CHAPTER V

CONCLUSION AND DISCUSSION
Captive gibbons in Krabok Koo Wildlife Breeding Center

Wild gibbons (Hylobates spp.) can be found throughout the tropical rainforests

of South and Southeast Asia, in Laos, Cambodia Indonesia and

Malaysia. They are at high ris at loss and increased illegal pet

—

trade. After categorizatio ; "- m in Thailand, hundreds of
confiscated and abandoned giisBons hiava been handed.over to the authorities of Thai
government. Krabok Koo established to care the
abandoned gibbons b oduction program of selected
animals to the forest. Th jibbon population was done to
frustrate possible disease g i . ﬂ Ic ot » y umans population.

/ and H. pileatus, were the main
gibbon population in Kraok 09, i “ _’ Sing enter (Table 6). Moreover, the

discovery in Thailand of N. COHCO/&&W ek crésted gibbons normally found in

: .-*F g{w T
North Vietnam and Cen tal China : eI | egally hunted and sent

through the borderlinel5éiween Vietna
Most of captive QIE*JE are housed |vmall monogamous families and some
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some analysis weré performed with re%prded data only For example, QDe average age

of glbbda wqeﬁ Qa«ﬂ;ﬁj m ﬁ%ﬁé}dﬂtﬁf}ﬂ bEIw was noted

mostly for the new born gibbons in the center, but not for wild animals (Table 6).

€ ‘ t indicated the potency
of illegal wild animal tradgﬁowa ays.

To investigate the hygiene of captive gibbons, a routine health care program
was usually performed. Additionally, blood chemistry analysis was checked to confirm
the health status of gibbons (Table 7). Because there is no record of the normal range of
gibbon blood components, the human standard range was used as the criteria for

investigation. For human red blood cell analysis, the normal values for the hematocrit
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will vary with age and sex and the percent hematocrit reading closely parallels the
hemoglobin values of the individual. The hematocrit is decreased in anemia and
increased in the various forms of polycythemia. In gibbons, the range of percent
hematocrit was similar to the normal human criteria which suggests the normal red cells
status in most of animals. Chi-squared analysis indicated the significantly unrelated of
percent hematocrit and HBV carrier status (Table 7). Anemia or other blood diseases

should be checked for some gibbons that had low hematocrit levels.

The WBC is utilized to indic 1 may also be employed to follow the
t stages a particular white blood

cell type may show an absltesin

of neutrophils eosinophilg(

xample increasing numbers

, ate actenal infection, parasitic
infection or viral infectio e cif N-\ exhibited WBC in normal
range except some ca Y g‘kia G i \ ed the over range of WBC
and % neutrophils whil Jyte -,..,‘ 3 al ge estimation. Bacterial
infections or other blood ‘ f; ; éons ~\o\ some animals. Statistical

analysis showed that numb Q(ﬁ» 0 HBV carrier status of gibbon

(Table 7).

HBV transmission in captiv

Serological analy- bbons Bpt at the Wildlife Breeding

Center showed that 38. 61% of anumals were mfected with HBV; 19 animals were HBsAg
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population Table@ ). The prevalence of gibbon HBV carrier was rather hlgher than the

b i3 (1)

al. (2000) ©

10 ) ed recently
}Jma]gatjﬁ:ﬁgﬁr Lanford et
. On the other hand, Grethe et al. (2000) G reported even higher
frequencies of HBV infection in animals housed at different zoos. Similarly to the first
report on gibbon HBV (3), four of the HBV carrier gibbons were negative for anti-HBc
even when tested repeatedly with different ELISAs (Table 8). Undetectable anti-HBc

(118)

antibody was reported in acute HBV cases as the human HBV-2 type . However,
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there is no data of HBV-2 spreading in Thais population. In gibbon cases, the specific
immune response against core may be undetectable due to the lack of specific anti
gibbon IgG reagents in the commercial test kits.

ALT levels representative for destruction of the liver during gibbon HBV
infection, were significantly hi-gher in chronic carriers (68.75 & 48.12 U/) than normal
control animals (33.04 £ 15.91 U/, p <0.05). Albumin, a protein synthesized by the

liver,and globulin levels were detecte the normal range while creatinine levels

indicated the normal kidney functic mast ani Table 9).

HBV is transmitted by Sexu ‘ nteral exposure, although it is
thought that mother-to-chil S is, responsible for high rate
endemically in several regi ' than.25-50 % of the chronic HBV

carriers results through v , i \ al transmission by nosocomial

ence changing may have
than Tao at the date of blood
pring from chronic mother may be
c ntacted to milk or saliva

since the early stage o L Noticeably,

all animals which share @ages with gibbon carriers were infeéted by HBV and anti-core

antibody was :ﬁeoted fa&h 13). These @dta sggests tisexual contact or
a

horizontal HBV sus&l ’} nﬂm‘ﬁ m

this gibbon populqllon

GVFAIATOHNN 3N

of all HBV"'I:amers . Until now, few cases have been reported on HBV infection from

f viral spreading in

(121,122)

saliva by a human bite but the high prevalence of HBV among dentist personnel

and family members suggests that HBV might spread by saliva e

However,
currently no report of HBV transmission from captive animals to human exists. In the
present study, HBV DNA was detected in saliva of six gibbons, representing circulating

HBV infectious particles in body fluids (Table 12). HBV-positive human saliva
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administered intradermaly, but not orally, to gibbons caused HBV transmission " . Thus,
HBV DNA detected in gibbon saliva may indicate a potential risk for horizontal
transmission especially if the animals are injured after fighting or accidental injury of
animal keepers. Two workers (5.9%) of Kabok Koo Center were found positive for
HBsAg and HBV DNA, which corresponds to seroprevalence of HBV in general adult

Thai population v

(Table 14). Other two samples presented only anti-S antibody
without any other markers suggested the v

data has no record i

Although the electrons. mic op// o gibbon and human HBV

cinated character. However, their historical

ggested the possibility of

G (= 3
h%s"ép/g i

e, L

feeding in the early age. Pr 1*; plifi tstfrom human and gibbon HBV

brother and sister relationship of t ontamination during fight or

showed different size indicated th ' deletionicould detected only in gibbons and

circulated viruses in ty V source (Figure 15a).

DNA sequencing configmec

tegion was found only in
gibbon, but not in humaﬂapés HE analysis of !@ two human HBV isolated
from animal care workers inCjeated that they wepe infected by human HBV genotype C

eore 150 o] SN HVHIVPIATVE, s o

different groups dﬂmct from human HI?‘V RFLP proflleggable 15).

ARG T LRI VY povns

linked to a"'lelatlvely moderate down-regulation of the synthesis of HBeAg 125129 hut also
observed in the HBeAg-positive stage (103), have been associated with more-severe liver

127 . . + (128)
damage 2" and with increased response to interferon

. In gibbon HBV carriers, this
mutation was detected in four HBeAg positive animals including Pok-C2, Midnight-R27,
Nin-L14, all are anti-HBc positive, and Caesar-L10 with anti-HBc negative (Figure 16).

One sample (G4) showed the untypical pattern after digested with Sau3A I. This sample
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probably has the variant sequences in core region and it was identical to Sau3A |
cutting site. Unfortunately, core gene sequencing and ALT status in these gibbons
could not be analyzed in this study due to the limitation of samples.

The recent finding that chimpanzees as well as orangutans can be infected by
HBV in the wild makes any proposed spread of HBV from the New World extremely

(99,129,15)

unlikely . In contrast, all data support the idea that these viruses are indigenous

to the different nonhuman primate populations. Moreover, the close relation between

the human genotype C viruses, the. ofang ’ {B\,.and gibbon HBV, all found in South
East Asia, is not consistent with the pr i here was a single transmission

“this event involves a common

more closely related to , ¥ to thethuman, genotypes. More sequence data

on different isolates ar (- as possible ence for transmission of

vaccination to non-immu@ Qi BV iﬂaction in Karbok Koo Wild

Life Breeding center Shoulg 2& evaluated for Wher recommendation of new arriving

gibbons. Althou tﬂsﬂs’icﬂ\ WFHW@eWOﬂU%ﬂﬁates and humans,
(131) ' :

similar to zoonotiélHIV transmission could not be confirmed, these studies could

provide q.vrrwmrﬂ qemoﬁzﬁjﬂegtﬁ @lﬁwgdﬁ] rﬁggf HBV and

facilitate owr understanding of the origin of HBV and the viral pathogenesis.

Surface antigen mapping of gibbon HBV

Since the first isolation of gibbon HBV was reported by Mimms et al. (1993) (3),

this unique variant HBV was indicated by non-reactivity to a monoclonal anti-PreS2 (aa
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116-134) and an anti-PreS1 mAb which binds the PreS1 hepatocyte receptor region (aa
27-35). However, this event was explained by amino acid changing of the gibbon HBV
genome.

Genome sequencing of gibbon viruses indicated the 33 bps deletion after the
start codon of PreS7 gene " and might cause the different conformational structure of
surface protein of gibbon HBV. Similarity of gibbon and human HBV particle was

investigated by electron microscope i

e present study. The HBsAg specific
\‘ g g;sitive binding to viral particles of

=S from sheep which bound to

the special group different frc; hers - by« Pre sequencing or RFLP analysis.
= PR~ s e

However, the sufficient B ctor ir - pay, cause the false positive

3"‘ gene sequencing of

midnight did notperformg)etothe mitation"of' samples.

Although the bindiu’g:goitope of anti-ReS2 antibody was not identified, we

SN YIRS O O Y C S——

mAb adhered to &I)th human and gibt&on viruses wmstrong reactiv%(Table 17,18).
The Pre—a w‘} aﬁﬂﬁagﬁpw qu})w H g-lkati‘&}axplanation
for the podi reaotivity'of this antibbdy to human samples may be the p}esence of factors
in the sera that bind to the specific receptor region and block the anti-PreS2 antibody
binding region.

Anti-PreS1 mAb bound to only one human sample, but not for all gibbon viruses
supported the lack of binding site or conformational changing of PreS1 protein due to

the 33 bps deletion of gibbon HBV (Table 19).
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Inhibition binding of gibbon HBsAg by immune anti-HBs

Hepatitis B vaccine is widely used to prevent HBV infection, usually for children
of HBsAg-positive mother, haemodialysis patient and medical personnel. Several
reports described the physical, chemical and immunological characteristics of
recombinant DNA vaccine. The anti-HBs antibodies induced after immunization are

mainly reactive with “a" determinant (aa 120-147) since this region was reported as a

specific antibodies against HBV, esp Cia second loop (aa 139-147) ©" .

The inhibition in solution. assay v Awed with solid phase human
U han af ﬁl Antibodies from vaccination

amounts with reference mo ies (F2 ' Blg (Hepatect). Blocking

binding of gibbon HB | -8 .‘-,I 2N va ation"seems less efficient than

of the human HBV vac@e IS pos c pro@tive antibodies against S

gene within “a" determma@t reglon Due o, the amino acid of gibbon S protein,

v “a"ﬁ% AR A v

viruses (Figure 2@)} this may cause the cross -reaction of antibodies produce from HBV

vaccina Tm m} E]W'[n eletion was
detected of gi iruses, but protectlve antibodies binding sites

were not included in this region. All data supported that human HBV immunization
showed the protective activity against gibbon HBV, whether less efficiency than human
viruses was suggested. Animal cares worker or people which close contact to gibbons

should be vaccinated to avoid the accidental viral transmission by animal bite.



118

Expression of HBV surface protein and binding to human hepatocyte cells

Due to the restriction of gibbon serum collection, the purified HBV particles

isolated from gibbon sera for binding and infection assay was not possible. Referring to

(63)

the previous data » the binding and infectivity test of human HBV were performed by

molecular techniques. The cloning of HBV surface gene into expression vector was the

alternative way to study the biological characteristic and property of gibbon HBV.

ce of surface protein to specific

receptors of different host species-we rding to the data of human
HBV, several proteins on 5 have be 'e,n!l!ied as the receptor binding

sites for HBV infection c g ANy reports indicated that PreS1 is the
most specific region fo indi lo<sp S 'S[ -\‘- t cells. It is still a doubt

whether the 33 bases dg S7 gene interfered to the

In the present study Ssurf or te _ 4 gibbon virus was expressed in the

similar structure as natural exg U \e reGombinant protein expression in

(83)

bacteria and yeast cells lacked t n_of protein modification process ",

)

mammalian cells were-used fc ugface protein to avoid the

X

In the first expeme 0 ore iontV surface protein from

. e
conformational changi 097~

ibbon and human, complete PreS1/PreS2/S gene was cloned into pCR2.1 vector
g ple e o p

before subclonﬁ wm%ﬂ ‘maﬁjnwgeﬁq ﬂ)r‘%sion vector. Both

recombinant envélépe proteins were expressed in CHO cells and qualitative protein

detectio i i " ingy) iq = EII\T ~ ) and anti-
PreS2 a%ﬁjﬁmmﬁmwmgnon% Coﬁcﬂe detected
neither transient transfection cells nor stable cell lines by ELISA HBsAg assay (Table
21). Noticeably, surface protein was produced and located in cytoplasm of CHO cells

as determined by F4-7b antibody staining. This event indicated that the intracellular

protein expression system from mammalian cells was a success, but only the protein
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transportation system may require more specific factor such as the inducible protein or
enhancer binding peptide to complete this process.

In 1998, Seyec et al. described the plasmid construction of HBV envelope
protein within the downstream HBV sequence beyond to the polyadenylation signal
which played a role to enhance the recombinant protein secreting 1% The second
experiment of surface protein expression was set up following this previous report and

indeed, the human and gibbon enveloped protein became detectable using the same

procedure (Table 22). Using F4-7b and arii antibodies, immunostaining assay

indicated the binding of these *: € t form of S and PreS2 proteins
(Figure 25). CHO stable "%protein were selected by
geneticin G418 (neomycin) resi eeks of neomycin selection,

grown from single moth ) ] : eYchys cells. Although the very low
frequency of recombin: graled; nta. ger ost cells was reported,
stable line selection was
study, the recombinant pr _ T m | F D12/Neo” plasmid becomes
detectable by ELISA assay. Ssed | ems localize in some organelles of

host cells that suggested as golg}e@-’g@n. i

i W AT
e

protein transport out o

not detected in CHO st
supernatant. Due to theB\ASN id conta@ the complete HBV X, S
and PreS genes, it may ertna&ge the process.ﬁ, HBV gene integration into host cells

v s G ) 1A AP A s o e

step and induce thé hepatocellular carci ‘noma progressmn R However CHO stable
cell Ilneaq ﬂ]gﬂtﬁﬂlﬁm Nr% q&rwgaﬂﬂ this study
even aﬂeqﬁ repeated experiments were done. The recombinant gibbon HBV
secreted proteins may somehow interfere in human host cells and reduce the neomycin
drug resistance feature of mammalian host cells.

Secreted envelope proteins of gibbon and human HBV were concentrated by
PEG-8000 for reducing the excess solution in samples before precipitation by

centrifugation. The concentrated proteins were tested for HBV surface protein specificity
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by immunoblot detection with F4-7b antibody (Table 23 and Figure 26). The results
confirm that the concentration process did not disturb the conformation of both proteins.
However, the presence of the PreS1 region of recombinant protein from both viruses
could not be confirmed because of the lack of effective anti-PreS1 antibody binding.

In the binding assay between concentrated recombinant HBV envelope protein
and human hepatocyte cell line (HepG2 cells), purified human viral particles were used

as positive control while unbound Hep 2 cells were defined as negative control of

FACs analysis. The positive binding sig } -streptavidine conjugated to F4-7b
was detected only in positive comfr ion, al finding for the others (Figure
27). From the present data’ ‘ whost cell receptors was not

protein because of the wgak oter-of thistregi *, Purified human viral particles
surface protein and this may
reported previously with the

specificity to host cell surface binging

aplex.protein undetectable by anti-PreS2
e —

fpetitive attachment to M

- |
"‘ "» the crude proteins in
cell superatant such as. BS,hos ' sec@ed protein and chemical
substance which may interfo‘rﬁg) the binding speeificity. The last factor, which remained

to explain the ﬂ%sadlgp%&}nss\wﬂal f%:@nition sites of both

surface protein suﬂects. The expresse(}L, M and S rgombinant prote'mj of human and
gibbon stqaﬁtﬂ tﬂsom %%eﬁ@%’é}sﬂeﬂy loss their
specific réeeptors on cell surface ‘already due to immortalizing prbperties. Anyway,
through improvement of some factors in this study, including the purification of
recombinant proteins before binding to HepG2 cells, the use of primary hepatocyte
cells and optimizatioh of binding procedure and detecting system, should result in the

more insight in the viral-host cell interactions.
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In vitro HBV infection

Virus attachment is one of the important initial steps that determine the host and
organ tropism of viruses. In this study, an attempt to perform the binding between
gibbon HBV envelope protein and host cell receptors had been done, however the
results were not determined. Another trying was processed on infectivity study by

detection the HBV replicative product (cccDNA)).

Viral infection and replicatio s of the viral delivery system and viral

load. The elementary structure.of a viru: it “to fulfill these two fundamental
functions. The delivery sys ONS v § rming external structures of
viral particles (surface con ' o payloa a.carried inside a viral particle and
containing the genome " ,dCié ) ) \ \ protect the genome from
degradation and supply ‘ S “ ) ' steps  of | -‘o ation. These components
‘ ‘ \ ating it into the host DNA, or

keeping it quiescent b
Components of the délivg : ' eplication cycle by attachment to
“receptors” on the cell surface et e ti' nto the cytoplasm. Cytoplasmic
penetration is usually assocnate

W i_r'
d‘#/

Viruses that replicate v 'h' ac I ery functions that permit

i_external components (uncoating).

viral components to bé ‘y froduced | leus. hY |
Since the hum@ pr| na clls w% supposed to variably
susceptible to human HBV ‘nf ction due to the@ecmc receptor expression on their cell

i ey .

cells were usuallylised for in vitro HBV ‘mfectlon expenment However, the limitation of
prlmaryta Wﬁ \ﬁ ﬁmfﬁ% W‘e?% ﬂﬂ a ﬁ(lon method
to preventqhe cell injury anﬁe contamination of white blood cells during the isolation
step. The most severe problem of these cells was a short period of cell life after
culturing and also the optimum medium components for maintain the culture. However,
the infectivity of gibbon and human HBV positive sera were tested in human primary

hepatocyte cells, but replication was not detected thus far.
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The specific binding receptors in liver cells are believed to express on the
plasma membrane of human primary hepatocyte cells. Thus, it is benefit to maintain
these cells in culture as long as possible. One research group has been constructed the
immortalizing hepatocyte cell line which exhibits characteristics similar to primary

human hepatocyte cells .

. NKNT-3 cell lines were generated by retroviral transfer in
normal primary adult human hepatocytes of an immortalizing gene that can be

subsequently and completely excised by Cre-Lox site specific recombination. After

induced the Cre recombinant expressi ‘ NKNT-3 was switched to be mortal

and showed the similar morpholegy & ‘ sion as human hepatocyte cells.

awaiting liver transplantatio . S reversion of their liver disease. In this
experiment, NKNT-3 rever and human HBV positive

sera infection due to their si atocyte cells.

Unfortunately, t - ve ﬁ: s‘ re recombinase enzyme
produced from recombinaf d was.n SUCCE h neour study. The SV 40 gene,
which expected to remove te"?\#qm ase erg -' active, was still detectable.

g

.ﬂ.‘l"’i? L2

This problem may effect the cepflibii i ellsto both human and gibbon viral
particles.

Although muchti biology of HBV has been

gained, to date it is still ¥ _ 38hMment and penetration of

HBV into human hepato@e, te natural“hos of HBV. @ce the binding of the HBV

particle to the plasma'merr.'p@ne of human hepatocytes is considered as an important

it step in viefefly sk b b ol RV EVAB e hrobdh ipray & crucit role in

the interaction wﬂﬂ-hepatocyte plasma gpembrane

W PR SRS ER Y PR . o=

dependentj phospholipid binding protein present on plasma membrane of human

(77)

hepatocytes, as reported by Hertogs et al.(1993) . Enhancing AnV expression in
human heptocyte cell lines (HepG2) was expected to increase the infectivity of HBV in
vitro. Human AnV expression vector was constructed and transfected to HepG2 cells.

The protein expression was detected by immunostaining with anti-AnV either transient
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transfected cells or stable cell lines (Figure 28). Unluckily, the HBV infection into AnV
expressed CHO stable lines was not a success.

It was commonly believed that the binding receptors should be presented on
plasma membrane specific to each species. This could explain the restriction of HBV
infection only to host and tissue tropism. Anyway, more than one receptor may involve in

the binding and infection process and cause the unsuccessful infection experiments.
(78)

Paran et al . (2001) reported the HBV infection system of cell culture by
using the DMSO treatment to increase the iceptibility of human hepatocyte cell

d into HepG2 culture medium

7 days before HBV positive ~ . ”W treated cells changed and

was easily detected under t ; pe. | ased cell size with more nuclei

treatment of host cells w SEXPRES the proteins, including HBV

DMSO treated cells may not be similés

host cells in nature, bi

infectivity in human host glls. Thi aused bﬂhe low amount of HBsAg

in human serum (Tablé 16).47 Iapurified viral pﬂ‘cles before infection may increase the

viral infectivity o’ﬁtﬂ%ﬁq ‘Vl EI ﬂ ‘s W EI q ﬂ ‘j

In conclusﬂin, our study showed‘seroprevalence and molecular characterization
=1 o/

TN RTINS H N T INY AR LS e e
similar strécture as confirmed by EM study. ‘Phylogenetic felationship of human and
nonhuman HBV strains showed the close ancestor even though these viruses are
indigenous to the different population. Similarity between human and gibbon S antigen
was confirmed by ELISA binding assay of a panel of antibodies to HBV envelope protein
and binding of both antigens were inhibited by immune antibodies prepared from

immunized persons. Cloning and expression of surface antigen of gibbon and human
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HBV were performed to study the specific binding region of HBV to the human host
cells. Although the natural entry step of gibbon HBV into hepatocyte cell line was not
successed, the viral replication in human hepatocyte cells was strongly demonstrated.
The finding of gibbon HBV replication in human cell never be reported elsewhere. From
these results, the possibility of cross contamination between gibbon and human HBV
might occur. In addition to other nonhuman primates HBV, the cross transmission may

not be excluded.

of gibbon viruses in human cells in
vitro, the HBV and cells interacti 1 be : pecies in vivo should perform.
ay be an alternative way to
The correlation of specific
receptors on human hepate€yte’ cells | 'S ..'-‘. region on viral surface
protein should be studied igfths ¢ for’explane narrow host range of HBV
. 2 protective immune response
against gibbon HBV should be inyestige lediinL gi reover, the species specific
HBV vaccine produces fro of | Gi .; )ecies should induce the best
protective immune response he f_:_;» speg or ‘@xample, the complete surface
gibbon HBV produce from LMS ‘rr""v ) mid of gibbon HBV may use as

gibbon HBV vaccine tha duce the s tife, antibodies than using

, i

m 2
ﬂ‘llEl’JVIEW]‘ﬁWEI’]ﬂ‘i

ammn‘im UAIAINYA Y

human HBV vaccine. L7
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