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Abstract: Granzyme B and perforin, two of the most important components, have shown anticancer properties in
various cancers, but their effects in laryngeal cancer remain unexplored. Here we decided to examine the effects
of Granzyme B and perforin in Hep-2 cells and clarify the role of perforin and granzyme B in the tumorigenicity of
laryngeal cancer cell line. Hep-2 cells were transfected with pVAX1-PIG co-expression vector (comprising perforin
and granzyme B genes), and then the growth and apoptosis of these Hep-2 cells were evaluated. The tumorigenicity
of Hep-2 cell line co-expressing perforin and granzyme B genes was tested in BALB/c nu/nu mice. We found that
the co-expression of perforin and granzyme B genes could obviously inhibit cell focus formation and induce cell
apoptosis in Hep-2 cells. Furthermore, after subcutaneous injection of Hep-2 cells transfected with pVAX1-PIG, an
extensive delay in tumor growth was observed in BALB/c-nu/nu mice. Moreover, our studies demonstrated that the
anticancer activity of perforin and granzyme B was sustainable in vivo as tumor development by inducing cell apop-
tosis. Taken together, our data indicate that the co-expression of perforin and granzyme B genes exhibits anticancer
potential, and hopefully provide potential therapeutic applications in laryngeal cancer.
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Introduction enter the cytosol of the target cell [6, 9, 11, 12].
Granzymes are serine proteases that are capa-
ble of cleaving proteins on the carboxy side of
aspartate residues. Granzyme B mediates a
rapid induction of the target cell apoptosis,
whereas other members of the family elicit a

delayed response. These cytotoxic molecules

Many studies have established that cell-medi-
ated innate and adaptive immunity are essen-
tial for preventing primary tumor outgrowth and
for rejecting transplanted tumors [1, 2].
Cytotoxic T lymphocytes (CTLs) and natural kill-

er (NK) cells play an important role in tumor
control [3-5]. There are two pathways (cell
death receptor-mediated pathway and granule
exocytosis pathway) by what CTLs and NK cells
affect cytotoxicity against the target cells. Of
the two pathways, the granule exocytosis path-
way is the principal pathway and involves gran-
zyme B and perforin, which are two of the most
important components exerting cytotoxicity
against target cells [6-10].

Perforin release is stimulated upon contact
and polymerizes into the target cell membrane
forming pores which are utilized by granzyme to

are produced constitutively in CTLs and NK
cells. Perforin-deficient mice are more suscep-
tible to the development of spontaneous lym-
phomas, suggesting that the perforin-granzyme
pathway is an important component of tumor
surveillance [13-15].

In this study, we investigate the anticancer
potential of perforin and granzyme B genes co-
expression on Hep-2 cell proliferation, apopto-
sis as well as tumorigenesis. In order to explore
the effects of perforin and granzyme B on cell
proliferation and apoptosis in vitro, the pVAX1-
PIG vector comprising perforin and granzyme B
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genes was transfected into Hep-2 cells. Vector
cassette transfected and parental Hep-2 cells
served as controls. Furthermore, we examined
the roles of perforin and granzyme B for tumor
clearance in BALB/c nu/nu mice by subcutane-
ous injection of three kinds of Hep-2 cell lines
respectively. This is the first study to report the
inhibitory potential of perforin and granzyme B
co-expression on the tumorigenicity of Hep-2
cell line.

Materials and methods
Reagents and materials

Recombinant plasmid pVAX1-PIG co-expres-
sion vector (comprising perforin and granzyme
B genes) was constructed and stored in our
laboratory. The pVAX1 vector was purchased
from Invitrogen (USA). The granzyme B goat
polyclonal antibody was purchased from Santa
Cruz Biotechnology (USA). The biotinylated rab-
bit anti-goat Ig G antibody was obtained from
Boster (China). The human laryngeal carcinoma
Hep-2 cell line was purchased from Shanghai
Institute of Cellular Biology of Chinese Academy
of Sciences (China). All cells were cultured in
RPMI 1640 medium (Gibco, USA) supplement-
ed with 100 U of penicillin-streptomycin per ml,
and 10% calf serum (Invitrogen Life Techno-
logies, USA). Athymic BALB/c nu/nu mice were
obtained from the Animal Laboratory of Sun
Yat-Sen University (China).

Focus formation assay

In a 6-well plate, a bottom feeder layer (0.6%
agar) was prepared with RPMI 1640 media con-
taining 20% fetal bovine serum, 100 U/ml peni-
cillin, and 100 pg/ml streptomycin. A top layer
(0.25% agar) was prepared with RPMI 1640
and the same media as described above but
containing 1 x 10° Hep-2 cells. The pVAX1-PIG
transfected Hep-2 cells were used for studies.
The pVAX1-PIG vector which is the recombinant
eukaryotic co-expression vector comprising
perforin and granzyme B genes that our group
constructed previously and the construction of
pVAX1-PIG vector is described in detail else-
where. Vector transfected and parental Hep-2
cells were used as controls. Fresh medium was
then added to each well and the cells incubat-
ed at 37°C and 5% CO, atmosphere for 3
weeks. The medium was replaced once in two
days. Cells were viewed regularly under the
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microscope for colony formation [16, 17]. Focus
formation was visually detected by observing
dense foci of intensive cell growth, consisting
of refractive cells that rounded up and piled on
top of each other. Colonies, containing at least
50 cells, were counted. The assay was repeat-
ed a minimum of three times (with triplicates
for each group) and standard error of the mean
was determined.

Hoechst 33342 staining to assess cell apop-
tosis

Controlled treatment of cells with the mem-
brane-permeable dye Hoechst 33342 has
been shown to effectively stain apoptotic nuclei
and detect chromatin condensation. Parental
Hep-2 cells, Hep-2 cells transfected with pVAX1
or transfected with pVAX1-PIG were cultured on
poly-L-lysine-coated coverslips, washed twice
with PBS, and fixed with PBS containing 4%
glutaldehyde for 30 min. The cells were fixed
and permeabilized and then assessed for chro-
matin condensation and disintegration of the
nucleus by Hoechst staining. A 5 ug/ml concen-
tration of Hoechst 33342 was used to label the
cells for 30 min, following which the dye was
washed out with PBS and then pictures shot by
an Olympus fluorescence microscope (Olympus,
Japan). The apoptotic cells were identified by
their disintegrated nuclear structure and count-
ed to assess the proportion of healthy and
apoptotic cells in multiple fields.

Flow cytometric sorting and analysis

Parental Hep-2 cells, Hep-2 cells transfected
with pVAX1 or transfected with pVAX1-PIG were
trypsinized and collected. For flow cytometry
analysis after propidium iodide staining, cells
were resuspended in PBS containing 3 mM
sodium citrate, 0.1% Triton X-100, and 50 ug/
ml propidium iodide and incubated for 2-4 h.
The propidium iodide-stained cells were sub-
jected to flow cytometric analysis on a flow
cytometer (BD Biosciences, USA).

Tumorigenicity assay in nude mice

The tumorigenicity of Hep-2 cell line co-express-
ing perforin and granzyme B genes was tested
in BALB/c nu/nu mice (5-7 weeks old). Athymic
BALB/c-nu/nu mice were housed in a specific
pathogen-free rodent facility under a standard
12 h light/12 h dark cycle, and were fed a stan-
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Table 1. Inhibition of focus formation by Hep-2 cell line

co-expressing perforin and granzyme B

with DAB (Sigma, USA). Sections were
counter-stained with hematoxylin [20].

Cell line No. of foci/6 cm dish P value Morphology analysis by transmission
Parental Hep-2 26+4.2 electron microscopy

pVAX1 transfected Hep-2 25+2.8 0.656°

PVAXL-PIG transfected Hep-2 5+24 0.0005>  For transmission electron microscopy

aStudent’s t-test (pVAX1 transfected Hep-2 vs Parental Hep-2). °Stu-
dent’s t-test (pVAX1-PIG transfected Hep-2 vs Parental Hep-2).

dard rodent chow and water ad libitum. The
control animals were treated with pVAX1 trans-
fected Hep-2 cell line or parental Hep-2 cell
line. In all cases 5 x 10°cells were inoculated
subcutaneously into the right flank of BALB/c-
nu/nu mice (n = 6 per group). The mice were
monitored every 2 or 3 days for the appearance
of tumors, and tumor volume was measured on
days 7, 10, 13, 16, 19, 22, 25, and 28 post
inoculation. Tumor sizes were evaluated by
tumor volume (0.5 x length x width?). Four
weeks after inoculation, the mice were sacri-
ficed. The tumors were removed and weighed
[18, 19]. Data were pooled from the three
experiments and reported. The inhibitory rate
of tumor was calculated by the following formu-
la: inhibitory rate = (tumor weight of control
group - tumor weight of treatment group)/tumor
weight of control group x 100%. The tumor tis-
sues were fixed with formalin for pathology
analysis. All animal procedures were approved
by the Animal Ethics Committee of Guangzhou
Medical University.

Histology and immunohistochemistry analysis

Tumor specimens were harvested and fixed in
10% buffered formalin for 24 h, and then trans-
ferred to 70% ethanol. For paraffin sections,
tumors were dehydrated in graded ethanol and
histoclear and embedded. The specimens were
subsequently paraffin-embedded and cut into
5 um-thick sections. Briefly, sections were
dewaxed in xylene, rehydrated and stained with
hematoxylin and eosin (Sigma, USA), or used
for immunohistochemistry.

For immunohistochemical detection, sections
were microwaved in antigen retrieval solution
for 30 min, blocked with biotin, avidin and 5%
normal goat serum. Sections were incubated
with a granzyme B goat polyclonal antibody
(1:12000) followed by a biotinylated rabbit anti-
goat Ig G antibody (1:500). Positive cells were
visualized by a streptavidin-HRP color reaction
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analysis, tumor specimens were cut into
small pieces (about 1 x 1 x 1 mm), and
fixed in a cacodylate buffer (0.1 M) con-
taining 3% glutaraldehyde and 2% para-
formaldehyde for 1 h, washed, and treated with
0.1% tannic acid for 20 min. The samples were
then incubated in 1% buffered osmium tetrox-
ide for 1 h and stained with 1% aqueous uranyl
acetate for 1 h. The samples were dehydrated
in increasing concentrations of ethanol [(50-
70-90-100-100-100)% (v/v); 10 min/step], and
then infiltrated and embedded in Spurr’'s low
viscosity medium. The blocks were polymerized
in a 60°C oven overnight. Thin sections were
cut, stained with uranyl acetate and lead
citrate, and examined using a Jeol 1200-EX
transmission electron microscope (Jeol, USA).

Statistics

All data were analyzed by SPSS12.0 statistical
software. Experimental data were expressed
as the mean + standard deviation (SD). Stu-
dent’s t-test was used for statistical analysis. A
value of P < 0.05 was regarded as statistically
significant.

Results

Inhibition of focus formation by perforin and
granzyme B genes co-expression

In order to monitor the effect of perforin and
granzyme B on tumor formation, we investigat-
ed focus formation by Hep-2 cell line as an
index of a neoplastic phenotype. Focus forma-
tion was observed as dense foci of intensive
cell growth in culture, consisting of refractive
cells that rounded up and piled on top of each
other. Three Hep-2 cell lines were used in this
study: pVAX1-PIG transfected, vector cassette
transfected, and parental Hep-2 cell line. For
each cell line, 1 x 10° cells/well was seeded
and grown to confluence. Focus formation was
examined after 3 weeks. The results of this
study showed a drastic reduction in focus for-
mation by Hep-2 cells co-expressing perforin
and granzyme B (Student’s t-test, P < 0.05).
The number of foci was 5 + 2.4 (mean + SD) in
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Figure 1. Cell apoptosis analysis in Hep-2 cell lines. A: After staining with Hoechst 33342, the typical apoptotic
change in the cells transfected with pVAX1-PIG plasmid was found. Hep-2 cell line transfected with pVAX1 plasmid
and parental Hep-2 cell line served as controls. Fragmented nuclei stained with Hoechst 33342 (arrows) indicated
apoptotic cells (x 400). B: The number of apoptotic cells in pVAX1-PIG plasmid transfected cells was significantly
greater than that of the control cells (P < 0.01). C: Cells were fixed and stained with propidium iodide and analyzed
by flow cytometry. Compared to cells transfected with the pVAX1 plasmid (2.1%) and parental Hep-2 cells (1.9%),
14.5% of Hep-2 cells transfected with the pVAX1-PIG plasmid had undergone apoptosis. The percentage of cells
with hypodiploid DNA content was higher in pVAX1-PIG transfected cells than in control cells (P < 0.05). The data are
presented as mean + SD of three independent experiments.

co-expressing perforin and granzyme B Hep-2
cell line, 26 + 4.2 in parental Hep-2 cell line,
and 25 + 2.8 in vector cassette transfected
Hep-2 cell line, respectively (Table 1). The
results shown in Table 1 suggest that perforin
and granzyme B may exhibit anti-tumor activity
in vitro.

Effects of perforin and granzyme B co-expres-
sion in Hep-2 cells

After staining with Hoechst 33342, the typical
apoptotic change such as nuclear fragmenta-
tion in the cells transfected with pVAX1-PIG
plasmid was found (Figure 1A) and the number
of such apoptotic cells was significantly greater
than that of the cells in control groups, as
shown by Hoechst 33342 staining at 72 h after
the transfection. Thus, the average apoptosis
cells was significantly higher in cells transfect-
ed with the pVAX1-PIG plasmid compared to
control groups (Student’s t-test, P < 0.01,
Figure 1B).
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In order to confirm this observation, Hep-2 cells
were evaluated by flow cytometry. As shown in
Figure 1C, it is a summary of at least three inde-
pendent flow cytometry analyses. Compared to
cells transfected with the pVAX1 plasmid (2.1%)
and parental Hep-2 cells (1.9%), 14.5% of
Hep-2 cells transfected with the pVAX1-PIG
plasmid had undergone apoptosis. As the
result, pVAX1-PIG transfected cells showed a
higher percentage of hypodiploid cells than the
control cells (Student’s t-test, P < 0.05). These
results suggest that perforin and granzyme B
co-expression in Hep-2 cells leads to an inhibi-
tion of cell growth.

Co-expression of perforin and granzyme B in-
hibits tumorigenicity of Hep-2 cell line in athy-
mic nude mice

In order to determine whether perforin and
granzyme B co-expression inhibits the tumori-
genicity of Hep-2 cell line in vivo, we inoculated
5 x 10°Hep-2 cells (pVAX1-PIG plasmid trans-

Int J Clin Exp Pathol 2014;7(3):978-986
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Figure 2. Tumorigenicity of Hep-2 cell lines in nude mice. The tumorigenic-
ity of Hep-2 cell line co-expression of perforin and granzyme B was test-
ed in BALB/c nu/nu mice. The control animals were treated with pVAX1
transfected Hep-2 cell line or parental Hep-2 cell line. Confluent Hep-2
cells (5 x 108 cells/100 ul) were inoculated subcutaneously into the right
flank of mice, and monitored for tumor production (n = 6 per group). Tu-
mor size was measured on days 7, 10, 13, 16, 19, 22, 25, and 28 post
inoculation. Data from three animal experiments were pooled. The aver-
age tumor volume in cubic centimeters was plotted against time in days.
The error bars represent standard deviation. Notice the significant reduc-
tion in tumor size in animals inoculated with co-expression of perforin and
granzyme B recombinant Hep-2 cell line. A repeated measures analysis of
variance demonstrated a significant difference in tumor volume between
test and control animals (P < 0.01).

Table 2. The effect of perforin and granzyme B co-expression on
tumor weight and inhibition rate in mice (mean + SD)

Cell line Tumor Tumor inhibitory Pvalue
weight (mg) rate (%)

parental Hep-2 518.1 +55.3

pVAX1 transfected Hep-2 499.8 £+ 44.5 0.18°

pVAX1-PIG transfected Hep-2 164.4 +24.4 68.3 0.000°

aStudent’s t-test (pVAX1 transfected Hep-2 vs Parental Hep-2). "Student’s t-test
(PVAX1-PIG transfected Hep-2 vs Parental Hep-2).

Student’s ttest, demonstrated
that tumor volume in test and
control animals were significant-
ly different (Student’s t-test, P <
0.01). The average tumor weight
of test group was 164.4 + 24.4
mg. In contrast, this weight was
499.8 + 44.5 mg in the pVAX1
vector group and 518.1 + 55.3
mg in the parental Hep-2 cell line
group, respectively. A compari-
son of tumor weight between
test and control mice by Stu-
dent’s t-test, further showed that
tumor weight were significantly
different (P < 0.01, Table 2). The
inhibitory rate of tumor was
68.3%. These findings demon-
strate that perforin and gran-
zyme B significantly inhibited the
tumorigenicity of Hep-2 cell line
in athymic nude mice, and cor-
roborate our data from focus for-
mation assay (Table 1).

Perforin and granzyme B co-ex-
pression inhibits tumor growth
in nude mice

The tumorigenicity of Hep-2 cell
line co-expressing perforin and
granzyme B was tested in BALB/
c-nu/nu mice. After 28 days of
inoculation, mice were killed and
necropsied, and tumors were
harvested and processed for
routine histology and immuno-
histochemistry analyses of cell
proliferation and apoptosis using
anti-granzyme B antibodies.

fected cells as test, parental Hep-2 cell line and
pVAX1 vector transfected cells as controls) sub-
cutaneously into the right flank of BALB/c-nu/
nu mice. Animals were examined for tumor for-
mation on days 7, 10, 13, 16, 19, 22, 25, and
28 after inoculation. Our results showed that
tumor formation was inhibited in mice that
were inoculated with Hep-2 cell line co-express-
ing perforin and granzyme B (Figure 2 and
Table 2). The control animals that were inocu-
lated with parental Hep-2 cell line and pVAX1
vector transfected cells developed tumors, and
tumor size increased progressively with time as
shown in Figure 2. Statistical analysis, by
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The histologic and immunohistochemical stain-
ing analyses of tumors treated with pVAX1-PIG
showed a progressive accumulation of dying
cells with clear apoptotic features, such as cell
shrinkage and nuclear fragmentation. Only a
few apoptotic cells, however, were found in con-
trol groups. In contrast, the tumor cells of con-
trol mice showed elongated nuclei and plump
cytoplasm with cellular atypia and frequent
mitotic figures (Figure 3A). Abundant granzyme
B-positive cells were detected by light micro-
scopic analysis as brown stained cells with con-
densed or fragmented nuclei in mice tumors
treated with pVAX1-PIG (Figure 3B, data not

Int J Clin Exp Pathol 2014;7(3):978-986
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Figure 3. Histologic and immunohistochemical staining analyses. A: The tumorigenicity of Hep-2 cell line co-express-
ing perforin and granzyme B was tested in BALB/c nu/nu mice. Histologic analysis revealed that tumors treated with
pVAX1-PIG contained large areas filled with dying cells with clear apoptotic features. Only a few apoptotic cells, how-
ever, were found in the control groups. Representative apoptotic cells were indicated by arrows and are presented at
400 x magnification. B: Histological sections from the same tumors were immunostained using an antibody recog-
nizing granzyme B and are presented at 400 x magnification. Abundant granzyme B-positive cells were detected by
light microscopic analysis as brown stained cells with condensed or fragmented nuclei in mice tumors treated with
pVAX1-PIG. Representative granzyme B-positive cells are indicated by arrows. As the result, it further indicated that
perforin and granzyme B was expressed efficiently in the tumors treated with pVAX1-PIG and inhibited tumor growth.

shown). As the result, it indicated that the co-
expression of perforin and granzyme B actively
inhibited cells proliferation and tumor growth.

Perforin and granzyme B co-expression induc-
es apoptosis in nude mice

To further confirm that perforin and granzyme B
co-expression inhibits tumor growth by induc-
ing apoptosis in nude mice, we analyzed the
cellular morphology of tumor specimens.
Transmission electron microscopy analysis of
tumor specimens treated with pVAX1-PIG
showed typical apoptotic morphology with plas-
ma membrane blebbing, chromatin condensa-
tion, and cytoplasmic vascularization. In addi-
tion, nuclear changes consistent with apopto-
sis, such as condensation and segregation of
chromatin into compact masses aligning with
the inner side of the nuclear membrane were
also apparent. In contrast, control group treat-
ed with pVAX1 did not show these changes
(Figure 4).
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Discussion

Conventional chemotherapy is relatively inef-
fective in the treatment of patients with laryn-
geal carcinoma tissue, and many patients die
of this disease each year [21]. Current treat-
ments often have far reaching negative side
effects. The systemic toxicity of chemotherapy
regimens, while not as severe as they once
were, still often result in acute and delayed
nausea, mouth ulcerations and mild cognitive
impairments. Therefore, new therapy options
are called for in order to alleviate the death and
suffering caused by cancers. The emerging
field of cancer gene therapy offers a number of
exciting potential treatments. The term gene
therapy encompasses a wide range of treat
ment types that all use genetic material to
modify cells (either in vitro or in vivo) to help
effect a cure [22]. Numerous in vitro and pre-
clinical animal models, testing a wide variety of
gene therapy agents, have shown remarkable
efficacy [23, 24].

Int J Clin Exp Pathol 2014;7(3):978-986
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DVAX1-PIG

Figure 4. Apoptosis analysis by transmission electron microscopy. The morphological changes were observed by
TEM in vivo: tumor specimens treated with pVAX1-PIG showed typical apoptotic morphology with plasma and nucle-
ar membrane blebbing, chromatin condensation, and cytoplasmic vacuolization. In contrast, control group treated

with pVAX1 did not show these changes (x 8000).

Since it was proposed in the 1980s, the gran-
ule exocytosis mechanism for lymphocyte cyto-
toxicity has become well accepted as a major
immune effector mechanism. Its key elements
are the regulated receptor-triggered secretory
pathway, which delivers mediators to the target
cell, critical mediators including perforin and
the granzymes in the target cell [25, 26].
Granzyme B-induced apoptosis is dependent
on the presence of perforin because granzyme
B cannot initiate binding to lipid cell mem-
branes, and granzyme B internalization into tar-
get cells requires perforin-mediated membrane
pore formation [27]. In this study, we found that
perforin and granzyme B co-expression could
inhibit Hep-2 cells proliferation.

The impetus for study on anti-tumor activity of
perforin and granzyme B in Hep-2 cells was
given by our previous findings that their co-
expression suppressed cancer cell proliferation
in vitro. Thus previous findings suggest that
perforin and granzyme B co-expression is not
toxic to cells, and we speculate that the same
would be true in this study. In the current inves-
tigation, we examined the effect of co-expres-
sion of perforin and granzyme B on focus for-
mation, a malignant phenotype, by recombi-
nant Hep-2 cell line. Widespread and large foci
were formed by control Hep-2 cell lines in con-
trast to background foci formed by Hep-2 cells
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transfected with pVAX1-PIG vector. Focus for-
mation by Hep-2 cell line co-expressing perfo-
rin and granzyme B was inhibited drastically in
comparison to that of control parental and vec-
tor transfected cell lines (Table 1).

How does perforin and granzyme B inhibit
Hep-2 cells growth? As shown in Figure 1A and
1B, widespread and typical apoptotic change of
Hep-2 cells transfected with pVAX1-PIG plas-
mid were found in contrast to control Hep-2
cells. For the inhibition of cell growth, pVAX1-
PIG transfected cells showed a higher percent-
age of hypodiploid cells than the control cells
(Figure 1C). These results suggest that perforin
and granzyme B co-expression leads to an inhi-
bition of cell growth by inducing Hep-2 cells
apoptosis.

Furthermore, our studies demonstrated that
the anti-tumor activity of perforin and gran-
zyme B co-expression was sustainable in vivo
as tumor development was significantly inhibit-
ed in mice that were treated with perforin and
granzyme B recombinant Hep-2 cell line (Figure
2, P < 0.01). The subcutaneous tumor from
Hep-2 cell line co-expressing perforin and gran-
zyme B was significantly smaller compared with
control animals (Figure 2 and Table 2). As
shown in Figure 3A and 3B, the histologic anal-
yses revealed that lots of brown stained cells

Int J Clin Exp Pathol 2014;7(3):978-986
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with condensed or fragmented nuclei in mice
tumors treated with pVAX1-PIG, and few in con-
trol groups. It indicated that the co-expression
of perforin and granzyme B actively inhibited
proliferation and stimulated the apoptotic cas-
cade in Hep-2 tumor cells by inducing tumor
cells apoptosis. Transmission electron micros-
copy analysis of tumor specimens treated with
pVAX1-PIG showed cells with typical apoptotic
morphology (Figure 4). As the result, it con-
firmed that perforin and granzyme B co-expres-
sion inhibits tumor growth by inducing apopto-
sis in nude mice. Therefore, these data from
the inhibition of focus formation and tumorige-
nicity in our study seem to support the anti-
tumor hypothesis of perforin and granzyme B
previously reported by other workers [4, 6, 27,
28].

In conclusion, the findings in this study suggest
that perforin and granzyme B co-expression
exhibits strong anti-tumor potential in Hep-2
cell line. The dramatic inhibition and abundant
apoptosis in perforin and granzyme B co-
expressing Hep-2 cell line can be interpreted as
evidence of perforin and granzyme B anti-tumor
activity. These findings will contribute to further
investigate perforin and granzyme B genes,
and might lead to novel therapeutic strategies
in laryngeal cancer.
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