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HEPATOCELLULAR CARCI-
noma is the sixth most com-
mon solid tumor world-
wide, with more than half

occurring in China.1 It arises most com-
monly in the setting of hepatic cirrho-
sis2 and chronic infection with hepati-
tis B virus (HBV) and hepatitis C virus
(HCV) are the most important causes
of cirrhosis and hepatocellular carci-
noma.3 Only a minority of patients with
hepatocellular carcinoma are candi-
dates for potentially curative treat-
ments of resection, transplantation, or
ablation, and because of its poor prog-
nosis, hepatocellular carcinoma is the
third leading cause of cancer-related
death.4 Because current therapies are in-
effective for most patients, prevention
of HBV and HCV transmission, iden-
tification of high-risk populations suit-
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sistance Publique-Hôpitaux de Paris; Université Paris-
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Context Overexpression of epidermal growth factor (EGF) in the liver induces trans-
formation to hepatocellular carcinoma in animal models. Polymorphisms in the EGF
gene modulate EGF levels.

Objective To assess the relationship among human EGF gene single-nucleotide poly-
morphism, EGF expression, and risk of hepatocellular carcinoma.

Design, Setting, and Participants Molecular mechanisms linking the 61*G allele
polymorphism to EGF expression were examined in human hepatocellular carcinoma cell
lines and human liver tissue. A case-control study involving 207 patients with cirrhosis
was conducted at the Massachusetts General Hospital (1999-2006) and a validation case-
control study involving 121 patients with cirrhosis was conducted at Hôpital Paul Brousse
(1993-2006). Restriction fragment-length polymorphism was used to determine the EGF
gene polymorphism genotype. Logistic regression analysis was used to assess the asso-
ciation between the EGF polymorphism and hepatocellular carcinoma risk.

Main Outcome Measures Mechanisms by which the EGF gene polymorphism modu-
lates EGF levels and associations among EGF gene polymorphism, EGF levels, and he-
patocellular carcinoma.

Results Transcripts from the EGF 61*G allele exhibited more than a 2-fold longer half-
life than those from the 61*A allele, and EGF secretion was 2.3-fold higher in G/G hepa-
tocellular carcinoma cell lines than A/A cell lines. Serum EGF levels were 1.8-fold higher
in G/G patients than A/A patients, and liver EGF levels were 2.4-fold higher in G/G patients
than A/A patients. Among the 207 patients with cirrhosis in the Massachusetts study popu-
lation, 59 also had hepatocellular carcinoma. Analysis of the distribution of allelic fre-
quencies revealed that there was a 4-fold odds of hepatocellular carcinoma in G/G patients
compared with A/A patients in the Massachusetts study population (odds ratio, 4.0; 95%
confidence interval [CI], 1.6-9.6; P=.002). Logistic regression analysis demonstrated that
the number of copies of G was significantly associated with hepatocellular carcinoma after
adjusting for age, sex, race, etiology, and severity of cirrhosis (G/G or A/G vs A/A; hazard
ratio, 3.49; 95% CI, 1.29-9.44; P=.01). The significant association was validated in the
French patients with alcoholic cirrhosis and hepatocellular carcinoma.

Conclusion The EGF gene polymorphism genotype is associated with risk for de-
velopment of hepatocellular carcinoma in liver cirrhosis through modulation of EGF
levels.
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able for screening and chemopreven-
tion have been proposed as alternative
strategies.5

Screening strategies for high-risk
populations include alpha fetoprotein
measurements and liver imaging. These
techniques are costly and are hin-
dered by suboptimal sensitivity and
specificity. To this end, identification
of molecular markers associated with
an increased risk of hepatocellular car-
cinoma would better define popula-
tions at highest risk for hepatocellular
carcinoma and may additionally de-
fine important therapeutic targets for
prevention and treatment.

Epidermal growth factor, first iso-
lated in 1962,6 has many biological func-
tions. It stimulates proliferation and dif-
ferentiation of epidermal and epithelial
tissues.7,8 Epidermal growth factor is a
mitogen for adult and fetal hepatocytes
grown in culture,9,10 and its expression
is up-regulated during liver regenera-
tion.11 Mounting evidence supports a
role for EGF in malignant transforma-
tion and tumor progression.12 Epider-
mal growth factor induces transforma-
tion to anchorage-independent growth13

and enhances in vitro growth of hu-
man epithelial- and mesenchymal-
derived tumors.14 Overexpression of a
secreted human EGF fusion protein in
fibroblasts enhances their transforma-
tion to fibrosarcomas.15 Transgenic mice
with liver-targeted overexpression of the
secreted EGF fusion protein develop he-
patocellular carcinoma.16 Gene expres-
sion profiles comparing normal liver tis-
sue with liver tumors in these mice
suggest a role for an autocrine mecha-
nism during EGF-induced hepatocar-
cinogenesis.17

Shahbazi et al18 identified a single-
nucleotide polymorphism involving A
to G transition at position 61 in the 5�
untranslated region of the EGF gene
(SNP rs4444903). These investigators
demonstrated that in vitro cultures of
peripheral blood mononuclear cells
from individuals with the G/G geno-
type secrete more EGF than periph-
eral blood mononuclear cells from in-
dividuals with the A/A genotype and
that the G/G genotype was associated

with an increased risk of developing
malignant melanoma compared with
the A/A genotype. In this study, we
sought to perform a functional analy-
sis of this EGF gene single-nucleotide
polymorphism, determine its influ-
ence on serum and liver EGF levels, and
assess its correlation with risk of he-
patocellular carcinoma in patients with
cirrhosis.

METHODS
Cell Culture

Hepatocellular carcinoma cell lines
SNU-182, SNU-387, SNU-398, SNU-
423, SNU-449, and SNU-47519 were ob-
tained from American Type Culture
Collection (ATCC, Rockville, Mary-
land). The SK-Hep, PLC/PRF/5, HepG2,
and Hep3B cell lines were provided by
Barrie Bode, PhD (Saint Louis Univer-
sity, St Louis, Missouri). These 10 cell
lines represent all hepatocellular car-
cinoma cell lines that are currently com-
mercially available in the United States.
Additionally, we obtained HuH-7 cells
from Jake Liang, MD (National Insti-
tute of Diabetes and Digestive and Kid-
ney Diseases, Bethesda, Maryland) and
Focus cells from Jack Wands, MD,
(Brown University, Providence, Rhode
Island). All the cell lines were propa-
gated identically in Dulbecco Modi-
fied Eagle Medium (4.5 mg/mL glu-
cose, 2 mM L-glutamine) with 10% fetal
bovine serum (both from MediaTech
CellGro, Herndon, Virginia), supple-
mented with 100 U/mL penicillin and
100 mg/mL streptomycin (Invitrogen,
Carlsbad, California). Cells were main-
tained at 37°C in a humidified incuba-
tor with 5% CO2 in air. Primary cul-
tures of human hepatocytes were
prepared as previously described.20

Tissue and Clinical Information

Of 7140 patients with blood or tissue
stored in the Massachusetts General
Hospital Cancer Center Tumor Bank
between the years 1999 and 2006, 207
were identified as having cirrhosis and
were included in this study. Fifty-nine
of these patients had hepatocellular car-
cinoma and were designated as cases,
and the remaining 148 patients served

as controls. Clinical information and tis-
sues were obtained under protocols ap-
proved by the Dana-Farber Harvard
Cancer Center Office for Protection of
Human Subjects and the Partners Hu-
man Research Committee.

For validation of EGF gene single-
nucleotide polymorphism genotype re-
sults observed in the Massachusetts
population, an independent group of 121
French patients with alcoholic cirrho-
sis seen at Hôpital Paul Brousse be-
tween the years 1993 and 2006 was geno-
typed using blood or liver tissue as
approved by Hôpital Paul Brousse Cen-
tre de Ressources Biologiques. Forty-
four of these patients had hepatocellu-
lar carcinoma (cases), and the remaining
77 patients served as controls. Neither
serum nor tissue was available for analy-
sis from this group. Ethnicity was stud-
ied because single-nucleotide polymor-
phism frequencies are known to differ
between ethnic groups. Ethnicity was
self-classified by each subject.

DNA Extraction
and Genotyping of EGF Gene

DNA was extracted from hepatocellu-
lar carcinoma cell lines (1�106 cells)
and formalin fixed paraffin-embedded
tissue (three 10-µm sections per each
patient case) using the MasterPure Pu-
rification (Epicenter, Madison, Wis-
consin). Lymphocytes were isolated
f rom whole b lood us ing His -
topaque1077 (Sigma, St Louis), fol-
lowed by DNA isolation as described
above. The EGF polymorphism was
analyzed in duplicate, independently by
2 different investigators using restric-
tion fragment-length polymorphism as
described previously.18 Briefly, ge-
nomic DNA was subjected to polymer-
ase chain reaction (PCR) amplifica-
tion (initial denaturation at 95°C for 5
minutes, followed by 35 cycles at 95°C
for 30 seconds, 51°C for 30 seconds,
and 72°C for 1 minute with a final ex-
tension step of 7 minutes at 72°C) to
amplify nucleotide positions −78 to
�164 of the EGF gene. The following
primers were used: forward-TGTCAC-
TAAAGGAAAGGAGGT and reverse-
TTCACAGAGTTTAACAGCCC. The
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25 µL PCR product was digested over-
night with 5 units of AluI at 37°C, sepa-
rated by electrophoresis in a 3% aga-
rose gel and visualized by staining with
ethidium bromide. AluI digestion of the
242 base pair (bp) PCR product con-
taining the 61*G allele produced 15, 34,
and 193 bp fragments, while digestion
of the 61*A allele produced 15, 34, 91,
and 102 bp fragments.

Real-Time PCR

Epidermal growth factor messenger RNA
(mRNA) in hepatocellular carcinoma cell
lines was measured by quantitative re-
verse transcription-PCR (LightCycler;
Roche Diagnostics Corp, Indianapolis,
Indiana). Cells were plated at 1�105

cells/mL in 10 mL of media in 10-cm
plates and allowed to grow for 48 hours
to reach log phase growth. Total RNA
was extracted from each cell line using
TRIzol (Invitrogen) and subsequently
treated with DNase I (Promega, Madi-
son). Two hundred fifty nanograms of
total RNA from each sample was used to
synthesize complementary DNA (cDNA)
by single-strand reverse transcription
(SuperScript III First-Strand Synthesis
SuperMix for qRT-PCR; Invitrogen).
All of the sample cDNAs were pooled
together to create a quantitative stan-
dard control. The level of EGF mRNA
present is expressed as the ratio of EGF
PCRproduct tobeta2-microglobulinPCR
product. All reactions were performed in
duplicate and experiments were re-
peated to ensure accuracy. The follow-
ing primer sequences were used for PCR
amplification of cDNA, EGF forward:
CTTGTCATGCTGCTCCTCCT, re-
verse: GAGGGCATATGAAAGCTTCG
and beta2-microglobulin forward:
TTTCATCCATCCGACATTGA, re-
verse: ATCTTCAAACCTCCATGATG.

For mRNA stability studies, PLC/
PRF/5 and HepG2 cells were plated at
1�105 cells/mL in 10 mL of media in
10-cm plates. After 48 hours, cells were
washed once with phosphate-buffered
saline and fresh media was added con-
taining 5 µg/mL actinomycin D (Sigma).
At the indicated times, RNA was iso-
lated and cDNA was synthesized as
described above. A quantitative stan-

dard control was created from the time
zerocDNA(control)andthe levelofEGF
mRNA present at each time point
is expressed as the percentage of con-
trol. The half-life of each EGF mRNA
allele (A or G) was calculated based on
the timepointatwhichmRNAlevelshad
declined to 50% of their original levels.
All of the reactions were performed
in duplicate and the experiment was
repeated to ensure accuracy. The follow-
ing allele-specific primers were used:
EGF 61*A forward: GCCCCAATC-
CAAGGGTTGTA; EGF 61*G forward:
GCCCCAATCCAAGGGTTGTG; and
reverse primer for both alleles:
GCCAAGGGAAGCCACAGGAAAG.
Similar studies were performed on pri-
mary cultures of human hepatocytes
established from resected liver speci-
mens from EGF 61A/G (heterozygous)
patients.Hepatocytecultureswereestab-
lished as previously described.21

EGF and Phospho-EGF
Receptor Enzyme-Linked
Immunosorbent Assay

The phosphorylated EGF receptor was
quantified using an enzyme-linked im-
munosorbent assay (R&D Systems,
Minneapolis, Minnesota). Epidermal
growth factor protein was quantified
using an enzyme-linked immunosor-
bent assay (PeproTech, Rocky Hill, New
Jersey). Experiments were performed
in triplicate and were repeated to en-
sure accuracy. Cells were plated at
1�105 cells/mL in 10-mL of media in
10-cm plates. After 48 hours, cells
were washed in ice-cold phosphate-
buffered saline and harvested in 500 µL
of radioimmunoprecipitation assay
buffer (Boston BioProducts, Worces-
ter, Massachusetts) containing prote-
ase inhibitors (Sigma). For tissue ly-
sates, 0.01 g of tissue (confirmed to be
cirrhotic liver) was cut into small pieces,
resuspended on ice in 400 µL of radio-
immunoprecipitation assay buffer con-
taining protease inhibitors and homog-
enized with a sonicator. Lysates were
incubated on ice for 10 minutes with
occasional vortexing and then centri-
fuged at 12 000 rpm for 30 minutes at
4°C. The supernatant was removed and

protein concentration was analyzed by
the bicinchoninic acid method (Pierce
Chemical Co, Rockford, Illinois). Each
enzyme-linked immunosorbent assay
plate well was incubated overnight with
100 µL of capture antibody (1 µg/mL)
before blocking with 1% bovine se-
rum albumin in phosphate buffered sa-
line (PBS) for 1 hour. Cell or tissue ly-
sates (100 µg per well) were incubated
for 2 hours, followed by addition of 100
µL of detection antibody (0.25 µg/
mL) for 2 hours before incubation with
100 µL of avidin peroxidase (1:2000)
for 30-minutes. Wells were washed 4
times with phosphate-buffered saline
containing 0.05% Tween-20 (Sigma)
between each step. Color develop-
ment was monitored at 405 nm after the
addition of 100 µL of 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)
(ABTS; Sigma) using a spectrophoto-
metric plate reader (Emax; Molecular
Devices).

To measure EGF in conditioned me-
dia, 1�105 cells in 2 mL of media were
grown in a 6 cm plate for 24 hours. Cells
were then washed with phosphate-
buffered saline and 2 mL of fresh me-
dia was added. After 48 hours, the me-
dia was collected for analysis and the
cells were harvested in 0.2% sodium do-
decyl sulfate plus 0.2N NaOH to de-
termine protein content by bicincho-
ninic acid. Conditioned media (100 µL
per well) was analyzed and results were
normalized to the number of cells
present as determined by the bicincho-
ninic acid. For serum analysis, 10 mL
of freshly obtained blood (red top tube)
was allowed to clot for 120 minutes at
4°C before centrifugation at 2000 rpm
for 10 minutes at 4°C. Serum was iso-
lated and stored at −80°C prior to use.

Statistical Methods

Comparisons of groups with regard to
odds of hepatocellular carcinoma were
made using a logistic regression model;
age, sex, ethnicity, etiology of cirrho-
sis, and severity of cirrhosis were in-
cluded as covariates in addition to geno-
type. Comparisons of EGF expression
in cell lines and tissue/serum by num-
ber of copies of G were made using a
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Jonckheere-Terpstra test; pair-wise
comparisons were made using exact
Wilcoxon-Mann-Whitney test in
StatXact (Cytel Inc, Cambridge, Mas-
sachusetts). Comparisons of rates of he-
patocellular carcinoma in groups de-
fined by genotype were made using
Fisher Exact test.

RESULTS
EGF Expression in Cell Lines

To analyze potential mechanisms by
which the EGF gene polymorphism
modulates EGF expression, a restric-
tion fragment-length polymorphism
strategy was used to genotype 12 hu-
man hepatoma cell lines for the pres-
ence of the A to G single-nucleotide poly-
morphism at position 61 of the EGF gene
(FIGURE 1). Three of the cell lines
proved to be the A/A genotype, 7 were
G/G, and 2 were A/G. Because allelic
variation in gene expression can re-
sult from differences in mRNA stabil-
ity,22 real-time PCR with allele-
specific primers was used to determine
the stability of the different alleles af-
ter treatment with 5 µg/mL of actino-
mycin D. The PLC/PRF/5 and HepG2
cell lines were used for this experi-
ment because they are heterozygous at
the EGF gene polymorphism, which al-
lows for stability of both types of EGF
mRNA transcripts to be assessed in an
otherwise identical environment.

The mRNA half-life for transcripts
from the G allele was significantly
longer than the half-life of A allele tran-
scripts in both cell lines (P�.01;
FIGURE 2). Greater stability of G allele
compared with A allele transcripts was
also observed in primary cultures of he-
patocytes from patients heterozygous
at the EGF gene polymorphism (P�.01;
Figure 2). As summarized in TABLE 1,
in accord with the greater stability of
G allele mRNA, there was a nonsignifi-
cant increase in EGF mRNA with the
number of copies of G alleles in the 12
human hepatocellular carcinoma cell
lines (P=.06). More importantly, lev-
els of intracellular EGF protein were
significantly greater in cell lines with
more copies of G in the genotype
(P=.005), and cell lines secreted sig-

Figure 2. Allelic Messenger RNA Stability in Epidermal Growth Factor (EGF) Gene
Single-Nucleotide Polymorphism Heterozygous Cells After Treatment With Actinomycin D
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Figure 1. Epidermal Growth Factor (EGF) Gene Single-Nucleotide Polymorphism Analysis
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nificantly more EGF into media with
the more copies of G in the genotype
(P=.002).

EGF Polymorphisms
in Cirrhotic Patients
With Hepatocellular Carcinoma

Because EGF overexpression in the liver
leads to development of hepatocellu-
lar carcinoma in mouse models,16,17 we
examined whether the EGF gene poly-
morphism genotype correlated with risk
for hepatocellular carcinoma in pa-
tients with cirrhosis by examining the
EGF gene single-nucleotide polymor-
phism allelic distribution of all pa-
tients identified as having cirrhosis in
the Massachusetts General Hospital
Cancer Center Tumor bank.

Of these 207 patients, 59 also had he-
patocellular carcinoma (TABLE 2).
Clinically relevant factors of age, se-
verity of cirrhosis, etiology of cirrho-
sis, sex, and ethnicity were evaluated.
(Duration of cirrhosis cannot be deter-
mined with accuracy.) Sex and ethnic
distribution were similar in A/A, A/G,
and G/G patients, with the exception
of Asians having more G copies than
whites. The median age and etiology of
cirrhosis were also similar among the
3 groups. The severity of cirrhosis as
assessed by laboratory values used in
the Child classification—total biliru-
bin, albumin, prothrombin time—
were similar among the groups with the
exception of slightly lower albumin lev-
els in G/G patients relative to A/A
patients.

Patients with an A/G genotype had
a 2.4-fold and patients with a G/G geno-
type had 4.0-fold odds of developing he-
patocellular carcinoma compared with
patients with the A/A genotype
(TABLE 3). The number of copies of G

was significantly associated with hepa-
tocellular carcinoma (P= .001), fur-
ther confirming this result. Logistic re-
gression analysis demonstrates that
number of copies of G was signifi-
cantly associated with hepatocellular
carcinoma, after adjusting for age, sex,
race, etiology, and severity of cirrho-

sis (G/G plus A/G patients vs A/A pa-
tients hazard ratio, 3.49; 95% confi-
dence interval [CI], 1.29-9.44; P=.01).

Epidermal growth factor and phos-
phorylated EGF receptor levels were
measured in liver tissue specimens from
12 randomly selected patients of each
genotype with cirrhosis (36 patients

Table 2. General Characteristics of Massachusetts Study Group

A/A (n = 60) A/G (n = 92) G/G (n = 55) P Value

Age, mean, y 56 54 55 .38

Men, No. (%) 44 (73) 67 (73) 43 (78) .72

Race or ethnicity, No. (%)
White 56 (93) 78 (85) 42 (76)

Black 2 (3) 5 (5) 4 (7) .62

Hispanic 2 (3) 5 (5) 3 (5) .84

Asian 0 (0) 2 (2) 5 (9) �.01a

Other 0 (0) 2 (2) 1 (2) .62

Cirrhosis etiology, No. (%)
HCV 23 (38) 40 (44) 22 (40)

HBV 0 (0) 2 (2) 5 (9)

Alcohol 10 (17) 11 (12) 4 (7) .22

Multiple 9 (15) 16 (17) 10 (18)

Other 18 (30) 23 (25) 14 (26)

Laboratory values, mean (SD)
Albumin, g/dL 3.4 (0.7) 3.3 (0.8) 3.1 (0.7) .01b

Total bilirubin, mg/dL 4.9 (10.5) 5.2 (8.7) 4.2 (6.2) .79

Prothrombin time, s 15.4 (2.9) 15.6 (3.6) 15.5 (2.6) .75

Platelets, 1000/µL 109.2 (77.8) 92.9 (49.9) 116.9 (87.6) .10
Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus.
SI conversion factor: To convert bilirubin from mg/dL to µmol/L, multiply by 17.104.
aCompared with white individuals.
bG/G vs A/A.

Table 3. Comparison of EGF Genotype and Allelic Frequencies in Massachusetts Study Group
Patients with Cirrhosis vs Patients With Hepatocellular Carcinoma and Cirrhosis

No. (%)
Odds Ratio

(95% Confidence Interval) P ValueCirrhosis (n = 148) Cirrhosis and HCC (n = 59)

A/A 51 (34) 9 (15) 1 [Reference]

A/G 65 (44) 27 (46) 2.4 (1.0-5.4) .05

G/G 32 (22) 23 (39) 4.0 (1.6-9.6) .002

A 167 (56) 45 (38) 1 [Reference]

G 129 (44) 73 (62) 2.1 (1.4-3.3) .001
Abbreviation: HCC, hepatocellular carcinoma.

Table 1. Epidermal Growth Factor (EGF) Expression Levels From Hepatocellular Carcinoma Cell Lines

A/A A/G G/G

P Valuea

A/G vs A/A G/G vs A/A Overallb

RNA, median (range), EGF:beta2-microglobulin ratio 0.22 (0.03-0.24) 0.52 (0.45-0.58) 0.91 (0.43-3.46) .14 .02 .06

Protein, median (range), pg/mL 58 (45-70) 61 (55-66) 112 (63-141) �.99 .03 .005

Media, median (range), pg EGF/mg protein/48 h 9 (0-10) 14 (12-16) 21 (11-28) .14 .02 .002
aWilcoxon-Mann-Whitney test.
bRegression analysis of effect of number of copies of G on measure of EGF expression level.
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total). Epidermal growth factor levels
were significantly higher in G/G pa-
tients than A/A patients (P = .004;
TABLE 4). Consistent with the finding
of elevated EGF levels was the finding
of highest levels of phosphorylated EGF
receptor in livers from G/G patients
compared with A/A patients (P=.04).
Serum was also isolated from 12 pa-
tients of each genotype with cirrhosis
for measurement of EGF levels. We
measured EGF in serum rather than in
plasma because the major source of
EGF in the blood is platelets.23 Consis-
tent with the results from biopsied liver

tissue, the level of EGF in the serum
from G/G patients was significantly
higher than what was observed in A/A
patients (P=.0003). Epidermal growth
factor levels were not merely a result
of greater cholestasis; neither serum
(P=.47) nor liver (P=.62) EGF levels
correlated with total bilirubin.

We sought to confirm the relation-
ship between EGF gene polymorphism
genotype and hepatocellular carcinoma
in a separate study group of patients with
cirrhosis. Investigators at Hôpital Paul
Brousse have published studies investi-
gating the risk of hepatocellular carci-

noma in alcoholic patients with cirrho-
sis based on polymorphisms of the
methylenetetrahydrofolate reductase
gene.24 For purposes of an EGF gene
polymorphism validation study, these in-
vestigators provided a French study
group inwhichalcohol consumptionwas
the only known etiology of cirrhosis; all
patients tested negative for hepatitis A,
B, and C.

The EGF gene single-nucleotide
polymorphism allelic distribution was
examined in this group of 121 white pa-
tients with cirrhosis, of whom 44 had
hepatocellular carcinoma arising in
their cirrhotic livers. Child class was
similar in A/A, A/G, and G/G patients
(TABLE 5). Total bilirubin, albumin, and
prothrombin-time values were similar
among the groups. Patients with a G/G
genotype had 2.9-fold odds of devel-
oping hepatocellular carcinoma com-
pared with A/A patients (TABLE 6). Lo-
gistic regression analysis demonstrated
that number of copies of G was signifi-
cantly associated with hepatocellular
carcinoma after adjusting for age, sex,
and Child class (G/G patients vs A/G
plus A/A patients hazard ratio, 4.87;
95% CI, 1.26-18.77; P=.021).

COMMENT
Much effort has been directed toward
understanding the role of EGF recep-
tors and their signaling pathways in
transformation,25 tumor progres-
sion,26 and drug response.27 The present
study highlights the important role of
a growth factor itself on the initiation
of a primary tumor during the re-
sponses of the liver to chronic injury.
These data extend previous findings in
animal models and provide evidence of
the importance of EGF in hepatocel-
lular transformation in humans. Re-

Table 5. General Characteristics of French Study Group

A/A (n = 40) A/G (n = 54) G/G (n = 27) P Value

Age, mean, y 53 54 53 .79

Men, No. (%) 36 (90) 45 (83) 20 (74) .22

White, No. (%) 40 (100) 54 (100) 27 (100)

Cirrhosis due to alcohol, No. (%) 40 (100) 54 (100) 27 (100)

Child class, No. (%)
A 9 (23) 5 (9) 5 (19)

B 9 (23) 27 (50) 10 (37) .08

C 22 (55) 22 (41) 12 (44)

Laboratory values, mean (SD)
Albumin, g/L 33 (10) 31 (7) 31 (6) .26

Total bilirubin, µmol/L 3.1 (4.2) 2.6 (2.0) 6.0 (4.0) .28

Prothrombin time, % 54 (16) 58 (19) 54 (20) .38

Platelet, 1000/µL 154 (101) 135 (64) 106 (62) .08
SI conversion factor: To convert bilirubin from mg/dL to µmol/L, multiply by 17.104.

Table 6. Comparison of Epidermal Growth Factor Genotype and Allelic Frequencies in French
Study Group Patients With Cirrhosis vs Patients With Hepatocellular Carcinoma and Cirrhosis.

No. (%) of Patients

Odds Ratio
(95% Confidence Interval) P Value

Cirrhosis
(n = 77)

Cirrhosis and
HCC (n = 44)

A/A 28 (36) 12 (27) 1 [Reference]

A/G 37 (48) 17 (39) 1.1 (0.4-2.6) �.99

G/G 12 (16) 15 (34) 2.9 (1.1-8.1) .045

A 93 (60) 41 (47) 1 [Reference]

G 61 (40) 47 (53) 1.7 (1.0-3.0) �.044
Abbreviation: HCC, hepatocellular carcinoma.

Table 4. Epidermal Growth Factor (EGF) Protein Expression Level by Genotype in Liver Tissue and Serum, and Phospho-EGF Receptor in Liver Tissue

Expression Level by Genotype, Median (Range) P Valuea

A/A (n = 12) A/G (n = 12) G/G (n = 12) A/G vs A/A G/G vs A/A Overallb

Tissue EGF, pg/mL 59 (37-88) 96 (94-108) 140 (82-181) .002 .004 �.001

Serum EGF, pg/mL 778 (433-1011) 1117 (470-1756) 1378 (663-4233) .02 .0003 .001

Phospho-EGF receptor, pg/mL 109 (70-138) 118 (75-205) 147 (85-418) .29 .04 .02
aWilcoxon Mann-Whitney test.
bJonckheere-Terpstra nonparametric test.
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sults of this study strongly suggest that
EGF gene single-nucleotide polymor-
phism analysis and serum EGF mea-
surements may serve as novel markers
for risk of hepatocellular carcinoma in
patients with cirrhosis. Epidermal
growth factor up-regulation is a char-
acteristic of cirrhotic liver disease.28 No-
tably, human hepatocyte transforma-
tion to anchorage-independent growth
is enhanced by EGF in a dose-
dependent fashion (B.C.F. and K.K.T.,
unpublished data, 2007). Differences in
stability of mRNA transcribed from the
2 alleles are important because they lead
to increased EGF mRNA expression in
G/G cell lines. Observations in cell lines
often do not fully recapitulate in vivo
processes; however, these mRNA sta-
bility experiments are of significance be-
cause of the observation that serum and
liver EGF levels are greater in G/G vs
A/A patients. It is also possible that other
factors influence EGF levels (eg, age,
ethnicity, diet, medications), and
thereby modulate risk for hepatocellu-
lar carcinoma. The lack of an associa-
tion between this EGF gene polymor-
phism and plasma EGF levels has been
reported in a group of patients with-
out cirrhosis.29 However, the major
source of EGF in blood is platelets,23

and therefore we performed EGF mea-
surements in serum and in liver tis-
sue, which are presumed to be most rel-
evant to hepatocyte transformation in
cirrhosis.

Whether higher EGF levels are asso-
ciated with a greater risk for develop-
ing cirrhosis is not addressed by this
study. However, we speculate that higher
EGF does not raise the likelihood for de-
velopment of cirrhosis because the EGF
gene single-nucleotide polymorphism al-
lelic distribution in our cirrhosis con-
trol group is similar to what was re-
ported about North American normal
controls.30,31 And, whether higher EGF
levels are associated with a shorter time
to development of cirrhosis is not ad-
dressed by this study. In theory, it is con-
ceivable that higher EGF levels speed the
onset of cirrhosis in alcoholics or hepatis
virus-infected individuals, and thereby
increase the odds of hepatocellular car-

cinoma in G/G patients compared with
A/A patients. However, our observa-
tion that the severity of cirrhosis did not
differ among our A/A, A/G, and G/G pa-
tients argues against this possibility.

Recognizing the extremely high fre-
quency of polymorphic changes in the
human genome, Rosenthal and
Schwartz32 propose several criteria to
establish medically useful links be-
tween polymorphisms and disease.
First, it is essential to show that the
change in the gene causes a relevant al-
teration in the function or level of the
gene product. We have demonstrated
modulation of EGF levels by the EGF
gene polymorphism; moreover, we have
demonstrated a mechanism by which
EGF levels are modulated.

Second, the number of cases associ-
ating an allele with a particular pheno-
type must be large enough to be con-
vincing. The current study involves
55 individuals with the G/G single-
nucleotide polymorphism in the Mas-
sachusetts study group, of which 23
(42%) had hepatocellular carcinoma.
Using an independent group of cir-
rhotic patients, we validated the asso-
ciation between EGF gene single-
nuc leot ide polymorphism and
hepatocellular carcinoma.

Third, the beneficial and harmful
phenotypes being studied must have
clear-cut clinical differences. In the cur-
rent study, there is little equivocating
between the presence and absence of
hepatocellular carcinoma in these well-
studied populations, in which ex-
planted livers were carefully evalu-
ated for the presence of hepatocellular
carcinoma.

Fourth, the plausibility of the hy-
pothesis must be convincing. Studies
demonstrating enhanced in vitro trans-
formation in the presence of EGF, com-
bined with animal models in which
liver-directed EGF overexpression
causes hepatocellular carcinoma pro-
vide extremely strong support for the
linkage between EGF gene polymor-
phism and hepatocellular carcino-
ma.16,17 In addition, it has been pro-
posed that the correlation between a
particular single-nucleotide polymor-

phism and a disease should have prac-
tical value. Our observations have sig-
nificant and immediate practical value
in their relevance to tailoring of screen-
ing strategies for different cirrhotic
populations based on their likelihood
of developing hepatocellular carci-
noma, identification of other modula-
tors of EGF levels, and development of
chemoprevention strategies that tar-
get EGF or EGF receptor. If a com-
pound were identified that effectively
and safely lowers EGF levels and risk
for hepatocellular carcinoma, its use for
chemoprevention would likely be cost-
effective compared with strategies
aimed at early detection and treat-
ment of hepatocellular carcinoma.

Schiffer et al33 demonstrated in a rat
model in which diethylnitrosamine in-
duces cirrhosis within 12 weeks and
subsequent hepatocellular carcinoma at
18 weeks that concurrent treatment
with the selective EGF receptor tyro-
sine kinase inhibitor gefitinib during
weeks 12 through 18 significantly re-
duced the formation of hepatocellular
carcinoma nodules. When combined
with these preclinical study results, our
findings in humans provide rationale
for examination of EGF–EGF recep-
tor pathway as a novel target for che-
moprevention in humans. Unlike the
situation related to the previously pub-
lished report linking the EGF gene
single-nucleotide polymorphism and
melanoma,18 the presence of cirrhosis
appears to be an important prerequi-
site. Thus, one could consider a che-
moprevention strategy using agents that
block the EGF–EGF receptor path-
way in a defined population.

The 2 populations involved in this
study differ primarily in the etiology of
cirrhosis—predominantly hepatitis C
virus in the Massachusetts patients and
solely alcohol in the French patients.
The effect of the number of copies of
G differs in the 2 patient populations.
In the Massachusetts patients, each
added G copy increased the odds of he-
patocellular carcinoma, whereas in the
French population, two G copies were
required to increase the odds of hepa-
tocellular carcinoma. Additional stud-
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ies are required to further clarify the re-
lationship between different etiologies
of cirrhosis and likelihood of transfor-
mation associated with EGF gene
single-nucleotide polymorphism. Be-
cause of the current study’s retrospec-
tive design and inability to control for
severity of underlying liver disease by
liver histopathology (eg, Ishak score),
prospective studies examining larger
populations of patients with clinico-
pathological correlation will be of ben-
efit. In addition, a large majority of pa-
tients in the Massachusetts group and
all of the patients in the French group
were white, and thus the application of
these observations to ethnic minori-
ties awaits further study.
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