CHAPTER V

CONCLUSION AND DISCUSSION

HCV genotyping

(12)

The largest survey conducted to |dent|fy HCV genotypes in 1995 " found that
throughout Europe types 1, 2 an ominant genotypes infecting blood
donors. In North America, I@s the ent genotype infecting blood

donors in Pittsburgh; varyinc ons of ty 0 1b have been found in NANB
ar-East ar theast Asia (SE Asia) major

nt in Japan and Taiwan,

patients elsewhere in the

intra-region differences i

and Thailand "*'*'? an 7 ,' ] ' the predominant genotype in

et W i

type 4 is the predommfft genot?'pe ﬁFSZame 3

(9.15, 150—151)

i
; : J
The variation in Aﬂcaﬁ" |onivr"fppears to be distinct from
that in Europe and other W%stecr..n countries. Ty&gs 1a, 1b, 3a are the most frequent, the

occurrence of aﬁt%ﬁe@y% EJtPﬁﬁoWri%J Qoﬁﬁmibutable to recent

travel or immigration; for example, a %anadlan bIood donor mfected with type 6 was
AR IR AAINY N Y
Thejpurpose of the present study was to investigate HCV genotype distribution
among Thai blood donors confirmed anti-HCV positive by third generation ELISA (Abbott
Laboratories, Ill., USA) and HCV RNA positive by RT-PCR. There are numerous
methods available to determine HCV genotypes such as RFLP, line probe assay (INNO
LiPA) and direct sequencing to verify the genotypes of HCV based on nucleotide
changes in different regions of Core, NS5, 5’NCR. As for the distribution of HCV

genotypes in SE Asia, most data were obtained by conducting genotype assays such as
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(10,12) 153)

RFLP "*'? INNO-LiPA ®, and assays using type specific primers “*'*®. By using these
assays, only 50% of the genotype 6 could have been identified. In addition, it has been
shown that INNO-LiPA HCV (Innogenetics, Ghent, Belgium) could not distinguish all
virus subtypes or some novel genotypes discovered in Thailand and Vietnam, because
the principle of this assay is typing based on the 5’NCR sequences of which were
identical among genotype 1 and 6 s

The HCV NS5B region encodes an RNA-dependent RNA polymerase 459 which
lacks proofreading activity. Consequeritly,ll ?any different but closely related variants

are generated within the infected patient. Tbéléd.l ulation of such minor differences

over time causes isolates. to. drift phylogeneticaﬁi.-:.over prolonged periods these

processes gave rise to ﬁ'JIF-r enotypes. The method used to determine the

genotype and subtype distii m,ust e selected caFefully because subtyping is

required not only for d monitoring. of therapy, but could also have

)

implications for the choie€ of potential v'z}ccTs'e candidates -

K4 b,
In this study, twe' RE ethods, .‘direct seqguencing in the core region and

b 4 ekl
INNO-LiPA assay were pe d for HCV -gspotyping. ' The INNO-LiPA method could
ald Sdda

not discriminate genotype 6 frqmﬁggnotypér}t&_‘éas shown in Table 7 and Figure 7).
Since genotype 6a is commonly foundin Sou@_ésia and Thailand, INNO-LiPA assay

was not suitable for gé}ﬁ)typing HCV sambles from this aLe_af: J.
—

From this stuéy?_ direct sequencing seemed to be thé most reliably method for
HCV genotyping, espeeilally for genotype 6a which cénnot be distinguished from
genotype 1b by using INNO-LIPA, For, RELP .methods,, in-the. past few years, our
laboratory performed HCV genotyping-by PCR-RFLP in"the' 5’NCR region “ as previous
described b‘y“ Davidson et al'™®, This method needs seven restriction’enzymes and the
large amount“‘ of PCI;'{“products. Using this method, Davidsen and‘h‘is group could not
detect genotype 6a from their samples which were isolated in Southeast Asia because
of the almost identical in 5’NCR sequences of genotype 1 and 6a. That is genotype 6a
samples were identified as genotype 1 by this condition. They performed another RFLP
in a different part of HCV gene, core region, using samples that were previously
identified as genotype 1. By using restriction enzymes Ava | and Sma |, genotype 6a

could be distinguished from genotype 1.
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In order to limit the amount of PCR product needed and to use fewer enzymes,
the RFLP with slightly modification was performed in this study. RFLP was done in core
region instead of 5’NCR and only three restriction enzymes, Ava |, Sma | and Mbo |,
were used. Using Ava | and Sma |, Genotype 1 could be distinguished from others
according to electropherotype patterns. To identify whether non-genotype 1 samples
were genotype 3 or 6a, other restriction enzymes are needed. As previously described
by Buoro et al “ the use of 3 enzymes (Acc |, Mbo |, BstN 1) was sufficient to
distinguish genotypes and subtypes !?f hen only Mbo | was used in this study,

u ﬂ nin Figure 8 and 9).
Although, certain gam:an Pbe i lng PCR-RFLP, the patterns

obtained are quite difficult to |

HCV genotype 3 and 6 could belﬂtstmg

In.ad, ion, only one base mutation at the

restriction site can cause al

found in Thailand because th se.l’ec_ﬁﬁ coh

e

vere only come from Thai Red Cross,

Bangkok. All blood samples were péi]'ected@mously. No personal details ; sex,

jdicate the demographic

-'il

age, occupation etc aéobtalned thus th

-

pattern of HCV infection

jnd in Thalland

previous study by Kanistanon e in 1997 , they collected
blood samples %’ nd and performed
genotyping by @}Wiﬁ &jﬁ 'ﬂﬁlﬂ the HCV genotypic
dlstrlbutlo T ach st ﬁj ame/~'E éﬁ the different
methods ﬁiﬁgﬁwni eﬁi&ﬁ glﬁﬁj their study

were the same as that of ours that were genotype 3, 1 and 6a, respectively. The HCV

Difference from t

genotypic distribution was also the same as observed in the previous study by

(10)

Theamboonlers et al using PCR-RFLP method. These data provide the useful

information for epidemiological studies, development of better diagnostic tools and new

approach for treatment.
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HCV specific immune response studies

In this study, we determined the HCV-specific response in HCV-infected blood
donors. The liver function tests and liver pathogenesis were not examined in these
subjects. Currently, only information of immune activity to HCV infection in chronic,

(99,157-159)

acute and self-limited patients is available . Therefore, it is quite interesting to

investigate whether the immune activity in asymptomatic infected individuals is vigorous

or multispecific. x!' / /
Our study showed th ‘hqgiy @v infected individuals exhibited

responses to viral Dfoteln%rmaﬂon was-esiablished by assessing the HCV-
specific PBMCs proliferative W in vitro, which presumably

en exposed to antigen and undergone

depends on the presence
clonal expansion and cytokine cti r, these 2 read-out systems reflect

correlated with antigen- " We used ELISPOT for

detecting IFN-Y productio

detecting cytokine productio at*.gi'sfﬂme d@l S
information on the numbers of Gells’ﬁéc‘reglﬁ%,‘tqkme even at very low frequency

(159) T-" -
The major dnsad ntage of the ELIS dis that scoring the wells for
|

positive reactions mvolves the manual enumeratlon of large numbers of coloured spots,

::it:ich can vary ﬁauﬁﬁﬂﬁ Vrvﬁhwmsﬂjﬁcted to operator bias
T T I T

versa. In our study, one HCV protein induced cell proliferation but not IFN-Y production,

method is quite suitable for

it could provide us additional

which suggests that only cell proliferation assay may not be enough to specify whether
an antigen could be a good candidate for HCV vaccine, especially when T,1 response
is required. In addition, a certain HCV protein can only induce IFN-Y production but not
cell proliferation. This may not be a perfect candidate for a vaccine either, since cell

proliferation is required for proper immune response.
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According to our results, none of the infected blood donors showed both

proliferation and IFN-Y production induced by NS5 and none of donors showed only
response to NS5. This indicated that NS5 may not be an immunodominant epitope
compared with core and NS3/4. Some samples gave no response with all HCV proteins
used in this study by both methods. However, it could not be concluded that there was
no HCV specific immune response in these donors because HCV proteins used in this
study were not all proteins encoded by the entire HCV genome. The portions that were
not included in our study were envelope}f?&?ir;s (E1, E2) and also NS2 protein.

Because of hypervariable properties of an (_"99 protein, it was very difficult to

generate SOD-E1E2 for usingés antigen. ' -
Interestingly, mor@/ f blood donors-infected with HCV genotype 1a did

not response to all proteins usec ‘ en/though the antigené were derived from HCV 1a

genotype. This may be du ' ect gf&heir immune system in response to HCV
tjoﬁ?on_-iﬁvgr manifestation of donors, we still could

4 h
not conclude whether thg'unges nsi_veness{'__yvas due to the advance stages of liver
o 4l ‘..v‘.":,*‘ ;:

o A‘rj
iy - Y

N§t§f4"seemég»:_jg:{be the most immunogenic portions

pathogenesis.

According to our dat

among proteins used in this stgqy.,;_:-tt is no;:,=§_u'rpfj_sing to us because other studies

(shown in Table 2 anqé) also reported similar results. st,(grotein is one of the most

—

conserved protein amar(é_,subtypes of HCV. A very early T cell proliferative responses

to HCV NS3 appeareo‘“jtlo be associated with viral cléa'rance and antibody titers
increased by over,000 fold as well because-NS3 contains beth-T and B cell epitopes.
NS3 functions as' protease: helicase and NTPase." These vital enZymatic functions may
explain the limited sequence.variation within.the NS3-region.and. suggest that the NS3
protein may constitute'a good thérapetticvaccine candidate L

Hepatitis B virus is another virus causing liver diseases and it is known to be

exquisitely sensitive to the antiviral effects of IFN-Y aesen,

For HCV, according to
previous reports, HCV persistence is not due to a failure of the T,,1 cells to produce
cytokines but the persistence of virus may be due to the viral resistance antiviral effects

of IFN-Y. In addition, the low of numbers of HCV-specific CD4" and CD8' T cells in the
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peripheral blood and in the liver may be another fundamental explanation for virus
persistence during HCV infection.

HCV-specific CD4" T cells are multispecific, compartmentalize to the liver, and

produce IFN-Y has!

When percentage of HCV specific responses studied by several
groups were compared, we found that 36% of asymptomatic infected blood donors in
our study showed positive response; whereas 11% of chronic subjects in Schirren

study, 16% of chronic and 64% of recovery subjects in Chang study showed HCV

specific response U1 These data i%# at a low frequency of virus specific T
cells is associated with failure 'blearthe vi }ronic course of disease. We are

the first to demonstrate the-neponse in aéymptemahe-mfected Thai blood donors and
f

the percentage of subjecis ositive. res from our study was between

chronic and recovering sub)j

Recently, Sugimoto
Y ELISPOT) to study H

§pdn% an

of the patients contribut c_:limdét ol r%e an als‘b cellular immune response.

They examined the immu

outcome of hepatitis C virus 'fedmn‘-betw@an Americans (AA) and Caucasian

Americans (CA). They found-that AA (;thmes associated with a significantly
&Y T

‘ j tter cli varameters of liver disease. They

also found that most H

were uncompanﬂ wcﬂ o‘gewwc»ﬁw ﬂ@eﬂﬁa dysregulated virus-

specific, CD4" T cell effector function dunng chromc HCV mfectlon In our study, we

e T S TV T T e e

assay, IFN#Y production assay was negative. However, we were not able to conclude

-specnf ic CD4 T ceII proliferative responses in AA patients

that IFN-Y detected in some samples were from CD4" T cells as concluded by Sugimoto
group since CD4 depletion was not performed in out study.

In our opinion, antigens that are able to induce cell proliferation and IFN-Y
production are promising for further study. Since different blood donors showed
different response to our HCV proteins used, it is quite interesting to investigate whether

a combination of antigens can give a better response. In addition, 51.2% of infected
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blood donors showed no response to all proteins used, so valuable information could be
obtained if all individuals in this group are followed with respect to their health status.
Additional candidate HCV proteins should be tested to see whether an increased
number of subjects showing a positive response, could be obtained.

There was no significant difference between different genotypes in response to
HCV antigens used. Higher numbers of subjects infected by genotype 6 are needed to

investigate the correlation between genotypes of virus and host immune response, in

more detail
For HCV infection, a Ioww‘cequencyy ific T cells is associated with
failure to clear the virus and:g"nm:m: coufse o@(m. CTL studies have been

difficult to perform becausrgf—'f lati ly‘Ic“i/rf::?e“'yzlﬁy of CTL precursors in the

enzyme-linked immunospo
subsequent fluorescence-acti teg;eell sc@an lysis. This new method allows
detection of cytokines in an antugen,,spﬁemc nWFBI a single cell level and is therefore

very useful in determlna&)n of virus-specific T | o

Development of antige expressmg system

One of th H &/Jes,a 1@(’2‘1 project (H weﬂms ﬂaccme eff icacy against
NN’ WP R 1010
infected wi gen recombinant

vaccinia viruses encoding parts of the HCV genome (rVV-HCV) are generally used as a
tools for studying of CTL activity. The disadvantages of using such rVW-HCV include W
infectivity, cytopathic effect and difficulties in generating the recombinant viruses. To
decrease the infectivity of the virus, BLCLs were fixed with some substances before
incubating with T cells. The fixation process is time-consuming and inconvenient. The

process to generate rVV is also difficult. Recombinant DNA recombination which leads
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to the insertion of foreign DNA into VV genome occurs at a very low frequency; only
about 0.1% of the progeny carried foreign genes - Cloning the gene into the plasmid
was more convenient and practical which allows expression of different HCV genes of
different genotypes.

In the present study, we have shown that the EBV vectors are actually extremely
effective in transfecting genes into BLCLs when compared with CMV-based promotor
plasmids. The EBV-based plasmids used in the present study, pNS vector, carried the
oriP region from EBV as cis elements S:r lication. After transfection into BLCLs,
EBNA-1 from EBV in BLCLs blndMOnP y the retention and replication of

the plasmid DNA, making pNS-.Em very efﬂcﬁﬁession vector ",

VR1012Neo" vecto -

‘ ik onc -@Iasmld utilizing CMV based

promotor was not suitable f s c n even though it has a high expression

expression of NS3 protei cells b} €0 was higher than by pNS/N16
vector but it was vise ve s. V ated the transfection experiment 3 times
but nearly all BLCLs died 3 afte . ra g i ith VR1012Neo” (before a selection
protocol). It is uncertain wh F this as likely that the transfected

BLCLs could not stand high exp[esgapp of fqrm;otems in the cells. We concluded

that pNS vector is betg%éhan VR1012Neo” fo n :
" r X
When comparing i /N1 )f"'NS3 expression in BLCLs

] BLCLs (12% versus 6%).

| E——
infected with rVV-HCV k s higher than that of transfecte

However, the a Im ﬁ’ LCLs was similar to
that of BLCLs mE‘IAW -NN ﬁﬁ (ﬁ gjvrrisp ts generated from T
cells inc e)ﬁ WH é)egc T cells as
measurec:% wjﬁ iﬁiﬁnm‘m% q’T

There are many advantages of using the pNS vector. First, it is suitable to
transfect BLCL. Second, it is easy to insert different foreign genes into the plasmid.
Third, it is easier to handle than rvV.

Unfortunately, we had only 1 T cell line to test with this plasmid. Thus, more work
is needed to confirm whether plasmid transfection can be used to replace the

conventional technique for detection of CTL.
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When we used pNS/N16 to test the anti-HCV activity in PBMCs from 3 blood
donors previously shown positive with NS3/4 protein by proliferation and IFN-Y

production tests, we could not detect positive IFN-Y spot in any samples. The reason
could be that there were no specific T cells or very low frequencies of specific T cells in

the PBMCs. From the previous studies """

it was apparent that PBMCs must be in
vitro activated with specific antigen before detection because of the very low frequency
of specific T cells. In addition, having a proliferative response and IFN-Y production by

PBMCs for NS3/4 protein may not nme&*%{ﬂcate the presence of a specific CTL

ﬁwe result may be due to very low
_.-H

NS3 expression in BLCLWaso is ﬂﬁ]@eeausa NS3 expression in
transfected 816 BLCLs, M Wi

able to sfhw.ngt‘e the HCV specific T cells in

against the same antigen. The-cg;_er reason
H‘_

the previous experiment.

. = X -
ol .l "\l

c'kground f IFN -Y spots in the control well (non-
he Ij-b;_gtn‘ﬁu teu PBMCs) may come from 2
a vat;pn Dy%a uswed in this study may allow the
EBVEEPEOINg
was quite low frequency of HCV 515';::#‘ & T calls in'PBMCs, therefore the proliferation of

The reason for havi
transfected BLCLs incubated
possibilities.  First, polyclon
proliferation of all T cell clones cell wére increased. Normally, there

other T cell clones mlqht mask'the aeftwmes specific T cell clones. The other
v
possibility was from th‘g aturat-HEV-proiein-expressionin-BLCLS. It has been previously

shown that HCV has the 1 xtrahepatic site of rej

inﬁ cells and some peripheral
(173) ‘

174)

cells " . In addition, EBNéﬂ protein from EBV supported HCV replucatlon . In this

study, BLCLs wﬁ %%J a'J % ﬂﬂeﬁf% %’ﬂrﬂ €§NA-1 was present in

BLCLs. If these!B cells had HCV mfectlon EBNA-1 would help facilitating HCV
M4 NG R PR AT
The, effect of EBV seemed to be less when the samples used were LILs. For
detection of HCV specific T cell activities, it is quite easier to detect HCV specific T cells
in liver than in PBMCs because the major population of LILs were antigen specific T
cells. The HCV specific T cells in the liver were 30 folds more than that of in PBMCs so
the activity of specific T cells found in liver can overcome all background spots from non-
specific T cells observed when test in PBMCs. This will be the limitation of using BLCLs

as stimulator cells to detect HCV specific T cell activities in PBMCs.
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In conclusion, data from this study provide the information on HCV distribution
among Thai blood donors collected from Bangkok, the HCV specific response of PBMCs
from asymptomatic infected individuals and finally, the preliminary data suggest that the
plasmid carrying a gene for an HCV protein may be used as an alternative for
recombinant vaccinia virus in studying of anti-HCV cellular activity. All information
obtained will be useful for epidemiological study, vaccine development and study of

immune response against HCV.

ﬂ‘lJEI’J‘VIEWIﬁWEI’]ﬂ‘i
ammnituumwmaﬂ



	Chapter V. Conclusion and Discussion
	HCV genotyping
	HCV specific immune response studies
	Development of antigen expressing system


