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ABSRACT

Hepatitis B virus (HBV) DNA integration is often detected in childhood hepatocellular
carcinomas (HCC). To study how early HBV is integrated and its role in pre-cancerous stage,
15 liver tissues obtained from 14 children with chronic hepatitis including one liver tissue
from a child with HBV-related liver cirrhosis, and three non-tumorous liver tissues from three
children with HCC were analyzed by inverse polymerase chain reaction (IPCR) method. For
comparison, 9 tumor tissues from the 9 HCC children were also studied for comparison. [PCR
method had the advantage over the conventional southern blot method for it requires only 2
minimal amount of tissue DNA to detect the integrated viral genomes. Among the 23 patients
studied, 6 were in highly replicative phase, 17 were in low replicative phase,

Rearranged HBV DNAs, which were possibly integrated into the host genome, were

isolated from the liver of 2 chronic hepatitis and 1 HBV-related cirrhosis children. Inthe 9
children with HCC, one to two host-viral junctions were amplified from 9 HCC tissues by
IPCR. In the meantime, multiple HBV integrants were obtained from their non-tumor
counterparts. All the integrated viral junctions were located near DRI, except two IPCR
products with viral DNA rearrangement.

In this study, a relatively sensitive strategy, IPCR, was used to detect the integrated viral
genome. Our preliminary analysis revealed the possibility that HBV DNA integration into the
host genome occurred at least in some children with chronic hepatitis B. In addition, we also
proved' that integrated HBY DNA and the host-virus junction sequences were more frequently
isolated from the precancerous and cancer liver tissues. Therefore, the timing of HBV DNA
integration, in contrary to what was generally believed, may appear not only during the
precancerous or HCC development stages, but also in earlier stages. Further confirmation of our
results will depend on cloning of the viral-host junction sequences from the chronic hepatitis

liver tissues.

Key word: hepatitis B virus (HBV) » childhood hepatocellular carcinoma - integration of
HBV DNA into host genome



INTRODUCTION

Chronic hepatitis B virus (HBV) infection may lead to chronic hepatitis, liver cirrhosis, and
even hepatocelluar carcinoma (HCC). In hyperendemic areas such as Taiwan, chronic HBV
infection begins very early, since infancy or early childhood. Perinatal transmission of HBV
from carrier mothers to their infants is an important route of transmission (1). It accounts for
about half of the cases for chronic HBV infection (2). The other half is from horizontal
transmission, which occurs mainly during childhood (3).

HBYV replicates through reverse transcription of an RNA intermediate, as retroviruses do (4).
Insertional mutagenesis has been demonstrated to be an important oncogenesis mechanism of
slow transforming viruses (5). The mechanism of hepatocarcinogenesis is unclear, but is
considered to be a multi-step process. It is speculated that HBV DNA integration may
promote liver carcinogenesis by integration into the sites close to the gene(s) controlling cell
growth. It could be achieved either by altering the nature of these gene products through
insertional mutagenesis or by changing the gene expression levels via transregulation. Most
HBV related hepatocelluar carcinomas contain integrated HBV genomes (6). Two HBV
integrants in human were mapped to genes relevants to cell growth (7,8), although most of
integration patterns of HBV genome in HCC seem to be non-specific and occur randomly.
We have demonstrated integration of HBV genome into tumor and non-tumor liver tissues in
children with HCC by southern blot hybridization methods (9). However, how early the event
of integration of HBV DNA into host genome occurs in children during the natural course of
chronic HBV infection remains unknown. This is an important issue because the antiviral
agents should be intervened before integration occurs. It has been showed by Goto et al. (10)
the integration of HBV DNA into the liver tissues in children with chronic HBV infection by
southern blot hybridization method. Another study showed contradictory results and failed to
demonstrate the integrated HBV genome in the liver tissues of childhood chronic hepatitis
(11). Yaginuma et al. reported that viral junction at the integration site were restricted to DRI
in one childhood HCC and one chronic hepatitis tissues (12). This issue obviously needs to be
clarified, particularly by a more sensitive method.

Since the liver tissues obtained by needle biopsies from children with chronic HBV infection
are small, it is difficult to adapt the conventional genomic cloning methods to study the viral
genome integration. We have successfully established a method of inverse polymerase chain
reaction (PCR) to study HBV integration in small pieces of tissue samples with high
sensitivity (13). This method can overcome the difficulty in obtaining a relatively large
amount of liver for Southern hybridization to study HBV integration into liver genomes. The
main procedures of inverse PCR include digestion of small amount of tissue DNA fragments,
ligation to circular-form DNA, and then amplification of the circular-form DNA by PCR
using primers designed inversely towards the unknown flanking sequences. Although no
specific viral junction has been found for HBV integration, about half of the integrants have at
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least one of the virus ends located near the 11-base-pair direct repeat sequences (DR 1 and
DR?2) or within the cohesive region (Coh type)(14-17). The Coh type integrants can be
grouped into four patterns by their viral end specificity and strand polarity (16-18). They
include integrants with one viral end at DRI and the viral DNA extending either downstream
through the core gene (type [ ) or upstream through the X gene (type I } and the integrants
with one viral end at DR2 and the HBV sequence extending through the core gene (type II)
or the X gene (type IV) (Fig. 1).

In this study, we have investigated HBV DNA integration in the host. We have studied the
integration of HBV DNA into the host genome in children with chronic HBV infection by a
more sensitive method, which is inverse PCR. Four groups of HBV primer pairs near DR1 or
DR2 were used for amplification of viral-host junction in type I -IV integrants. The flanking
sequences of host genome and the sequences of integrated HBV were analyzed when
integration of HBV DNA was noted. Through this study, we can generate ample data to better
understand the host-virus integration status in children with chronic HBV infection.

SUBJECTS AND METHODS

SUBJECTS

Totally 415 HBsAg carriers children have been long-term followed once every six months. At
each visit, physical examination, biood test for live function profiles and HBV markers were
tested.

Totally 14 liver tissues from 13 (with one child receiving 2 times of biopsy) of the long-term
followed 415 children with chronic HBV infection were studied by inverse PCR to test
whether integration of HBV DNA exists or not. Liver biopsy was performed in these children
with parental consent. In order to avoid the interference of HBV free form DNA, 10 of these
liver tissues were randomly selected from nine anti-HBe seropositive children at biopsy. For
comparison, liver tissues from a child with liver cirrhosis and tumor and non-tumor liver
tissues from another 9 anti-HBe seropositive children were also obtained through random
selection. The clinical details of these 24 children are listed in Table 1.

METHODS

HBV Markers:

Hepatitis B surface antigen and its antibody (HBsAg and anti-HBs), antibody to hepatitis B
core antigen (anti-HBc), hepatitis B e antigen and its antibody (HBeAg and anti-HBe) were
tested by radioimmunoassay using the commercially available kits manufactured by Abbott
Company (Dianansbott, North Chicago, U.S.A.).

Liver Histologic Examinations:

Liver tissues were obtained through needle biopsy or wedge biopsy during operation. The
liver tissues were snap-frozen in liquid nitrogen immediately for storage until use, or fixed in
formalin, sectioned and stained with H & E, Masson- Trichrome stain, and
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immunocytochemical stains for HBsAg and HBcAg.

DNA Extraction:
Genomic DNA of Liver tissues from children with chronic HBV infection were extracted by a

commercial kit (QIAamp DNA Mini Kit, QLAGEN). The extracted DNA was diluted to the
concentration of 1 ng/ul and stored at -70°C and subjected to inverse PCR.

Inverse PCR:
One g g of liver tissue DNA was digested with restriction enzyme either Sau3Al, Acil, or

Bfal (New Endgland Biolabs, U.S.A. ) at 37°C for 4 hrs., then the enzyme was inactivated at
68°C for 15 min. DNA fragments was self-ligated at a concentration of 0.5 ng/ul, at 16°C for
18 hrs, then the ligase was inactivated at 94°C for 15 min. Four groups of HBV primers,
designed as H, B, R, and D (internal primers H2 and P5, B2 and B1, R2 and H5, D2 and D1;
external primers H4 and P11, B4 and B3, R4 and P11, D4 and D3 ), were synthesized for type
1,0,I0,and IV integrants, respectively (Fig. 1).
To perform the first round of PCR , 2.5, 5, 10 and 15 ng of circular form of tissue DNA were
added to each reaction tube which contains 1X PCR buffer (Protech, Taiwan) 15 pmeol of
internal primer pairs, 100uM of deoxy-nucleoside triphosphate (dNTPs), a 1 unit of DNA
polymerase (Protech, Taiwan) in a total volume of 50 ul. The PCR was set 94°C for 1 min,
primer annealing at S0°C for 1 min, and extension at 72°C for 2 min. In the second round
PCR, 4ul of the first inverse PCR product was then added to a new reaction tube containing
15 pmol of external primer pairs and the same mixture was as used in the first round of PCR.

Forty cycles were performed with the same program.

The inverse PCR product was digested with Sau3Al (for type I and type I products) or Acil
(or Bfal; for typell and typelV products ) and subjected to gel electrophoresis with 3%
Nusieve agarose gel (Sigma, St. Louis, MO USA ) to confirm the authenticity of the products.
The sizes of expected IPCR products derived from free HBV DNA are about 270-bp from
type I products, 300-bp from type II ,265-bp from type 10 , and 490-bp from type IV
products. The products of the above-mentioned sizes were not further analyzed in this study.
Other bands with expected size-shift during electrophoresis were picked for cloning and
sequencing. That is, loss of 53-bp after enzyme digestion in type I products, loss of 76-bp in
type II products, loss of 63-bp intype II products, and loss of 58-bp in type IV products.

Nested PCR: _

To confirm whether the IPCR producis were from rearranged HBV, direct PCR was
performed on undigested liver genomic DNA template using two pairs of primers designed for
each IPCR clone. For clone HgS11, the first pair of primers is primer P3: 5'
tetgetetgtatcgggage 3 (HBV sequence 2001-2019) and primer H2 (described in previous
paragraph). The second pair of primers is primer P4: 5’ ttagagtctecggaacatt 3' (HBV sequence
2022-2040) and primer H4 (described in previous paragraph). For clone 189538H, the first
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pair of primers is primer P5: 5' gacaccgettcagettigt 3' (HBV sequence 1992-2010) and primer
H2. The second pair of primers is primer P6: 5' gaatccttagagtctectg 3' (HBV sequence 201 6-
2034) and primer H4.The PCR was performed with the same condition as described in our
previous report (28). Again, the PCR products were subjected to gel electrophoresis with 3%
Nusieve agarose gel (Sigma, St. Louis, MO, USA ) to confirm the authenticity of the products.

Cloning and Sequencing:

The IPCR DNA products were precipitated by alcohol and was inserted to the cloning vector
(pPGEM-T Easy Vector System, Promega, Madison, Wisconsin, USA). Through
transformation into JM 109 competent cells and maxipreparation, a large amount of plasmids
containing the [PCR products were obtained and were subjected for sequencing. DNA
sequencing was performed using AmpliCycle Sequencing Kit (PE Applied Biosystems,
Greenwich, CT, U.S.A.). Radioactive “33P-dATP-labelied T7 and SP6 sequences were used
as primers for sequencing reaction. The obtained sequences were then subjected to commputer
comparison with HBV and human sequences in GeneBank.

RESULTS
Clinical Course and Liver Histology.
The data of the 23 children were shown in Table 1.

Analysis of IPCR Products from Liver Samples of Children with Chronic Hepatitis
Fourteen liver samples from 13 children with chronic hepatitis and one liver tissue from one
child with liver cirrhosis were analyzed by IPCR method. According to the results of enzyme
digestion and electrophoresis, analysis of the PCR products revealed a major band of 270-bp
in samples amplified by type I —specific primers. Minor bands of various sizes lost expected
size after Sau3Al digestion, which were subsequently cloned and sequenced.

Products of free form HBV DNA also were amplified by other three types of primers in eight
samples. However, other minor products did not show expected shift patterns after enzyme
digestion. These results indicated that free form HBV DNA was the template for amplification.
The integrants might not exist since they were undetectable by this method. '

The inverse PCR products in six children had larger sizes than presumed self-ligated HBV
Sau3Al, Acil, or Bfal cut fragments, and showed expected shift after enzyme digestion. They
were considered as candidate products containing possible integrated HBV DNA and its
flanking cellular sequences, thus were subjected for further analysis. However, cloning and
sequencing of these products showed that they were products caused by mutation of the
Sau3Al cutting site of HBV at nucleotide 1983 from GATC to CATC in three children, at
nucleotide 1984 from GATC to GGTC in one child, at nucleotide 1633 from GATC to GGTC,
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and by mutaticn of the Acil cutting site at nuleotide 1471 from CCGC to CCGG in one child
(Table 2). The results showed that a point mutation at viral Sau3Al or Acil sites was present in
these products and no cellular sequences were obtained. We suggest that these major bands
may derive from free viral DNA. (Table 2). Interestingly, in addition to these clones, we also
isolated 3 unique HBV DNA-containing IPCR products (Table 2 and Fig. 2} from three of the
same group of children (casel2, 13, and 14; 2 with chronic hepatitis and 1 with HBV-related
cirrhosis). These sequences are unique since they do not contain mutations or polymorphism
of Sau3 Al or Acil sites. Instead, they seemed to be amplified from rearranged HBY DNA
templates. A possible mechanism to explain the result was shown in Fig. 3 using clone
HgS11H as an example. However, these 3 IPCR products did not contain host genome
sequences. This could be partially attributed to the repetition nature of the rearranged HBV
DNAs, which make two Sau3Al sites (or other enzyme sites used in IPCR) so close that the
viral sequences between them can be readily amplified in IPCR. To confirm these products
were not derived from DNA recombination caused by enzyme digestion and religation
procedures during [PCR, we designed two pairs of primers which are adjacent in the sequence
of HBV genome and performed direct PCR on undigested liver genomic DNA from these
patients (Fig. 2A and 2B ). The sizes of nested PCR products from HgS11H and 189S38H
were the same as what we expected to see in the rearranged HBY DNA (Fig.2 and data not
shown). Therefore, it is highly suggestive that at least these 2 IPCR products were amplified
from originally rearranged HBV genomic DNA template. As for clone 121S22H (Fig. 2C), we
are now determining whether it also arose through a similar mechanism. In addition, since
some very minor products may not be successfully cloned in the experiments, we cannot
conclude definitely that these children have no HBV integration in the cellular sequences.

Virus-Host Junction in Children HCCs and Their Non-Tumor Counterparts

To study HBV integration in livers in the pre-cancer status, the non-tumor liver tissues from 9
HCC children were analyzed by IPCR method. After sequencing and computer comparison,
nine DNA fragments containing HBV-host junctions were obtained from ten HCC tissues,
which were designated as 669Ha, 669Hb, 1144H, 1743Ha, 1743Hb, 29615H, 10285H,
19031H, and 17439B. We also found that multiple viral-host junctions were present in the
non-tumor counterpart from one patient. Indeed, twelve IPCR products contained flanking
cellular sequences of integrated HBV were obtained from the non-tumor parts and designated
as 663N, 1132Na to 1132Ng, 1741 Na, 1741Nb, 90114H, and 121132H ( Table 3 and Fig.4).
The sizes of the inserted cellular DNAs in each IPCR product ranged from 30 to 500 bp. All
of these obtained viral-host junctions were located near DR1, except 1743Hb, which was
located at nucleotide position 3219 of HBV, and 17439B, which was located at nucleotide
position 1789. Both were probably due to HBV DNA rearrangement. In addition, we also
isolated 6 (2 from HCC tissues and 4 from non-tumor parts) clones (Table 3, 19059H,
90113D, 90110A, 21855H, 21752H, and 10281H) which may arise from the rearranged and
integrated HBY DNA templates. However, the viral-host junctions could not be identified in
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these clones either.

DISCUSSION

This study has investigated liver tissues obtained mainly in the low viral replication phase, as
represented by seronegative HBeAg. This is because (1) this phase was regarded to be a later
stage of HBYV infection and more likely to detect viral integration into the host genome; (2) to
prevent the interference of large amount of free form HBV DNA. Yet the results of
electrophoresis revealed that there was still some free form HBV DNA in the liver of the anti-
HBe seropositive children. Sequencing of these PCR products which are putative candidate
products of integration, turned out to be free form HBV DNA with mutation at the restriction
enzyme cutting sites. Therefore, it is very important to know this caveat and to exclude these
products in further analysis.

It is of great interest that from livers of 2 chronic hepatitis and 1 HBV-related cirrhosis patient
we isolated 3 IPCR products (clone HgS11H, 189838H, and 121522H) which may derive
from rearranged HBV DNA templates. The results of direct nested PCR using undigested
cellular genomic DNA from 2 of the 3 patients as the template further indicated that the
rearrangement of HBV DNA was not caused by enzyme digestion and religation occurring in
the IPCR procedure. It is understandable that viral-host junctions were not identified in these
chronic hepatitis clones, since the rearrangement created repeated HBV sequences which
spanned the sites of primers and restriction enzymes (e.g. Sau3Al site) we chose in [PCR and
may thus interfere the cloning of putative host sequences, However, currently we are
designing new experiments to circumvent this obstacle and to obtain direct evidence
supporting the existence of integrated HBV DNAs in host genome of these children. To our
knowledge, no such large-scale DNA rearrangement has ever been identified in free-form
HBYV genomes. In contrast, it is well known that both the cellular and the integrated HBV
DNAs undergo frequent and various DNA rearrangements, at least in HCC tissues or cell lines
(20). Therefore, it is likely that these IPCR clones were amplified from the integrated and
rearranged HBV DNA in children with chronic hepatitis. Indeed, two previous reports (10, 12)
have showed that integrated HBV DNA could be found in the host genome from patients with
chronic hepatitis. Our results is the third report to describe this finding and may help shape the
hypothesis that HBV integration and rearrangement may occur in earlier stage during chronic
hepatitis infection. Further clarification of this point may shed some light into the
understanding of the role played by HBV DNA integration in HCC development.

In addition, we have successfully cloned HBV-host junction sequences from childhood HCC
tissues by IPCR method (Fig. 4). The respective non-tumor tissues of HCC children are good
materials for studying the status and the effect of HBV integration in the pre-cancerous stage
of the liver. Nine HCC tissues and their non-tumor counterparts were analyzed in this study.
The electrophoresis and sequencing results showed that at least in some HCC patients (Table
3, e.g. case 16 and clone 1132Na-Ng), more integrated forms of viral DNA seemed to be
present in non-tumor parts of the livers than the tumor parts. This finding is consistent with
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the monoclonal nature of tumor cells and the polyclonal nature of the non-tumor tissues. All
viral junctions obtained were located near DR1, except two products located at HBV
nucleotide position 3219 and position 1789 due to viral DNA rearrangement. Although IPCR
products amplified by type I-IV primers were also present in eight tissue samples, they
were finally demonstrated to be free form or rearranged HBV DNAs. Interestingly, as we
found in chronic hepatitis children, several IPCR products isolated from HCC or its non-
tumorous portion (Table 3) were also presumed to derive from rearranged HBV DNA
templates. This is also consistent with previous knowledge (9, 12, 20} that rearrangements of
integrated HBV DINA are frequently encountered in host genomes of HCC or pre-cancerous
livers. Moreover, the rearrangement of HBV DNA also seemed to interfere the isolation of
viral-host junctions in these clones.

Few previous reports could demonstrate HBV viral genome integration into the host genome
(10-13). According to our results, we agree with the generally accepted conception that
compared to HCC and its precancerous liver, integration of HBV genome into the host DNA
may not occur frequently or extensively in the liver cells of children with chronic hepatitis,
since the integrated sequences were not easily identified even using the very sensitive method
like IPCR. Alternatively, the integration may have occurred in some chronic hepatitis children
with a different way (e.g. complex rearrangement) which escaped our detection due to the
intrinsic limit of the [PCR method. In contrast, it is more common to identify the integrated
HBYV DNASs in the tumor and non-tumorous liver tissues of children with HCC. Once it occurs,
HBY DR1 is a preferred viral junction to be integrated. However, we would like to emphasize
again the exciting possibility suggested by our results that at least in some children with
chronic hepatitis B, rearranged HBV DNA existed in liver cells and it is likely that these
rearranged DNAs may have integrated into the host genome. The possible biological
significance behind it can not be overlooked, since early integration of HBV may have
impacts on the expression of viral proteins, on the growth and death of host hepatocytes, and
more importantly, on the development of HCC. To confirm our observation, further
experiments are now underway in our lab, aiming to isolate the putative viral-host junction(s)
in livers of chronic hepatitis B.
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FIGURE LEGENDS

Figure 1. Schematic representation of the location of HVB primers relative to four types
of HBY integrants. Each type of integrants has one viral end located near viral direct repeat
(DR) 1 or 2 as previously described by Robinson (18). The thick and thin vertical arrows
indicate restriction enzymes Sau3 Al and Acil cutting sites, respectively. White bar denotes
HBYV; hatched bar denotes cellular sequences. Horizontal arrows represent HBV primers
designed for amplification of each type of integrants: H set primers for type I integrants, B set
for type II, R set for type I, and D set for type IV.

Figure 2. Chronic hepatitis livers have IPCR sequences possibly arising from
rearranged HBV DNA templates. The 3 IPCR sequences are from the livers of 2 chronic
hepatitis patients (189538H and 121522H) and 1 cirrhosis child (HgS11H}), respectively. A)
showed detailed information of clone 189S38H. Its corresponding locations in HBV genome
are shown in the map of A1), which also indicates the relative locations of primers used in
IPCR (H4 and P12) and primers for nested PCR (H2 and P5, and H4 and P6}. The arrows
show the directions (5° to 3°) of primers. It is clearly shown that without recombination, the
nested PCR on the non-digested original HBV genome can not generate small-sized (e.g.
within several hundred base pairs) PCR products. In contrast, the HBY DNA rearranged in a
manner as shown in A2) can generate two PCR products of specific sizes (218 bp and 182 bp)
in the nested PCR. Similar information of clone HgS11H and the design of primers (H2 and
P3; H4 and P4) used to determine possible rearrangement of template HBV DNA are shown
in B). Again, if the rearrangement occurs as shown in B2), the two PCR products will be 173
bp and 150 bp in size. No PCR product can be isolated in B1), in which no rearrangement
occurs. Finally, some basic information of cone 121S22H is shown in C). For this clone,
nested PCR has not been performed to evaluate the possibility of HBV DNA rearrangement.

Figure 3. An illustration of how IPCR product (using HgS11H as an example) was
generated from rearranged HBV DNA template. The open line and the solid line, which
are joined at the position marked as nucleotide 2088 and 1773, represent two arms of
rearranged HBV DNA sequences, respectively. The nucleotides of the left armn are partially
repealed sequences of that of the right arm. However, the exact length of repeated sequence
and its upstream frontier in the left arm has not been characterized yet. Since the repeated
sequence has spanned through the GATC (Sau 3A1 site), the rearrangement will cause
enzyme digestion at both ends, religation, and the IPCR product as shown in the lowest panel
of the figure.

Figure 4. Summary of the virus-host junction sequences obtained from three non-

tumorous tissues. Lowercase letters represent cellular sequences adjacent to HBV. The HBV

13



primers for [PCR are boxed. The nucleotide number of each viral junction is shown according
to Valenzuela et al. {19).



Tablel. The clinical details of the 24 children with chronic hepatitis B virus infection,
cirthosis, or hepatocellular carcinoma

At biopsy or operation

Casc Sox (Initial/Final Peak  Matemal'pce ATT  HBe/Ami-HBe Histology
age) ALT HBsAg

1 M 812 215 P 11 36  Pla@)yN CH-miAnoF

2 M 3/22 262 P 16 262  P(4Mo before@)/N CH-miAncF

3 F 417 470 P 12 404  P(3Mo before@)/N CH-miAnoF

4 M 11/17 481 P 12 304  P(14Mo before@)/N CH-moAmiF

13 416 N/P(at @) CH-miAnoF

5 F 0/15 145 P 1 141 N/P(OMo after@) CH-miAnoF

6 M 219 65 P g 12 N/P(EY after@) CH-MC

7 F 6/16 68 P 9 8 N/P(6Mo after@) CH-modAnoF

8 M 4/17 101 N g 13 N/P(TMo after@) CH-MC

9 M 0723 201 P 7 6 N/P(SY after@) CH-MC

10 M 7/26 30 N 18 16 N/P(8Y after@) *CH-miAnoF

11 F 0/20 160 P 15 102 N/P(3Y after@) CH-miAmiF

12 M 13730 1074 N 15 31 N/P(1Y after@) Ma AmodF

13 F 1/24 830 N 10 16 N/P(1Y after@) *CH-miAmodF

14 M 11418 29 ? 11 20 N/P Cirrhosis

15 M 12/12 66 P 12 39 N/P HCC and non-tumor
tissue (cirrhosis)

16 M 10/19 392 P 10 211 N/P HCC and non-tumor
tissue (CH-MC)

17 M 88 273 P g 23 N/P HCC and non-tumor
tissue (cirrhosis)

18 M 1.5/4 200 P 1 201 PP HCC and non-tumor
tissue (cirrhosis)

19 M 1511 620 p 11 40 N/P HCC and non-tumor
tissue (cirrhosis)

0 M 78 69 P 8 69 P/P HCC and non-tumor
tissue (cirrhosis)

21 M 14/15 118 P 14 31 N/P HCC and non-tumor
tissue (cirrhosis)

72 M 612 31 ? 9 2 N/P HCC and non-tumor
tissue (cirrhosis)

73 M 78 522 P 7 114 N/P HCC and non-tumor

tissue (cirrhosis)

M=male, F= female, P=positive, N=negative, Mo=month(s), Y=year(s), CH=chronic hepatitis,
A=activity, F=fibrosis, mi=mild, mod=moderate, no=no, MC=minimal change, * =with previous
histologic change of chronic active hepatitis two to nine years ago, {@=HBe seroconversion,

? = unknown or not performed



Table 2. Results of [IPCR in 14 children with chronic hepatitis B virus infection (including
cirrhosis patient)

Case No. [PCR clone and the possible explanation Integration of HB
into host genome

1 No No

2 No No

3 No No

4-1 HBV Aci I site mutation {1468-1471 CCGC>CCGG) No

4-2 No No

5 HBV Sau3 Al site mutation (1983-1986 GATC->CATC) No

6 HBYV Sau3 Al site mutation {1983-1986 GATC->CATC) No

7 No No

8 No No

9 HBV Sau3 Al site mutation (1983-1986 GATC->CATC) No

10 No- No

11 No No

12-1 HBYV Sau3 Al site mutation (1983-1986 GATC->CATC) No
12-2 121822H. possible HBV rearrangement Possible
13-1 HBYV self ligation No

13-2 . HBV Bfa I site polymorphism No

13-3 189S38H. possible HBV rearrangement Possible
14-1 HBV Sau3 Al site mutation (1632-1635 CATC->GGTC) No

14-2 HBYV Bfa I site polymorphism No

14-3 HgS11H, possible HBV rearranegement possible




Table 3. Results of IPCR in 10 children with hepatocellular carcinoma

Case No. IPCR clone, size, and the possible Integration of HBY
explanation into host genome
15-T-1 669Ha Yes
15-T-2 669Hb Yes
15-NT 663N, 548 bp cellular seq. Yes
16-T 1144H Yes
16-NT1-7 1132Na-1132Ng Yes
17-T-1 1743Ha Yes
17-T-2 1743Hb Yes
17-NT-1 1741Na Yes
17-NT-2 1741Nb Yes °
17-T-3 174398, 482 bp with 135 bp cellular seq.
17-NT-3 No
18-T-1 19031H, 286 bp with 196 bp cellular seq. Yes
18-T-2 422 bp, HBV Sau3 Al artifacts No
18-NT-1 19059H, 256bp, possible HBV rearrangement Possible
18-NT-2 743 bp, HBV Sau3 Al artifacts No
19-T No No
19-NT-1 90114H, 446 bp with 347 bp cellular seq. Yes
19-NT-2 90113D, 485 bp, possible HBV rearrangement Possible
19-NT-3 90110A, 613bp, possible HBV rearrangement Possible
19-NT-4 156 bp, HBV San3 Al mutation and self-ligation No
19-NT-5 370 bp, HBV self-ligation No
20-T-1 21855H, 238 bp, possible HBV rearrangement Possible
20-T-2 363 bp, Sau3 Al site mutaion No
20-NT 21752H, 226 bp, possible HBV rearrangement Possible
21-T-1 10285H, 538bp with 463 bp cellular seq. Yes
21-T-2 102811H, 201 bp, possible HBV rearrangement Possible
22-T No No
22-NT-1 121132H, 356 bp with 264 bp cellular seq. Yes
22-NT-2 306 bp, Bfa I site mutation No
22-NT-3 353 bp, HBV self-ligation No
22-NT-4 508 bp, HBV self-ligation No
23-T-1 296125H, 797 bp with 712 bp cellular seq. Yes
23-T-2 1231 bp, HBYV self-ligation No
23-NT-1 273 bp, HBV self-ligation No
23-NT-2 280 bp, Sau3 Al artifacts No
23-NT-3 769 bp, HBV self-ligation No
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Figure 2.

A)
Case No. ! Clinical [Clone No. [Size of IPCR product |(IPCR seq.} = Note
Feature Corresponding HBV
sequemce
13 Chronic  |189538H 265 bp (1-153) = 1934-2086 Possible HBY
Hepatitis (155-265) =1745-1855 | Rearrangement
A1) Original HBV genome

I Z IS
HBV 5’ g——l—o——k -8 . 3’
- ’ Fd }
- 7 s ".'
I"
[

-~ ! ¢
P ,’f /
- 7 )
- i !
- 4 ’
- P ’ )
- i 4 !
- r £ ']
- , ! I
'_¢' ’l‘ JI_A‘ i
“,-‘ f t’ ,,“
rs
AGGAG.......... ITTCACCTCTGCCTAHY  /
- 4
1745 DRI 1855 _/ ;
P TTGCC. .. ... .. GATC............. TGGGG
1934 Sau3 ALL1983 —> 2086

If no rearrangement = no nested PCR product

A2) Rearranged HBV DNA:
ps| P 2
> DR1 “+— Sau3 Al
__ < [ Pl
.., '--..M ......
'!_.“g \ ........... i
.GATC............ TGGGG ‘AGGAG... TTTCACCTCTGCCTAH4
Saud Al, 1983 2086 1745 DRI 1855

If rearrangement occurred: presence of PCR products and the sizes will be:
1) H2 + P5: 218 bp
2) H4 + P6: 182 bp



B)

3’

Case No. | Clinical | lone No.[Size of IPCR product [(IPCR seq.) = Note
Feature Corresponding H3 W
sequemce 7
15 HBV-related | 11gS11H 238 bp (1-155)=1934-2088 |Possible HBV
cirrhosis (156-238) =1776-11355 |Rearrangement
B1) original HBV genome
(_
DR1 Sau3 Al
LI TV

HBV 5 - — ’,H ®

'r""" ’-‘" [f”
GAAAG..........TTTCACCTCTGCCTAHY  /

1776 DRI 1855 .é

PiaTrGCC. GATC....—®..==®.......GAGAG
1934 Sand Al 1983 2088

If no rearrangement - 1o nested PCR product

B2) Rearranged HBV DNA:
P4 12
< P
_> f,,, DR1 E 301?3 Al
— -
, ml&"“"---..._
_":'-.\ T — —_
............... GATC.......... TGGGG ‘GAAAG... TTTCACCICTGCCT ii4]
Sau3ALI983 2088 1776 DR1 855

If rearrangement occur :l: presence of nested 'CR products and the siz-  will be:

1) H2 +P3: 173 bp
2) H4 + P4: 150 bp



Figure 3.

GATC DR1 E @ GATC
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Sau3Al digestion and religation
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P12 GATC 2088 1776 1855
—
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EPATOCELLULAR CARCINOMA
(HCC) occurs mainly in
adults 40 to 60 years of age.'

However, in areas hyperen- -

demic for hepatitis B virus (HBV) infec-
tion, HCC may develop in children  We
have found a nearty 100% hepatitis B sur-
face antigen seropositivity rate in Tai-
wanese children with HCC, indicating
an intimate relationship between HBV
and childhood HCC.? In 1984, a hepa-
titis B vaccination program was kaunched
and has effectively reduced the preva-
lence of HBV infection, chronic HBV in-
fection rate,? and incidence of HCC in
children in Tajwan.!

A male predominance of HCC has
long been observed.>® The mechanism
is untknown, but a tumorigenic effect of
androgens has been suggested.” We
found a male-female ratio of 3-4:1 in chil-
dren with HCC.? which is similar to that
in adults. Since the influence of hor-
mones in children is much less than that
in adults, investigating HCC in chil-
dren may facilitate understanding of the
mechanism of HCC. We therefore stud-
ied children with HCC by sex before and

3040 JAMA, December 20, 2000—Vol 284 No. 23

Context Hepatocellular carcinoma (HCC) has a male predominance and is cios
related to hepatitis B virus (HBV) infection. Hepatitis 8 virus vaccination was launct
in 1984 in Taiwan for neonates of mothers carrying hepatitis B e antigen, resulting
a decreased incidence of HCC in children. The effect on boys vs girls is not knows

Objective To evaluate the association between a HBY vaccination program with
cidence of childhood HCC by sex.

Design and Setting Analysis of data collected from Taiwan's National Cancer Reg
try System and the Taiwan Childhood Hepatoma Study Group between 1581 and 19

Participants Children aged 6 to 14 years who were diagnosed as having HCC (2
boys and 70 girls).

Main Outcome Measure Inddence of HCC in boys and girfs before and after imp
mentation of the vaccination program.

Results The boy-gid inddence ratio decreased steadily from 4.5 in 1981-1984 (bek
the program’s introduction} to 1.9 in 1990-1996 (6-12 years after the vaccination pt
gmmwashmd\ed}.ThehddenceofHCChboysbomafterTQMwasﬁgmﬁmnﬂw
duced in comparison with those bom before 1978 {relative risk [RR], 0.72; P=002).1
signiﬁczmdeammHCCinddencewasobsewedhgibbmninﬂwmepedods{ﬁ
0.77: P=20}. The incidence of HCC in boys remained stable with increasing age, wh
aninaeaseofHCChddencewiﬁlageingilswasobserved.Theseageandsexeﬁe
remained the same regardless of birth before or after the vaccination program.
Conclusion Our results suggest that boys may benefit more from HBV vaccinati

than girls in the prevention of HCC.

JAMA, 2000:284:3040-3042 : www jama a

afier the implementation of the HBV vac- Two independent childhood hep

cination program, toma Tegistry systems were used in tf
study to ensure accuracy. Data from 1l

METHODS following 2 systems, including the narr

Subjects identification number, birth date, se

A vaccination program was imple-
: . . 9 _ Author Affikations: Department of Pediatrics {{
memed in Taiwan inJ 1}1}; 1984'. Flepa Chang, H, Y. Hsu, and H. L. Chen) and Hepatitis f
titis B immunoglobulin was Biven 10 gearch Center (D D. S. Chen), Nationa) Tawan L}
neonates of highly infectious mothers  versity Hospital, Ta;ei: Craduate insbtute ;:;cuni
carrying hepatitis B ¢ antigen. All ‘m"'fm'q'ej‘:‘em 'Euﬁwm";:
infants received 3 or 4 doses of HBV  (Dr C. J. Chen), Nationa) Taiwan University, Taip
vaccine of Pediatrics, Veteran General Hospil
. . Taipei {Dr Wu); Chang-Gung Children's Hospital, 1
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HEPATITIS B VACCINATION AND HCC RATES

L T ]
Table 1. Incidence of Hepatocellular Carcinoma in Boys and Girls Aged € to 14 Years in Taiwan, 1981-1996

Boys {3ins
r — y _I
Year of Na. of Mo. of Total Male-Female
Diagnosis® Cases Population Incidencet Cases Population Incidencet Incidence Ratio
. 1981-1984 56 5182 103 1.08 12 4897 529 0.24 067 45
1954-1990 94 10753818 0.87 33 10 143 281 0.32 .61 27
1990- 1996 51 10396 566 048 25 2769501 026 0.3 1.9

*19681-1964, Sy 1981 to Jure 1584; 1984-1900, July 1964 10 June 1990; angd 1900~ 1996, July 1990 to June 1996.
population.

hkamier per 100 000

address, etc, were checked and merged,
and any repetition was deleted. The case
_ informaticn was confirmed by the repont-
ing hospitals. The caprure-recapture
method was used 10 estimate the total
number of cases of childhood HCC (Epi
Info, version 6.04; Centers for Disease
Control and Prevention and the World
Health Organization). The number of
cases identified by systems 1 and 2 was
- estimated to be 86% (95% confidence
interval [C1], 80%-929%) of the actual total
number of chikdren with HCC.

. System 1: National Cancer

| Registry System :

. Cases of hepatoma diagnosed between

i July 1981 and June 1996 were ana-

i lyzed from the data bank of the Na-

| tional Cancer Registry System at the Na-

| tional Department of Health. This

| registry was established in 1979. Cases

 are reported by the department of medi-
cal records in each of the 167 hospitals
with more than 50 beds in Taiwan.

System 2: Multicenter Childhood
'Hepatoma Study Group

"To ensure the accuracy of the data from
‘the National Cancer Registry, we
formed a multicenter Childhood Hepa-
toma Study Group to register children
with hepatoma during the same study
ipericd. Pediatric gastroenterologists or
oncologists from 17 major hospitals, in-
cluding all 12 tertiary referral centers
in Taiwan, participated.

The study population was sgratified both
by age at diagnosis and the year of birth.
Children with HCC who were older than
6 years on July 1, 1984, when the HBV
vaccinartion program was launched, were
born before July 1978. Children born be-

. Table 2. Effect of Birth Year on the Devefopment of Childhood HepatoceNular Carcinoma by

sexl
Boys Girts

f — r =
Birth Year AR [95% CI) P Value RA {95% C1) P Vaive
1966-1977 1.00 {Referent) 1.00 {Referent}
1978-1963 0.83 (0.71-0.96) o2 1.02 (0.79-1.30) 90
1984-198% 0.72 10.59-0.85} o2 Q.77 0.52-1.15) 20
+AR indicates relative risi; C1, confidence interval.
fore 1978 and after 1984 were the re- The relative risk (RR} of HCC in boys

spective cohorts without and with the
eflect of HBV vaccination. Children bom
between 1978 and 1984 were born dur-
ing the transition 1o full implementa-
tion of the HBV vaccination program.
They might have received HBV vacci-

Age-specific and birth-year—specific
incidences of HCC were calculated for
boys and girls. Relative incidences of
HCC among children divided into
groups by age, birth cohort, and sex were
analyzed using Poisson regression.'! The
modification of age effect on HCC in-
cidence by sex was statistically tested by
cross production of age and sex vari-
ables (the interaction term) and ex-
pressed in separate models when the age
trends were significantly different be-
tween female and male.

RESULTS

A consistent predominance of HCC in
boys was [ound throughout the obser-
vation period. The incidence of child-
hood HCC declined gradually in boys
during 1981-1996, while the incidence
in girls remained stable (TaBLE 1). Al-
though the trend of the predominance
in boys remained, the boy/girl ratio of
the incidence of HCC declined gradu-
ally with time from 4.5 for years of di-
agnosis 1981-1984 1o 1.9 for years of di-
agnosis 1990-1996.

born berween 1978 and 1984 declined
significantly in comparison with those
bom before 1978 (RR, 0.83; P=.02); the
trend of decrease in the RR of HCC was
even more evident in those born after
1984 when compared with those born
belore 1978 (RR, 0.72; P=.002)}
{TABLE 2). However, the trend of de-
cline in girls was not significant for the

‘birth cohort born between 1978 and

1983 vs those bomn before 1978 (RR,
1.02; P=.90) or for those born after
1984 vs those born before 1978 (RR,
0.77; P=.20).

The age trend of HCC risk was sig-
nificantly modified by sex. The risk of
HCC in boys remained constant from
age 6 to 14 years, while the risk of HCC
in girls, though lower than in boys, in-
creased significantly with age. In sepa-
rate models, there was no significant age
trend for boys (RR, 0.97,95% CI, 0.92-
1.03; P=.33), while the incidence of
HCC in girls increased significantly by
1.15 times for each year increment of
age (RR, 1.15; 95% CI, 1.04-1.28;
P=.007). The age effectin boys and girls
was the same before 2nd after vaccina-
tion (FIGURE).

COMMENT

In the present study, we observed a pre-
dominance of HCC in boys both be-
[ore and after the HBV vaccination pro-

JAMA, Dvcember 20, 2000—Vol 284, No. 23 3041



Figure. Incidence of Hepatacellular Carcinoma fHCC) in Boys and Girls Aged 6 to 14 Years
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A. The incidence of HCC in boys bom after july 1978 was significantly lower than in those bom before July
1978 {P=.001). The incidence of HCC in boys from & to 14 years did not change regardiess of the birth year,
suggesting that the age effect on the incidence of HCC was aot promineat in boys. 8, The incidence of HCC
in girls aged 6 10 14 years increzsed with age, regandiess of the birth year, The inddence of HCC in gids did not

change in differant birth cohosts.

gram. This predominance cannot be
explained by the effect of sex hor-
mones, as in adults. Tumor suppres-
sion gene regulation, the metabolism of
carcinogens, or genetic alterations have
been proposed to differ between men
and women and need further study.?
This predominance decreased after
the vaccination program because the in-
cidence of HCC decreased signifi-
cantly in boys but not in gitls. Why the
vaccination program seems tc have had
more of an effect on boys remains un-
clear. The low incidence of HCC in girls
may render the statistical comparison of
the incidences difficult. It is possible that
HCC in girls is less intimately related o
HBYV infection than in boys, but seems
unlikely given our previous observa-
tions? and evidence of HBV infection in
girls with HCC born after implementa-
tion of the program {unpublished data
by authors). The possibility that intra-
uterine infectrion with HBV, which
would not be affected by vaccination, oc-
curs more frequently in female infants
also is unlikely, as there was no female

3042 JAMA, December 20, 000—Vol 284, Mo 23

predominance in infants who were se-
ropositive for the hepatitis B surface an-
tigen at birth.'* Additionally, there was
ne diflerence in the vaccination cover-
age rate between male and female in-
fants in Taiwan. (National Taiwan Uni-
versity Hospital's coverage rate is 100%
for ali mature necnates. The number of
delivery of neonates is approximaiely
3000 per year. The national coverage rate
for neonates was becween 84% and 94%
for 1986 to 1994 [M. H. Chang, unpub-
lished dawa]). It also seems unlikely that
case finding for such a serious disease
would differ between boys and girls or
change over time.

Seroepidemiologic studies in Taipei
conducted in both 1984 and 1994 in
children showed no or a slight pre-
deminance in boys in the incidence of
HBV infection.’** In contrast, the re-
markable predominance of HCC in
boys suggests that factor(s) in addi-
tion to chronic HBV infection may con-
tribute to hepatocarcinogenesis in
males, particularly the early occur-
rence in prepubertal males.

Taiwan Childhood Hepatoma Study Group Members:
Tai-Tsung Chang, Kaoshiung Medical Unwersity;
Chien-Hsu Chert, National Cheng-Kung Uiniversity
Hospital; Chieh-Chung Lin, Veterans General Hospi-
tal, Taichung; Fu-Cheng Huang, Chang-Gung Chil-
dren's Hospital, Kaoshiung; Ming-Tzong Cheng,
Chang-Hua Christian Hospital; Chia-Hsian Chu, Hua-
lien Tzu-Chi Buddhist Hospital, Su-Fen Wu, China
Medical Coflege Hospital; and Pei-Shin Chang, Taoyuan
Hospital, Department of Health, Executive Yuan, Tai-
wan, Republic of China.
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