
 

 

Introduction 
 
In 1956, Edmondson reported the first case 
of fibrolamellar hepatocellular carcinoma 
(FLHCC) as an uncommon histological variant of 
hepatocellular carcinoma (HCC) [1]. In 1980, 
FLHCC was established as a distinct clinicopa-
thological entity by Craig et al [2] and Berman 
et al. [3]. In contrast to the conventional type 
of HCC, FLHCC is predominantly a disease of 
young adults and rarely associated with chronic 
l iver  d isease.  Often t imes,  no aetiological 
factors can be identified [4,  5] .  FLHCC is his-
tologically characterized by large, eosinophilic 
polygonal tumor cells separated by a marked 
fibrous stroma arranged in lamellar bands 
around the tumour cells [6]. Currently, FLHCC is 

considered as an aggressive neoplasm because 
of high frequency of recurrence after surgical 
resection and resistance to chemotherapy and 
radiation therapy [7, 8]. The major molecular 
pathogenic processes involved in FLHCC devel-
opment are still poorly understood. 
 
Nuclear factor-κB (NF-κB) is a transcription 
factor and functions as regulator of κB light 
chain expression in mature B lymphocytes and 
plasma cells [9]. NF-κB is widely used by 
eukaryotic cells as a regulator of genes that 
control cell proliferation and cell survival. The 
activation of transcription factor NF-κB signaling 
pathway plays a pivotal role in immune and 
inflammatory responses, developmental proc-
esses, cellular growth, and apoptosis [10]. Its 
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Abstract: Fibrolamellar hepatocellular carcinoma (FLHCC) is an aggressive neoplasm due to high frequency of 
recurrence after surgical resection and resistance to chemotherapy and radiation therapy. Activation of transcription 
factor NF-κB signaling pathway has been recognized for involvement in progression of various malignant neoplasms. 
The role of NF-κB pathway in FLHCC has not been studied to date. Formalin-fixed, paraffin-embedded tissue sections 
of 8 FLHCC, 10 normal liver tissues (NLT) were evaluated immunohistochemically for the expression of p-NF-κBp65 
using phosphospecific antibody directed against phosphorylated (p)-NF-κBp65 (Ser 536). The level of p-NF-κBp65 
(Ser 536) expression was categorized into four grades: 0 (background), 1+ (weak), 2+ (moderate), or 3+ (strong) 
based on intensity of intranuclear staining, and was further assessed using two scales: high expression (2+ or 3+) 
and low expression (0 or 1+). Only high expression of p-NF-κBp65 (Ser 536) in cells with nuclear translocation was 
considered as constitutive NF-κB activation. High expression of p-NF-κBp65 (Ser 536) was found in 88 % (7/8) of 
FLHCC tissue. In contrast, only 10 % (1/10) of NLT showed high expression for p-NF-κBp65 (Ser 536). The differences 
in p-NF-κBp65 nuclear expression between FLHCC tissue and NLT were significant (P < 0.001). There was no 
significant correlation between the expression of intranuclear p-NF-κBp65 and the stage of FLHCC. Constitutive NF-κB 
activation was observed in FLHCC. The findings suggest that NF-κB activation is involved in the tumorigenesis of 
FLHCC and may represent novel targets for therapeutic intervention to FLHCC. 
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constitutive activation is related to progression 
of various malignant neoplasms [10-13]. Stud-
ies also have demonstrated that NF-κB activa-
tion is one of key mechanism for chemotherapy 
resistance, and that inhibition of the NF-κB 
pathway may enhance the efficacy of cancer 
therapy. Extensive involvement of NF-kB tran-
scription factors in tumors has established 
them as targets for therapeutics [14]. Up to 
now, activation status of NF-κB and its signaling 
pathway in FLHCC has not been investigated. It 
has not been known whether or not this path-
way is associated with pathogenesis in FLHCC. 
In this study, we evaluated the immunohisto-
chemical expression of phosphorylated (p)-NF-
κBp65 (Ser 536) with nuclear translocation in 
FLHCC and non-neoplastic liver tissue to deter-
mine if activation of the NF-κB signaling path-
way is present and may play a role in FLHCC. 
 
Materials and methods 
 
Patients and specimens 
 
The study protocol was approved by the insti-
tute review board (IRB). The study group was 
comprised of patients submitted to tumor resec-
tion at Memorial Hermann Hospitals, an affili-
ated hospital of the University of Texas Health 
Science Center at Houston and University of 
Texas M. D. Anderson Cancer Center Hospital. 
Surgical pathology cases were evaluated, 
including 8 FLHCC and 10 normal liver tissues 
(NLT). The demographic and clinical profiles for 
each patient with FLHCC are listed in Table 1. 
Tumor node metastasis (TNM) stage of the 

American Joint Commission on Cancer (AJCC) 
[15] was used for tumor stage of this study. The 
age of patients with FLHCC ranged from 23 to 
80 years, with a mean age of 37. Of the 8 
patients, 4 were men and 4 women. None of the 
patients had any evidence of chronic liver 
disease. All patients had negative serology for 
hepatitis A, B and C infection and normal serum 
alpha-fetoprotein (AFP). 6 patients were 
T2N0M0 stage; 1 was T3N0M0, and 1 was 
T3N1M1. 
 
Tissue sections from the specimens were fixed 
in 10% buffered formalin, processed and 
stained with hematoxylin and eosin. To confirm 
the diagnosis the cases were reviewed inde-
pendently by two pathologists. 
 
Immunohistochemical staining 
 
Immunohistochemical stain was performed on 
formalin-fixed and paraffin-embedded 4-µm 
sections. The tissue sections were deparaffined, 
and antigen retrieval conditions included 0.1M 
citrate buffer (pH 6.0) in an 800-W microwave 
oven for 15 minutes. The sections were incu-
bated in 3% hydrogen peroxide for 5 minutes to 
quench endogenous tissue peroxidase. The 
tissue sections were then incubated with a 
monoclonal antibody (a phosphospecific probe 
directed against Serine536, a putative site of 
activation) against phosphorylated (p)-NF-κBp65 
(Ser 536), at 1:600 dilution for 30 minutes at 
room temperature (Cell Signaling Technology 
Inc, Danvers, MA). The slides were stained in an 
automated immunostainer using a standard 

Case Age(yr) Race Sex Tumor Stage Chronic Liver 
disease α-fetoprotein (ng/mL) 

2 23 Asia Male T2N0M0 No Normal 

3 35 White Female T3N0M0 No Normal 

4 42 White Male T3N1M1 No Normal 

5 20 White Female T2N0M0 No Normal 

6 38 White Male T2N0M0 No Normal 

7 27 Hispanic Female T2N0M0 No Normal 

8 31 White Male T2N0M0 No Normal 

Table 1. Clinical profile of 8 patients with FLHCC  

1 80 White Female T2NOMO No Normal 
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avidin-biotin complex staining procedure. Immu-
nohistochemical reactions were developed with 
diaminobenzidine as the chromogenic 
peroxidase substrate, and slides were counters-
tained with hematoxylin. Prostatic carcinoma 
served as the positive control. Negative controls 
were performed for all cases and consisted of 
identically prepared slides that were treated 
with antibody diluent (Dako Corp, Carpinteria, 
CA) in place of primary antibody, but otherwise 
subjected to the same immunohistochemical 
staining protocol. 
 
Assessment of immunohistochemical staining  
 
Positive p-NF-κBp65 expression was defined as 
nuclear staining, which could be easily identi-
fied at low-power magnification (<=100×). 
Scant faint finely granular background staining, 
which could not be seen at low-power magnifi-
cation (<=100×), was interpreted as negative 
staining (background staining). The level of p-NF
-κBp65 intranuclear expression in tumor cells 
and non-neoplastic cells was categorized into 
four grades: 0 (background), 1+ (weak), 2+ 
(moderate), or 3+ (strong) based on intensity of 
intranuclear staining. The expression of p-NF-
κBp65 was further assessed using two scales: 
high expression (2+ or 3+) and low expression 
(0 or 1+). Only high expression of p-NF-κBp65 
(Ser 536) with nuclear translocation in cells was 
considered as constitutive NF-κB activation. 
 
Statistics 
 
Mean values and standard deviations were 
calculated to describe the data population. 
Statistical analyses were performed using the 

Fisher exact test or two-tailed t test. A P value of 
<0.05 was considered to be significant. 
 
Results 
 
The distribution of p-NF-κBp65 (Ser 536) 
protein expression in liver tissue was examined 
by means of immunohistochemical analysis of 
tissue samples. The intensity of NF-κBp65 stain-
ing was scored using two scales: “high expres-
sion” represented moderate (2+) or strong (3+) 
staining while “low expression” indicated back-
ground (0) or weak (1+) staining. Only high 
expression of p-NF-κBp65 (Ser 536) with 
nuclear translocation in tumor cells is consid-
ered as constitutive NF-κB activation. Staining 
of this protein was detected in the nuclei of both 
HCC and non-HCC tissue. p-NF-κBp65 (Ser 536) 
staining intensity was generally low (grade 0 or 
1+) in NLT samples (Figure A-B) while the vast 
majority of HCC samples showed high expres-
sion(grade 2+ or 3+) (Figure C-D). The results of 
p-NF-κBp65 (Ser 536) immunohistochemical 
staining for FLHCC and NLT are summarized in 
Table 2. The high expression of p- NF-κBp65 
(Ser 536) was present in 88 % (7/8) of FLHCC. 
In contrast, only 10 % (1 /10) of NLT showed 
high expression. The difference in high expres-
sion between HCC group and NLT group was 
highly statistically significant (<0.001). There 
was no significant correlation between the 
expression of p-NF-κB Ser 536) and the stage of 
FLHCC. NF-κBp65 phosphorylated on serine 
536 showed various degree of intranuclear 
staining in other types of cells of the liver, 
including bile duct epithelium, endothelial cells, 
and stromal cells. 
 

Table 2. Expression of p-NF-κBp65(Ser536) in FLHCC and normal liver tissue 

  
  

p- NF-κBp65 nuclear staining intensity* n (%) 

Low expression   High expression   

0 1+   2+ 3+ Total No. of Cases 

FLHCC 0 (0) 1 (12)   3 (38) 4 (50) 8 

NLT 4(40) 5(50)   1(10) 0 (0) 10 

FLHCC. fibrolamellar hepatocellular carcinoma; NLT: normal liver tissue 
*Nuclear staining intensity is graded as 0 (scant faint finely granular background staining), 1+ (weak), 2+ 
(moderate), or 3+ (strong). 
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Discussion 
 
The constitutive activation of NF-κB has been 
implicated in the pathogenesis and progression 
of many human malignant neoplasms[16-19]. 
Although constitutive activation of NF-κB was 
reported in conventional HCC [20], no prior 
studies have examined the activation status of 
NF-κBp65 in human FLHCC. In this study, we 
used immunohistochemical methods to exam-
ine expression of p-NF-κBp65 (Ser 536) in 
FLHCC and normal liver tissue. Our data clearly 
demonstrated that expression of this protein 
analyte is significantly enhanced in FLHCC com-
pared with normal liver tissue as regards the 
intensity of immunostaining. In our study, con-
stitutive NF-κB activation (defined by high 
expression of NF-κBp65 phosphorylated on a 
putative site of activation, namely serine 536 
and showing nuclear translocation) was 
observed in 88% of FLHCC and only 10 % of 
normal liver tissue, suggesting NF-κB activity 

might play a role in FLHCC tumorigenesis. We 
have not analyzed the mechanism(s) nor the 
signal transduction pathways that could lead to 
constitutive activation of NF-κB in FLHCC. In 
general, the activation of the NF-kB signal trans-
duction pathway, either by mutation of specific 
family members or by induction of the pathway 
through convergent signaling of upstream 
molecular pathways, is known to contribute to 
tumorigenesis. It is possible that the conse-
quence of alteration of this pathway is the mis-
guided activation of genes that control tumor 
cell proliferation, block apoptosis, promote 
migration and activate angiogenesis [16, 17, 
19]. 
 
FLHCC is rare histological subtype comprising 
approximately 4% of all HCC.  Currently surgical 
resection is the treatment of first choice for 
FLHCC. Multimodality treatments including 
chemotherapy are considered for patients with 
recurrent disease in addition to repeated resec-

Figure 1. Expression of p-NF-κBp65 (Ser 536) with nuclear translocation in FLHCC and normal liver tissue. 
A, normal liver tissue (background staining, grade 0). B, normal liver tissue (weakly positive, grade 1+). C, 
FLHCC (moderately positive, grade 2+). D, FLHCC (strongly positive, grade 3+). 
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tion [21]. However, there is still no proven effec-
tive adjuvant systemic therapy for FLHCC 
because tumor cells are either inherently resis-
tant to chemotherapy, or they develop resis-
tance during the course of therapy [8, 22]. Sev-
eral studies have suggested the NF-κB activa-
tion may play a key role in chemotherapy resis-
tance, and that inhibition of NF-κB significantly 
enhances tumor cell response to chemothera-
peutic agents [23]. Baldwin et al. reported that 
treatments to HT 1080 fibrosarcoma cells with 
chemotherapeutic agent, daunorubicin induce 
strong nuclear accumulation of accumulation of 
the NF-[kappa] B p50-p65 heterodimer. Inhibi-
tion of NF-κB by expression of the super-
repressor form of I[kappa] B [alpha] dramati-
cally improves the apoptotic response to ioniz-
ing radiation or daunorubicin [24]. It is likely 
that constitutive activation of NF-κB in FLHCC 
share similar pathogenic mechanisms of tumor 
cell resistance to chemotherapeutic agents. Fur-
ther studies are needed to clarify this possibility. 
 
The significance of our findings is that it may 
have a potential target of therapy in FLHCC.  
High expression of p-NF-κBp65 (Ser 536) which 
is present in a high percentage of FLHCC, but in 
only small percentage or rarely in non-HCC 
tissue, suggests that NF-κB signaling pathway 
may be a target for cancer treatment. NF-κB 
functions as a key molecule that control apop-
tosis. The anti-apoptotic response of NF-κB may 
depend on the expression of its downstream 
target genes, which can be influenced greatly by 
other signaling pathways. Inhibition of constitu-
tive NF-κB activity is able to amplify apoptotic 
response in tumor cells treated with other thera-
peutic agents [25].  Studies by Wiestner et al. 
showed that constitutive activation of the NF-κB 
signaling pathway is observed in diffuse large B-
cell lymphoma, and interference with this path-
way selectively kills these lymphoma cells [26]. 
 
Finally, since there is significant differential 
expression of NF-kB between FLHCC and non-
neoplastic liver, NF-kB, as a tumor biomarker, 
may offer diagnostic aid in differential diagnosis 
of FLHCC and non-neoplastic liver, which some-
times is difficult in small biopsy specimens. 
 
In summary, NF-κB pathway was activated con-
stitutively in FLHCC tissues, and may be 
involved in FLHCC development and progres-
sion. Molecular targeted therapy against NF-κB 
activation may be effective in FLHCC, especially 

those with constitutive NF-κB activation. In addi-
tion, NF-kB may have potential diagnostic value 
in differential diagnosis of FLHCC of small liver 
biopsy specimens. The molecular mechanism(s) 
of NF-κB signaling pathway in FLHCC merits fur-
ther investigation. 
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