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Abstract
Purpose CCAAT/enhancer binding protein alpha (C/EBP�)
is a transcription factor and a tumor suppressor. We aimed
to assess its protein expression and prognostic value in
human hepatocellular carcinoma (HCC).
Methods We conducted a retrospective cohort study on
50 HCC patients and performed immunohistochemistry
against C/EBP� on tumors and adjacent nontumor speci-
mens. Relationships of C/EBP� expression with clinical
parameters and patient survival were analyzed.
Results C/EBP� expression was not inXuenced by chronic
alcohol exposure, viral hepatitis, or cirrhosis, but was
reduced in 60% of HCC. Reduction of C/EBP� was associ-

ated with advanced tumor stage (P = 0.001). Patients with
markedly reduced C/EBP� expression had a signiWcantly
shorter survival with a hazard ratio of 5.45 (95% conWdence
interval, 1.93–15.40; P = 0.001).
Conclusions C/EBP� may be a potential prognostic
marker or therapeutic target in HCC regardless of diVerent
etiology.
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Introduction

Primary liver cancer is the sixth most common cancer in the
world, and the third most common cause of cancer-related
death (Parkin et al. 2005). There are 564,000 new cases
diagnosed yearly, and the incidence is still increasing
(Bosch et al. 2004). Hepatocellular carcinoma (HCC) is
complex in etiology and pathogenesis. Risk factors include
aXatoxin, alcohol, hepatitis B virus (HBV), hepatitis C
virus (HCV), and cirrhosis. DiVerent risk factors lead to
diVerent molecular pathways, making pathogenesis of HCC
complex to interpret (Farazi and DePinho 2006; Suriawinata
and Xu 2004). Altered expression of genes such as p53,
p16, p18, p27, nm-23, and survivin has been identiWed
involving carcinogenesis and having prognostic value
(Mann et al. 2007), but extensive validation is needed
before they can be used as markers. Since HCC is diverse
in pathogenic pathways, more potential markers should be
discovered to aid in the prediction of prognosis or the selec-
tion of a therapeutic target.

The CCAAT/enhancer binding protein alpha (C/EBP�),
a leucine zipper transcription factor, is expressed highly in
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the liver, lung, adipose and myeloid tissues, mediating the
expression of terminally-diVerentiated genes (Ramji and
Foka 2002). Through protein–protein interaction, it also
functions to exit cell cycle with mechanisms not yet com-
pletely elucidated (Schuster and Porse 2006). It is strongly
antiproliferative in various types of cultured cells
(Hendricks-Taylor and Darlington 1995; Shim et al. 2005),
and is also noted reduced in acute myeloid leukemia
(AML) (Pabst et al. 2001), lung cancer (Costa et al. 2007;
Halmos et al. 2002; Tada et al. 2006), breast cancer (Gery
et al. 2005), head and neck squamous cell carcinoma
(Bennett et al. 2007), evidencing its tumor-suppressive
function in multiple tissues.

In the liver, C/EBP� deWciency increases hepatic prolif-
eration rate in mice models (Flodby et al. 1996; Timchenko
et al. 1997), C/EBP� overexpression inhibits proliferation
of transformed rat hepatocytes (Diehl et al. 1996) and
human hepatoma cells (Hendricks-Taylor and Darlington
1995), C/EBP� knock-in mice are more resistant to carcino-
gen-induced HCC (Tan et al. 2005). Thus C/EBP� also
plays a tumor suppressor role in the liver; its alteration in
expression may contribute to HCC development and pro-
gression.

A few studies have shown C/EBP� reduced in human
HCC (Tomizawa et al. 2003; Xu et al. 2001; Xu et al.
1994). One of them reported that lower C/EBP� mRNA
predicted shorter survival of patients, but the sample size
was 11 which might not ensure suYcient power (Tomizawa
et al. 2003). To date, little is known about C/EBP� expres-
sion in chronic liver diseases which precede HCC, and clin-
ical signiWcance and prognostic value of C/EBP� in HCC
have not been assessed at the protein level.

To address these problems, we conducted a retrospective
cohort study on 50 HCC patients, with immunohistochem-
istry performed on samples obtained from surgery, and
evaluated the association of C/EBP� expression with clini-
copathological parameters and patients’ survival.

Patients and methods

Patients

Fifty patients of primary HCC who underwent hepatic
resection from 2000 to 2003 at the Department of Surgery,
Changhua Christian Hospital were included for retrospec-
tive cohort study. The patients consisted of 39 men and 11
women, with a mean age of 54.5 years (SD, 14.9 years;
range, 10–75 years). Data of clinicopathological parame-
ters, dates of the last follow-up or death, were obtained
from medical records. Survival was calculated from the
time of surgery. The median follow-up time was 1,376 days
(95% CI, 261–2,491 days). To date, 28 of the 50 patients

have died, while 22 patients were censored at the last fol-
low-up visit.

Tissue specimens

Hepatocellular carcinoma specimens and adjacent nontu-
mor tissue specimens were collected during hepatic resec-
tion, and were formalin-Wxed and paraYn-embedded until
staining. All specimens were conWrmed pathologically.
Histologic grade of HCC was based on the WHO grading
system (Hirohashi et al. 2000), while in this study the
poorly diVerentiated and undiVerentiated were combined
and designated as poorly diVerentiated. Thus the numbers
of patients with well, moderately, and poorly diVerentiated
HCC were 6, 29, and 15, respectively. Tumor stage was
based on pTNM staging system of the American Joint
Committee on Cancer (American Joint Committee on Can-
cer 1997). The numbers of patients in stage I, II, IIIA, IIIB,
and IV were 14, 17, 6, 3, and 10, respectively. The greatest
diameter of each tumor was deWned as tumor size
(mean § SD, 5.4 § 3.3 cm; range, 1.6–15.5 cm). This
study was approved by the Institutional Review Board of
Changhua Christian Hospital.

Immunohistochemical analysis of C/EBP�

Formalin-Wxed, paraYn-embedded tissue sections (4 �m
thick) were deparaYnized. The slides were treated with 3%
hydrogen peroxide to block endogenous peroxidase activ-
ity, and heated in 10 mM citrate buVer at 100°C for 20 min
to retrieve antigen. Slides were then incubated with a 1:120
diluted goat polyclonal anti-C/EBP� antibody (Santa Cruz,
CA, USA) at room temperature for 30 min, followed by
incubation with a secondary antibody conjugated with
horseradish peroxidase polymer (Zymed, CA, USA) for
10 min. Diaminobenzadine (DakoCytomation, Denmark)
was used as chromogen and hematoxylin as counterstain.
Positive staining was deWned as C/EBP� staining detected
in more than 5% of cancer cells (Tada et al. 2006), thus
staining intensity was scored as 0 (<5% of positive cells), 1
(5–50% positive cells), or 2 (>50% positive cells) (Morri-
son et al. 2002).

Statistical analysis

Wilcoxon signed rank test was used to compare C/EBP�
protein scores between tumor and nontumor specimens.
The associations between C/EBP expression and clinical
parameters were determined by Fisher’s exact test except
when tumor size was used as a continuous variable, to
which Spearman correlation analysis was applied. Survival
functions were estimated by Kaplan–Meier method, with
Log-rank test for the diVerences among groups. Cox
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proportional hazards model was used for analysis of prog-
nostic factors, with Wtness of proportionality assumptions
checked before analysis. Multivariate Cox model was obtained
by a backward elimination procedure with P > 0.10 as
criterion to remove variables. All statistical analyses were
performed with SPSS 13.0 for Windows and P < 0.05
(two-sided) was considered statistically signiWcant.

Results

C/EBP� expression was downregulated in HCC

Immunohistochemistry showed tumor and nontumor speci-
mens diVered in C/EBP� staining intensities for protein
(Fig. 1a). Most of the nontumor specimens had a score of 1
or 2, while most of the tumor specimens had a score of 0 or
1 (Fig. 1b). The score diVerence between tumor and the
paired nontumor specimens (T ¡ N) ranged from ¡2 to 2.
In total, 60% of HCCs had reduced expression of C/EBP�
(T ¡ N < 0) (Fig. 1c). Wilcoxon signed rank test further
conWrmed that tumor specimens had a signiWcantly lower
C/EBP� expression than nontumor specimens (P < 0.001).

C/EBP� expression was not altered in chronic liver diseases 
preceding HCC

To clarify whether C/EBP� expression was already
decreased in preceding liver diseases or inXuenced by
exposure factors, we analyzed nontumor tissues. Fisher’s
exact test showed C/EBP� expression was not associated
with age, gender, alcohol drinking, smoking, HBV, HCV,
or cirrhosis; there was also no diVerence of C/EBP� expres-
sion between HBV and HCV infection (Table 1). Thus
among chronic liver diseases we studied, it was only HCC
that presented a reduction in C/EBP� expression.

C/EBP expression in HCC was negatively correlated 
with pTNM tumor stage

We ranked C/EBP expression into three levels: I,
T ¡ N = ¡2; II, T ¡ N = ¡1; and III, T ¡ N ¸ 0, as T ¡ N
represented C/EBP� expression score in tumor normalized to
that in the nontumor. Fisher’s exact test showed C/EBP
expression in HCC was not associated with age, gender,
HBV or HCV infection, cirrhosis, tumor size (cut oV at 5 cm)
and histologic grade, but was negatively associated with
tumor stage (Table 2). To avoid bias from arbitrary cutoV of
tumor size, we also checked Spearman correlation between
C/EBP� expression (T ¡ N, from ¡2 to 2, in original Wve
ranks) and tumor size (as a continuous variable), and found a
nearly signiWcant inverse correlation between them
(r = ¡0.277, P = 0.052). Therefore among the parameters we

studied, C/EBP� downregulation was strongly associated
with pTNM stage but weakly associated with tumor size.

Reduced C/EBP� expression in HCC was associated 
with shortened patient survival

Kaplan–Meier survival analysis showed patients with class
I C/EBP� expression had a shortest median survival of
254 days [95% conWdence interval (CI), 140–368 days],
patients with class II C/EBP� expression had an intermediate

Fig. 1 C/EBP� immunohistochemistry on HCCs and adjacent nontu-
mor tissues. a A representative case showing C/EBP� abundant in non-
tumor (left) but absent in matched tumor specimen (right) (£400). b C/
EBP� staining scores. c C/EBP� score diVerences between tumor and
matched nontumor specimen
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median survival of 1,579 days (95% CI, 435–2,723 days),
while the median survival time of patients with class III C/
EBP� expression was not reached. Log-rank test further
conWrmed patients with class I C/EBP� expression had a
signiWcant poorer outcome than the other two groups
(Fig. 2). To perform Cox proportional hazards analysis, we
classiWed all the categorical variables into dichotomous
ones, and used tumor size as a continuous variable. Univar-
iate analysis identiWed that C/EBP�, tumor size and tumor
stage were signiWcant predictors for survival after surgery,
while age, gender, HBV, HCV, cirrhosis, and histologic
grade were not (Table 3). Being collinear with C/EBP�,
both stage and tumor size were not included in the follow-
ing multivariate model. The Wnal model showed patients
with class I C/EBP� expression had an increased risk for
death, with a hazard ratio of 5.44 (95% CI, 1.93–15.40;
P = 0.001) after adjusting for histologic grade, which also
showed a nearly signiWcant inXuence on survival (Table 4).

Discussion

Our Wndings demonstrated that C/EBP� was downregulated
in HCC, but not in preceding liver diseases such as HBV,

HCV hepatitis, and cirrhosis. Its decrease was associated
with tumor stage and poor prognosis, compatible with its
role as a tumor suppressor in HCC.

Apart from being a transcription factor of many tissue-
speciWc genes, C/EBP� is a strongly antiproliferative
molecule, which mediates exit from cell cycle by protein–
protein interactions. Several mechanisms have been proposed,
including stabilization of p21 (Timchenko et al. 1997),
direct inhibition of Cdk2 and Cdk4 (Wang et al. 2001),
repression of E2F (D’Alo et al. 2003), and interaction with
chromatin remodeling complex (Muller et al. 2004).
C/EBP� also regulates metallothionein expression to resist
oxidative stress and malignant transformation of hepato-
cytes (Datta et al. 2007). Therefore by multiple mecha-
nisms, C/EBP� acts as a suppressor of carcinogenesis.

Table 1 Relationship of C/EBP� expression in nontumor specimens
with demographic and clinical parameters

a Cases with missing data were not included for analysis

Number C/EBP� score P-value

0 1 2

Age 0.465

<60 25 2 13 10

¸60 25 5 13 7

Gender 0.375

Man 39 6 18 15

Woman 11 1 8 2

Smokinga 0.075

+ 10 1 3 6

¡ 36 4 23 9

Alcohola 0.359

+ 13 3 5 5

¡ 36 4 21 11

Viral infectiona 0.430

HBV+, HCV¡ 24 5 10 9

HBV¡, HCV+ 7 0 5 2

HBV+, HCV+ 3 0 3 0

HCV¡, HCV¡ 4 1 1 2

Cirrhosisa 1.000

+ 26 3 14 9

¡ 19 3 10 6

Table 2 Relationship of C/EBP� expression in HCC with demo-
graphic and clinicopathologic parameters

a Histologic grade was based on WHO grading system (Hirohashi
et al. 2000). WD well diVerentiated, MD moderately diVerentiated,
PD poorly diVerentiated
b Stage was based on pTNM staging system of the American Joint
Committee on Cancer (American Joint Committee on Cancer 1997)
c C/EBP� score (tumor ¡ nontumor): I T ¡ N = ¡2, II T ¡ N = ¡1,
III T ¡ N ¸ 0

Number C/EBP� (T ¡ N)c P-value

I II III

Age 0.848

<60 25 3 13 9

¸60 25 2 12 11

Gender 0.431

Man 39 5 20 14

Woman 11 0 5 6

HBV 0.621

+ 32 3 16 13

¡ 11 2 4 5

HCV 1.000

+ 13 1 7 5

¡ 28 3 14 11

Cirrhosis 0.169

+ 26 1 13 12

¡ 19 4 9 6

Tumor size 0.169

<5 cm 26 1 12 13

¸5 cm 24 4 13 7

Histologic gradea 0.985

WD 6 0 4 2

MD 29 3 14 12

PD 15 2 7 6

Stageb 0.001

I, II 31 0 14 17

III, IV 19 5 11 3
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In human cancers, C/EBP� has been shown reduced in
AML (Pabst et al. 2001), lung (Costa et al. 2007; Halmos
et al. 2002) and breast cancers (Gery et al. 2005), head and
neck squamous cell carcinoma (Bennett et al. 2007), and
HCC (Tomizawa et al. 2003; Xu et al. 2001; Xu et al.
1994). Consistent with these studies, our results showed
C/EBP� protein decreased in 60% of HCCs, thus the reduc-
tion of C/EBP� might contribute to hepatocarcinogenesis.

From the nontumor samples, we demonstrated that
C/EBP� expression was not inXuenced by chronic alcohol
and smoking exposure, HBV, HCV, and cirrhosis. C/EBP�
mRNA has been observed downregulated in acute liver
injury of alcohol-fed rats (Bridle et al. 2006), and in regen-

erating rat liver after partial hepatectomy (Flodby et al.
1993). However, among chronic liver injuries, as was noted
in our study, it was only HCC that had a reduction in C/
EBP� expression. Our Wndings clariWed that C/EBP� was
not reduced in liver diseases preceding HCC, and persistent
C/EBP� reduction was associated with HCC development
and progression.

We observed that C/EBP� expression in HCC was nega-
tively associated with pTNM stage, a result consistent with
the Wndings in previous studies of lung cancer (Halmos
et al. 2002) and HCC (Tomizawa et al. 2003), though the
latter used clinical staging system instead. We also found a
weak inverse correlation between C/EBP� expression and
tumor size, similar to the Wnding in previous study of HCC,
though it used a cutoV tumor size of 3 cm (Tomizawa et al.
2003). The agreement of these reports clearly evidenced
C/EBP� functions to inhibit carcinogenesis, and its reduc-
tion facilitates tumor progression. To our surprise, though
C/EBP� also functions to regulate expression of terminally-
diVerentiated genes, we did not Wnd an association between
C/EBP� expression and histologic grade. The negative
result was also seen in the study of breast cancer (Gery
et al. 2005), but not in the lung cancer study where a trend
toward loss of C/EBP� in less diVerentiated tumor samples
was noted (Costa et al. 2007). Other clinical parameters
such as age, gender, cirrhosis, and virus hepatitis, did not
aVect C/EBP� expression in tumor. HCC is diverse in etiol-
ogy and subsequent molecular pathways, for example,
HBV DNA integrates into human genome, resulting in
chromosome instability, while HCV might use core protein
to divert intracellular pathways (Suriawinata and Xu 2004).
The Wnding that C/EBP� expression in HCC was not
aVected by HBV or HCV infection and other exposure
agents suggests C/EBP� may serve as a therapeutic target
regardless of diVerent etiology.

The prognostic value of C/EBP� has been shown in
studies of AML, where AML patients with C/EBP� muta-
tions had a paradoxically favorable prognosis with reasons
yet unknown (Frohling et al. 2004; Preudhomme et al.
2002). Prognosis in solid tumor was less studied. Previous
study of HCC patients showed low C/EBP� mRNA was

Fig. 2 Kaplan–Meier survival curve of HCC patients by C/EBP�
expression. I, C/EBP� score (tumor ¡ nontumor) (T ¡ N) = ¡2; II,
T ¡ N = ¡1; III, T ¡ N ¸ 0

Table 3 Univariate Cox proportional hazards analysis for survival of
HCC patients

PD poorly diVerentiated, WD well diVerentiated, MD moderately
diVerentiated
a I C/EBP� score (tumor ¡ nontumor) (T ¡ N) = ¡2; II T ¡ N = ¡1;
III T ¡ N ¸ 0

Hazard ratio 95% CI P-value

Age (¸60/<60) 1.50 0.71–3.19 0.293

Gender (man/woman) 1.04 0.42–2.58 0.928

HBV (+/¡) 1.11 0.41–3.02 0.834

HCV (+/¡) 0.77 0.30–2.00 0.592

Cirrhosis (+/¡) 1.28 0.56–2.96 0.562

Histologic grade
(PD/WD, MD)

1.95 0.90–4.22 0.091

Tumor size (cm) 1.16 1.05–1.28 0.005

Stage (III–IV/I–II) 5.96 2.71–13.11 <0.001

C/EBP� (I/II–III)a 4.94 1.79–13.68 0.002

Table 4 Multivariate Cox proportional hazards analysis for survival
of HCC patients

PD poorly diVerentiated, WD well diVerentiated, MD moderately
diVerentiated
a I C/EBP� score (tumor ¡ nontumor) (T ¡ N) = ¡2, II T ¡ N = ¡1,
III T ¡ N ¸ 0

Hazard ratio 95% CI P-value

Histologic grade 
(PD/WD, MD)

2.11 0.96–4.63 0.062

C/EBP� (I/II–III)a 5.45 1.93–15.40 0.001
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associated with unfavorable outcome (Tomizawa et al.
2003), but this association was not found in lung cancer
patients with low C/EBP� protein (Costa et al. 2007). Both
studies analyzed C/EBP� dichotomously. With C/EBP�
categorized into three groups, our model clearly showed the
patients with markedly reduced C/EBP� had a poorer prog-
nosis, suggesting there was a threshold on which the
amount of C/EBP� was no longer able to inhibit cell prolif-
eration and hence tumor progression, thus leading to a
shortened patient survival.

Other signiWcant prognostic factors found in our study
include tumor stage and tumor size, consistent with
Nonami et al.’s observation that advanced pTNM stage and
larger tumor size predict poor prognosis in HCC patients
(Nonami et al. 1997). Low C/EBP�, advanced tumor stage
and larger tumor size correlated with each other in our
study, all reXecting rapid progression of tumor, and aVect-
ing patient survival in a similar mode. On the other hand,
the inXuence of histologic grade on HCC patient survival is
controversial (Haratake et al. 1993; Lai et al. 1979). Our
Cox multivariate model showed histologic grade had a
weak inXuence on patient survival. On the whole, the rela-
tionship among C/EBP� expression, histologic grade, and
patient survival was not well established in our study.

Dysregulation of C/EBP� has been noted due to gene
mutation in AML (Frohling et al. 2004; Pabst et al. 2001;
Preudhomme et al. 2002). But in solid tumors, epigenetic
silencing from DNA hypermethylation has been found
causing low C/EBP� expression in lung cancer (Tada et al.
2006) and head and neck squamous cell carcinoma
(Bennett et al. 2007). We also performed methylation anal-
ysis on C/EBP� promoter, but unfortunately we did not Wnd
a signiWcant diVerence of methylation status between tumor
and nontumor specimens. Tumor suppressive activity of
C/EBP� might also be blocked by dephosphorylation
through phosphatidylinositol 3-kinase signaling (Datta
et al. 2007), which we did not explore. Another limitation
of this study is the liver factors such as cirrhosis or alcohol
exposure were merely reported as absence or presence but
not stratiWed for degree of Wbrosis or consumption amount.
The sample size also should be increased enough to clarify
the relationship of C/EBP� expression with histologic
grade, and grade with patient survival.

In conclusion, we demonstrated that C/EBP� protein
was decreased in HCC, a phenomenon not observed in pre-
ceding hepatitis or cirrhosis. We also showed that loss of
C/EBP� expression was associated with advanced tumor
stage and shortened patient survival, thus conWrming the
tumor-suppressive function and a prognostic value of
C/EBP� in HCC. Taken together, this molecule may be a
useful prognostic marker or a potential therapeutic target in
HCC regardless of diVerent etiology.
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