HESHAERFSZTHIVESHR I ZHATERS BB A

pi |

T ¥ qaf

¥

g 3

gt

RIS 10384
¥ B 21620121152416

AR R
uDC

R

fiit

I VA e

ETEHKEEMAEARN | Bp4BmEin
A SR e NN ok Y pe N DEE KV

Development of an Enzyme-Linked Immunosorbent Spot

Assay to Measure S

Type

15 F AL
+ b g AR
I LR 2CH A
e LA B A

FALIRT B A

erum Neutralizing Antibodies against

I Herpes Simplex Virus

73
BN Bl
m i, & A
2015 4 05 A
2015 4 05 A
2015 ~F )2

EmEna L. BEME #Ex

T 5] A:
2015 4 05 H



BIIXFFAL R 814 A

AN 2K AR SOEA NAE T IR T F AL 58 s FU R -
ARNER GRS AN NS LRI TUCR, BE
H DLE =07 U R AR, AR S RIEAT (T TR AR FULE A A

e GlAT) ) .

Tk, ZEAAR IO O D TGE (D BT SO, SRS ¢ D
Rl () @fRoscie =M, £ ¢ ) LIETm. GeEE
55 WIS BB R 71 5T N B ie == A4 PR, RAT LIRS B P 2 1Y
AT PLAERF A 3.

PN (%) -

2015 % A H



BIIXRFEFALIEERE R FER

AR NIRRT AR e N RN ] 226 26 )8 AT St 70D
SN E DR B A FH LA 30, IR R 1T B BN IESE A
W3 CEFRAUR AR R » SOVFEEAIR SCHEN T 1R 24 R &
LA A 8 ) A ] o AR N R SR RS S S 1R ST N A [T
il = 2 R SO B B AT R R, A8 SR A RN 4 B
Zwiifi, SRASZEN. 48 En e Foe 7 NE B K A0t 3.

REALRSE T

( ) LA ETTRARE R R Wi B E IR AR S, T
FOH BAFE, PRGN AR

C N D 2AMRE, IEH ERERL

CIETE LA EARRAE 5 AT EIE EARRL 28 . R £ A1 SO
ROAEITRFIREZ AT E SR, REF T RFREER
S E ML SN ATF AR S IEA IREAIE S 1, BRIAK
AT, ¥IEH ER AL,

\]n

Sﬂ

FHIN (%4 .
20154 H H



H %

H &
SRS I
A DS ACT . ... nnnnnn v
2 ], S Vil
BB BT B oo e s 1

3 =1 = - TS 4
2 MEH HSV-1 mEBARFRAERIMMITIE ..o, 16
3 ARTHMAFTEN . B BEEE i 18
=<k > ¢ =y b TS 20
I & < TR OO S PSR 20
2 BT BT T3 oo et ettt 26
3 BB AT T B I oot 40
BB BT T e 42
F—B: HSV-1FHEAEFT. ALFEENE ... 42
FES: HSV-1 FRBHRTFIERIEREETE ..o 45
FoERS: HSV-1 R A B R oo 52
BB TEE 008 oo ettt 60
4.1 FBEREMAEIGAEBERBEBRITR s 60
VB S I VAR - 7. N v, S 61
4.3 ELISPOT HAREI B R B R BRI oo 62
R NGB ..o, 64
LN e 64
=3 - ST 64



H %




H %




Table of content

Table of contents

ADSTFaCt IN CHINESE......oiiiiie s I
Abstract iIN ENgGlish ..o v
ADDIEVIATION ... e v
Chapter 1 Preface.......ccoo it e 1
1 ONCOIYTIC VITUS. ...ttt et ettt 4
2 Methods for HSV-1 neutralization antibody detection.............cc.ccocvvoviiniennnn. 16
3 Purpose and significance of the study ..........c.cccoiiiiiiie, 18
Chapter 2 Meterials and methods............cccoiv i, 20
1 Instruments and MeterialS...........coooiiiiiii 20
2 Method iN thiS STUAY.......ccviiiiiiiii e 26
3 DALA ANAIYSIS ...t 41
Chapter 3 Results and analysiS.........ccccevveieiie i 42
Part 1: HSV-1virus production, purification, titering..........c.ccccocvvvvviivinenn, 42
Part I1: HSV-1 monoclonal antibody screening and identification ................. 45
Part 111: Nt-Elispot platform for HSV-1 neutralization antibody test............ 52
Chapter 4 DISSCUSSION........ccueiieiieeieeiieeseesee e sreesre e sre e e sae e reennes 60
Chapter 5 Summary and ProSPeCt ..........ccvvveviieiieeiieecee e 64
SUMIMATIY T oottt b et b et b e nne s 64
REFEIENCES ... 66

ACKNOWIEAGEMENT.....cviiieiieece e 77



Table of content




W

/3

FaifiEIE 2 (Herpes Simplex Virus, HSV) J& T2 &AL a i WAL
R MG R HUR TE R 22 5, B ayeZ im0 o8 | 3L 1A (HSV-1. HSV-2).
Horh HSV-1 8 E B SRR DS %, HSV-2 i EE S A a2 . HSV-
1R EAR LLTF HSV-2 3 8 /5 F RN, 80% LA o B N1 8 28 J ik HSV-1 7

==
FFo

ARV R B U R N A A AR, R AR BEBE LIHES . iR P A
121 2010 FGeit4h A o H AR 51 A A6 T H H O 2008 kO i 1 5 51
HIET-HH TR & AL BEAE IR 2T BRI AR v, IR 8 B 3
WAEAF R B S, BRI es S A A R AT A B . H BT SR Z B0 g
SRR IR TT B o DRI 75 BRZE A 8 — Flopi LG 2 s i6 97 F B . a4
KA FUUE DS R CARSOE 1) HSV-1 B3 J88 T 75 BE 0% K5 e 1 1 72 98 4 i v 52 o)
I A R AE i, T I3 AP L AN, BE 2 i R A . IR T
VEN—Fi B R VT F B AR B 204, msk. BIPER/NSL A, 78
R VE T B AR RE e AR T R BN AT S H T2 A HSV-1 B iR 25
C & HE N I PRI B B, 26 B 22 3 2 "/ 0T R B HSV-1 B 9 6 900 2 i B¢
OncoVex®MCSF EL28 S a1 75 M TR 1k B8 8 20080 JR VAT 1 1 BRI PRAAES: , FEER
13 T BONIAL G IRIA T SR, R HSV-1 2 — M0 R R 16 97 8 B84
SR, HSV-1 AE NG+, AT R A e R Bk 5 2R N
HSV-1 i s iR BHPEZE R 459%-90%, FRATTHHEIN ML i Hh o] BR A AEAS [RIFE FE I 1 X6t
HSV-1 B AL, i B B R AT A 35oh 25 RE R HSV-1 BV 260K N VG
T RUR

A GRS I L7 R R HSV-1 A AT A4 52 3 2 ) FH 2 SR g /b v Mg vk

( Plaque Reduction Neutralization Test, PRNT), % ik T2 NE A FEHAN
KENID S HFER K (9 7-10 KD, MEFH LR FYus. #Eff. @il
DMFER, DRI 7 L — PP R s & A I T B

B


http://baike.so.com/doc/649944.html

W

A BAE L — M TR S BE 257 (The Enzyme-Linked ImmunoSpot
Assay, ELISPOT) HUPE . #Eff. myid SR HSV-1 AP UIR RIS &, FF7E
BEHEA b VP05 R AREILIE  HSV-1 A AR 7K, O HSV-1 B4 s 75 Y
PRI T SR ALK AN 1845 7

AWFFEHRIFH HSV-1 7 (KOS strain) 4% /NRIETF 12 #RxE HSV-1 it
RAFH AT FETA . FH ELISPOT V43AT0% 1% H —REE X HSV-1 REUE . Fe
PR B 2G5, BT 98 B SN B 5 A5 IR I 7 2 TA) FLA AT
RS, ELRS IR 2t Y BB 9 o FRAT T3 — 00 Y R34 Ji B 1 B2k A G 2 Ok
EAUESE 2G5 REdE RGN HSV-1 gD 1, 5 HSV-1 JLehiE A% A X
SR, I %58 IR T gD B R AR ALK T BERUR . AR 2G5 Bk A2
WAL — T ELISPOT VARG HSV-1 HRI TR BRI 6 o 7E8f 2 B AR 35
SRR AR LI AL sz 06 o, FRATTAZ B ELISPOT BEAUAS I ) e HE £k Vi i
F LIS 2000~20000pfu J 5, s AR I [A] A0 25 % 4y J5 14hr (<18hr Jj5 B3/
GERbTFAF D o TEI0 25 B ASUR I 286 14 5 6] A N I35 o R A P03 P AN 52 05 25
ST R R BRI . 3RATT 2 R B AL ) ELISPOT A% SE ) PRNT 25l
SE N MIEFRA A HSV-1 RN KT, 45 SRR I A7 v A 45 1 — 55, 4F
HREmARARSITES S, RRG R PRAVE M ET ELISPOT W46
I HSV-1 S AR 1 7 A R AT EEVE . bAMNRI R Z 5 V2R HSV-1 F AT
U A 75 1-2 %, BN AR vT Sl il & 304k, AT ikt 40 17 44 5
Rk ANE R R, AR T AT PR . eI . RATRI - G R Tk
HE TR TG 290 AN R4 I8 AT LI Hh HSV-1 FRoRIBL i KR, 45
R I8 N R4 B Niso 4y 1087.92 (0-11687), G &35 Mk il 2% 5+
AR HSV-1 A FIHT K Pl A A7 8 i 1Y Ky 2 B THEE S

gi ERTR, ASH T i e SR AR — MR RN HSV-1 gD Wl 2 1 10 5 e B
Pk 2G5, A ZAPUEL | — P T BEEC S 23 mik (ELISPOT) A5l HSV-
1 A ANGUATRE I 7% . ML T PRNT %, %0735 B A (7 B DR % ey i s
S AR, RIS BE R CRUIE LIS R ARSI PR HE i 22, 7T LICAIE RS A (38 HSV-
1 FORIGTAR AT HSV-1 5 35 T AR AL 0T FU SR BRI B AR SCRE, S HSV-1 A
VIR B I R TR T SR IR A B 1R 4R



W

KRG VAR HSV-L: AU gD 4R EbUk 2G5;  ELISPOT £

|



Abstact

Abstract

Herpes simplex virus (HSV), also as known as human herpesvirus, belongs to the
Herpesviridae family, alphaherpesvirinae subfamily. According to the serotype and
antigenicity, herpes simplex virus is divided into two types: type | and Il herpes simplex
virus (HSV-1 and HSV-2). HSV-1 causes primarily oral infections while HSV-2 more
commonly causes genital infections. HSV-2 infection causes more severe disorder than
HSV-1. HSV-1 brings mild damage to human health, more than 80% percent of Chinese
populations were infected with HSV-1.

Malignant cancer poses a great threat to human health, the incidence of cancer is
increasing year by year. According to the statistic data of World Health Organization,
the number of deaths caused by cancer has surpassed that caused by cardiovascular
diseases and ranked at No. 1 place of disease mortality. With the technique
improvement in both cancer diagnostics and therapy, the overall survival rate in patients
with early stage has been significantly improved, however, that in patients with
advanced stage (middle and end stage) is still relatively low due to lack of effective
treatment for advanced cancers. Therefore, novel and effective cancer treatment
strategies should be urgent to develop for combating the advanced cancer. Recent data
has proved that engineered HSV-1 virus can replicate only in tumor cells but hardly
influence the normal cells, which is a potential therapeutic for cancer treatment.
Oncolytic virus (OV) is a novel treatment option with tremendous advantages, such as
safe, effective and fewer side effects, oncolytic viotherapy has shown great promise for
clinical application against cancer. Currently, several types of oncolytic HSV-1 virus
have entered into clinical trails, the phase Il clinical trial of OncoVexGM-CSF in
advanced melanoma patients has been completed recently by U.S. Amgen company,
exhibits a great success, indicating that HSV-1 is an excellent viral vector for cancer
treatment. It is worth to note that HSV-1 infection is very common, worldwide rates of
HSV-1 infection is between 45% and 90%. Almost all these population with HSV-1

infection show HSV-1 antibody positive in serum, so we hypothesize that there may be
v
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varying degrees of serum neutralizing antibodies against HSV-1 in serum, high
neutralizing antibody titer definitely have an impact on the efficacy of HSV-1 based
oncolytic virotherapy.

Traditional assay for tittering the neutralizing antibody against HSV-1 in serum is
the use of plaque reduction neutralization test (PRNT), which process is complex, labor
intensive and time-consuming (about 7-10 days), it is difficult to meet the needs of
clinical application for fast, accurate, high-throughput detection, therefore, it is
necessary to establish a stable, simple, high-throughput testing methods for detection
of neutralizing antibody against HSV-1.

This thesis aims to establish a fast, accurate and high-throughput detection
platform for tittering the neutralizing antibody against HSV-1, which is based on
ELISPOT (The Enzyme-Linked Immunospot Assay) technigque, so we can evaluate the
anti-HSV-1 neutralizing antibody titers of general population with this method. These
data will provide solid basis and theoretical guidance for clinical application of
oncolytic therapy.

In this study, HSV-1 virus (KOS strain) was propagated in U20S cells and served
as an immunogen for development of HSV-1 specific monoclonal antibodies (Mabs).
12 mAbs were obtained from mice immunized with HSV-1 virus with good reactivity
to HSV-1 virus in the ELISPOT detection. We screened these Mabs for their specifity
and sensitivity against HSV-1 virus and found 2G5 was a good candidate for detection
with broad linear detection range of detection and accurate spot relevance when
different viral doses were applied in this system. 2G5 was a conformational-epitope
antibody for specifically recognizing HSV-1 glycoprotein D (gD) based on the results
obtained from the non-reducing Western blot and immunofluorescence experiments.

We tried to establish a detection platform for tittering the neutralizing antibody
against HSV-1 by virtue of 2G5 antibody. To determine the optimized dose and
experimentally detection time, we set up a series of experiments and found that the best
linear range of virus dose with good detection spots was 2000~20000pfu per well,
optimal detection time of virus infection was 14 hr (Virus stayed in the lag phase when

<18 hr). In the abovementioned detection range, the titers of neutralizing antibody
\Y
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against HSV-1 were unaffected by the infection dose. The titer of neutralizing antibody
against HSV-1 in serum tested by our new ELISPOT based assay was consistent with
the detection results tested by classical PRNT assay, which indicated the ELISPOT
based assay had good repeatability and reliability. The entire process took only 1-2 days
and could be fully achieved with the characteristics of high-throughput and semi-
automated procedure, thus this new assay was beneficial to reduce the subjective errors
introduced by PRNT assay. We used this platform to detect the titers of neutralizing
antibody in a cohort consisting of 6 ages- and sex-matched specimen of general
population from Xiamen Center of Disease Control (CDC), the average titers of
neutralizing antibody (Ntso) was 1087.92, the level of Ntsg was in an upward trend with
the factor of age.

In summary, this thesis identified a new HSV-1 gD-specific mAb, named 2G5,
which could be employed to establish an ELISPOT based method for detecting titers of
neutralizing antibody against HSV-1. Compared to the PRNT assay, this new assay had
several significant advantages, such as simple, fast, and high-throughput. We found the
detection accuracy of this assay was also guaranteed when clinical specimen were
tested. This assay will provide solid technique support for detection of neutralizing
antibodies in serum from patients either HSV-1 infected or cancer patients with OV
therapy, as well as for HSV-1 related neutralizing epitope studies. These finding in
clinical detection can provide useful evidence and theoretical guidance for clinical
application of oncolytic therapy.

Keyword: oncolytic virus; Herpes simplex virus; neutralizing antibody; gD

specific antibody 2G5; ELISPOT detection
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