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Abstract

AIM: To explore the mode of inheritance of hepatocellular
carcinoma (HCC) in a moderately high-incidence area of
East China.

METHODS: A pedigree survey was conducted in 210 families
(3315 individuals) ascertained through 210 HCC probands
in Haimen, Jiangsu Province. Simple segregation analysis
was conducted using SEGRANB software. The probability of
ascertainment (p), segregation ratio (p), and the proportion
of sporadic cases (x) were estimated. Complex segregation
analysis was performed using the REGTL program of S.A.G.E.
Models were fitted on the data of 3212 individuals that
allowed for personal HBsAg status and variable age of onset
in REGTL program.

RESULTS: The estimate of segregation ratio was 0.191 by
SEGRANB. The probability of ascertainment was 0.0266, and
the proportion of sporadic cases was 0.465. The results of
complex segregation analysis showed that Mendelian
autosomal recessive inheritance of a major gene that
influenced the age of onset distribution of HCC, provided
the best fit to the data. In the best-fitting recessive model,
the frequency of the disease allele was 0.11138. HBsAg
seropositive status would significantly increase the risk of
developing HCC.

CONCLUSION: These results suggest that at least one
major gene is involved in the genetic predisposition to
develop HCC at an earlier age of onset. The seropositive
HBsAg status can significantly increase the risk of developing
HCC, which provides strong support for the interaction
between genetic and environmental risk factors.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common

types of malignant tumor in the world, the estimated number of
new cases worldwide annualy is over 500 000, ranking third
in cause of cancer deathsin China. An estimated 26 000 deaths
are from HCC annually worldwide, among which about 40 %
arein China?. Classica epidemiological studies have shown
that certain risk factors are associated with HCC, though the
odds ratios (ORs) vary considerably from study to study®®. On
aworldwidebasis, chronicinfectionwith hepatitisB virus(HBV)
appearsto be the most important risk factor for HCC. About 80
% of the patients of HCC in Chinaare seropositive for hepatitis
B surface antigen (HBsAQ)!®. An IARC working group in 1993
found that the evidence for a causal association of HBV with
HCC was pretty strong. HCC is common in cirrhotic patients
when cirrhosis is secondary to chronic viral hepatitisi®. In
addition to viral factors, environmental exposures and genetic
susceptibility are clearly involved. Dietary aflatoxin exposure
isan important codeterminant of HCC risk in Africaand parts
of Asid”. Aflatoxins together with chronic hepatitis B virus
(HBV) infection contribute to the high incidence of
hepatocellular carcinoma in developing countries!®1,
Contaminated drinking water and chemical carcinogens are
also associated with the development of HCC™!,

Many familial clusterings of HCC have been reported***2,
The prevalence of HCC among the first-degree relatives is
significantly higher than that among the second-degree and
third-degreerelatives, which suggests that genetic mechanisms
may be responsible for familial HCC. Haimen city isaHCC
high-incidence area of East China, however, only afew studies
have been performed to explore the genetic mode of HCC in
this area. Consequently, in this study, data of 210 pedigrees
ascertained through HCC probands were collected and
segregation analysis of HCC was performed.

MATERIALS AND METHODS

Materials and data collection

Probands were 210 HCC patients from an eight-year follow-
up of a 90 000-person Haimen City cohort. All the patients
were pathologically diagnosed in hospitals of counties and
cities. Information on four-generation pedigrees was obtained
for 210 families. Dataon 3 315 individuasin the 210 families
were collected primarily by face-to-face interviews or by
checking the medical records and according to the recall of
their relativesif the proband patients were dead. Dataon 3 212
individuals (97 %) were used to fit models in the REGTL
program of SA.G.E. Theremaining individuals were excluded
because of little information available.

Family history interview and data management

A family history of HCC was collected as part of aninterview
to gather information on the medical history of probands and
their relatives. The questionnaire included questions on age,
occupation, tobacco use, drinking water source by decades
(60s, 70 s,80s, 90 s), staple food consumption by decades,
result of HBSA(Q test, history of chronic hepatitis B, history
of other chronic diseases, family history of HCC and
relationship of family member with HCC to proband cases.
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All the questionnaires were reviewed and checked for quality
control. Pedigree information database was developed using
Epi-Info v5.0.

Statistical methods

Simple segregation analysis by SEGRANB program In
SEGRANB, models were fitted to the data and maximum
likelihood scores of parameters were estimated. Hypothesis
tests were performed to determine which set of parameter was
most consistent with the observed data. The involved
parameters were probability of ascertainment (p) (the
probability for a patient to be identified as a proband),
segregation ratio (p), and the proportion of sporadic cases (X).
Sisthesibship size, r isthe total number of the affected siblings
and aisthetotal number of the probands. The function for the
probability of ascertainment is:
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The function for the estimate of the segregation ratio in the
pedigrees with more than one patient is:
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Up,U,, and U, are the maximum likelihood scoresfor p, p and x,
respectively. If the value of U was negative, theinitial estimated
value of the parameter should be reduced to fit the observed
data, and vice versa.

Complex segregation analysisusing REGTL program of
S.A.G.E. (Statistical analysisfor genetic epidemiology,
v3.1. Case Western Reserve University, Cleveland, OH)
The REGTL program of SA.G.E. (1997) (release 3.1) under a
Window’ s 9x operating system was used to perform complex
segregation analysis. This program uses maximum-likelihood
methods to estimate parameters of mathematical models of
disease occurrencein families. It assumes that under aclass A
regressive model, a censored trait, such as age of onset to a
disease or of the disease susceptibilities, follows a logistic
distribution. Sibs are dependent on one another only because
of common parentage. Mendelian inheritance, if present, is
presumed to be through a single autosomal locus with two
aleles, A and B, A being associated with the affected state.
The“type” was used to describe the discrete factors that affect
a person’ s phenotype. The same concept was denoted as
“ousiotype” . Genotypes are the special case of types, or
ousiotypes, that transmit to offspring in Mendelian fashion.
Thus we should use the term “type” to allow for any kind of
discrete transmission, whether Mendelian or not. Two general
models can be assumed. In model 1, the segregation of a
possible major locus is allowed for by letting the baseline and
age coefficient parameters of the age of onset distribution, but
not the susceptibility, depends on an unobserved qualitative
factor u=AA, AB, BB. Susceptibility depends solely on

randomly distributed environmental characteristics of the
population studied. In model 2, type is presumed to influence
susceptibility to the affected state, but not the parameters of
the age-at-onset distribution, and groups of individuals of
different types have the same mean age at onset. Analysiswas
performed under the model 1 inthisstudy. HCC wasrepresented
by adichotomousvariabley, inwhich y=1for affected and O for
unaffected. The following parameters were estimated: type
frequenciesY , (u=AA, AB, BB. If thetype frequenciesarein
Hardy-Weinberg equilibrium proportions, then they are defined
intermsof ga=frequency of allele A), transmission probabilities
t ., (the probability that a parent of type u transmits allele A to
an offspring, under Mendelian transmission, taa=1, t 45=0.5,
tss=0), baseline parameter b which can be sex-dependent and/
or type-dependent, covariate coefficient zusg Which is coded
1if theindividual isHBsAg positive and is coded O if negative
or 9 if unknown. Thus, the coefficient z g iS the change in
the logit (the risk of HCC) according to the HBSA(g status, age
adjustment coefficient a, and susceptibility parameter gwhich
can be sex-dependent. Susceptibility is the probability that an
individual is susceptible.

To correct for ascertainment bias, the likelihood of each
pedigreeis conditioned on the proband’ s HCC status by age at
exam or death and hisor her actual age of onset. This assumes
single ascertainment, which isareasonable gpproximation since
only 1 (0.5 %) of 210 families has more than one patient eigible
to be a proband. Under single ascertainment, the probability
that any one family will be ascertained is small and proportional
to the number of affected children in the family.

Asthe process of parameter estimate is complex and time
consuming when complex models arefitted, aprogram written
in Perl program was used to facilitate the estimate of the initial
value of parameters. This program was used to generate random
valuesfor theinitial estimate of parametersand to call modules
in the REGTL program of the S.A.G.E. package to perform
segregation analysis. For each model, thirty converged results
were saved, among which the best-fitted result of each model
was chosen.

Under the model 1, six hypotheses were tested against the
likelihood of a general (unrestricted) model, in which all
parameters were unrestricted and allowed to fit the empirical
data. Thus this general model would give the best fit to the
data. The six hypotheses of transmission are as follows: major
gene type, Mendelian dominant, Mendelian recessive,
Mendelian additive, purely environmental effect and no
transmission. Twice the differences between the natural log
likelihood (InL) for the data under the hypothesis of interest
and that under the unrestricted model isin accordance with c?
distribution, thus it is used to assess the degree of departure
from expectation statistically. The degree of freedom (df) for
the c?statistic is given by the differences in the number of
estimated parameters between the hypothesis and the
unrestricted model. If one or more parameters are fixed at a
bound at the end of the estimation process, a range of the df
and P values are given when appropriate. A non-significant
c?indicates that the hypothetical model cannot be rejected.
When covariates and major gene effects are considered
simultaneously, the number of potential hypothesistestsislarge
and the natural hierarchy of the models may not be clear. In
this case, models can also be compared with use of Akaike' s
(1974) information criterion (AIC), which is defined as AIC=
-2InL+2x(Number of parameters estimated). A lower value of
AIC represents a better fitting model.

RESULTS

Distribution of HCC and HBsAg status among relatives
Of 3 315individualsin the 210 extended pedigrees, 330 (10.0 %)
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including probands were affected with HCC. The distribution
of HCC and HBsA(g status among the relatives is summarized
in Table 1. Among the first-degree rel atives, the prevalence of
HCCwas6.6 % (100/1511). Among the second-degreerel atives,

itwas 2.1 % (20/945). The prevaence of HCC was 23.1 % (30/
130) among the HBsAg positive first-degree relatives, it was
19.2 (5/26) among the HBsAg positive second-degreerelative.
As shown in Table 2, among the fathers of the probands, the

Table 1 HBsAg status of HCC cases among first-degree and second-degree relatives

First-degree relatives Second-degree relatives

HBsAg status - .
No. of relatives No. (%) of HCC No. of relatives No. (%) of HCC
+ 130 30 (23.1 %) 26 5(19.2 %)
- 1104 47 (4.3 %) 711 4 (0.6 %)
Unknown 277 23 (8.3 %) 208 11 (5.3 %)
Total 1511 100 (6.6 %) 945 20 (2.1 %)
Table 2 Distribution of HCC among the relatives of 210 probands
- Relatives
Characteristic .
Father Mother Brother Sister Son Daughter Spouse

No. (%) of HCC 11 (5.5 %) 14 (7.0 %) 59 (16.1 %) 15 (5.0 %) 1 (0.5 %) 0 (0 %) 2 (1.0 %)
Total 200 199 366 298 221 227 202
Table 3 Distribution of probands and affected siblings among families
Number of affected siblings 1 2 3 4 4 5
Number of probands in family 1 1 1 1 2 1
Number of families 162 32 7 7 1 1
Table 4 Maximum likelihood estimates of parameters of segregation models for HCC by SEGRANB

p p X U, U, Uy c% c?% c% 7p 7p x P value
0.026 556  0.50 0.00 116.922 -929.338 2482.747 1069.75 1074.303 1712.618 9.176 -0.65598 0.68981 <0.05
0.026 556  0.25 0.00 50.272  -530.853 230.405 134.657 134.794 144777 2.705 -0.003 92 0.628 36  <0.05
0.026 556  0.20 0.60 -7.363 50.253 -34.966 4.140 4.069 4.090 -0.536 0.28097 0.48303 <0.05
0.026 556  0.28097 0.483 8.856 -41.824 36.699 3.566 3.806 3.817 0.429  0.189 96 0.58705 <0.05
0.026 556 0.18996 0.483 -0.055 0.200 0.464 0.097 0.098 0.09 -0.055  0.200 11 0.46391 >0.05
0.026 556 0.18996 0.464 -0.054 0.559 0.007 1.976E-04 3.118E-04 2.146E-07 0.029  0.190 52 0.46394  >0.05
0.026 556  0.19052 0.464  0.013 -0.003 0.276  1.097E-05 8.709E-09 3.252E-04 0.027  0.190 52 0.46508 >0.05
0.026 6 0.19052 0.465 -0.054 0.529 0.016  1.909E-04 2.822E-04 1.064E-06 0.030  0.191 06 0.46507 >0.05
0.026 6 0.191 0.465  0.005 0.059 0.244 1517E-06 3.486E-06 2.505E-04 0.027  0.191 06 0.466 03  >0.05

p, p and x: initially estimated values for p, p and x, respectively. U,, U, and U,: maximum likelihood scores for p, p and x, respectively.

c?,, ¢, and c?: c? of the estimated p, p and x, respectively. p, p, and x: corrected value for p, p and x, respectively.

Table 5 Complex segregation analysis on HCC among the 210 extended pedigrees (SAGE-REGTL, model 1)

Hypothesis

Parameter® Mendelian

Dominant Recessive Additive Major gene Environmental No transmission General
gA 0.003 04 0.111 38 0.114 51 0.879 64 0.022 29 o° 0.008 61
tAA 1.0° 1.0° 1.0° 1.0° 1.0¢ o° 1.0°
tAB 0.5° 0.5° 0.5° 0.5° 1.0° o° 0.0°
tBB oP o° o° 0P 1.0° o° 1.0°
bAA -5.748 96 -6.862 19 -7.300 81 -13.664 08 -7.274 45 -6.744 03 -9.222 95
bAB -5.748 96¢ -14.229 74 -14.452 92 -22.641 40 -4.142 30 -6.744 03¢ -6.194 60
bBB -11.625 77 -14.229 749 -21.605 02 -6.835 46 -9.940 49 -6.744 03¢ -20.472 73
a 0.100 39 0.123 35 0.128 67 0.12385 0.074 99 0.057 10 0.084 64
g 0.721 25 1.000¢ 0.869 15 1.000¢ 0.899 22 1.000° 1.000°
zHBsAg 0.93155 1.363 80 1.840 08 1.202 00 2.72339 2.708 74 1.47535
-2InL 831.079 18 799.687 16 805.170 10 798.206 61 822.204 67 842.795 94 803.246 35
AIC 843.079 18 811.687 16 817.170 10 812.206 61 838.204 67 850.795 94 825.246 35
c? 27.832 83 3.559 19 1.923 75 5.039 74 18.958 32 39.549 59 -
dfe 1-5 2-5 1-5 1-4 2-3 4-7 -
P value P<0.001 P>0.1 P>0.1 0.01<P<0.03  P<0.001 P<0.001 -

a: See Materials and Methods for definitions of the parameters. b: Parameter was fixed at this value and estimation was not carried
out. c: Parameter estimate reached its bound. d: Parameter was constrained to equal the preceding one and was not estimated. e:
Range in degrees of freedom was given since parameters in models reached their bounds.
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prevaence of HCC was 5.5 % (11/200). Among siblings, it was
11.1 % (74/664) (16.1 % for brothers, 5.0 % for sisters). Among
offsprings, it was 0.2 % (1/448), and among spouses of the
probands, it was 1.0 % (2/202).

Parameter estimate in simple segregation analysis by
SEGRANB software

The distribution of probands and their affected siblings
among the 210 familiesis shown in Table 3. There was one
family with two patients eligible to be a proband. The best
fitted probability of ascertainment p was 0.026556, U, was
6.500244x103, c? was 2.848217x10%. The estimated sets of
parameters are shown in Table 4. The best fitted probability of
ascertainment p was 0.0266, the segregation ratio p was 0.191,
and the proportion of sporadic cases x was 0.465.

Results of complex segregation analysis by REGTL program
of SAG.E.

Of the 210 families, 48 (22.9 %) had two or more HCC patients.
The mean age at onset was 50 (range 21-83). Complex
segregation analyses were performed by REGTL under model
1 that did not include regressive familial effectsin the models
and in which age at onset and susceptibility were not sex-
dependent. One environmental covariate, HBSAg status, as a
dichotomous variable was included in the models.

In Table 5, the best fitted parameter estimates for general
and hypothetical models were reported. As a result, the
Mendelian recessive and additive (codominant) hypotheseswere
not regjected (P>0.1) and the magjor gene model was marginally
not rejected (0.01<P<0.03). All other modelswererejected at a
0.001 sgnificanceleve. According to AIC, Menddlian recessive
inheritance was the best-fitted hypothesis, but the AlCs for
recessive (811.68716) and major gene (812.20661) modelswere
very close. The recessive model suggested that approximately
11.1 % of the popul ation could be expected to carry the candidate
gene (or gene pattern). The coefficient of the covariate HBSAg
was positive. If its standard deviation isto do the Wald' stest,
we got | bugad 1 Sissagl=1.36380/0.40661=3.354>1.96, P<0.05,
which suggested that HBsAg seropositive status would increase
the risk of developing HCC.

DISCUSSION

In this study, we explored the inheritance mode of HCC in the
210 extended pedigreesin Haimen City by simple and complex
segregation analyses. This study used SEGRANB software and
REGTL program of S.A.G.E. analyzing a population-based
family data set to investigate the presence of a major gene
effect for HCC. In simple segregation analysis procedure, as
the estimate of segregation ratio p could be substantially
affected by the estimated value of the probability of
ascertainment p 314, especially on complex traits, therefore p
was calculated using maximum likelihood method by
SEGRANB program in this study. The estimated value of p
was 0.0266, which suggested a single ascertainment for this
study. Then the segregation ratio and the proportion of sporadic
cases were also estimated by maximum likelihood method
using SEGRANB. The best-fitted parameter set is shown in
Table 4. The segregation ratio was 0.191 and the proportion
of sporadic cases was 0.465 for this data, which suggested
that HCC did not follow a mono-gene inheritance pattern in
this popul ation and environmental factors appeared to influence
the development of HCC since 46.5 % of the caseswere sporadic.

Dueto the modest sample size and relatively high proportion
of missed information for the el der generations of the probands
in the studied pedigrees, gender and familial residual effects
were not estimated simultaneously with other parameters of
the corresponding models in complex segregation analysis.

The results showed that although both the recessive and
additive (codominant) hypotheses could not be rejected,
Mendelian autosomal recessive inheritance of a major gene
that influenced baseline and age of onset of HCC provided the
best fit to the data. The estimated gene frequency under the
recessive hypothesiswas 0.11138. Theresult in this study was
consistent with the result of an earlier complex segregation
analysisby Shen et al. (1991) using the POINTER programin
which an autosomal recessive mgjor geneyieding lifetimerisk
of PHC (primary hepatocellular carcinoma) was suggested. In
this study, theinformation of serum HBsAQ status for relatives
was obtained through the questionnaire and sometimes the
report of laboratory test was unavailable. Although this
situation could cause miss of information for many individuals
in analysis, which might ruin the statistical power, the
significance of seropositive HBsAg effect could still be
observed. It strongly suggested that chronic HBV infection
was arisk factor in developing HCC in this population.

The ultimate test of the utility of segregation analysisis
whether the resulting models can be used in linkage analysis
to identify disease-susceptibility loci. Although the recessive
hypothesis provided the best fit to the data, segregation analysis
had its limitation that it could not distinguish the effect of a
single locus that underlied a trait from the effects of two or
more independently acting loci with similar transmission
patterns'*®. Thus, more than one gene, with different
penetrances and modes of inheritance, may beinvolved. Even
under oligogenic inheritance, the parameters derived from a
single locus segregation analysis can provide power for
detecting the susceptibility loci. Many studies have been
performed to search for susceptibility genes for HCC*¢29, and
severa novel genes have been suggested to play arolein HCC
development®*%3, The HCC mortality differsin different areas
in China and there are some environmental factors (e.g. local
economic status, geographical factors, habit of food consumption
and vird infection) that might differ in different areas. With the
same environmental exposures, HCC occurrence differsagreat
deal from family to family, which istypified by the existence of
highly aggregated “ cancer families’ . It ishard to say which factor
(environmental or genetic) is more important. All can play
important rolesin the etiology of HCC. The mutation of HCC
gene (s) may act asatrigger for HCC onset, or people with the
gene (s) may tend to be more susceptible to HCC under the
influence of certain environmental risk factors.

In conclusion, our study showed that aMendelian autosomal
recessive major gene might play an important role in the
etiology of HCC in amoderately high-incidence area of East
China. This study provides some modeling parameters of HCC
(inthis areq) for further linkage studies. The identification of
the putative gene detected by the study is warranted.
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