen configuration under Mode-I loading.
Both cohesive elements along grain boundaries and within grains follow the bilinear traction-

separation law. This law is derived from a potential ¢ which is a function of separation vector A

through a state variable defined as A =\/(An /A ) +(A,/A,) This variable describes the effective

instantaneous state of mixed-mode separations. Here, A, =n-A and A, =t-A denote, respectively,

the normal and tangential components of A, with n and t being unit normal and tangent



vectors. A, is the critical normal separation at which the cohesive strength of an interface vanishes

under conditions of pure normal deformation (A, =0). Similarly, A, is the critical tangential

tc

separation at which the cohesive strength of an interface vanishes under conditions of pure shear
deformation (A, =0). T, represents the maximum traction that the cohesive element can sustain at
the onset of irreversible separation.

As illustrated by the dashed lines in Fig.1, the J-integral is calculated along an arbitrary contour
within the homogenized regionby following

J :J.{(Igczdwr%pﬁ-ﬁ)dxz —t-g—:ds}rh(pﬁg—:—pﬁ-g—:]dk (1)
where t is the traction on a surface with normal N, u is the displacement, €denotes the strain and
p is the mass density.

As shown in Fig. 1, contours for J evaluation are solely within the homogenized part of the
specimen where no cohesive elements are used. Due to the path-independent property of J-integral,
the results extracted from different contours are very close to each other. To best eliminate the
numerical error, the average value of J from four different contours is used in the remainder of this
paper.

The J value calculated from Eqgn. (1) includes contributions from both plastic dissipation and the
energy spent in creating new surfaces. A typical crack path in AZ31 Mg alloy includes both
transgranular and intergranular fracture as shown from the experimental work by Somekawa and

Mukai [9]. The energy release rate J can be stated as
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where J and J_ denote the energy release rate associated with plastic dissipation and surface
formation, respectively. U, is the total energy released over the projected crack length W . A=Wt

is the total projected crack surface area with t, being the specimen thickness. It should be noted that

W is the projected crack length in the direction of crack propagation, while L is the total crack

length. Specifically, L =L +Lg;, with Ly and Lg, representing the crack arc lengths within the
grains and along the grain boundaries, respectively. Accordingly, H, and H, are the proportions
of crack lengths associated with transgranular and intergranular fracture, respectively. Both H; and

Hss can be explicitly extracted from the CFEM simulations. @, and ®, are, respectively, the

fracture energies within the grains and along the grain boundaries as defined in Eqn.Error!

Reference source not found.. £ measures the ratios between the actual crack length L and the

projected crack lengthW . It captures the influences of microstructural attributes on the crack

tortuosity. Here, £ is defined as the crack length multiplication factor (CLMF). As discussed in the
following section, £ primarily depends on the cohesive bonding strength within the grains (Tn?ax)

the cohesive bonding strength along the grain boundaries(Trﬁfx) , and the yield stress of grains o .
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Fig. 2 Crack trajectories under different grain cohesive strength TS .

3. Results and discussion

Two sets of calculations are conducted to systematically analyze the effect of cohesive strength of
the grains/grain boundaries on the activation of failure mechanisms and their influence on the

overall fracture toughness. A realistic AZ31 Mg microstructure is employed in the following studies.
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Fig. 3 Illustration of the competition between transgranular and intergranular fracture and its effect

on fracture toughness.

4.1. Effect of cohesive strength of grains

In this set of calculations, all grains have the same vyield  stress

o, = 150 MPa. @, =@, = 7.5 kd/m?* for both the grains and the grain boundaries. The maximum

cohesive strength along the grain boundaries is Too =350 MPa, and the cohesive strength in the
grains TS is systematically varied from 100 MPa to 575 MPa with an interval of 25 MPa.

As shown in Fig. 2, transgranular fracture is the only failure mode observedwhen TS =175 MPa.
As T2 increases, the crack starts to propagateintothe grain boundaries. Intergranular fracture
gradually becomes the dominated failure mode.

The competition between transgranular fracture and intergranular fracture is quantified in Fig. 3.



Here, L, /W and L, /W representthe proportions of transgranular fracture and intergranular

fracture, respectively. L/W , which is the sum of L, /W and L., /W, is defined as the crack
length multiplication factor & as in eqn. Error! Reference source not found..As illustrated in Fig.
11, TS, ~385 MPa corresponds to the intersection of the curve for L, /W and curve for L, /W .

This point indicates the transition from transgranular fracture dominance to intergranular fracture

dominance. Transgranular fracture is the dominant failure mode when TS <385 MPa as L /W is

always above L, /W . The trend reverses when T. > 385 MPa as intergranular fracture takes over

and becomes the dominated failure mode. The maximum J,. is reached at T. ~ 425 MParather

than at the transition point TS~ 385 MPa.

4.2. Effect of cohesive strength of grain boundaries T¢®

max

Conclusions from the above discussions indicate that T =425MPa can lead to the highest
J,.when TS is fixed at 350 MPa. In this set of calculations, TS is systematically varied from

100 MPa to 575 MPa with an interval of 25 MPa. TS2 /TS considered here spans from 0.24 to

max

1.35. o, = 150 MPa and @, =@, =7.5 kJ/m* for both the grains and the grain boundaries.

According to Fig. 4, both TS and T.> /T.  influence the activation of failure mechanisms and,
consequently, alter the material fracture resistance. As shown in Fig. 4(a), the change of fracture
from intergranulardominant modeto transgranular ~ dominant mode is observed as T.o. /T.,.
increases. Specifically, the crack primarily grows along the grain boundarieswhen
T2 /TS <0.5.Crack surfaces are created with relatively low level of plasticdissipation. When
05<TSE /TS <1, both transgranular and intergranular fracture are observed. Although grain

boundaries still serve as the damage initiation sites, microcracks which are initiated along the grain

boundaries tend to propagate into the neighboring grains, leading to more significant plastic



deformation. As shown in Fig. 4 (b), T>2 /TS ~1corresponds to the transitionfrom intergranular

dominated mode to transgranular dominated mode. This indicate that the corresponding TS0 is

around 425 MPa, which is exactly the prescribed TS . TS0 /TS >1 directs the crack to go through

max max

grains with a straightercrack trajectory. It is noted in Fig. 5 (b) that the highest J,. value is achieved

when L /W reaches its peak. The value of TS which corresponds to both peaks is approximately

400 MPa . This trend is in consistence with the result as shown in Fig. 3.
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Fig. 4 lllustration of (a) crack trajectory under various T2 /TS when T2 =415 MPa and (b) the

max

effect of competing failure mechanisms on fracture toughness.

5. Summary

A Cohesive Finite Element Method (CFEM) based multiscale computational framework is



developed to evaluate the effects of competing fracture mechanisms in ductile polycrystalline
microstructures. This framework allows the competition between material deformation and crack
formation as well as the competition between transgranular fracture and intergranular fracture to be
quantified by considering the effect of microstructuralattributesandconstituentbehavior. The focus is
on relating the microstructure to the macroscopic fracture toughness. The simplified material model
tracks the properties of the AZ31 Mg alloy. The fracture toughness is predicted by calculating the J-
integral. The semi-analytical model developed here allows energy dissipation in terms of bulk
plastic deformation and crack surface formation to be separately analyzed.Results suggest that the
best toughening effect is achieved withbalancedtransgranular and intergranuar fracture. This

requires refined grain size and balanced bonding strength in grains and grain boundaries.
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Persistence of Circulating Hepatitis C Virus Antigens Specific Immune Complexes
in Patients with Resolved HCV Infection
Ke-Qin Hu, MD and Wei Cui, MD
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ABSTRACT

Background.Our recent study indicated possible presence of detectable hepatitis C virus antigens
(HCV-Ags) after denaturation of sera with resolved HCV (R-HCV) infection. The present study
determined and characterized persistent HCV-Ags specific immune complexes (ICs) in these
patients.

Methods.Sixty-eight sera with R-HCV and 34 with viremic HCV (V-HCV) infection were tested
for free and IC-bound HCV-Ags using HCV-Ags enzyme immunoassay (EIA), the presence of
HCV-Agspecific ICs by immunoprecipitation and Western blot (IP-WB), HCV-ICs containing HCV
virions using IP and HCV RNA RT PCR, and correlation of HCV-ICs to clinical presentation in
these patients.

Results.Using HCV-Ags EIA, we found 57.4% of sera with R-HCV infection were tested positive
for bound, but not free HCV-Ags. Using pooled, or individual anti-HCV E1/E2, cAg, NS3, NS4b
and/or NSb5a to precipitate HCV-specific-Ags, we confirmed persistent HCV-Ags ICs specific to
various HCV structural and non-structural proteins not only in V-HCV infection, but also R-HCV
infection. Using IP and HCV RNA PCR, we then confirmed the presence of HCV virions within
circulating ICs in V-HCV, but not R-HCV sera. Multivariable analysis indicated significant and
independent associations of persistent circulating HCV-Ags specific ICs with both age and presence
of cirrhosis in patients with R-HCV infection.

Conclusions.Various HCV-Ag specific ICs, but not virions, persist in 57.4% of patients who had
spontaneous or treatment-induced HCV clearance for 6 months to 20 years. These findings enriched
our knowledge on HCV pathogenesis, and support further study on its long-term clinical relevance,

such as extrahepatic manifestation, transfusion medicine, and hepatocarcinogenesis.

Key words HCV: hepatitis C virus; HCV infection; HCV-Ags: hepatitis C virus antigens; HCVCcAQ:
HCV core antigen; HCV ICs: HCV immune complexes
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Introduction

Hepatitis C virus (HCV) infection affects approximately 115 million people worldwide, that
can cause chronic hepatitis C (CHC), cirrhosis, and be associated with development of
hepatocellular carcinoma (HCC) (1-3). Direct acting antiviral HCV treatments are highly safe and
effective, and have significantly increased the frequency of cures for HCV infections (4, 5). Studies
have demonstrated sustained virologic response (SVR) is durable and associated with improved
outcomes (6).

HCYV replication includes cleavage of a large protein precursor to several HCV structural and
non-structural (NS) proteins (7). Studies have demonstrated that HCV proteins may form immune
complexes (ICs) with the corresponding antibodies produced by host immune response. These
HCV-specific ICs could be detectable during viremic HCV infection (V-HCV) and possibly
involved in the pathogenesis of HCV-related extrahepatic manifestations, such as
glomerulonephritis, cryoglobulinemia, and response to IFN-based HCV treatment (8-14).
Dissociation of HCV-core from ICs has also been reported to increase the sensitivity of HCVcAg
test (15). However, most of these studies either tested ICs containing HCV virions, 1Cs containing
HCV core or uncharacterized HCV ICs (8-15). It remains unknown if the circulating ICs containing
other HCV-Ags are present during HCV infection, and if HCV-Ag-specific ICs persist after
spontaneous or treatment-induced resolution of HCV infection.

Recently, we developed a novel, highly sensitive HCV-Ags enzyme immunoassay (HCV-
Ags EIA, or EIA) (16, 17). While using our EIA to test the sera from patients with resovled HCV
(R-HCV) infection, we discovered that denaturation of R-HCV serum samples in some cases
resulted in positive HCV-Ags EIA tests, like those with V-HCV infections. This prompted our
investigation to determine if the positive results in the R-HCV individuals were false positives or
due to persistence of HCV-Ag-specific ICs. In the present study, our results demonstrated
persistence of various HCV-Ag-specific ICs in the sera of some R-HCV patients, despite lacking
HCV viremia for many years. The HCV-Ag-specific ICs in R-HCV infection were characterized,
and multivariate analysis identified significant associations between persistent HCV-Ag-specific ICs
and clinical and virologic aspects in R-HCV individuals.

Patients and Methods

Serum Specimens and Clinical Data Collection. The present study was approved by our
IRB. After obtaining informed consent, serum specimens were collected and stored at -80°C. A total
of 68 patients with either spontaneously (n=7), or treatment-induced (n=61) R-HCV infection, and
34 cases with V-HCV infection participated (Table 1). The definition of R-HCV infection required a
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clinical history of HCV infection, positive anti-HCV test and > 2 undetectable serum HCV RNA
RT-PCR tests performed 2-3 months apart. In 61 cases of treatment-induced R-HCV infection, the
mean duration of HCV clearance was 34.5 months (6-240 months) and 35 (51.4%) had clinical or
histological evidence of cirrhosis. In 57 cases with HCV genotype (GT) test, its distribution was:
GT1=34; and non-GT1=23 (Table 1). Clinical and laboratory data were also collected.

Anti-HCV testing was performed using the Architect Anti-HCV Assay, a
chemilluminescentmicroparticle immunoassay (CMIA, Abbott Laboratories, Abbott Park, IL).
Serum HCV RNA was quantitated using the Abbott RealTime HCV assay, which has a limit of 12
IU/mL for both the lower limit of detection limit and quantitation (Abbott Laboratories, Abbott Park,
IL) (16, 17).

Main Reagents and HCV-Ags EIA Assay. As previously reported, monoclonal antibodies
(mADbs) against HCV core antigen, NS3, NS4b and NS5a were produced in our laboratory with the
same specificity to commercial corresponding mAbs(16, 17). A highly sensitive and specific HCV-
Ags EIA assay was used to test serum pre-treated with denaturation or non-denaturation (16, 17).

Immunoprecipitation and  Western  Blot.As  previously  reported (16-18),
immunoprecipitation and Western blot (IP-WB) assay were performed to confirm the presence of
HCV-Ag-specific ICs and characterize their HCV-Ags. HCV-Ags binding to HCV-Ag-specific
mADbs were immunoprecipitated using anti-human 1gG. WB was then used to confirm the human
IgG bound to HCV-Ags. Additionally, IP was also used with anti-human 1gG to capture all HCV
components bound to human IgG in 2 mL serum specimens. HCV RNA RT PCR was then
performed on the precipitated components.

Statistical Analysis. Categorical data were expressed as percentages, and continuous data
were expressed as the mean and standard deviation. The student T test, Chi-square test, and logistic
regression correlation were used for statistical analyses using SPSS software. A p value < 0.05 was

considered significant.

Results

Presence of Bound HCV-Ags in Serum Specimens with V-HCV or R-HCV Infection.
When developing our HCV-Ags EIA assay, we found that serum denaturation before HCV-Ags EIA
resulted in unexpected positive tests in some patients with R-HCV infection (16). To further assess
whether this was due to false positive tests or persistence of HCV-Ags in ICs, HCV-Ags EIA was
used to test 34 patients with V-HCV infection and 68 patients with R-HCV infection (Tablel). All

34 sera with V-HCV infection were tested positive, with or without denaturation of the serum
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sample before testing. Serum denaturation also increased the EIA OD values in all V-HCV cases,
indicating that HCV-Ags were present in sera in both free and bound patterns in these patients.
Although none of 68 sera with R-HCV infection were tested positive for HCV-Ags using non-
denaturation method, 39 (57.4%) were tested positive for serum HCV-Ags EIA using sample
denaturation, including 35 cases with treatment-induced; and 4 cases with spontaneous HCV
clearance (Table 1). The necessity of the serum denaturation for detection of HCV-Ags in R-HCV
sera indicated that the HCV-Ags were bound, possibly within ICs, and not freely present in these
sera, as observed in V-HCV case (Tables 1 and 2).

Confirmation of HCV-specific-Ag ICs in Serum from R-HCV Infection. To further
assess ICs containing HCV-Ags, the IP-WB assay was used to determine if the HCV-Ags detected
by HCV-Ags EIA in those serum specimens were HCV-Ag specific and contained within ICs. A
pool of mADbs specific for HCV core, NS3, NS4b, and NS5a Ags were used to immunoprecipitate all
HCV-Ags present in eight serum specimens, followed by WB assay using anti-human 1gG antibody.
As shown in Figure 1, human IgG (150 KD) bound specifically to HCV-Ags was detectable in cases
with V-HCV infection (panels 1-2, positive controls) and with R-HCV infection (panels 4-8), but
were not detected in the control serum from an individual without HCV infection (panel 3, negative
control). It should be noted that panels 7-8 had R-HCV infection, and tested negative for serum
HCV-Ags EIA, indicating that IP-WB might be more sensitive for detecting HCV-ICs than the
serum HCV-Ags EIA. These results confirmed the presence of the HCV-Ags specifically bound to
IgG. Thus, HCV-Ags-specific ICs are present in the serum specimens of patients not only with V-
HCV infection, but also some cases with R-HCV infection (Table 2). These findings also provided
further support to our above observation that the denaturation of serum releases HCV-Ags
sequestered or bound within ICs for detection using our HCV-Ags EIA.

We then assessed if these HCV-Ags-specific ICs contained all 4 HCV-Ags, using single
mADb against HCV core, NS3, NS4b, or NS5a Ag in the IP-WB assay of the same 8 samples. As
shown in Figure 2, using the IP-WB assay, we demonstrated the presence of human IgG (150 KD)
specifically bound to each of the 4 individual HCV-Ags (HCV core, NS3, NS4b, and NS5a) in cases
with V-HCV infection (panels 1-2) and cases with R-HCV infection (panels 4-8). The results were
negative in the individual without prior HCV infection (panel 3). Thus, each of the individual HCV
core, NS3, NS4b, and NS5a Ag-specific HCV-ICs is present in serum specimens in some cases with
R-HCV infection without HCV replication.

In addition to HCV core, NS3, NS4b, and NS5a Ag-containing HCV ICs, HCV E1- and E2

Ag-specific ICs were also detectable in all specimens from patients with V-HCV infection (cases 1
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and 2) and R-HCV infection (cases 4-8), but not in the control case 3 without HCV infection (data
not shown).

HCV-IC Containing Virions in Serum Specimens with V-HCV, but not R-HCV
Infection. Since almost all HCV structural and NS proteins were detected in cases with R-HCV
infection, we questioned whether complete HCV virions were bound within HCV-specific ICs. To
detect HCV RNA, a surrogate for HCV virions, within ICs, HCV RNA RT PCR was performed on
the 1gG immunoprecipitates from 2ml of the sera in 12 cases: 2 negative controls without prior HCV
infection, 2 with V-HCV infection, 4 with R-HCV infection and positive HCV-Ags EIA test results,
and 4 with R-HCV infection and negative HCV-Ags EIA test results. HCV RNA was positive in
both cases with V-HCV infection, but undetectable in the sera of the controls without prior HCV
infection, and in all 8 serum isolates with R-HCV infection, regardless of the result of the serum
HCV-Ags EIA. Thus, HCV virions are bound within ICs in V-HCV infection, but not in R-HCV
infection (Table 2).

Persistent HCV ICs and Clinical Presentation in Patients with R-HCV Infection. To
assess the clinical relevance of the HCV ICs in cases with R-HCV infection, we compared 11
clinical and laboratory variables in cases with vs. without detectable serum HCV-Ags-specific ICs.
As summarized in Table 3, multivariable analysis with multimominal regression showed significant
associations of persistence of HCV ICs with age and presence of cirrhosis in cases with R-HCV
infection, independently to race and HCV GT. It should be noted that only 1 of 13 cases had pre-
treatment cryoglobulins; thus, cryoglobulinemia was not included in the above analysis.

Discussion

Circulating HCV-specific ICs have been demonstrated in patients with V-HCV infection that
might be associated with HCV-related extrahepatic manifestations and negative impact to the
efficiency of IFN treatment (8-14). It remains largely unknown what HCV protein(s) could form
HCV ICs, how frequent, and how long these HCV ICs after HCV clearance, and how those HCV
ICs are associated with HCV RNA and the clinical presentation, extrahepatic manifestations, and the
related pathogenesis.

Recently, in the course of developing our HCV-Ags EIA, we found that denaturation of the
sera resulted in detection of HCV-Ags not only in those with V-HCV infection, but also in 51.4% of
the patients with R-HCV infection (16). These data not only indicated the possible presence of
HCV-Ags in R-HCV infection, but also prompted us to pursue the present study to further address

this novel discovery.
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First, using HCV-Ags EIA with sera non-denaturation and denaturation, HCV-Ags were
detectable in all 34 sera from patients with V-infection, and sera denaturation further increased
HCV-Ags signals in all the cases, indicating the presence of both free and bound HCV-Ags during
V-HCV infection. On the other hand, using the same HCV-Ags EIA and sera non-denaturation
method, none of the 68 tested serum specimens from R-HCV infection had detectable HCV-Ags, ie,
no free HCV-Ags in these patients. However, consistent to our preliminary studies (16), in 57.4% of
those 68 sera, HCV-Ags were detectable after the sera denaturation, indicating presence of HCV-
Ags in bound, but not free pattern in these patients.

Using IP-WB with pooled antibodies to HCVcAg, NS3, NS4b and NS5a to
immunoprecipitate HCV-Ags, followed by anti-human 1gG detection, we confirmed the positive
HCV-Ags EIA signal was not only HCV-specific, but also human IgG bound, ie, HCV-Ag-specific
ICs, in R-HCV as well as V-HCV infection. To define the feature of HCV-specific ICs, the same
sera were further tested by the same IP-WB, but using each single HCV mAb to immunoprecipitate
the corresponsive individual HCV-specific IC. For the first time, we demonstrated the simultaneous
presence of HCVcAg, E1/E2, NS3, NS4b, and NS5a specific HCV ICs in the serum specimens with
R-HCV infection as well as V-HCV infection. Furthermore, these HCV-ICs could be persistent for
as long as 20 years after HCV clearance.

These results, together with the HCV-Ags EIA findings that serum denaturation could
further increase HCV-Ags signals in V-HCV infected sera, indicated that both free and bound HCV-
Ags, ie HCV ICs are present in patients with V-HCV infection. On the other hand, the need of sera
denaturation for positive HCV-Ags EIA testing results and the presence of HCV ICs by IP-WB
assay in some of the sera from R-HCV infection confirmed the persistence of only bound or
sequestered (ie, 1Cs), but not free HCV-Ags, in these patients with R-HCV infection.

It should be noted that using IP-WB assay, HCV-specific ICs could be detectable in serum
specimens with negative HCV-Ags EIA results, indicating IP-WB is more sensitive than HCV-Ags
EIA in identifying bound HCV-Ags. Thus, it is possible that the actual incidence of persistent
circulating HCV ICs during R-HCV infection could be higher than 57.4% as determined by HCV-
Ags EIA, if IP-WB assay is employed.

One study reported that HCV RNA could be detectable in sera or peripheral blood
mononuclear cells after HCV clearance (19). Having demonstrated the persistence of various HCV
ICs in R-HCV infection, we then assessed whether HCV virions could also be present in these
HCV-specific ICs that might be undetectable by routine serum HCV RNA PCR assay. Using anti-

human IgG to immunoprecipitate all 1gG bound components from sera, then sensitive HCV RNA
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RT PCR (lowest detection limit of 12 IU/mL), 2 cases with V-HCV infection were tested positive
and 2 other cases never had HCV infection were negative for HCV RNA. However, none were
tested positive for HCV RNA from all 8 sera with R-HCV infection (4 with positive and 4 with
negative HCV-Ags EIA test results). Although the sample size was small, our data indicated only
HCV virion-free I1Cs persist during R-HCV infection.

Taken together, for the first time, we demonstrated persistence of circulating HCV-specific
ICs related to almost all HCV proteins in patients with R-HCV infection, ie, 6 months to 20 years
after spontaneous or treatment-induced HCV clearance. Additionally, we also demonstrated that the
profile of HCV-Ag ICs can be different depending on HCV infection status. That is in V-HCV
infection, both types of HCV-Ags-specific ICs, virion-free and virion-containing, are present;
whereas, during R-HCV infection, only virion-free, but not virion-containing HCV-Ags-specific 1Cs
are present.

To determine the clinical relevance of persistent circulating HCV-Ag-specific ICs in patients
with R-HCV infection, we performed further comparative studies. We found in 11 clinical variables
summarized in Table 3, the persistence of HCV-Ags-specific ICs were significantly associated with
age and presence of cirrhosis in patients with R-HCV infection, independent to race and HCV GT.
However, it should be noted that such conclusion was based on analysis of a small sample cohort.

Clearly, the clinical relevance of persistent HCV-Ags specific ICs after HCV clearance
remains to be determined by further studies using large sample size, preferably including those with
history of cryoglobulinemia and other extrahepatic manifestations. The results of the present study
also provides rationale to further study if persistent and what kind of subtype of HCV-Ags specific
IC could be involved in risks of HCV trans mission in transfusion medicine, hepatocarcinogenesis,
and HCC development after spontaneous or treatment-induced sustained clearance of HCV infection,
ie, SVR.
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Tablel. Baseline Characteristics and Serum HCV-Ags EIA Test Results

Variables V-HCV Infection R-HCV Infection

Case number 34 68

Mean age 59.8 (19-84) 59.2 (19-85)

Males: females 15:19 35:33

Race (White, Asian, Hispanic, 15:13:2:4 32:21:10:4

Others)

Anti-HCV+ 34 (100%) 69 (100%)

Mean HCV RNA (log IU/mL) 5.53 (4-7) All undetectable

HCV GT1 vs. non-1 22 vs. 12 (64.7 vs. 34 vs. 23 (59.6% vs.
35.3%) 40.4%)

Cirrhosis 15 (44.1%) 35 (51.5%)

Mean HCV clearance (moths) N/A 34.5 (3-240)

H/o of HCV Rx 0 (0%) 61 (89.7%)

HCV-Ags EIA+ by non- 34 (100%) 0 (0%)

denaturation

HCV-Ags EIA+ by denaturation | 34 (100%) 39 (57.4)

N/A: not applicable
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Table 2. The Presence of VVarious HCV Componentsin Sera with V-HCV Vs. R-HCV Infection

HCV Component in Serum
Specimens

V-HCV Infection

R-HCV Infection

Methods Used to Confirm

Free HCV-Ags

Bound HCV-Ags
Virion-free HCV-Ags ICs
Virion-containing HCV-Ags ICs

Yes

Yes
Yes
Yes

No

Yes
Yes
No

HCV-Ags EIA without

denaturation

HCV-Ags EIA with denaturation

IP-WB

IP-HCV RT RNA PCR

Table 3. Univariate and Multivariate Analysis for Serum HCV-ICs and Clinical Variables

Variables

Age (S vs. > 50 yrs)
Gender (M vs. F)
Race: White
Asian
Hispanic
Others
HCV genotype (1 vs. Non-1)
Cirrhosis (no vs. yes)
HCV Rx history (no vs. yes)
Rx Regimen (INF-based vs. DAA)*
HCYV clearance (< 12 vs. >12 mons)

Post-Rx ALT (< 40 vs. > 40 TU)**

Post-Rx AST > 40 |U***

68
68
21
32
10

57
39
68
61
61
67

67

Positive HCV ICs (%)

16 (41.0) vs
20 (57.1) vs
14 (66.7)
16 (50.0)

9 (90.0)

0 (0.0)
22 (64.7) vs
22 (66.7) vs

4 (57.1) vs
20 (62.5) vs
18 (58.1) vs
32 (64.0) vs

30 (62.5) vs

. 23 (59.0)
.19 (57.4)

.10 (43.5)
.17 (48.6)
.35 (57.4)
.15 (51.7)
.17 (56.7)
.7 (41.2)

.9 (47.4)

Univariable
Analysis

P value

0.39

0.97

0.01

0.11
0.13
0.99
0.69
0.91
0.99

0.26

Multivariabl
e Analysis

P value

0.025

0.262

0.25
0.003
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*INF-based vs. DAA: interferon-based regimens vs. direct antiviral agents; **Post-Rx ALT: ALT
level after HCV treatment and at the time of sample collection; ***Post-Rx AST > 40 IU: ALT
level > 40 IU after HCV treatment and at the time of sample collection

Figure 1. HCV Specific Ags Bond to Human IgG (ie, HCV Specific 1Cs) Detected by Pooled
HCV Core, NS3, NS4b, or NS5a Antibodies in Sera with V-HCV Vs. R-HCV Infection. Panel 3,
serum from negative control; panels 1 and 2, sera from individuals with V-HCV infection; panels 4-
8, sera from individuals with R-HCV infection and positive HCV-Ags EIA (panels 4-6) or negative
HCV-Ags EIA results (panels 7-8).

Core-specific ICs

NS3-specific ICs

NS4b-specific ICs
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Figure 2.Serum HCV-Ags-specific 1Cs Detected by Individual HCV Core, NS3, NS4b, or NS5a
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Antibody and IP-WB from V-HCV Vs. R-HCV Infection. Panel 3, serum from negative control;
panels 1 and 2, sera from individuals with V-HCV infection; panels 4-8, sera from individuals with
R-HCV infection and positive HCV-Ags EIA (panels 4-6) or negative HCV-Ags EIA results (panels
7-8). Raw 1, HCV core specific ICs; raw 2, HCV NS3 specific ICs; raw 3, HCV NS4b specific ICs;
and raw 4, HCV NSba specific ICs.
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Abstract: Objective To investigate whether Lactobacillus rhamnosus GG conditioned medium

(LGG-CM ) has preventive effect against E. coli K1-induced neuropathogenicity in vitro via
inhibit NF-«B signaling pathway. Methods Thein vitro blood-brain barrier (BBB) model was
constructed by human brain microvascular endothelial cell (HBMEC). Effect of LGG-CM on E.
coli-actived NF-xB signaling pathway was determined using Western blotting. Invasion assay and
polymorphonuclear leukocyte (PMN) transmigration assay were performed to explore whether
LGG-CM could inhibit E. coli invasion and PMN transmigration across the BBB in vitro.
Expressions of ZO-1 and CD44 were detected using Western blotting and immunofluorescence.
Changes of trans-epithelial electric resistance (TEER) and bacterial translocation were determined
to evaluate the BBB permeability. Results Pre-treament with LGG-CM inhibited E. coli-activated
NF-xB signaling pathway in HBMEC, and, thereby decreased the invasion of E. coli K1 as well as
transmigration of PMN. Western blotting shown that LGG-CM could alleviate E. coli-induced up-
regulation of CD44 and down-regulation of ZO-1 expressions in HBMEC. Moreover, pre-treatment
with LGG-CM could alleviate E. coli K1-induced reduction of TEER as well as decrease bacterial
translocation across the BBB in vitro. Conclusion LGG-CM can block E. coli-induced activation of
NF-«xB signaling pathway, and thereby prevent E. coli K1-induced neuropathogenicity by
decreasing E. coli K1 invasion rates and PMN transmigration.
Keywords: Lactobacillus rhamnosus GG conditioned medium, Blood-brain barrier, Human brain

microvascular endothelial cell, E. coli K1, NF-xB
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Xf1<30kDaZl 7y, >30kDaZtl 73 SE e B EANHIE. coli KIIRZEHBMEC. ik, FEAHIFH,
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BT AT 1S538 254 I >30kDaZH 77

1.2.2 R4 40 R 2R 525

HBMECH#: At T-24fLIR 5 9%, FrAifiC& )5, 728597, FIPBSIEYE3IR, #HLGG-CM
H5XMAEREFRELARKRIREG, MEMDO T ILALRHA: 05% (5:1000) . 1%
(10:1000) . 2% (20:1000) , BFHEINEL. H EIHEAFLNG, FEFLFIALX10" BF
JE AT (colony formation unit, CFUD [KJE. coli K1, f#/#& & % (multiplicity of infection,
MO i5#]100:1. 37°C, 5%CO ;748 T ILAFEF 1.5 ho HPBSIE R4 =, HIIAEH
100 pg/mlKKEZRMREFRAEL, 37°C, 5% COFFH W E 1h, DIRILAfsM N . FEHPBS
TBEYE3IK, TIA100 plf)0.5% tritonx-100. B TH:77F8H ARS8, SLEDINAT100 plZEf#K &
1B REWRAT I, W N R AR, B AR S IR BT MR TR R (R N AR 4T
PR AN 2 1 £ x100%, B 3URHCTFME, LU ELE. coli K1419100%, i SRR Z%

1.2.3 PMNZHHIER L5

HU N &b A 1 23 10ml, 4% Polymorphprep A 14 ¥ 40 A 43 &5 Wk B 35 43 &5 o M % 41 il
(polymorphonuclear granulocyte, PMN). KHBMECH#:Fh T Transwell/h= L2, fr4ifiC & )5
A KO R AT fE8scit. W E R4l E. coli KI41F12% LGG-CM+E. coli K1=41, 4l
7 HINPBSHi2% LGG-CMTAL B/ o 85 ) T = in A 2x10° CFUIJE. coli K14b2E2h,
Ff ) B Z A N 1x10° A~PMNAL #R4h, 55 B Transwell & 2 55 780 LBk THECHOH 20T 78 22
TEFIPMNE & .

1.2.4 GBI Z 4 Z0-1, CD44RIp65% AKIRIE

iy 2Han1.2.3, KRR IR TefLi . M E s, AAEUI, REIE
R EAH H A% B 1 B MR AR . BCLOp AR k5 (AR 1 AT AR T Rk . DU B A T R AR
1, A% EPVDFE . SR )5 H5%MiE ok 3t A 1h, 20 mlin A #$iZO-1. CD44. p65 X% B-
actinfifk, 4°CHEEIIH . HIRE ANYBERICH =10 5 1h, TBSTH =K, EHLIL%E
FHERRILE.
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1.2.5 B8 A B2 4 it v RELAS: 91

FHBMECTH AL AR E Transwell L%, TP IIAIMIERFRE, FF40M0C &5 k8K
4K, FHEEN 4N (transendothelial electrical resistance, TEER) 44 41 I A 5 i () 5¢
M, SIS AR RSB 1.2.1, I 1x108 CFURIE. coli K1F-Transwell [ & 4L 40 i .
R IR IEE0. 1y 24 3+ 4. S5/ FHEVOM2 HL BRI I TEERE, 75 i A% 4% BB 13
SR T B L PEAE, PR fb i 2k . fE285 hillTranswell N2 78RR, 115 N2

1.2.6 BERNCHARN Z AR Z0-15F AT E KA

Sy IR11.2.3, MFRTESS, MIANA%Z I [ E 105080, 55 A, TilA PBSTIA
Pe3k, HIAN200 uld AW (45% BSAMIPBST) =i E2 h, 3 L& MBIMNAL00 ulFbt
ZO-1HiAFRRER, 4°CFE LR . 85 A MPBSTIEYE3IR, I\ Alexa Fluor 4884 1) —
PURERE, IR E 1h, 35 0, PBSTIHEVE3R. WIFMAL0 pg/ml K40 IA% 5t G
KEIDAPIF & 10min, F 26 BB M5 Z0-18 1 1501 -

1.2.7 G+ %A
FHSPSS 2004k {4 Xt fir G £ it AT IR R 07 22 40T GEih-Sudi B R S B thn o 2 1o
PAP<0.05iA N2 J 4 A St 5 o

2858
2.1 LGG-CMBEBHIHIE. coli K1BIENF-Bi&E ¥

YL SZ AR SCAN SR R RS, T SENF-«BIE S, 71k 1 p65 ] M2 o 5 E N 40 fl % )
AFHRFER RIS B, A% ) p65it H & IE G N BINF-kBil B AL TR0 IR . S Bl
ISR RN (EI1A, B) « &E. coli KLAE G, 4Hfi%H rIp6s & i B3 hn, KHE.
coli K1A[ ¥ iHHBMECHINF-«kBiE % . LGG-CMTALERGEMS B 2 R HE. coli K15|#2 fI40 i t%
P65 [ EFH (**P<0.01), XEbgs BEIHLGGHI R 7= LiE M AT #IHIE. coli KLIEIENF-«xBE 5
W
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Fig.1 Effects of LGG-CM on E. coli-activted NF-«B pathway .**P<0.01,***P=0.000vs E. coli K1 .

2.2 LGG-CMTJH#IIE. coli KIfRZHBMEC

NF-«xBf ¥ 56 1l /3 JE 82 E. coli KLZZERPMNIERE, Kk, BATEEW I T LGG-
CMJE T ATHIHIE. coli KIf2Z2HBMEC. SLIG4i R R (E2) , BEELGG-CMIfR & &,
HIHIE. coli K1ZZEHIAE 758 (*P<0.05,**P<0.01,***P=0.000), 3 %5 5 5 71 & 4 #it
M
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K2 LGG-CMX*E. coli K1{2Z22HBMEC 521
Fig.2 Effects of LGG-CM oninvision of E. coli K1 to HBMEC.*P<0.05, **P<0.01, ***P=0.000 vs

control .

e
=
=

Relative invision(%s)

2.3 LGG-CM#IHIPMNIE# & T iHCD44RIFRE
PMNIE R 2 5l R VER B & BN R 2 —, Zi > FCDA4ZEPMNIL# K #2 /&
YT EEMEH., SRR BAEN T LGG-CMXPMNIT 2 A HBMEC H CD44 3% 3K [ 521 .
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PMNZH T 7 S0 45 A &3: % M4 % LGG-CM A FEZH PMNAE X 1T # % B B TE. coli K1
H (*P<0.05, ***P=0.000) . % %% ENiE2s R E R (E4A, B): X 40 & LGG-CM Ab 2 21
HBMECH]CD443k 1A & 2K TE. coli K121 (*P<0.05, **P<0.01).

g

100 -

=)
=
T

Relative PMN transmigration {%)
da (=)
= =
T T

[¥]
= =
T

K3 LGG-CM XIE. coli K15 SPMNIT 8 I 54
Fig.3 Effects of LGG-CM on E. coli-induced PMN transmigration.*P<0.05, **P<0.01vs E. coli K1 .
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Fig.4 Effects of LGG-CM on the expression of CD44 in HBMEC. A: Western blot analysis; B:

Quantitative analysis of relative expression of CD44.*P<0.05,**P<0.01 vs E. coli K1.

2.4 LGG-CMTATHIHIE. coli KMk IR A4} I i 57 i fr) 50 B

S5t HBMECH: 7 - Transwell b 25 AU AR S0 I fixi B BB RY, i iod Aar il TEERME A2 AL A1
Transwell T 2 41 B8 250 DA 36 I I B B 1 SE B8 M I 1 . SR04 RIS~ : LGG-CMAE
% WA S ORZZE. coli K152 TEERIE TR (**P<0.01, ***P=0.000), H A IEMKHiTE. B
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5 hFEBMKGBHRHEAE (K6) , H{LGG-CMIKJE N2% i, T 241k CFU I & &K
(*P<0.05).
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Fig.5 Effects of LGG-CM on TEER value in HBMEC. (**P<0.01, ***P=0.000vs control )

.Q

-T.‘
"

3.5

3
2.5
1.5

1
0.5

1]

\

Concentration of LGG-CM
K6 LGG-CMXfTranswell = 41 B CFU & I R2
Fig.6 Effects of LGG-CM on bacterial translocation. (*P<0.05vs control)
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2.5 LGG-CMTATHIHIE. coli KABRIA I ki 7 Rk Fry % 25 4

K T R AL S e e R R I P I A M, R 1 ZO- U H E A Y
BHZ . IR MZO-1I 3R IE N 437 5 5L i 5T LGG-CMJ2 75 RE S HIHIE. coli KX Ifi i B
B (RIIR o SR P o G 2 VIR % G 5 B AR WL 58 SR B R e iR 1 ZO- LI RIB R 40 AT, 45 2
®Wn (E7A, B) « RHE. coli K1RERE [F{RZO-1#93RE, 1 HILGG-CMTiiAb HE AE s 1]
E. coli KINZO-1EE KL (**P<0.05), HERIta R n (E7C) : E. coli KUKGLRER
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W BN ZO-145%), 4HMIA]ZO-140 A ta B HLINr 2400 5., 1 LGG-CMfE &3 I E. coli KL%t
ZO-1HIBEIAER .

K7 LGG-CMXFZO-1%K [ R IE IF2
Fig.7 Effects of LGG-CM on the expression of ZO-1 in HBMEC. A: Western blot analysis;
B:Quantitative analysis of relative ZO-1 expression. (**P<0.01, ***P=0.000vs control). C:

Immunofluorescence detection of ZO-1 (Original magnification: x400).
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AR A TR RIGIERE & RS M, SR, AN — ARG al e, a2k i etk —
BZBISE, ARGERRTE— Lo G sk B0 N KL A8 28 A vl 22 9 RS B ifoRe s 1, H e
FDA] A4 1FXof S8 D e AN 42 B0 R AR J LI A VR B Bk . 8 28 B _E0B U E y — Ml AR B Y
PR, FLARN T 25 B ORI 4. A W 7T R W LGG-CMAE PRI 2509 B A Ak S5
2 1 P 1 7 107 280 S ot /) BRVBE AR L G G-CMIAT LA ARG 3 e vz 90 R 446 5 B A% 5 s 4 R 1)
REDNREO, VP20 SRR T 28 A8 BB =W g A0 i AR R ol ik i - i 2l 5 1 16 A
B R T R i AT A AR T LA AR B 2 2 1 i A7 o223, SR H RTRIF A R I P i 2 A
R FH 0 th 2 AL s AR = B R T i, @I -k 51 R . EARR T, &
IR BLGG-CM ] BL3AF Fl T i 0 L85 N B 4 ML, H0FRIE. coli KLk HNF-«B A 538 2% 11
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W, HEE R O R N R A R FRATTIE A B GG-CM RS 8 4 1L % B 1 5 25 i 4 2 1
ZO-15%3k, MHIE. coli KX I fixi 5 B (AR IR . X et AT K BLGG-CM AT F - T AR I
E. coli K17 ) i ¢

NF-KB 3@ ¥ 1) 075 A2 41 BR 1 Ao 5 9% R AR I B AR AE 2 —, HAEAFE. coli K122
HBMEC J PMNIE#% % Jak if o 5 5 v 5 # T B BRI, p65 2k /2 2H FUNF-« B B8 R e i) 1.
PR —, MNF-KBIBES RSS20 P (fp65 8 B 2 E NAIMIAZ I AH B
FERFEPY, 5256 K% ILGG-CMAE WS BHITE. coli K15] & HIp65iZiEiz, M1 NF-kB#E i
RGO« FHPHFIR 282 KT B 2 I 0 57 B 0 NI P 19 1 2 AR 129) . AR Sz v A1 T3
i AR EE I _EiS AL ERAR L, K ILLGG-CMEEHH S FFMIKE. coli K1{Z28HBMEC H B A E
KA. PMNZEAER—IEN TS|, REE R MINERRIMSRENZ AN, (IR 23 5] 408
R RE RS, BIRAINE R E RN . CD44EN—FE M T, N T IEM M RE A
A HEBEERPT, LR PILGG-CMAET N iHCDA4E [ 2735 M 5 ik I fisi 57 FEPMN R 3 &

AR5 PRy 5z 200 e L LR 55 8% 32 i A 1 2 S VP A i o o e B 0 i 1128 1 H
A 4038 B o 2B VA T DL ZE R i 3 o e 1 58 B0 31 ORI 5T R LB 5 LGG-CMIK JE T
TEER{A '~ B&1E 98 2% H Transwell 240 £ i 0.2 R %, RILGG-CM REFMIFIE. coli K1
BHCIR I oG J7 e, A A 45 L o ) s B P R R TR R R 1 — o 5 4 i ) 5 SR R M A O 1
B, MR R S AN A R, o ZO-18 2 — R AL 5 P R A
ERR M E AR, HARIE R 2 /0 5 Y R B e ARG S AR IR T
FORHEA, LGG-CMTALFELAL W] LAFIHIE. coli K1FAM#ZO-1E 1, TEER{E. NEMEEE K
B TR R ARG BT B T LGG-CMAS % 205 130 20 o J57 o 1) 5 46 1

gi bRTIR, AHTFRKPILGG-CM B8 JE T NF-w B B 0 20 1 1R 0 1 ¢ —IRAE
R HILGG-CMA B Ay TRy A6 7 4H B 4 i 5 98 24 i 77 . B2, LGG-CMor 2%,
) JES A2 MR o e 12 B o S A FH B RTIE AN TE 2 . O 2238 MLGG-CM 43 25 H P70 FI1PAS 1 i 2
H, RICENTERY WpiE 75 B A B e, X T RATE— S Mt A A BRI SR
Mo BZ, AL LGG-CMAE S 0 i 11 40 B P i 2 ¢ — FBCAUE R 4 R i, i o o 5
Y SR TRy 4 A P S 8 (R A RIS AW 9 3R W LG G-CMAT B2 J A (¥ N~ B e 2 410 1]
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BWIHE B X EVTURG/D BN SR NLRP3 S t/MaTE A 5
ERVES
BT
27 IR FZ LI LA Z el E 7%, )4 ) /510623

Abstract: Objective To explore whether vimentin (VIM) could mediate the activation of
inflammasome in mice with EV71 infection of the central nervous system. Methods
Thirty VIM knockout mice (VIM™, 3 to 5 days old) and 40 wildtype mice (WT, 3 to 5 days
old) were randomly divided into control group and infection group. The infection group
was intraperitoneal injected with EV71 (108TCID50/mice), while the control group was
intraperitoneal injected with PBS (10 w«L/mice). The general conditions of mice were
observed each day. Western blotting, ELISA, RT-PCR were used to measure the levels
of IL-15 and casepase-1 in brain or cerebro-spinal fluid. Furthermore, the pathological
changes in the cerebella and brain were observed using immunohistochemistry. Results
Compared with the control group, the VIM” mice infected with EV71 showed no
significant change inNLRP3, IL-15 and caspase-1 expression. While the WT mice
infected with EV71 showed obviously increased NLRP3, IL-1/, caspase-1 level in the
central nervous system, Furthermore, the neurons of VIM™ mice in the infection group
was damaged more minor than the same in WT mice. Conclusion We found that VIM
could mediate the activation of inflammasome in EV71 infected central nervous system
of mice as well as promote the brain inflammation and neuron damage.

Key wrods:EV71, vimentin, inflammasome, Central Nervous System

WaiE s EE 718 (Enterovirus 71, EV71) & —MIEMEHINEE, 25889 LF 20
o3 0T B A1 W e 28 1) L e . — T R A ) LR W B B ) X e 2 R G, Al
TG TR I 98 T G A R B 5T AR 1 BRI A5 AL, AN i R AR L 15 gk e R T 5 LS
Too H19744F 3 IRIRIE R, EVTUEG: CE 2 BRVEH A 51 8 2 AT g 2B, a4k
EV7LH 2 FVAT AR AR IX B BT, g 51 NI 2 H L B 5k 1 A e 2
R, ZRAETSGUTLIL, 15T LR .

PSR, ORI AT 7838 W AT G2 1R 0l 3R GEAE LA HR ARG 753 B AT ROE S N FY
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ARSI EEAER, 18 40 AT R R SRR, WOE RS SRR 1T S R AE N
B, NLRP3# PE/MA Cinflammasome) & 1 2 F 8 1 AL RN B2 A4, AR 5 18 97 JbE & IR -1
(caspase-1) F ¥ A i3k 177 2 i3k 20 o DX 7~ 1T 44 pro-1L- 1 B Al pro-1L-18 () 1) 1| s 24161, 7 [ 40 955
REV e RSP AN ILEEMER . Besh, B 7L R E NLRP3 4 P4 /N B8 1 77
caspase-1 K &t I 4N i £ 1~ (pyroptosis) , 75 5 40 B 7E 48 PE AN NS s B 461 R AE Tl )
I, AR IAELE T R T BIE E E (vimentin, VIMD T AENEV TR f 52440
0, T & E A3 NF-kBAE 58 S AE AR A2 R G R G (1 AR e AR O, am A
>k, Dos SGHEMIPHEFEIUE A T 12/ S R, VIMS S T 8O MRS . ¥
i, FAHEMAEEVTLUE R 2 R G IS, VIMA- SNLRP3 & M/ MAREGE, Ml
13k caspase-1 (17 A4 AT JEE Rl 7 IL- 1B IR, fe 2 5 S JRE S - S0 2H 2R 452 %3 F 4+ 2 JC A8
Too AWFREALEEVIUR G B A RN (Wildtype, WT) FIVIMEE R FELE (VIMT) N,
Y 452 9 Al I~ BT P 8 1 /DA 2807 2R 3 caspase- 13 16 T I - 1 BB T AR 475 150 LA B 4 48 70 %2 53 F R
JZ, DMRFTAEEVTUEGEN, VIMESN T 7 RAE/AIMERIHGE, I 51 ROE SR A fh 248
RGunt .

1 FHRERI 5 v

1.1 hkt

1115258209 3-5 HISVIMAGFR T B A= RISVI29 AL iR, K 2.5-3.09 (35 [E BN K 221542
L)L EE I e o e A )

1.1.2 EVTURER ) ML E B o0 556 5 4058 HRE T2 D0 8 LA BT 1Im PR 73 19 B
7%, RDAEEH fRAP.

1.1.3 FEERFA IL-1BELISAIRF & (DldevelopA ) , RIPAZAER (AbaidE B BAEMA
")) , caspase-1—#i (EiproteintechAF]) , BRA EHAYE bR C —PiGoat Anti-Mouse I1gG
(H+L) (b ME BB AR , TrizolidR] (HAEHEAYI AR , TransScript One-stepidfii%
A& (b e E&AF) , sybr premix ex taqll’é W€ Bk & (HAEHEED A
7D, % ENeuNFifk (Abcam) .

WIGE RRT-PCRIICH| Wt Bl AE T AR BOHE R, A&
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#1 ROUERERT-PCRIK T Y P51

Tab.1 The primer sequences of fluorescence quantitative PCR

HL A 1596 S8

Caspase- 5’-TGCCGTGGAGAGAAACAA- 5-ATGAAAAGTGAGCCCCTG-

1 3 3

IL-1B 5'- 5'-
CCTCGTGCTGTCGGACCCATA- CAGGCTTGTGCTCTGCTTGTG
3 A-3

[-actin 5’- 5’-
AGCCTTCCTTCTTGGGTATGG- CCTGTCAGCAATGCCTGGGTA
3 -3

1.1.4 ZENRH X mEE O (EEThermo AT , F T4 Western blot kI ( LiEFES
AEYAFD , Beckmand2-MCia g A4 B 0L (£ EBeckmana®]) , # B ZHEIMI-Z (H
AREMEHEE T , K% TFRT (EESatoriusAFD , HEVIAHL (LERREE
PR A ®IRM2016) , LightCycler963iny 5% & #PCRIX (i L% RAF]D

1.2 HiE

1.2.1 EVTIREFR WA b)) T L BE B b0 256 55 TAE N G2 s B 34y BH 1 MR 48 b A ik
FTIf IR IR BEVTLRE . W T IRAF AR AN 220,45 pm it 8 253 1 I8 J5 BR 200 plisk (R A7 i Fp T
SRR ZRDAE A6 b, IR EEFLMBIMEX AL, £ A BRI N 37°C, A
FE A I35 B 20 M 3 R AT 55 7% K P 15 B AU W A AR A 12 11 o T 2 A B A8 2
AT 55— AR IR B I R LS SR A 3R R BRAT G B0, B S AR N — AR 30

==
Lfo

1.2.2 /NRER IR 5 I A 3-5 7K F = DAt B B AN AR AL B, B3 A EVTLIR G4 AN
PBSES X IEZH . G2 /N BRAE iR 5510 w5 1x108TCIDSO i B vk, Xof 8 2L J fs 3 A
10 plJCHPBS. MER— AT [A], Y2/ R LB A « A U/ I A AR5 S5 tR i
SCEE BT A /)N B 2EL 3 R0 i YA A A
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1.2.3 ELISARTHI /IS Ui 2L 23R R 5 v | L-1B R AL KA OB A 1) /) B 19% 1 B2 bE 22 A R
WE, FTIFMaRE, MOEA O AR TCRPBS HEATHEE, 1hk MR IG PR 2 G5 P4 A i3 11 197K
T FTIF LR, WU A 2L, PR, JRIRIE T HER BN L EPBSH . WU A
(Cerebrospinal fluid, CSF) TTLHEPE H, -80°CIRfF. 1% ELISARFI& (DldevelopA#])
HER AP IRBEATHRAE, AU IL-1BIR k7K

1.2.4 Western Blot BN ZY, #2 M A G SR E P IRIE A 2 H, BCAE R
WAWEE, 55xSDS PAGE FFREZE MRS, 100°CH#SG M4t . BU50 pg#E R M T12% SDS-
PAGE fig ¥k . J& HL 5% = PVDF i, JH 4 5% il fig @3 4% (0 TBST & W & 11 — /NI, — it

(1:2000) W H, 4°Cik#i. PVDFEATBSTIEY: =6, =P (1:3000) ¥FH L/, FRIRIE
Pe= 5, R4 H3 RO i R Gkl & E 4T

1.2.5 R EEPCRIZ I H L L RNATE R UL B HHE IARNA. £ TransScript One-stepi¥i % 5%
TR & U B A5 10 3% S N eDNA, PCRIR M : 95°C AL #4104y s 95°C15#), 60°C15%),
68°C20FPA0NMEIAY 45 95°C10%P, 65°C15341, 97°CIFPfif%E; 37°C30#0¥#1.  LUB-actinly
WS, MXFRIEE=224% ACt=H EFEFHCHE-N SR FHICHE, AACE=3L5HACEH-XT
HZHACt,

1.2.6 WEALTI T BURFR I /> BRI SUBNAR R B Ak P R AT, IR AT JaiBEst, CREph
7K e R A U2 AE —H 2R (xylene) #5120 min, EE3R. THIEHLEET60°CHE &
45 min, FEHEIR. KHLBOET A EA, G, BT UK EaeE e, #ikniRF: H
AR ALY, A E N4 pme U1 EF T40°CHIREFHLIEK b, BT s T3
FHG R, BT 60°CHAR LT RraKKE TR S B IR IR . G drfftx. 4
Mt mEfr, B B TUEALZUH THHE A .

1.2.7 AN KA Y) A BEEYE, MPGEEITHEBE .. SEAHER A RETPBS
(pH=7.4) PER3IK, TAN3%IL FM AW, BEOEHEE 25 min, Ky FXPBSHEER3IR. i
3% BSA, HA)E AN, =iEFMH30min. BRAT, AVH LREneLhik, 4°Ch
B EPBSIETR LR3I Jain —yiE 42, M E50 min, FRXPBSHESE3K. N
BRI FDABR (AR, BB TR AR R, FHEONRRE AR ZOER G, BKE R, &
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1.2.8 GiitZHr K HISPSS 16.040 i1k, %4 7 255 Al o K B R & 07 208 (4L 18] kb
BR HSNK-gf36) , K36 /K #E0=0.05.

245R
2.1 R EV 7 LRGeS BN A R P JORE M B ¥E AL

BANR— R, BUNRRCER, 2% BN EROEREAMTESELZE, HWestern
Blot 5 ELISAK M /I R 52 18 4% J5 #2222 48 H NLRP3 B L Ui 4 1 7= Caspase- 1 ATIL-1B1H)
ARl RETRCRICSFH G DL . 45 R AULE B A /)N BRUJBE L 4 i 8 VR 9 A 1 NLRP3 A
Caspase-1, HBEFA=/INUBGLALIL-1 81 & 2t B B i T R R o/ BUBR 4. (77P<0.05, i

D
A B
WT VM- 035 W s
PBS EVT1 PBS EVII bowr
0.3 -
NLEFP3: — ; 0.25 —
]
8 oz
e
- 0.15
—_ .
Caspase-1: - 0.1
0.05
0
PBS EVT1 PES EVT1
Isolates (10pL)

1 &4/ B A NLRP3, Caspase-1F11L- 18 &84k,
Fig.1 Release of NLRP3, Caspase-1 and IL-1p in WIM” and WT mice of each group. A: The
expression of NLRP3 and Caspase-1 in CSF of each group was detected by western blot; B:
Expression of IL-1p in CSF of each group was detected by ELISA, and compared with the VIM™"

group, the WT infection group was obviously increased (“"P<0.05).

2.2 /NN LR IE/ME T =) Caspase-1HIL-1p 5 VIMA K

PN R—FAZ G, BUNRMAL, RIMHLAEE AR, H Western Blot4 A il
Caspase-17&; [Aif i HELISAT A G I s 4L 23 P9 IL- 1B AR Fs, PRV IMIZE: PR s o A T A
A1/ R [f) Caspase-LANIL- 1B A i 2 5 ANl o G R 7R : VIMIERERRR /N BREVTLE GL2H A
PBSA LTG5, BAER/NREVIUR YA FPBSALLLEE, ksl 419 Caspase-1FIIL-1B
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SEWHETE CTP<0.05)  (E2).

A
WT VIML/- W i
PBS  EVI1  PBS Vil = g O wr
75 - i
g2
© 2
4 —_ o, 0.8
Caspase-l: o M Mo & 0% S -
5;2 0 R
5 2 04 [ [
- 'ﬂ | .
. ‘g ':: 02 4
("1 0 i |
PBS EV71 PBS EV71

Isolates (10uL)

0.9 4 O wr
0.8
0.7 A
0.6 -
0.5
0.4 A

0.3 A
0.2 4
0.1 1

o -

PBS EVT1 PBS EVT1

IL-1f in brain

Isolates (10pL)

K2 /N4 2y Caspase-1, IL-1PHIFRIE =
Fig.2 Expression of Caspase-1 and IL-1p in WIM™ and WT mice of each group, compared
with the VIM~ group, the WT infection group was obviously increased(™"P<0.05). A: The relative
expression of Caspase-1 in brain tissues was detected by western blot; B: Expression of IL-1B in

brain tissues of each group was detected by ELISA.

2.3 MNRIRALR R EFPIMRNAKIRIZEVIME %

W o3 BRI G — JE J5 1 /N B DL B PBS YA SRF (10 eF B 4 /[N R, IR 1) i 4 2 RNAA 2 3 3 S
RT-PCRIISE KB, A% THFARUNER, VIMIE PR #4241 ) Caspase-1 AT IL-1B I MRNA & & 5
ik (P<0.05) (K3, &2).
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22 /N AL R P YIMRNAK £ 15 5VIMA 5%

Tab.2 The expression of Caspase-1 and IL-1pis related to VIM in mice

2H 1) Caspase-1 mRNA IL-1p mRNA
VIM' 1.51+0.162 1.13+0.237
WT 2.87+0.202 3.37+0.616
4,703 3.39
P 0.0424 0.0275
 VIM-/
= 4 4 . 0 wr
dl - 3.5 1 *
B2 3 -
L,U E 2.5
gz 2
28 15 -
§ % g |
K 0
Caspase-1 IL-1B
Cytokines

K3 & 4H /N B 4 2R Caspase-1AT IL-1 B MRNA S & 451k
Fig.3 Expression of Caspase-1 and IL-13 mRNA in WIM”’ and WT mice of each group was
detected by RT-PCR.,the VIM~" mice infected with EV71 showed no significant change and the WT

infection group was increased("P<0.05).

2.4 VIMA 31 SRE M BOE T IR LR 4 # 2 To KB A5 15 0L

25X/ BRAR A SOE AIMAT AR I 2 J5 . AT IR AE RN BRA EVT LR G 5 AL e
JUA/NRAFIEES, T RIATH S AR I0 i — 55 8R0S LB 4/ BRTE R YEVT L J5 il
YTz BB S L. (5 RAEE Tl L, SPiik et )5 v & onal i 2AR 0, M R 5 Y
A UG A e A MR A SR, I IR RV MR, 75 B 2% B BT A R 22 a4 e B
®%, MEE, Zimage JAHMITHECRAR T R, EIRSLIG /N BRI A gE A= kb, H
B DR B S B 2H /N BR AP 8 T A R AR G B B T BF AR SR 4 (p<0.05) ,  (WnEl4) .
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K4 JRILEVTLG &2 /N BRI B o 22 76 i 45 1 15 10 1
Fig.4 Vimentin-mediated the damages of mice brain infected with EV71 were evaluated by
immunohistochemical staining (x400). A: WT mice infected with 1x108 TCIDso of EV71; B: VIM™-
mice infected with 1x108 TCID50 of EV71; C: Control group of mice treated with PBS ; D:
Counting the neurons in brain tissues by Image J software, the relative numbers of neurons in VIM™-

mice was more than the same in WT mice (p<0.05).

FRE I/ Bz J53 3\ EA S DAL R o 2 /) B /0N i g Jo i 48 e 4 i TR A8 e 2 28 N AL R
e, B A AL/ BN R 5T N B A B A AR AR T, RUEAIRIE SIS, AR 8o
B, VIMZEH RGN R S i E 5 Al B #E25, HE S TR A/ R
Pl (P<0.05) , (A5) .
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Fig.5 Vimentin-mediated the damages of cerebellar in EV71 infection mice was evaluated
by immunohistochemical staining (x400). A: WT mice were infected with 1x108 TCIDseof EV71; B:
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DIGITAL DIVIDES AND SOCIO-DEMOGRAPHIC FACTORS: A LONGITUDINAL

QUANTITATIVE STUDY OF INTERNET USERS IN U.S. FROM 2000 TO 2010

Peter H. Zhang, Ph.D.

Abstract

This research attempted to reveal the existence of digital divides, their relationships to users’ socio-

demographics, and the Internet adoption and usage patterns. It was a longitudinal investigation

targeted to the adults eighteen years or older in the household setting from the nation-wide surveys

conducted in the United States between 2000 and 2010. Digital divides were investigated in three

levels (dimensions): Internet access, usage (frequency), and scope (consequence). Six socio-

demographic characteristics were investigated: gender, age, education, income, occupation, and race.

This research showed that Internet access rates and usage increased consistently from 2000 to 2010.

However, the disparities in the Internet adoption and usage among the diverse Internet users were

still observed. Gaps by age, education, income, and occupation were ubiquitously prominent except

for gender and race; little difference was found between men and women for Internet access and

between whites and African-Americans for Internet usage and scope. The evolution of the digital

divides in Internet usage and scope were complicated because some gaps closed or opened

periodically from 2000 to 2010. This research showed that Internet access rate and usage were

negatively related to age but positively related to education and family income. The poorest, least

educated, old or least privileged people still lagged behind in Internet access, usage, and scope. It is
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too early to declare the battle against the digital divides won. The findings of this research call for

further education and training for the laggards to narrow the existing gaps.

Introduction to the Problem

The Internet is one of the most innovative technologies of the 21% century and has had an
explosive growth in the last twenty years both in the total number of Internet users and in online
activities. This technology was expected to transform society by reducing inequality and bridging
the gap between the rich and poor among countries or within a country. However, many researchers
have found that significant differences in Internet adoption occurred due to the degree of users’
background, interests, and skills (Dholakia, 2006; Dwivedi & Lal, 2007; Egea, Menéndez, &
Gonzélez, 2007; Taylor, Zhu, Dekkers, & Marshall, 2003). These researchers investigated these
issues and pointed out that socio-demographic traits were significantly associated with Internet
usage (Goldfarb & Prince, 2008). They emphasized that there were gaps in Internet access and
usage and further pointed out that the African-American and some minority groups, women, the
poor, less educated, low income, old, or people with less prestige professions did not get the full
advantages provided by Internet services (Hoffman & Novak 1996; White 1997). They emphasized
that the consequence of such disparity could be devastating and urged governments to subsidize the
disadvantaged groups to promote Internet access to the whole population.

In contrast to the claim of the existence of gaps and their looming effect, the opponents
contested the existence of a digital divide or its severity. Powell (2001) acknowledged that there
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might have been a gap for a short period of time before the ubiquitous spread of the Internet, but

claimed that such a gap was closing, and may have already disappeared. He argued that the

advocates of the imaginary digital divide used outdated surveys to support their positions and further

claimed that federal initiatives aimed at the elimination of a nonexistent divide were misdirected.

Picking up where Powell left off, Compaine (2001) declared that the war against the digital divide

had been won since any gap had been closing ahead of the impact of federal dollars into the system.

Powell and Compaine argued that any continued insistence of a digital divide issue was due to

stereotyping, mass media propaganda, and were therefore misleading.

The advocates of the digital divide rebutted the dispute by Powell (2001) and Compaine

(2001) and insisted that the digital divide issue was not just restricted to access, but that it also

involved a complicated and multifaceted phenomenon (DiMaggio & Hargittai, 2001; Min, 2010;

Selwyn, 2004; Yu, 2011). The advocates pointed out that having Internet access does not reflect the

frequency of the usage, and the usage of the Internet does not automatically convert into quality

usage (Bonfadelli, 2002). These advocates suggested that the investigation of the digital divide

should be approached in a more comprehensive manner (DiMaggio & Hargittai, 2001; 2004; Yu,

2011). Selwyn (2004) proposed that it would be more meaningful to combine the access, usage and

effectiveness of the Internet usage into the same investigation.

Obviously, there has been significant disagreement about whether the gaps in access and use

of the Internet exist, or whether they are decreasing across the whole population of the United States.
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Some researchers argued that eventually most people would be online, and no government

intervention was necessary to accomplish equal access and usage among the individuals (Compaine

2001). Others researchers emphasized the persistent differences of Internet adoption and usage

among various groups of the population (Dickard 2002) and the complicated digital divide issue.

These differences of opinions have shown that there is a need for a more systematic and

comprehensive investigation to confirm or deny the existence of the gaps in terms of the Internet

access, usage, and scope. It is also necessary to reveal if there have been any evolving trends in the

digital divide in recent years (Dholakia, 2006; Egea, et al., 2007).

This research offered an investigation of the digital divide at different levels, and examined

Internet adoption trends in the United States with a special emphasis on users’ socio-demographic

characteristics (age, gender, race, income, education, and occupation). This investigation to

determine whether or not the gaps have been closed was based on a ten-year series of nationwide

surveys that were conducted in the United States. Participants were adults who were eighteen years

old and over, and the surveys were completed in household settings.

This research was the first longitudinal investigation of the digital divide issues on a large

scale at multiple levels. Previous studies usually examined the digital divide issues on a smaller

scale and typically checked on a single level such as access, or usage, but not both. This research is

different and unique. Three dimensions of the digital divide phenomenon were examined: Internet

access, Internet usage, and Internet scope. The data targeted the whole US population and was
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obtained from randomly sampled surveys conducted in the period from 2000 to 2010. Several

quantitative analyses were applied to reveal the differences and trends from the vast amount of GSS

data. Six socio-demographic factors were simultaneously evaluated in the statistical models. The

whole research was considered on a large scale, and was more sophisticated and comprehensive than

previous studies. The research answered the following three questions:

1. Are there any patterns in Internet access, usages, and scope on the basis of socio-

demographic factors such as gender, age, race, education, income, and occupation?

2. Are there any evolving trends in Internet adoption, usage, and scope?

3. What are the major socio-demographic factors that influence the access, usage, and scope of

the Internet in household settings?

Six composite null hypotheses were proposed and subsequently tested using Chi-Squared tests or

ANOVA analyses:

Hq: There is no significant difference in Internet (a) access, (b) usage, and (c) scope based on

gender;

H2: There is no significant difference in Internet (a) access, (b) usage, and (c) scope based on

age;

Hs: There is no significant difference in Internet (a) access, (b) usage, and (c) scope based on

education level;

Ha: There is no significant difference in Internet (a) access, (b) usage, and (c) scope based on
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profession;

Hs: There is no significant difference in Internet (a) access, (b) usage, and (c) scope based on

family income;

He: There is no significant difference in Internet (a) access, (b) usage, and (c) scope based on

race,

The following discussion summarized the results and was organized by the research

questions and hypotheses to be answered:

Research Question 1

Are there any patterns in Internet adoption and usages on the basis of socio-demographic factors

such as age, gender, race, education, income, and occupation?

To answer this question, Chi-Squared test and ANOVA were performed to verify the six null

hypotheses in three facets of the digital divides. The rationale is that if one of the hypotheses is

rejected in that digital divide investigation, the difference (gap) is confirmed and the pattern can be

revealed. The findings from this research showed that significant differences existed, and digital

divides in all three levels were still opened for most socio-demographic factors.

Internet access divide.

As for the first level of the digital divide, the results show that the divide in Internet access

had not fundamentally changed in the ten year period from 2000 to 2010. Chi-Squared test

supported Hypotheses 1 (Hia) only but rejected the other five hypotheses, meaning that, except for
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gender, significant differences or patterns in Internet access were found in age, education, income,

occupation, and race categories.

Internet usage divide.

ANOVA results indicate that the digital divides in Internet usage remained open but with

some complex patterns. Basically, differences were found in age, education, occupation, and income

but not noticeable in gender and race. However, the differences (or patterns) were not as consistent

as those found in Internet access. In general, the poorest, the least educated, the old, or the least

privileged people still lag behind in Internet usage, but gender and race might no longer be

important in predicting Internet usage. As many researchers pointed out, the second level of the

digital divide will not close because it is a complicated and multi-layered phenomenon (Min, 2010).

To have Internet access is relatively easier, as the cost for the Internet has been reduced and many

subsidies have been provided by the government. To use the Internet to its maximum is another

issue, as motivation and attitude toward the Internet play a much more important role as predicted

by Technology Acceptance Model (Davis, 1993; Manuel & José, 2005). If the potential users cannot

perceive the value of the Internet, they will not take the full advantage. Such rational has been

proven to be true for the third digital divide discussed next.

Internet scope divide.

ANOVA results revealed that digital divides in Internet scope presented some complicated

patterns. The divides by gender, education, occupation, and income remained open for the whole
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investigated period without much change. The divide by age was not observed in 2000 but

developed thereafter and remained open. The divide by race was periodically opened and closed,

and then reopened. Because of the lack of data in GSS surveys after 2004, no further knowledge can

be obtained about the patterns at the present.

The results of this research suggest that younger, more educated, richer, or more privileged

Internet users were frequent visitors to websites related to study, work, and career. There was a

striking difference between men and women in Internet activities. Men were more interested in

websites for e-banking, e-government, e-learning, and e-library. The difference may derive from the

fact that women were historically unconcerned about or uncomfortable with those activities so that

they showed low interests on those websites. People with higher education were frequent visitors to

these websites too, and the gap in Internet scope mainly occurred between the users with a bachelor

or above and those without a bachelor degree. The gap of Internet scope by age groups and

generations existed, and the difference occurred mainly between the most senior age group (>70)

and the rest of the other age groups. The differences by occupation mainly occurred between those

with occupation score of 50 or above and those with occupation score below 50. This fact support

the previous studies that the Internet is useful in performing job related tasks, and people with higher

occupation prestige scores had more online skills and used the Internet for more beneficiary

purposes (Dwivedi & Lal, 2007). The disparity in Internet scope by income was persistent and

deteriorated with time. The differences mainly occurred between income levels of $75,000-$110,000
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or above, and income levels of $25,000-$50,000. Race did not significantly affect the index scores

of Internet scope, although Asians scored a little higher than other races.

In summary, people are not homogeneous; Internet users behave differently due to their

socio-demographic features as indicated by many previous studies (Egea, et al., 2007; Goldfarb &

Prince, 2008; Hargittai, 2002; J. Robinson & Martin, 2010). Such differences lead to the variations

in Internet access, usage, and scope. The long-debated disparities on Internet adoption and usage

among the diverse Internet users were still observed from this research. The result of this research

supports the advocates’ assertion that removing the digital divides needs more time and effort (Min,

2010).

Research Question 2

Are there any evolving trends in Internet adoption and usage?

The answer is positive, as revealed by monitoring the Internet access rates and weekly

usages of web and email in this longitudinal study. This research used ANOVA to evaluate the

magnitude of the evolving trends. The results show that the Internet adoption rates increased

significantly from 2000 to 2010, so as the length of online activities. Although there was an

increasing trend in Internet scope in the period (2000-2004) investigated, the magnitude, however,

was too small to be significant.

The percentage of people who had Internet access climbed from 59% in 2000 to 84% in

2010, while the percentage of non-Internet users dropped from 41% to 16%. Few people nowadays
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do not have Internet access because there are so many channels for them to get online; for example,

they can use desktop computers or mobile devices through wired or wireless networks. Thanks to

broadband connection and fixed rate billing cycles, there was an increasing trend of Internet usage,

from the mean use of 4.94 hours per week in 2000 to 7.89 hours in 2010. The index scores for

Internet scope crept up a little, but the magnitude was not significant statistically. Even though more

Internet users visited the websites that were beneficial to their social status, their habitual visiting

patterns remained unchanged for the period (2000-2004) investigated.

The influence of socio-demographic differences on Internet adoption and usage patterns also

showed some evolution. Gender and race factors became less important while age, education,

income, and occupation continued to be important for the diffusion of Internet technology into the

household environment. As a result, gaps by gender and race might have been closed, while gaps by

age, education, income, and occupation remained open. The results of the trend analysis suggest that

the poorest, the least educated, the old, or the least privileged people still lagged behind in reaping

the potential benefits provided by the Internet.

This research supports another aspect of Rogers’ diffusion of innovation theory, that is, as

for any new innovation, time is critical in allowing the innovation to infiltrate into the public domain

(Rogers, 1997). Rogers’ theory precisely portrayed the evolution of the Internet access and usage.

Internet access rate followed an S-shaped curve and seemed to have passed the critical point and

leveled off with much slower growth. In the course of Internet adoption and usage development,
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early adopters were those that were younger, educated, financially secure, or worked in high

occupation prestige jobs. Laggards were the aged or those with limited education and income. Most

people were between the two demographics and adopted or accepted the Internet after it became

popular. Obviously, some socio-demographic factors impacted more on the digital divides than the

others, as discussed in the next question.

Research Question 3

What are the major socio-demographic factors that influence the access, usage, and scope of the

Internet in household settings?

To best answer this question, regression analyses were applied to the data to find the

relationships and measure the strength between the dependent variable (Internet access, usage, scope)

and the independent variables (socio-demographic factors). The results show that age, education,

income, and profession were the major socio-demographic factors on the Internet divide. Internet

adoption and usage were negatively related to age but positively related to education, income, and

occupation. Gender had little effect on Internet access and usage except on the Internet scope. Race

had some influence on the access and usage in earlier years, but its magnitude diminished quickly

with time.

Specifically, age was negatively related to Internet access rate and usage due to the fact that

adults 55 or above were hesitant to adopt the Internet and reluctant to stay longer online. Education
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and family income were positively related to the access and usage of the Internet: adults with higher

education and income were more likely to have Internet access than those with less education and

income. Educated users were more interested in websites that offered positive results to their social

status. Wealthier Internet users visited websites that were finance related more frequently. Prestige

scores were usually positively correlated to Internet adoption rate and weekly usage. White and

Asian groups had higher Internet adoption rate too in earlier years. However, the strength of the

correlation by occupation and race were weak at the present time (2010). Gender was usually

negatively related to Internet adoption and usage: men were more willing than women to adopt the

Internet and to use it. The strength of such relationship was not strong and had little predicting

power for the adoption rate and online frequency. However, gender turned out to be an influential

factor with high predicting power for Internet scope. Men scored higher in the scope index, meaning

that they visited websites that were beneficial to their socio-economic status more frequently.

In summary, age, education, income, and occupation were more important to Internet

adoption and usage, which generally match the findings from the literature review (Egea, et al.,

2007). The findings from this research have some profound application and implications.

Limitations

The major limitations of this research are: (1) there are gaps in data that prevent a completed

longitudinal investigation, (2) the sampling might have overlooked some portions of the US

population due to language problems, and (3) not all factors were included in this digital divide

research.
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Recommendations

Future research is recommended to overcome some of the main limitations from this
research. It is necessary to further monitor and verify if the digital divide is opened and how Internet
adoption and usage are evolving among US users. The recommendations include adding new data,
new variables, new statistic tools, and new dimensions to the digital divide research.

In summary, the research on the digital divide is an ongoing effort that merits continuous
investigation and monitoring. The longitudinal study should be carried out with newly available data.
Other variables and statistical methods should be introduced into the research to broaden the
knowledge in this area. The nature and effect of the gaps on Internet access, usage, and scope need
to be fully understood. The benefits from the research are enormous, and the implications of its

results are profound.

Some tables and graphs are selected and illustrated here:

Web and Email Usage before Logarithms Conversion Web and Email Usage after Logarithms Conversion
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Figure 1. Distribution of Internet Usage Data before and after Logarithms Conversion
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Table 1. Model Summary of Regression Analysis of Internet Scope

Adjusted Std. Error _
GSS Year R R Square R Square _of F dfl.  df2 Sig. F
Estimate
2000 0.375 .140 132 5.549 15962 6 586 .000
2002 0.352 124 118 5.495 20.911 6 886 .000
2004 0.419 175 167 6.014 20367 6 575 .000
Table 2. Multivariate Regression on Internet Scope
GSS year Independent variables B SE B B t Sig.
2000 (Constant) 10.064 1.845 5.454 .000
Age -.028 .019 -.058 -1.450 .148
Education*** 671 .106 .281 6.344 .000
Income .000 .000 .026 .625 532
White and Asian .099 576 .007 172 .863
Sex** -1.266 462 -.106 -2.737 .006
Prestige Score** .483 .186 113 2.588 .010
2002 (Constant) 13.517 1.492 9.058 .000
Age* -.038 .015 -.084 -2.569 .010
Education** .455 .079 .202 5.735 .000
Income*** .000 .000 104 3.125 .002
White and Asian -.566 479 -.038 -1.182 .238
Sex*** -1.088 371 -.093 -2.935 .003
Prestige Score*** .586 149 139 3.929 .000
2004 (Constant) 15.677 2.226 7.042 .000
Age*** -.090 .018 -.193 -4.878 .000
Education*** 413 115 163 3.587 .000
Income*** .000 .000 116 2.720 .007
White and Asian 151 .650 .009 232 817
Sex*** -1.830 511 -.137 -3.584 .000
Prestige Score*** .817 .206 .183 3.965 .000

Note. *. p < .05, **. p < .01, ***, p < .001
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