
ISSN 1672-9145                                        Acta Biochimica et Biophysica Sinica 2004, 36(8): 559–565                                  CN 31-1940/Q

Inhibiting Apoptosis of CTLL-2 Cells to Enhance Their GVL Effects
via Anti-Fas Ribozyme
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Abstract        To investigate the inhibition role of anti-Fas hammerhead ribozyme on fas expression and
Fas-mediated apoptosis of CTL cell line CTLL-2 cells, the cDNA of an anti-Fas hammerhead ribozyme was
synthesized, its expression plasmid was constructed and transfected into CTLL-2 cells by electroporation. fas
expression of CTLL-2 cells was detected by RT-PCR and Western blot. CTLL-2 cell viability was measured
using MTT assay when co-cultured with mouse T cell leukemia cell line EL4 cells that highly expressed Fas
ligand (FasL). Meanwhile, caspase-3 proteolytic activity was detected, and cell apoptosis was measured
by flow cytometry and Hochest-PI double staining. Killing activity of CTLL-2 cells was detected by lactate
dehydrogenase (LDH) releasing assay in vitro. Results showed that the expression of both Fas mRNA and
protein in CTLL-2 cells were decreased after transfection of anti-Fas ribozyme. Compared with mock-
transfected group and mutant ribozyme-transfected group, viability of CTLL-2 cells co-cultured with EL4
cells was increased significantly and cells killing activity was enhanced after transfected with anti-Fas ribozyme,
while the caspase-3 activity and apoptosis rate was significantly decreased. The results demonstrated anti-Fas
ribozyme could efficiently cleave Fas and inhibit Fas-mediated apoptosis of CTLL-2 cells to improve their
viability. Our study made a basis for enhancing CTLL-2 cells anti-leukemia effect in DLI.
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Donor lymphocyte infusion (DLI) is an adoptive
immunotherapy to achieve particular therapy aims for
patients accepting allogenetic hemopoietic stem cell
transplantation [1–3]. Recently, many researches have
testified that the graft-versus-leukemia effect (GVL) of
donor lymphocytes after transplantation plays a basic and
important role in curing leukemia. Experiments in vitro
have conformed that T lymphocytes (CD4+ and CD8+ T
cells) are very important for GVL effect induced by DLI
[4,5]. The expression of Fas and Fas ligand (FasL) were
increased in activated T cells [6,7], and leukemia cells could
express high level of FasL , therefore induce the apoptosis
of T cells through Fas-FasL way [8,9], so that the GVL
effect of T cells was inhibited and leukemia cells escaped
from immune response, which was the so-called “Fas

counterattack” phenomenon [10,11].
Thus, reducing fas expression in CTL cells can inhibit

T cell apoptosis and enhance GVL effect via Fas-FasL
way. At present, there are many methods for inhibiting
gene expression, including antibody, soluble receptor,
corresponding ligand, antisense RNA and ribozyme
[12,13]. Ribozyme is praised because of its specificity,
confirmative effect and mature technique [14], in which
the hammerhead ribozyme is widely used because of its
many superiorities, including lower molecular weight, easy
to design and synthesize [15,16].

Materials and Methods

Cell lines and cell culture

Mouse CTL cell line, CTLL-2, was from Shanghai Cell
Bank, Chinese Academy of Sciences. The cells were
cultured in RPMI 1640 medium supplemented with 100
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IU/ml human recombinant IL-2 and 10% fetal bovine
serum (FBS), 100 IU/ml penicillin, and 100 µg/ml
streptomycin. Mouse lymphoma cell line Yac-1 and
mouse T cell leukemia cell line EL4 were from Wuhan
University Cultures Center, and the former was maintained
in RPMI 1640 medium supplemented with 10% FBS and
antibiotics, the latter was cultured in DMEM medium
containing 10% FBS and antibiotics. All cells were
cultured in a humidified 5% CO2 atmosphere at 37 °C.

Bacteria and reagents

E. coli DH5α was a kind gift from Department of
Immunology, Tongji Medical College. Prokaryotic vector
pBSKU6 and green fluorescent protein (GFP) expression
plasmid pEGFPC1 were saved in Lab of Institute of
Hematology, Wuhan Union Hospital. All restriction endo-
nucleases and T4 DNA ligase were products of Promega
Company. Mini plasmid DNA extraction kit, Gel DNA
purification kit and DL-2000 DNA marker were purchased
from TaKaRa Company. Reverse transcriptional kit, dNTP,
Taq DNA polymerase were products of MBI Company.
Fluorescein isothiocyanate (FITC)-conjugated AnnexinV
kit was product of Bender Company. FITC-conjugated anti-
mouse Fas antibody (JO2), FITC-conjugated anti-mouse
FasL and mouse IgG2α isotype control were from
PharMingen Company. Rabbit anti-mouse Fas antibody and
goat anti-rabbit IgG were purchased from Santa Cruz
Company. Caspase-3 activity detection kit was a product
of Clontech Company. 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) reagent was pur-
chased from Sigma Company. Human recombinant IL-1α,
IL-2 and IFN-γ were purchased from Biosource Company.

Cloning of anti-Fas ribozyme and its cleavage reaction
in vitro

GUA triplets located at 596 bp of mouse Fas mRNA
were selected as the cleavage site, the sequences of
anti-Fas ribozyme cDNA strands were: a, 5'-TCTAGAGAT-
ATATAAACTGATGAGTCCGTGAGGACGAAACAAGTG-
GATCC-3'; b, 5'-GGATCCACTTGTTTCGTCCTCACG-
GACTCATCAGTTTATATATCTCTAGA-3', which were
annealed and named as RZ596. The No. 3 base near to the
cleavage site of ribozyme was mutated from G to A, which
was named as dRZ596. All cDNAs were synthesized by
Shanghai Sangon Company. The mouse Fas cDNA
plasmid pFas-596 was a kind gift from Prof. Pastori [17]
(University of Miami School of Medicine). Construction
of pU6-Rz and its cleavage reaction on Fas mRNA were
performed as described previously, and two recombinants
were named as pU6-RZ596 and pU6-dRZ596 indivi-

dually [18].

fas expression in normal CTLL-2 cells and fasL
expression on EL4 cells

CTLL-2 cells were cultured as mentioned above, fas
expression was induced with 100 IU/ml IL-1α and 1000
IU/ml  IFN-γ for 72 h. Then 106 CTLL-2 cells before and
after treatment with cytokines were labeled with JO2 for
30 min at 4 °C in dark, while EL4 cells of equal number
were labeled with FITC-conjugated anti-mouse FasL at the
same condition. The expression level of Fas and FasL were
detected through FACScan (BD Company, America).

Stable transfection of ribozyme into CTLL-2 cells

The Fas+ CTLL-2 cells successfully induced by cytokines
were collected and grouped as following: cells transfected
with pEGFPC1; cells transfected with pU6-RZ596 and cells
transfected with pU6-dRZ596. The electroporation was
performed with 2×106 cells/ml under the condition of 240
V, 40 µs, and shock once (electroporation instrument was
purchased from Eppendorf Company) [19,20]. After 48 h
culture, CTLL-2 cells were raised in medium containing
600 µg/ml G418 for 2 week. Then mouse lymphocytes
separation solution was added into selected CTLL-2 cells,
which were centrifuged at 2000 rpm for 20 min at room
temperature to get active G418-resistant CTLL-2 cells.
Then these cells were maintained in medium containing
200 µg/ml G418 for following study.

Detection of Fas mRNA in transfected CTLL-2 cells by
using RT-PCR

Total RNA was extracted using Trizol reagent. PCR
reaction was performed with synthesized cDNA as
template and β-actin gene as internal control. The primers
were as follows: fas sense primer 5'-GCTGCAGAC-
ATGCTGTGGATC-3' and anti-sense primer 5'-TCACAG-
CCAGGAGAATCGCAG-3'; β-actin gene sense primer
5'-GACGATGATATTGCCGCACT-3' and anti-sense
primer 5'-GATACCACGCTTGCTCTGAG-3'. Reaction
conditions for PCR were: pre-denaturation for 3 min
at 95 °C; 30 cycles of denaturation for 30 s at 95 °C,
annealing for 45 s at 58 °C, extension for 45 s at 72 °C,
and extension for 3 min at 72 °C. PCR products were run
on 2% agarose gel.

Detection of Fas protein in transfected CTLL-2 cells
using Western blot

Cells were collected and treated with lysis buffer. The
total protein concentration was measured to be 2 µg/µl,
and separated on 10% SDS-polyacrylamide mini-gel. The
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first antibody was rabbit anti-mouse-Fas antibody (1:200),
and the rabbit anti-mouse β-actin (1:250) was used as
control. The second antibody was goat anti-rabbit IgG
(1:5000). The hybridized bands were detected with ECL
and analyzed via Gel image analysis system.

Detection of CTLL-2 cell apoptosis through fluorescein
activated cell sortor (FACS) and Hochest33258-PI
double staining

EL4 cells without proliferation ability were obtained
by treatment with 30 µg/ml mitomycin, and co-cultured
with CTLL-2 cell transfected with different plasmid
(pEGFPC1, pU6-RZ596 and pU6-dRZ596) respectively at
the ratio of 1:3 for 24 h to induce CTLL-2 cell apoptosis.
Then the cells were conjugated with Annexin V-FITC and
PI respectively and the apoptosis was analyzed by FACS.
Cells were also stained with Hochest33258 and PI, and
observed under fluorescence microscope.

Caspase-3 protease activity

Apoptosis was induced as above. Meanwhile the ne-
gative controls without apoptosis and apoptosis cells treated
with DEVD-fmk (a caspase-3 inhibitor) were established.
After centrifugation, cells were sufficiently treated with
cell lysis buffer, and the supernatant containing protein
needed was retained. Then the caspase-3 protease activity
was detected according to the instruction of manufacturer
of Caspase-3 activity detection kit. The absorbance was
measured at 405 nm.

MTT assay

CTLL-2 cells were transfected and co-cultured with EL4
cells for 5 d, and cell mixture was collected every 24 h.
100 µl mixture per well were inoculated into 96-well plate
at a concentration about 5×105 cells/ml. After incubation

with 10 µl 0.5 mg/ml MTT for 4 h at 37 °C, the formazan
crystals were dissolved with 100 µl DMSO, and the
absorbance was measured at 490 nm.

Killing role of CTL in vitro

CTLL-2 cells of three groups were used as effect cells,
and well-grown Yac-1 cells were used as target cells.
Effect cells and target cells were mixed at the ratio of 20:1
and co-cultured for 8 h. Then, lactate dehydrogenase (LDH)
activity of the culture medium was detected on Auto-
matic biochemical analysis meter (Beckman LX20). The
calculation for killing activity of CTL was as  Formula (1):

KA, killing activity of CTL; LE, LDH activity of experi-
mental group; LN, LDH activity of natural releasing con-
trol group; LM, LDH activity of maximum releasing group.

Statistical analysis

Each experiment was performed three times. All data
were presented as mean±SD. The statistical significance
of ratios were analyzed by χ2 test, and P<0.05 was consi-
dered statistically significant.

Results

fas expression in CTLL-2 cells and fasL expression in
EL4 cells

fas expression level in normal CTLL-2 cells was very
low [Fig. 1(A)], the treatment of IL-1α and IFN-γ increased
the Fas level to 76.0% [Fig. 1(B)]. The fasL expression in
EL4 cells was 87.0% [Fig. 1(C)].

%100
NM

NE
×

−
−

=
LL
LLKA                                                                                                                                                                                   (1)

Fig. 1        fas expression on CTLL-2 cells and fasL expression on EL4 cells detected by using FACS
(A) fas expression on CTLL-2 cells was 3.5%. (B) fas expression on CTLL-2 cells treated with cytokines was 76.0%. (C) fasL expression on EL4 cells was 87%.
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The effect of anti-Fas ribozyme on fas expression

RT-PCR amplification generated amplicons of 419 bp
and 186 bp (for Fas and β-actin respectively) (Fig. 2). The
Fas/β-actin ratio was 1.06±0.09 in control, 0.41±0.03
in pU6-RZ596-transfected cells, and 0.89±0.08 in pU6-
dRZ596-transfected cells as determined by analyzing the
luminescence using Gel image analysis system. It was clear
that the differences of Fas mRNA expression among these
groups were significant (P<0.05 or P<0.01).

in ribozyme-transfected cells was much lower than that in
control and mock-transfected cells (P<0.01), which was
consistent with the results of RT-PCR.

Inhibition of anti-Fas ribozyme on Fas-mediated
CTLL-2 cell apoptosis

Cell apoptosis rate was detected by FACS, which was
(85.0±7.2)%, (38.0±3.0)% and (58.0±4.9)% in turn for
three groups of CTLL-2 cells (Fig. 4). Apoptosis rate of
pU6-RZ596-transfected group was much lower than those
of other two groups (P<0.01), and the difference between
pU6-RZ596-transfected and pU6-dRZ596-transfected
group was significant (P<0.05). Morphology of cell
apoptosis was observed using Hochest33258-PI double
staining (Fig. 5). Mock-transfected group showed many
apoptosis cells (stained as blue) and some necrosis cells
(stained as red). pU6-RZ596-transfected group showed no
necrosis cells, pU6-dRZ596-transfected group showed
many necrosis cells. Apoptosis cells were much smaller
than necrosis cells and showed cellular shrinkage, while
necrosis cells were swelling.

Western blot analysis showed the ratios of Fas/β-actin
in three groups were 1.00±0.09, 0.39±0.03 and 0.88±0.08
relatively (Fig. 3). It was obvious that Fas protein expressed

Fig. 2        fas gene transcription in three groups
M, DL-2000 DNA marker; 1, mutant ribozyme-transfected; 2, mock-transfected
group; 3, ribozyme-transfected group.

Fig. 3        Fas protein expression in three groups
1, mock-transfected group; 2, pU6-dRZ596-transfected group; 3, pU6-RZ596-trans-
fected group.

Fig. 4        Detection of apoptosis of CTLL-2 cells through flow cytometry
(A) Apoptosis rate of mock-transfected group was 85.0%. (B) Apoptosis rate of pU6-RZ596-transfected group was 38.0%. (C) Apoptosis rate of pU6-dRZ596-transfected
group was 58.0%.
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The effect of anti-Fas ribozyme on caspase-3 activity
of CTLL-2 cell

After induction of apoptosis, the caspase-3 activity of
CTLL-2 cells was particularly inhibited by DEVD-fmk.
Compared with empty control, the caspase-3 activity
of mock-transfected, pU6-RZ596-transfected and
pU6-dRZ596-transfected group was (97.0±8.2)%, (40.0±
3.4)% and (72.0±6.8)% respectively. It was obvious that
the differences of caspase-3 activity among three groups
were much significant (P<0.01), and the difference between
pU6-RZ596-transfected and pU6-dRZ596-transfected cells
was significant (P<0.05).

The effect of anti-Fas ribozyme on cell viability

After co-cultured with EL4 cells for 5 d, CTLL-2 cells
viability was detected by MTT assay. As shown in Fig. 6,

cells viability of three groups were declining, but cells
viability of ribozyme-transfected group was much
stronger than those of mutant ribozyme-transfected group
and mock-transfected group (P<0.05), and ribozyme-
transfected group has the stronger ability against Fas-
mediated apoptosis.

In vitro killing activity of CTL

Yac-1 cells were used as target cells. Killing activity
of three groups was (26.0±2.0)%, (67.0±5.4)% and
(41.0±3.5)% in turn. The killing activity of ribozyme-
transfected group was stronger than those of other groups
(P<0.05).

Discussion

Activated T cells express more Fas and FasL, which can
kill leukemia cells via Fas-FasL pathway. But in vivo,
leukemia cells can also express FasL and induce apoptosis
of activated T cells expressing Fas, in addition, apoptosis
can even be induced among activated T cells (such as one
expressing Fas and the other expressing FasL) [21].
Beside antigen recognition signal and synergic stimulation
signal [22,23], cytokines are essential for T cell activation
[24,25]. Through imitating microenvironment in vivo, high-
level fas expression in CTLL-2 cells was successfully
induced by culturing in medium containing IL-2, IL-1α
and IFN-γ. CTLL-2 cell could be used to study the effects
of anti-Fas ribozyme, which was aiming at position 596 of
Fas mRNA, on fas expression and Fas-mediated cell
apoptosis. Synthesized anti-Fas ribozyme and its mutant

Fig. 5        Detection of apoptosis of CTLL-2 cells by using Hochest33258-PI double staining
(A) Apoptosis of mock- transfected cells. (B) Apoptosis of pU6-RZ596-transfected cells. (C) Apoptosis of pU6-dRZ596-transfected cells. Apoptosis cells were stained as
blue, and necrosis cells red.

Fig. 6        Detection of CTLL-2 cells viability co-cultured with
EL4 cells for 5 d by MTT assay
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were cloned into pEGFPC1, then the recombinant
plasmids were transfected into Fas+ CTLL-2 cells using
electroporation, meanwhile mock-transfected group were
established. fas expression in cells transfected with
ribozyme, detected by RT-PCR and Western blot, was
obviously decreased. Different from other studies, EL4
cells expressing much FasL were selected as stimulating
cells and co-cultured with Fas+ CTLL-2 cells to induce
CTLL-2 cell apoptosis, which imitated the process of
Fas counterattack of leukemia cells in vivo. This model
was established to detect the roles of anti-Fas ribozyme in
Fas+ CTLL-2 cells. After co-culturing with EL4 cells,
apoptosis rate of ribozyme-transfected group was remar-
kably lower than those of mutant ribozyme-transfected and
mock-transfected groups. Accordingly, caspase-3 activity
of ribozyme-transfected group was much lower than those
of other groups, but cell viability was stronger.

Apoptosis activates a series of proteases to induce
programmed death of target cells through two ways, death
receptor way and mitochondria way [26–28]. Eventually,
caspase-3 is activated and its activity is increased when
apoptosis rate enhances [29,30]. With the results above, it
is clear that hammerhead ribozyme targeting position 596
of fas gene in this research can efficiently cleave mouse
Fas mRNA, which inhibits not only the fas expression but
also the function of Fas. In existence of factors inducing
apoptosis as FasL, ability of CTLL-2 cells transfected with
ribozyme against apoptosis was remarkably enhanced and
cell viability was increased, which was consistent with the
results of Klein et al.[31].

In addition, mouse lymphoma cell line-Yac-1 cells
expressing more Fas were used as target cells to study
killing activities of three groups cells in vitro. Results
showed the killing activity of ribozyme-transfected group
was much stronger than those of other groups. All these
clarified that Fas-blocking T cells could avoid apoptosis
induced by Fas+ or FasL+ T cells. The mutant ribozyme
could inhibit fas expression in CTLL-2 cells and enhance
their ability against apoptosis at some extent, but the
effect was weaker. The reason for the difference between
two ribozymes is that mutant ribozyme only blocks the
gene expression just at the antisense RNA level, while
ribozyme can not only block the gene expression but also
cleave the RNA. That is to say, ribozyme is more efficient
than mutant ribozyme on blocking gene expression.

In short, the ribozyme used in this study could signifi-
cantly decrease fas expression in Fas+ CTLL-2 cells and
enhance cell ability resistant to apoptosis, so to increase
the survival rate of CTLL-2 cells and enhance the killing
activity in vitro, then reinforce the GVL effects. However,

it is necessary to further study the roles and side effects of
anti-Fas ribozyme in animals and humans [32,33].
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