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Caspase-3 is a downstream effector cysteine protease in the apoptotic pathway. It is ubiquitously expressed in
normal human tissues including the liver. Overexpression and loss of expression of caspase-3 has been
reported in diverse human malignancies. However, expression of caspase-3 in hepatocellular carcinoma (HCC)
has not been studied. Therefore, we studied its expression in four hepatoma cell lines and 22 HCCs by Western
blot, and correlated the findings with in vitro caspase-3 activity and apoptosis. In addition, 47 surgically
resected HCCs and 29 metastatic colorectal carcinomas were evaluated for caspase-3 expression by
immunohistochemistry on formalin-fixed, paraffin-embedded tissue sections, and the staining intensity was
correlated with the clinicopathological features. Caspase-3 overexpression was present in all four hepatoma
cell lines, and 68% (15/22) of HCCs in comparison to the non-neoplastic liver parenchyma by Western blot, and
in 52% (36/69) of HCCs by immunohistochemistry. Caspase-3 overexpression in HCCs by Western blot
correlated with caspase-3 overexpression by immunohistochemistry (P¼ 0.002), and in vitro caspase-3 activity
(P¼ 0.01). Caspase-3 overexpression in HCCs by immunohistochemistry was associated with serum a-
fetoprotein (AFP) levels (P¼ 0.01). In conclusion, caspase-3 is frequently overexpressed in HCCs and is
associated with high serum levels of AFP.
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Apoptosis is a selective, controlled, and genetically
programmed cell death process that occurs as a
result of normal cellular differentiation and deve-
lopment. Defects in apoptosis contribute to many
diseases, including cancer, autoimmune and neuro-
degenerative disorders. This process is mediated by
a complex mechanism involving intracellular pro-
teases, the caspases, and activators and inhibitors of
these cell death proteases (reviewed in Reed1).
Apoptosis is characterized morphologically by cell
shrinkage, cytoplasmic membrane blebbing, nuclear
fragmentation and condensation, and internucleo-
somal DNA cleavage. In liver, apoptosis plays a
prominent part in the pathogenesis of toxic liver
injury due to a variety of agents, viral hepatitis, and
hepatocellular carcinomas (HCCs) (reviewed in
Kanzler and Galle2).

Apoptosis is initiated by binding of Fas ligand
(FasL, CD95L) to Fas, tumor necrosis factor (TNF) to
TNF receptors 1 and 2, transforming growth factor b
(TGFb) to TGFb receptors, or TNF-related apoptosis-
inducing ligand (TRAIL) to its receptors.1,2 Fas and
TNF receptor 1 attach to cytosolic adaptor proteins
(FADD, MORT, RIP, TRADD), which in turn recruit
caspase-8 to activate caspase-3. Caspase-3 (also
known as CPP32, YAMA, and apopain), a cysteine
protease, is related to interleukin-1b-converting
enzyme and is the human homologue of nematode
Caenorhabditis elegans Ced-3.3,4 Caspase-3 gene has
been localized to chromosome 4q33–35.1.5,6 The
active form of caspase-3 is generated after proteo-
lytic cleavage of the procaspase-3 at specific aspartic
acid residues to generate two subunits with mole-
cular mass of 17 and 12kDa. The two subunits
associate with each other to form active caspase-3
complex. Caspase-3 is ubiquitously expressed in
human tissue including liver and in human cell
lines.3,7 Overexpression and loss of expression of
caspase-3 has been reported in a variety of human
cell lines and malignancies.8–18

Expression of caspase-3 in HCC has not been
studied in detail.19 Therefore, we studied its
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expression in HCCs and associations with the
clinicopathological features. We also studied the
overexpression of caspase-3 in hepatic metastases of
colorectal adenocarcinomas for comparison. In the
present study, we examined overexpression of
caspase-3 by immunohistochemistry, immunoblot
and functional activity in HCC and adjoining liver
parenchyma, and compared overexpression status
with patient and tumor characteristics.

Materials and methods

Cell Culture

SK-Hep 1, PLC-5, Hep G2, and Hep 3B HCC cell
lines and SW-480 colon carcinoma cell line were
obtained (American Type Culture Collection, Man-
assas, VA, USA). All cell lines were maintained at a
subconfluent state in MEM containing 10% FCS,
200U/ml penicillin, and 200 mg/ml streptomycin in
a humidified atmosphere of 5% CO2 at 37oC. Hep
3B and SW-480 were supplemented with 2mM
L-glutamine.

Characteristics of Patients and Specimens

Fresh frozen non-neoplastic liver and HCC tissue
was obtained from 22 patients who underwent
surgical resction for HCC at The Johns Hopkins
Hospital, Baltimore.20 Tissues from patients were
collected after surgical removal, immediately snap-
frozen in liquid nitrogen, and stored at �801C. A
representative section was thawed and fixed in 10%
formalin for 1 day at room temprature, processed,
and embedded in paraffin. In addition, formalin-
fixed, paraffin-embedded tissue was also obtained
from resection specimens of 47 patients with HCC
and 29 patients with hepatic metastasis of colorectal
cancers at the MD Anderson Cancer Center, Houston
who underwent curative resection. The clinico-
pathological factors were evaluated by review of
surgical pathology reports and patients’ charts, and
tumor survival was obtained from the tumor registry.
This study was approved by the Institutional Re-
view Board of the MD Anderson Cancer Center.

Cell and Tissue Lysate and Western Blot

Subconfluent cultures of the cell lines were col-
lected by centrifugation in a clinical centrifuge at
1000 rpm for 10min. The pellet was washed twice
with PBS. The cell lines, non-neoplastic liver and
HCC tissues were lysed by adding 400 ml of lysate
buffer comprising of 20mM Na phosphate buffer pH
7.4, 1% Triton X-100, 150mM NaCl, 5mM EDTA to
100 ml of cell pellet or tissue samples. The lysate was
left on ice for 30min, vortexed and centrifuged for
15 s. The supernatant was collected and stored at
�801C until further use. The protein was quantiated
by measuring against known quantity of BSA by

measuring optical density at A595. Protein (20 mg)
was electrophoresed on 15% polyacrylamide gel
and transferred to nylon membrane (BioRad, Her-
cules, CA, USA). The membrane was probed with
anti-caspase-3 antibody at 1:1000 dilution (Phar-
Mingen, San Diego, CA, USA). The membrane was
developed using Lumiglo kit (New England Biolabs,
Beverly, MA, USA). Representative samples were
reprobed with a mouse anti-b-actin antibody (Sigma,
St Louis, MO, USA) to control for equal loading of
protein. Band intensities were measured by densi-
tometry. Lysates from cell lines and tumor tissue
with caspase-3 band densities at least twice the
band densities of normal liver parenchyma were
classified as overexpression.

Caspase-3 Immunohistochemistry

Immunohistochemistry for caspase-3 was performed
on formalin-fixed, paraffin-embeded tissue,7 on 69
HCCs, including 22 HCCs evaluated for Western blot
and 47 surgically resected HCCs, and 29 hepatic
metastasis of colorectal cancers from MD Anderson
Cancer Center. Sections (5 mm thick) on positively
charged slides were deparaffinized in xylene,
hydrated in graded alcohol, and pretreated for
antigen retrieval in 10mmol/l citrate buffer, pH
6.0, in a steamer at 981C for 45min. Staining was
performed using polyclonal rabbit anti-caspase-3
antibody (1:1000 dilution, PharMingen, San Diego,
CA, USA), DAKO EnVision systems (DAKO Cor-
poration, Carpinteria, CA, USA), and chromogen
3,30-diaminobenzidine tetrahydrochloride. The
staining intensity of the HCCs and hepatic meta-
stasis of the colorectal cancers were compared with
that of adjacent non-neoplastic hepatic parenchyma
by semiquantitative visual evaluations by two
observers (RP and AR). Overexpression was con-
sidered to be present when the intensity of tumor
staining was at least twice the staining intensity of
adjacent non-neoplastic liver.

Caspase-3 Assay

Caspase-3 activity was assessed by using a commer-
cial kit according to the manufacturer’s instructions
(ApoAlert Caspase Fluorescent Assay Kits, CLON-
TECH Laboratories Inc., Palo Alto, CA, USA).
Briefly, 20 mg of cell culture or tissue lysates was
added to equal volume of reaction buffer containing
10mM DTT and 5ml of 1mM caspase-3 substrate
(DEVD-AMC). The reaction was incubated at 371C
for 1 h. A negative control without lysate was used
in all experiments. Caspase-3 inhibitor (1 ml) (DEVD-
CHO), a specific inhibitor of caspase-3, was used to
show specificity of caspase-3 activity. The activity
was below background levels after the addition of
caspase-3 inhibitor. These experiments were per-
formed in triplicate and repeated twice.

Caspase-3 in hepatocellular carcinomas
R Persad et al

862

Modern Pathology (2004) 17, 861–867



In Situ Apoptosis by TdT-mediated dUTP Nick End
Labeling

Apoptosis was measured by TdT-mediated dUTP
nick end labeling (TUNEL) assay in paraffin-
embedded sections using a commercial kit (In situ
cell death detection kit, Roche Diagnostics GmbH,
Mannheim, Germany) according to the manufac-
turer’s instructions as previously described.21

Briefly, 5mm thick sections of formalin-fixed, parra-
fin-embeded tissue was deparrafinized by heating
the slides at 601C, washing in xylene, and rehydrat-
ing through a graded series of ethanol and distilled
H2O. The tissue section was incubated with 20mg/
ml proteinase K in 10mM Tris/HCl, pH 7.4 for
30min at 371C. The slides were washed twice with
phosphate-buffered saline. The tissue was incubated
with 50 ml of solution containing terminal deoxy-
nucleotidyl transferase, buffer and fluorescein-labelled
nucleotides in a humidified chamber for 60min at
371C in the dark. Sections of lymph nodes were used
as positive control for apoptosis. The slides were
washed thrice with phosphate-buffered saline. The
slides were analyzed under a fluorescence micro-
scope and apoptotic cells were counted in five high
power fields (1mm2).

Statistical Analysis

w2 or Fisher’s exact tests were performed for
comparison of frequency of each clinical or patho-
logical characteristic. T-test was used for compar-
ison of means. Correlation between caspase-3
activity and TUNEL assay was evaluated by means
of Spearman’s rank correlation coefficient. Overall
survival time was determined from the date of
surgery and compared using the product-limit
method.22

Results

Overexpression of Caspase-3 by Immunoblot and
Caspase-3 Immunohistochemistry

Western blot analysis was performed using lysates
prepared from SK-Hep1, PLC-5, Hep G2, Hep 3B and
SW-480 cell lines, and non-neoplastic liver and
tumor tissue from 22 patients with HCC. All four
HCC cell lines, and all tumor and non-neoplastic
samples had a band of Mr B32000 consistent with
procaspase-3. The caspase-3 band was more intense
by 2–3-fold in lysates from SK-Hep1, PLC-5, Hep G2,
and Hep 3B HCC cell lines compared to SW-480
colon carcinoma cell lines (Figure 1a). b-Actin band
was of similar intensity in all samples showing
equal loading of samples. Similarly, 2–3-fold more
intense caspase-3 expression was present in 68%
(15/22) of lysates from HCC in comparison to the
lysates from non-neoplastic liver parenchyma or the
remaining seven HCC lysates (Figure 1b). However,
a band of Mr 17 000, a subunit of caspase-3 present

after caspase-3 activation, was absent from all
lysates indicating lack of caspase-3 activation (data
not shown).

All non-neoplastic liver parenchyma and HCCs
expressed caspase-3 by immunohistochemistry (Fig-
ure 2). Caspase-3 overexpression was assessed by
immunohistochemistry in 69 HCCs, including 22
with lysates, and 29 hepatic metastasis of colorectal
cancers. The staining intensity for caspase-3 was
similar to the adjoining non-neoplastic liver paren-
chyma in 33 (48%) HCCs; but the remaining 36
(52%) carcinomas overexpressed caspase-3 relative
to the non-neoplastic liver parenchyma. In contrast,
none of 29 metastatic colonic adenocarcinomas
overexpressed caspase-3.

The caspase-3 overexpression in lysates from HCC
correlated with overexpression by immunohisto-
chemistry: 14 HCC had overexpression by both
methods, one had overexpression by Western blot
only, two had overexpression by immunohistochem-
istry only, and the remaining five had no over-
expression by either method (P¼ 0.002).

In Vitro Caspase-3 Activity and TUNEL Assay

The in vitro caspase-3 activity was measured using
the lysates from cell lines, and non-neoplastic liver
and HCC tissue. PLC5 had increased caspase-3
activity, Hep3B had reduced activity, and the other
three cell lines had intermediate activity (Figures 3
and 4). The caspase-3 activity levels were similar in
22 non-neoplastic liver (mean 149572557) and
seven HCC without caspase-3 overexpression (mean
167671990) but were increased in HCC with
caspase-3 overexpression (mean 629076503;
P¼ 0.01 vs non-neoplastic liver, and P¼ 0.02 vs
HCC without caspase-3 overexpression). Similarly,
the caspase-3 activity levels were increased in HCC
cell lysates (mean 500574054) vs non-neoplastic
liver (P¼ 0.03).

TUNEL assay had increased apoptosis in HCC
with caspase-3 overexpression but was not statisti-
cally significant (Figure 4). HCC without caspase-3
overexpression had 5.4 75.5 apoptotic lesions in
five high-power fields compared to 13.8 714.1 in
HCC with caspase-3 overexpression (P¼ 0.06).
There was a weak correlation between caspase-3
activity and apoptosis in HCCs (r¼ 0.431, P¼ 0.045,
Figure 4).

Overexpression of Caspase-3 and Association with
Clinicopathological Features

Overexpression of caspase-3 was associated with
serum a-fetoprotein (AFP) levels in patients with
HCCs (Table 1 and Figure 5). Serum AFP 440 IU
was present in three of 10 (30%) HCCs without
caspase-3 overexpression and 16 of 21 (76%) HCCs
with caspase-3 overexpression (P¼ 0.01). Caspase-3
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Figure 1 Expression of caspase-3 by immunohistochemistry. (a) Adjacent normal liver parenchyma, (b) HCC with caspase-3
overexpression, (c) HCC without caspase-3 overexpression, and (d) colon carcinoma metastatic to colon.

Figure 2 Western blot analysis of caspase-3 protein expression in
(a) human hepatocellular and colon cancer cell lines, and (b) HCC
and adjoining liver tissue from patients with HCC. Cell lysates
were prepared from the cell lines and subjected to PAGE (15%)
and blotted to nylon membrane. All HCC cell lines Hep 3B, PLC-
5, SK-Hep 1, and HepG2 overexpress caspase-3 compared to colon
carcinoma cell line SW-480. Similarly, HCC samples 1T, 2T, and
4T overexpress caspase-3 compared to non-neoplastic liver
samples N1–5 or HCC sample 3T.
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Figure 3 Mean7s.d. of caspase-3 activity in hepatocellular and
colon cancer cell lines, and normal liver and tumor tissue from
patients with HCC. HCCs with caspase-3 overexpression and HCC
cell lines had increase caspase-3 activity.
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overexpression did not correlate with other clinico-
pathological features or patient survival.

Discussion

In our study, caspase-3 was overexpressed in all four
HCC cell lines and a subset of HCCs compared to
nontumor liver tissue using immunoblot and im-
munohistochemistry. In contrast, a previous report
had reported reduced expression of caspase-3 by
immunohistochemistry in HCCs compared to non-
tumor liver tissue.19 These differences may be due to
differences in methodology including use of differ-
ent primary antibodies. Caspase-3 overexpression
and reduced expression have been reported in
diverse types of malignant tumors. For example,
caspase-3 overexpression is present in neuroblasto-
mas8 and classical Hodgkin’s disease,9,14 but re-
duced expression has been reported in prostatic
carcinomas17 and renal cell carcinomas.15

In our study, caspase-3 overexpression was not
associated with histology or prognosis. However,
caspase-3 expression has been associated with
histological type and grade of tumor, and with
prognosis in other tumor types. Caspase-3 expres-
sion was present in classical Hodgkin’s disease but
not in nodular lymphocyte predominance Hodgkin’s
disease.9,14 Caspase-3 expression was reduced in
moderately and poorly differentiated human pros-
tate adenocarcinomas compared to well-differen-
tiated adenocarcinomas and the normal prostate.17

High levels of caspase-3 mRNA expression in
neuroblastomas were associated with favorable

prognosis.8 In contrast, diffuse cytoplasmic staining
in B-cell diffuse large cell lymphomas vs punctuate
cellular localization of caspase-3 expression was
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Figure 4 Caspase-3 activity and apoptosis in HCCs with and
without caspase-3 overexpression by Western blot.

Table 1 Caspase-3 overexpression status in HCCs compared to
patient and tumor characteristics

Characteristic Total Caspase-3
Overexpression

P-value

(n¼47) Absent
(n¼ 20)

Present
(n¼27)

# % (#) % (#)

Age (years)7s.d. 61.6713.4 64.3712.6 59.6713.8 NSa

Gender
Female 19 37 (7) 63 (12) NS
Male 28 46 (13) 54 (15)

a-fetoprotein
o40 12 58 (7) 42 (5) 0.01b

440 19 16 (3) 84 (16)
Not available 16 63 (10) 37 (6)

Hepatitis
Absent 25 44 (11) 56 (14) NS
Present 22 41 (9)c 59 (13)d

Cirrhosis
Absent 24 37 (9) 63 (15) NS
Present 23 48 (11) 52 (12)

Tumor stage
2 16 37 (6) 63 (10) NS
3 17 47 (8) 53 (9)
4 14 43 (6) 57 (8)

Vital status
Alive 20 45 (9) 55 (11) NS
Dead 27 41 (11) 59 (16)

Follow-up
(months)7s.d.

29.0729.1 35.1732.4 24.6726.0 NSe

a
NS, not significant.

ba-fetoprotein o40 vs 440.
c
Hepatitis B viral infection (n¼ 3), hepatitis C viral infection (n¼2),
alcoholic liver disease (n¼ 4), and hepatitis B viral infection and
alcoholic liver disease (n¼ 1).
d
Hepatitis B viral infection (n¼ 5), hepatitis C viral infection (n¼5),

alcoholic liver disease (n¼ 3).
e
By Kaplan and Meier method, log-rank statistic.
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Figure 5 Serum AFP levels and human HCCs with and without
caspase-3 overexpression by immunohistochemistry.
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associated with poor response to treatment and
prognosis.16

In our study, a subset of HCCs had caspase-3
overexpression, but caspase-3 activation or in-
creased apoptosis of tumor cells was not observed.
In contrast, loss of caspase-3 expression is asso-
ciated with resistance to apoptosis and resistance to
therapy in a variety of tumors and cell lines. Loss of
caspase-3 expression correlated with resistance to
apoptosis in renal cell carcinomas.15 Resistance to
apoptosis by a variety of apoptotic stimuli including
chemotherapeutic agents due to lack of expression
or activation of caspase-3 has been demonstrated in
breast cancer, leukemia, and classic Hodgkin’s
disease cell lines.10,11,14,18 Resistance to cisplatin-,
tamoxifen-, and ionizing radiation-induced apopto-
sis is dependent on caspase-3 in breast, lympho-
blast, and HeLa cell lines.12,13,18,23,24

Cancers evade apoptosis by various mechanisms,
including loss of Fas-receptor expression, over-
expression of FasL by the cancer, loss or mutation
of TGFb receptor, and increased expression of
inhibitor of apoptosis protein (IAP) family including
c-IAP1, CIAP2, XIAP, and survivin.25–31 HCCs evade
apoptosis by downregulating Fas possibly reducing
the sensitivity of HCC to Fas-mediated apoptosis,
by overexpressing FasL that can kill cytotoxic
T-lymphocytes,27 and by overexpressing XIAP.32

Other inhibitors such as cellular FLICE/caspase-8-
inhibitory protein that inhibits caspase-8 activation
are constitutively expressed in all human HCC
cell lines and are expressed more in HCCs than in
non-tumor liver.33

In our study, caspase-3 overexpression was asso-
ciated with high serum levels of AFP. AFP is an
oncoembryonal protein with cell growth regulating,
differentiating, and immunosuppressive activities.
AFP at low concentration is a growth factor for
HCC cell lines, but at high concentration induces
apoptosis in tumor cell lines in vitro.34,35 AFP-
induced apoptosis is mediated by activation of
caspase-3, and is independent of Fas/FasL or TNF
signalling pathways. AFP-producing hepatoma cell
lines have common gene-expression profile com-
pared with AFP-negative hepatoma cell lines.36 Of
note, all four hepatoma cell lines used in our study
overexpressed caspase-3, including an AFP-negative
cell line.

Alternatively, AFP and caspase-3 genes may share
similar regulation during hepatocarcinogenesis.
AFP is activated early in hepatogenesis, repressed
postnatally, and can be reactivated during liver
regeneration and in HCCs. The postnatal AFP
repression is governed primarily by the promoter
and repressor region of the gene that binds several
nuclear factors (reviewed by Spear37), including
hepatocyte nuclear factor 3,38 AT motif-binding
factor 1,39 and AFP regulators 1 and 2.40,41 It is
possible that one of these or an additional regulatory
factor is repressed in HCCs and results in over-
expression of AFP and caspase-3.

In conclusion, caspase-3 was frequently over-
expressed in HCCs and was associated with high
serum levels of AFP. Caspase-3 overexpression may
serve as a diagnostic and therapeutic marker for
HCCs.
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