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CD,, Binding Regions of Hepatitis C Virus Remain
Conserved After Liver Transplantation

Andre C. Lyra, Xiaofeng Fan, and Division of Gastroenterology and Hepatology, Department of
Adrian M. Di Bisceglie Internal Medicine, Saint Louis University School of Medicine,
St. Louis, MO, US

CD,, is a surface-associated protein expressed in the membranes of mammalian cells. It has
been suggested that CPinteracts with hepatitis C virus E2 protein, and thus might facilitate the
entry of HCV into hepatocytes. The envelope-binding site appears to involve amino acids (aa) 480-
493 and 544-551 within the E2 glycoprotein. Little is known about the quasispecies genetic
diversity of these two regions. We studied four patients who underwent transplantation for HCV-
related cirrhosis and who developed recurrent hepatitis C. We evaluated HCV quasispecies diversity
in serum samples obtained at the time of transplantation and at several time points thereafter.
Quasispecies diversity was assessed by cloning and sequencing of viral isolates, with computer
analysis of evolution models. The genetic distance in the region that spans aa 480 to 493 was
0.019 + 0.004 before the transplant, and 0.039 + 0.014 after the transplant (p=0.324). In the aa
544 to 551 region, the pre-transplant genetic distance was 0.012 + 0.008 and the post-transplant
distance, 0.010 = 0.007 (p=0.890). There was also no significant difference between the number
of nonsynonymous substitutions per nonsynonymous site before and after transplantation. In
conclusion, the HCV genetic sequences of putative ¢;Dinding regions aa 480-493 and aa 544-
551 did not diversify significantly after liver transplantation. This may favor HCV re-infection of
the allograft after liver transplantation.
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Hepatitis C virus (HCV) is a positive-strand RNA  Chronic hepatitis C infection is also a major
virus member of the Flaviviridae family, and it has beenndication for liver transplantation worldwide [3] and
recognized as a major causative agent of chronic livee-infection of the allograft by the virus invariably occurs
disease, including chronic active hepatitis, cirrhosis anf#,5]. The mechanisms by which HCV enters target
hepatocellular carcinoma [1]. The HCV genome iscells are not yet well known.
subject to considerable variability, whichmay leadto CD,, is a widely expressed cell membrane-
the appearance of the quasispecies population, HCassow@ted protein that belongs to the tetraspanin family
variants with closely related genetic codes whosgb]. It contains four transmembrane domains and two
sequences differ only by a few nucleotides [2]. extracellular loops. Recently, it has been demonstrated
Received on 2Beptember 2003; revised 04 February 2004. that CDO) interacts with E2 protein [7,8] and thus it
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We evaluated and compared the genetic diversityeaction was carried out at @2 for 60 minutes
of these two putative CDbinding sites within E2,  followed by 94C for 5min. Subsequently, the first round
before and after liver transplantation. Our hypothesisf PCR was performed after addingi80of a PCR
is that these regions should remain conserved aftenix containing 1 X PCR buffer, 1.5 mM/L MgCI2, 0.7
organ transplant, which may facilitate the binding ofmM/L dNTPs, 0. tM/L primer, and 1.25 U of Taq
the virus to the C[) protein in the hepatocytes and polymerase (Perkin-Elmer-Cetus, Norwalk, CT) to the
re-infection of the liver after transplantation. 20ul of the RT-reaction. Sense primer CF1 (Table 1)

was utilized for this reaction. The PCR cycles consisted

of one cycle of 9% for 4 min, followed by 5 cycles
Material and Methods (95°C, 1 min; 58C, 1 min; 72C, 2 min), and then 30

cycles (95C, 30 sec; 5%, 1 min; 72C, 2 min), with

The study group was comprised of four patientsa final 7 min extension (?€). For the second
who underwent liver transplantation for HCV-relatedampilification, 5ul of the first PCR product was added
cirrhosis at Saint Louis University (Table1). These foutto 45ul of the PCR mix. The final concentration of the
cases were selected because all were infected with vig0 pl reaction contained 1 X PCR buffer, 2.5 mM/L
genotype 1 and there were stored serial serum samplafidMigCl2, 1.0 mM/L of each of the 4 ANTPs, |0/
available for analysis. Informed written consent wag. of each primer, and 1.25 U of Taq polymerase enzyme
obtained from all subjects and the study protoco(Perkin-Elmer-Cetus, Norwalk, CT). The
conformed to the ethical guidelines of the 1975%oligonucleotides used for the second round of PCR
Declaration of Helsinki. Serum samples in each patienwere sense primer CF2 and anti-sense primers EAR2
were obtained on the day of the transplant (time poirfor subtype 1a, and EBR2 for subtype 1b (Table 2).
0) and for at least one time point thereafter. Identical cycle parameters were utilized for the second

Total RNA was extracted from 1@0serum using  round of amplification. The expected amplicon was 1.38
phenol chloroform extraction, as previously describedkb in length and spanned most of E1 and part of E2,
[12], and resuspended in 60 to d@f water. including two putative Cbinding regions.

HCV genotype was determined by restriction The 1.38 kb E1/E2 amplicon was digested with Eco
fragment length polymorphism (RFLP) assay of PCRRI and Bgl 11, gel-purified and ligated into a digested
products of the 5’ UTR, as previously described [12]pUC 19 vector containing the appropriate restriction
and HCV genotypes were classified according to theites. The plasmid with the HCV insert was transformed
nomenclature of Simmonds et al. [13] into competenk. coliJM109 cells and plated on LB

RNA samples were subjected to a nested RT-PCRgar plates containing ampicillin (19@/ml), and
amplification with primers for E1 and E2 region (Tableincubated overnight at 32. Four to ten clones were
2) [14]. One of the following three primers was usedicked, and grown in LB medium containing 1.Qf
for the reverse transcription reaction. Primer DPR1 wamnl of ampicillin. Plasmid DNA from the cultures were
utilized for both subtypes 1a and 1b, primer EAR1 forpurified by the alkaline lysis method using the QIAprep
subtype 1a, and EBR1 for subtype 1b. If primer DPRSpin Miniprep kit (QIAGEN, Valencia, CA).
failed to amplify the HCV RNA, the others were used. All purified plasmids were sequenced using ABI
Five microliters of the extracted RNA in water wasPrism Big Dye Terminator Cycle Sequencing Ready
added to 19l of an RT-PCR solution. The final Reaction Kit (Applied Biosystems). Reactions were
concentration of this 2@ reaction contained 1 X PCR analyzed with an automated sequencer (ABI model
buffer, 4.0 mM/L MgCJ, 5.0 mM/L DTT, 1.5 mM/L  377-96).
of each of 4 dNTPs, 1.AM/L of primer, 16 U Sequences were aligned and edited using
RNAsin, and 80 U Moloney Murine Leukemia Virus CLUSTAL W [15] and GCG package (Oxford
enzyme (MMLV) (Promega, Madison, WI). The Molecular Group, Inc., version 10.0), and length
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Table 1.Clinical and virological features of four liver transplant patients

Patient  Genotype

Serum time points evaluated for quasispecies  Stage of fibrosis after OLT

1 la Time O day of transplant
Time 1 60.3 months 1
2 la Time O day of transplant
Time 1 32.4 months 1
Time 2 70months 3
3 1b Time O day of transplant
Time 1 1.6 months* 3
Time 2 14.5 months ** 2
Time 3 26.8 months ** 2
4 la Time O day of transplant
Time1l 8.7 months 3

* Patient was subjected to a re-transplant; ** After first liver transplantation.

Table 2.Primers utilized for PCR amplification (Fan et al., 2001)

Primer Polarity Sequence 5’ 3’

DPR1 Artisense AGCAGRAGTTTGGTGATGTC

EAR1 Antisense TCCAGTTGCAGGCAGCWTCCAGCC

EBR1 Antisense TCCARTTGCATGCRGCATYGAGCC

CF1 Sense GACGGCGTGAACTATGCAACAGG

CF2 Sense GTACTGAATTCGGTACCGGTTGCTCTTTCTCTATCTTCC
EAR2 Antisense ACTCGAAGCTTAGATCTTTGATGGTACAAGGRTAATGCC
EBR2 Antisense ACTCGAAGCTTAGATCTTTGASRGTGCARGGGTAGTGCC

polymorphisms were corrected after both alignment andonsynonymous and synonymous site, respectively, was
visual inspection of all sequences from variants withirestimated using the Jukes-Cantor one-parameter

each time point. Final fragments, 411 bp in lengthmethod [18].

spanning two putative Gbinding regions within the
E2 glycoprotein (aa 480 to 493 and 544 to 551) wergenetic distance was defined as the total number of
analyzed utilizing the MEGA program [16]. The total nucleotide substitutions per site among all sequences

Quasispecies nucleotide intra-sample diversity or

number of nucleotide substitutions per site wasnalyzed at one time point. Similar definitions were
estimated using the two-parameter method describadilized for synonymous and nonsynonymous nucleotide

by Kimura [17]. The number of nonsynonymous andsubstitutions per synonymous and nonsynonymous site,

synonymous nucleotide substitutions perrespectively.

www.bjid.com.br



BJID 2004; 8 (April)

CD,, Binding Regions of Hepatitis C Virus

129

Table 3.Diversity of putative C[) binding regions aa 480-493 and aa 544-551

Region Before OLT After OLT P value
aa 480-493 (42 bp)
Genetic distance* 0.019 + 0.004 0.039 +£0.014 324
Nonsynonymoust 0.010 £+ 0.004 0.018 £ 0.010 .599
Synonymousit 0.037 £ 0.025 0.115 + 0.036 .166
aa 544-551 (24 bp)
Genetic distance* 0.012 £ 0.008 0.010 +0.007 .890
Nonsynonymoust 0.004 £+ 0.004 0.004 + 0.003 .866
Synonymousit 0.044 £ 0.044 0.032 £ 0.021 176

* Nucleotide substitutions per site.
T Nonsynonymous nucleotide substitutions per nonsynonymous site.
¥ Synonymous nucleotide substitutions per synonymous site.

Continuous variables were expressed as the me&epatitis. Fifteen months after this re-transplant he had

+ SEM. They were analyzed using an unpaired, twofibrosis stage 2, noted at liver biopsy.

tailed Student T-test, with equal or unequal variances, The mean values of nucleotide intra-sample diversity

depending on the distribution of each set based oor genetic distance at time 0 of all patients in both

analysis by the F-test (Levene’s test for equality oputative CQ), binding regions was not significantly

variances). All analyses were performed utilizing thedifferent from the mean values of intra-sample diversity

SPSS package (SPSS for windows release 10.fr all time points combined after transplant (Table 3).

SPSS Inc. Chicago, IL). A P value of <0.05 wasThere was also no significant difference between the

considered to be statistically significant. number of nonsynonymous and synonymous nucleotide
substitutions per nonsynonymous and synonymous site,
respectively.

Results In fact, there were only a few differences in
nucleotides and amino acids between sequences before

A total of 73 clones from four patients were and after transplantation in all patients (Figures 1 and 2).

sequenced and analyzed. Fifteen of these clones wekéier re-transplantation of patient 3, both putative, CD

from samples obtained after a re-transplant in onbinding regions remained conserved up to approximately

patient. The GenBank accession numbers for thesEs months of follow-up (Figures 1 and 2).

sequences are AF431816 to AF431888. All four patients

were infected with HCV genotype 1. Three of them were

infected with subtype 1a and one with subtype 1b. ThBiscussion

mean time of follow-up after first transplantation for all

patients was 38 months. After the first transplant, one We found little diversity in the sequences of two

patient had stage 2 fibrosis and three patients had stagetative CQ), binding regions located at aa 480-493

3fibrosis, noted in the liver biopsy at the last time poinand aa 544-551, before and after liver transplantation.

in which quasispecies were analyzed (Table 2). Onkn fact, both regions were relatively conserved and only

patient was subjected to a second liver transplantatiamfew HCV variants differed by a few amino acids,

after 11.6 months because of fibrosing cholestaticonfirming our initial hypothesis.
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Figure 1.Hepatitis C virus amino acids sequences of putativel@iling-region aa 480 to 493, from all time
points of all four patients

Patient 1 Patient 3
Clone 0-7 PEHRPYCWHYPPKP Clone 0-4 LDQRPYCWHYAPRP
Clone 0-6 Time 0 Clone 0-3 .G .
i Clone 0-5 ime Clone 0-2
Time 0 Clone 0-4 Clone 0-1 ..
Clone 0-3
Clone 0-2 . Clone 1-8 ..
Clone 0-1 ... Clone 1-7
Clone 1-6
Clone 1-8 Time 1 Clone 1-5
Clone 1-7 Clone 1-4
Time1 Clone 1-6 Clone 1-3
Clone 1-5 Clone 1-2
Clone 1-4 Clone 1-1 ..
Clone 1-3
Clone 1-2 Clone 2-10 .
Clone 1-1 Clone 2-9
Clone 2-8
Clone 2-7
Patient 2 Time2  Clone 2-6
Clone 2-5
Clone 0-8 PDHRPYCWHYPPKP Clone 2-4
Clone 0-5 Clone 2-3
Clone 0-7 Clone 2-2
Timeo Clone 0-6 Clone 2-1 ..
Clone 0-4
Clone 0-3 . Clone 3-6 ..
Clone 0-2 Time 3 Clone 3-5
Clone 0-1 Clone 3-4
Clone 3-3
Clone 1-8 Clone 3-2 ..
Clone 1-7
. Clone 1-6
Time 1 Clone 15 Patient 4
Clone 1-4
Clone 1-2 Clone 0-5 PDQRPYCWHYPPRP
Clone 1-1 Clone 0-4
Time 0 Clone 0-3
Clone 2-7 ...G. Clone 0-2
Clone 2-6 Clone 0-1 ...
Time 2  Clone 2-5
Clone 2-4 ...G. Clone 1-4 ...
Clone 2-3 L. Time1 Clone 1-3
Clone 2-2 Clone 1-2 L.
Clone 2-1 Clone 1-1 L.

Figure 2. Hepatitis C virus amino acids sequences of putativel@mling-region aa 544 to 551, from all time
points of all four patients

Patient 1 Patient 3
Clone 0-7 PPLGNWFG Clone 0-4 PPQGNWFG
Clone 0-6 Time 0 Clone 03 .......
Time 0
Clone 0-5 Clone 0-2
Clone 0-4 Clone 0-1 ........
Clone 0-3
Clone 0-2 Clone 1-8
Clone 0-1 Time 1 Clone 1-7
Clone 1-6
Clone 1-8 g:one ii
Time 1  Clone 1-7 one 1-
Clone 1-6 Clone 1-3
Clone 1-5 Clone 1-2
Clone 1-4 Clone 1-1 ........
Clone 1-3
Clone 1-2 Clone 2-10 ........
Clone 1-1 Clone 2-9
Time 2 Clone 2-8
Patient 2 Clone 2-7
Clone 2-6
Clone 0-8 PPSGNWFG Clone 2-5
g:one g? Clone 2-4
one 0- Clone 2-3
Tme 0 Cione 0-6 Clons 2.2
g:one gg Clone 2-1 ...
one 0-
Clone 0-2 Time3  Glone 36 ...
Clone 0-1 Clone 3-5
Clone 3-4
Slone 18 Clone 3-3
one 1- Clone 3-2 ...
Time 1 Clone 1-6
g:g:g ii Patient 4
Glone 1-2 Clone 0-5 PPLGNWFG
Clone 1-1 Clone 0-4 .
Time 0 Clone 0-3.
Clone 27 Clone 0-2.
g:ggg gg Clone 0-1 ........
Time 2 .
g:g:g 2 g Clone 1-4 ........
$ Clone 1-3 .
Time 1
Clone 2-2 Clone 1-2.

Clone 2-1 Clone 1-1 ........
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Liver transplantation appears to be a valuable modg@larameter method for estimation of the total number
for evaluating HCV molecular evolution because theof nucleotide substitutions, and the Jukes-Cantor one
virus needs to infect another liver. Our results showparameter method for synonymous and
that in the context of a new environment and transplamtonsynonymous nucleotide substitutions. Both models
related factors, which include immunosuppression andave been used for analysis of HIV and HCV
anew liver, the genetic codes of both Cliinding  quasispecies [25], and they seem to be valuable tools
regions are kept relatively stable. Other regions of théor evaluating HCV molecular evolution.

HCV genetic code, such as hypervariable region 1 Of note, in spite of using regular Taq polymerase
(HVR1), NS2 and NS3 have been reported to undergior PCR amplification, which is prone to proof-reading
considerable variability as soon as a few months aftarrors, we found little variability in the GPbinding
liver transplantation [19-21]. regions.

CD,, is a protein that is expressed in cellmembranes. In summary, we evaluated the genetic diversity of
Several studies have suggested that @@racts with  putative CQ), binding-regions aa 480 to 493 and aa
E2 protein of hepatitis C virus [9,10], and thus, it is é44 to 551 within the HCV E2 protein, before and
potential cellular receptor or co-receptor for HCV after orthotopic liver transplantation, in four patients,
entry into hepatocytes. Therapy with interferon alphaby cloning and sequencing. We found that both regions
in combination with ribavirin, appears to down-regulateare relatively conserved and the mean genetic distance
cell surface-associated GOn peripheral blood and mean number of nonsynonymous substitutions per
lymphocytes of patients infected with HCV [22]. This nonsynonymous site did not change significantly after
further supports the concept that this protein ighe transplant.
functionally involved in the interaction between the host
and the virus. Thus, it is important to study the genetic
diversity of the regions of the hepatitis C virus genom&eferences
involved in CQ, binding, and its potential clinical
implications. The envelope-binding site appears to bel. DiBisceglie A.M. Natural history of hepatitis C: its impact
of conformational nature and has been suggested to  ©n clinical management. Hepatold0931:1014-8.

. s 2. Martell M., Esteban J.I., Quer J., et al. Hepatitis C virus
involve aa 480 to 493 and 544 to 551 within the E2 (HCV) circulates as a population of different but closely

glycoprotein of HCV [11]. The fact th_at Fhese reQiO_ns related genomes: quasispecies nature of HCV genome
are conserved probably favors the binding of the virus  distribution. J Virol199266:3225-9.
to the (:|:g1 protein in the hepatocytes and thus, the 3. Keeffe E.B. Liver transplantation: current status and novel
re-infection of the allograft after liver transplantation. gggﬁ;ghiz tgz""er replacement. Gastroenterology

HCV quasispecies complexity and dlversny may be 4. Wright T.L., Donegan E., Hsu H.H., et al. Recurrent and
evaluated by several means. Amongthe technlqueS_ used  acquired hepatitis C viral infection in liver transplant
are the heteroduplex mobility assay (HMA) [23], which recipients. Gastroenterolo992103:317-22.
evaluates diversity by providing an estimation of the 5. Gretch D.R., Bacchi C.E., Corey L., et al. Persistent hepatitis
Hamming distances, PCR-single strand conformation C virus infection after liver transplantation: clinical and

. ’_ . . virological features. Hepatolog9522:1-9.

polymorphism (PCR-SSCP) [12,24], which estimates ¢ | .\ "s™ T4 s.C.. Maecker H.T. COTAPA-1): a
the complgxny O_fthe virus, and cloning and Sequencing.  molecule involved in signal transduction and cell
The latter is believed to be the “gold standard”, and itS ~ adhesion in the immune system. Annu Rev Immunol
usage permits measuring of the rate of nucleotide and ~ 199816:89-109. _ o
amino acid substitutions in several ways. The 7. Pileri P., Uematsu Y., Campagnoli S., et al. Binding of

. . . . . hepatitis C virus to CD81. Scient898282:938-41.
disadvantages of this method are thatitis labor intensivey o2 2 R Faiy gi F., Galli G., et al. Structure-function

and CQSﬂY- We utilized Plonin_g and Seqyencmg’ and  analysis of hepatitis C virus envelope-CD81 binding. J
evolutionary models, including the Kimura two- Virol 200Q74: 4824-30.
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