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Abstract        To detect a new and more effective way against apoptosis mouse lymphomatic cell line-
Yac-1 in which fas gene was expressed highly was used as a model for studying the effects of anti-Fas
ribozyme on Fas-mediated apoptosis. A hammerhead ribozyme gene targeting the fas mRNA was synthesized
and its in vitro transcription vector was constructed, which was transfected into Yac-1 cells using
electroporation. Rz596 expression was detected using RT-PCR, and Fas expression in Yac-1 cells was
detected using RT-PCR, Western blot and flow cytometry. After treated with anti-Fas antibody (JO2), Yac-1
cell viability was measured with MTT assay, caspase-3 proteolytic activity was detected, and cell apoptosis
was measured according to annexin V apoptosis detecting kit. Anti-Fas ribozyme could cleave fas mRNA
efficiently in vivo and in vitro. Fas expression in Yac-1 cells transfected with anti-Fas ribozyme was
decreased remarkably and correlated with resistance to Fas-mediated apoptosis as determined by flow
cytometry and caspase-3 proteolytic activity. Anti-Fas ribozyme was detected in cells transfected with
pU6-RZ596 and pU6-dRZ596 and could remarkably decrease the Fas expression in Yac-1 cells, which made
Yac-1 cells get rid of Fas-mediated apoptosis. Because of wide expression of fas in organs and tissues,
our research was very useful for studying the inhibition of apoptosis of many organs and tissues in the
future.
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As an RNA molecule with catalytic activity, ribozyme
can inhibit gene expression via binding and cleaving target
RNA in a sequence specific way [1–3]. Now hammerhead
ribozyme is widely used in gene therapy because of its
many superiorities [4–6], which include small molecular
weight, easy to design and synthesize, and confirmative
roles [7–9]. Anti-Fas hammerhead ribozyme was designed
and synthesized to aim directly at position 596 of the fas
RNA, and cloned into eukaryotic vector, which was trans-
fected into Yac-1 cells (a mouse lymphoma cell line) highly
expressing fas via electroporation [10,11], then the effects
of anti-Fas ribozyme on Fas expression and apoptosis of
Yac-1 cells were investigated.

Materials and Methods

Materials and reagents

Mouse lymphoma cell line Yac-1 cell was purchased
from Wuhan University Culture Center. E. coli DH5α was
a kind gift from Department of Immunology, Tongji
Medical College. Prokaryotic vector pBSKU6 and green
fluorescent protein plasmid pEGFPC1 were saved in our
lab. All restriction endonucleases 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, and
pUC mix marker were products of MBI Company, USA.
Fluorescein isothiocyanate (FITC)-conjugated annexin V
kit was product of Bender Company (purchased from
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Jingmei Company). FITC-conjugated anti-mouse Fas
antibody (JO2) and mouse IgG2α isotype control were
purchased from Pharmingen Company. Caspase-3
activity detection kit was product of Clontech Company.
MTT reagent was purchased from Sigma.

Synthesis and cloning of ribozyme

The secondary structure of the mouse fas RNA (Gen-
Bank accession No. M83649) was obtained with soft-
ware that analyzes RNA folding by the Zucker-Stiegler
[12], then the ribozyme gene was designed. GUA trip-
lets located at 596 of the fas RNA were selected as the
cleavage site, the cDNAs encoding the anti-Fas ribozyme
were composed of two complementary strands about 50
nt, which were terminated with BamHI and XbaI: a, 5'-
TCTAGAGATATATAAACTGATGAGTCCGTGAGG-
ACGAAACAAGTGGATCC-3'; b, 5'-GGATCCACTTGT-
TTCGTCCTCACGGACTCATCAGTTTATATATCTCTA-
GA-3'. No. 3 base near to cleavage site of ribozyme was
mutated from G to A, which was named as dRZ596, all
cDNAs were synthesized by Shanghai Sangon Company.
The ribozyme was cloned into the BamHI and XbaI sites
of the pBSKU6 and named U6-RZ596 and U6-dRZ596
respectively, which were digested and sequenced to be
correct, then these recombinant plasmids were used as
templates to get fragments including U6 promoter and
ribozyme using PCR. The fragments were subcloned into
the MluI site of the pEGFPC1 and named pU6-RZ596
and pU6-dRZ596 respectively, which were testified to be
correct.

Cloning of fas cDNAs and in vitro ribozyme-mediated
cleavage reactions

The plasmid was a kind gift from Prof. Pastori, School
of Medicine in University of Miami, which was named
pFas-596 [13]. Two recombinant plasmids and pFas-596
were linearized using SmaI and transcribed into RZ596
RNA, dRZ596 RNA (464 nt) and fas RNA (1130 nt) with
T7 RNA polymerase respectively. In vitro cleavage re-
actions were performed under different temperatures and
different molecular ratios of transcriptional products.   After
electrophoresis on 6% polyacrylamide gel autoradio-
graphy was performed to analyze results.

Cell culture and stable transfection of ribozyme

Yac-1 cells were grown in RPMI 1640 supplemented
with 10% FBS, 100 IU/ml of penicillin and 100 µg/ml
of streptomycin, in the atmosphere containing 5% CO2
at 37 °C. Cells were collected and grouped as following:
(1) empty control; (2) cells transfected with pEGFPC1;

(3) cells transfected with pU6-RZ596; (4) cells trans-
fected with pU6-dRZ596. Cells were adjusted to a density
of 3×106 cells/ml, the electroporation was performed
under the condition of 500 V, 60 µs and shock once
(electroporational apparatus was purchased from
Eppendorf Company), after cultured for 48 h, the stable
transfected cells were then selected by culturing in
medium containing G418 (800 µg/ml).

Detecting expression of anti-Fas ribozyme in Yac-1
cells using RT-PCR

Total RNA was extracted from all above-mentioned
groups using Trizol reagent. After cDNA was synthesized
PCR was performed and β-MG was used as control.
Sense primer of pU6-RZ596 was 5'-TCGAGGTCGT-
CGGTATCGAT-3', and anti-sense primer 5'-ATGAGT-
CCGTGAGGACGAAAG-3'; β-MG sense primer was
5'-ATCTTCAAACCTCCATGATG-3' and anti-sense primer
5'-ACCCCCACTGAAAAAGATGA-3'. Reaction condi-
tions for PCR were as following: pre-denaturation 4 min
at 95 °C; 30 cycles (denaturing 40 s at 95 °C; annealing
50 s at 57 °C; extension 40 s at 72 °C); extension 3 min
at 72 °C. PCR products were analyzed on 2 % agarose
gel.

Detection of fas mRNA expressed in Yac-1 cell using
RT-PCR

RNA extraction and cDNA synthesis were the same as
above, β-MG was used as control. fas gene sense primer
was 5'-GCTGCAGACATGCTGTGGATC-3', anti-sense
primer 5'-TCACAGCCAGGAGAATCGCAG-3'. Reaction
conditions for PCR were as following: pre-denatura-
tion 3 min at 95 °C; 35 cycles (denaturing 30 s at 95 °C;
annealing 45 s at 58 °C; extension 45 s at 72 °C); exten-
sion 3 min at 72 °C. PCR products were analyzed on
1.5% agarose gel.

Detection of Fas protein expressed in Yac-1 cells by
using Western blot

Four groups cells were collected regularly and lysed in
solubilization buffer, then the proteins were measured as
0.5 µg/µl, which were electrophoresized in 10% SDS-
polyacrylamide minigels. The first antibody was rabbit
anti-mouse-Fas antibody (1:200), and the second antibody
was goat anti-rabbit-IgG (1:5000). At last the color was
developed by ECL system.

Detection of Fas protein expressed in Yac-1 cells

Stable clones for four group cells were collected and
adjusted to a density of 106 cells/ml, which were labeled
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Fig. 2      Expression of Rz596 in four group cells
M, DL-2000 marker; 1, pU6-RZ596-transfected group; 2, pU6-dRZ596-
transfected group; 3, mock-transfected group; 4, control group.

Fig. 1        In vitro cleavage of fas RNA
M, RNA marker; 1, fas RNA; 2, cleavage with pU6-dRZ596; 3, 4, cleavage with
pU6-RZ596.

with anti-Fas antibody (JO2, 10 µg/ml), then the Fas
expression was detected on FACS (product from BD
Company).

Detection of caspase-3 protease activity

After treated with JO2 (5 µg/ml) for 24 h in common
growth condition, apoptosis of four group cells was
induced, meanwhile the negative control without
apoptosis and apoptosis cells treated with caspase-3
inhibitor (DEVD-fmk) were established. After centrifuged
and collected, cells were treated with cell lysis buffer
sufficiently, the supernatant was remained (including
protein needed), then the operation was performed
according to the instructions of caspase-3 activity de-
tection kit. The absorbance (A) value was measured
at 405 nm.

Cells viability

After grouped and treated as above, cells were ino-
culated in 96-well plates in a density of about 105 cells/ml
(100 µl/well). After incubation with 10 µl MTT (0.5
mg/ml) for 4 h at 37 °C, the formazan crystals were solu-
bilized with 100 µl DMSO, then the absorbance (A) value
was measured at 570 nm.

Detection of apoptosis through FACS

Four group cells treated with JO2 and negative control
were labeled by annexin V-FITC and PI respectively,
whose apoptosis was analyzed by flow cytometry.

Results

In vitro cleavage

As it was shown in Fig. 1, fas RNA containing the en-
tire coding region of 1130 nucleotides was cleaved in vitro
by both anti-Fas ribozymes pU6-RZ596 and pU6-dRZ596
(molar ratio of ribozyme to RNA is 3),  autoradiography
analysis displayed pU6-RZ596 could cleave fas RNA in
vitro to degenerate fragments into 646 and 484 nucleotides,
whose cleavage efficiency was 60%, but pU6-dRZ596 had
no cleavage activity.

Expression of anti-Fas ribozyme in all group cells

Ribozyme and β-MG PCR amplification generated
amplicons of 191 bp and 100 bp, ribozyme was detected
in cells transfected with pU6-RZ596 and pU6-dRZ596,
which was not detected in empty cells and mock-trans-
fected cells (Fig. 2).

Effects of ribozyme on Fas expression

fas and β-MG PCR amplification generated amplicons
of 419 bp and 100 bp respectively, through scanning the
luminance and analyzing the ratio between fas and β-MG
using gel image analysis system, the results were as
following: negative control ratio is 1.1; Yac-1 transfected
with pEGFPC1 ratio is 1.03; cells transfected with pU6-
RZ596 ratio is 0.43; cells transfected with pU6-dRZ596
ratio is 0.75. It is clear that fas mRNA expression on cells
transfected with anti-Fas ribozyme was lower than that
on cells transfected with empty vector and mutation
ribozyme (Fig. 3).

Western blot results showed that Fas protein level
expressed on cells transfected with pU6-RZ596 was much
lower than that expressed on control and cells transfected

 by guest on A
pril 12, 2016

http://abbs.oxfordjournals.org/
D

ow
nloaded from

 

http://abbs.oxfordjournals.org/


202                                                                            Acta Biochimica et Biophysica Sinica                                                   Vol. 36, No. 3

Fig. 4      Protein expression of fas in four group cells
1, empty control; 2, mock-transfected group; 3, pU6-RZ596-transfected group;
4, pU6-dRZ596-transfected group.

Fig. 5      Detection of Fas protein expression on four groups by flow cytometry
(A) Fas expression on control is 98%. (B) Fas expression on mock-transfected group is 96%. (C) Fas expression on pU6-RZ596-transfected group is 50%. (D) Fas
expression on pU6-dRZ596-transfected group is 76%.

Fig. 3      fas gene transcription in four group cells
M, DL-2000 marker; 1, control group; 2, mock-transfected group; 3, pU6-RZ596-
transfected group; 4, pU6-dRZ596-transfected group.

Fig. 6      Detection of caspase-3 activity in three transfected
groups compared with untransfected group
After treated with JO2 antibody (5     µg/ml) for 24 h, the activity in the presence or
absence of the caspase-3 inhibitor (DEVD-fmk) was then detected. 1, mock-
transfected; 2, pU6-RZ596; 3, pU6-dRZ596.

with pEGFPC1 or pU6-dRZ596, which were coincident
with the results of RT-PCR (Fig. 4).

Through flow cytometry, Fas protein expression rates
on four group cells were individually 98%, 96%, 50%,
76% (Fig. 5), which were coincident with the results of
RT-PCR.

The effect of anti-Fas ribozyme on caspase-3 activity

After 24 h of stimulation with the JO2, Yac-1 cells
displayed caspase-3 activity that was specifically inhibited
by a caspase-3 inhibitor. Compared with untransfected
group, caspase-3 activities of other groups transfected with
pEGFPC1, pU6-RZ596 and pU6-dRZ596 were 95%, 45%,
and 74% respectively (Fig. 6).
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Fig. 8      Flow cytometry analysis of apoptosis induced by JO2
(A) Empty control. (B) Apoptosis of mock-transfected cells. (C) Apoptosis of pU6-RZ596-transfected cells. (D) Apoptosis of pU6-dRZ596-transfected cells.

The effect of anti-Fas ribozyme on cell viability

After induction of apoptosis of Yac-1 cells through stimu-
lating with JO2, cell viability was detected by MTT assay.
Compared with negative control, cell viability of other
groups transfected with pEGFPC1, pU6-RZ596, and
pU6-dRZ596 were 98%, 208%, and 145% respectively
(Fig. 7).

Inhibition of Fas-mediated apoptosis in Yac-1 cells

Cells apoptosis were induced just as above mentioned,
apoptosis rates were detected using annexin V-FITC kit,
which for four group cells were in turn 86%, 87%, 35%
and 62% (Fig. 8).

Discussion

In the field of transplantation immunology, survival rate
of grafts is an important factor that affects the success of
transplantation. Apoptosis of grafts often decreases the
survival rates of grafts to fail the organ transplantation
[14–16]. It is well known, apoptosis includes two ways:

one is death receptor way and the other is mitochondrial
way, both can activate a series of cytosolic proteases to
stir apoptosis of target cells [17–20]. Fas is one of the
most important molecules in death receptor way and widely
expressed in all kinds of tissues and organs in vivo. After
tissues and organs were treated with anti-Fas antibody or
Fas ligand (FasL), apoptosis is induced. So inhibiting Fas-
mediated apoptosis is a new and effective way to improve

Fig. 7      After treated with JO2 (5 µµµµµg/ml) for 24 h, cell viability
of the groups transfected with mock-transfected, pU6-RZ596
and pU6-dRZ596 compared with untransfected group was mea-
sured by MTT respectively

1, mock-transfected; 2, pU6-RZ596; 3, pU6-dRZ596.
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survival rate of grafts [21,22].
In view of this, the hammerhead ribozyme aiming at fas

was designed and cloned into eukaryotic vector, which
was then introduced into Yac-1 cells highly expressing Fas
to study the effects of ribozyme on Fas-mediated apoptosis
through electroporation-mediated transfection. Results
showed that Rz596 was expressed on cells transfected
with pU6-RZ596 and pU6-dRZ596, which was not
expressed on control group and mock-transfected cells.
Fas expression on cells transfected with anti-Fas ribozyme
was remarkably lower than that on negative control and
mock-transfected cells. After stimulation with apoptosis
inducer JO2 (imitating the role of FasL in vivo) for 24 h,
apoptosis rate of cells transfected with anti-Fas ribozyme
was obviously lower than that of negative control and
mock-transfected cells, in accordance with, caspase-3
activity of ribozyme-transfected cells was much lower than
that of other groups, but cells viability was higher than
other two groups. It is thus clear that the hammerhead
ribozyme aiming at 596 GUA triplets of fas RNA in this
research can efficiently cleave fas mRNA, which decreases
not only the Fas expression but also its function. In exist-
ence of apoptosis inducer, ribozyme-transfected cells’
ability against apoptosis was enhanced. Anti-Fas hammer-
head ribozyme designed by Dagmar et al. [23] can re-
markably inhibit Fas-mediated apoptosis and improve the
survival rates of islet cell grafts.

As for pU6-dRZ596 and pU6-RZ596, the difference
between them is only that No. 3 base of the former near to
the cleavage site was mutated from G to A. Although both
can bind with target RNA in a complementation way, the
cleavage activity of pU6-dRZ596 was much decreased,
so the inhibition role of cells transfected with pU6-dRZ596
on Fas expression was lower than that of cells transfected
with pU6-RZ596. After incubation with anti-Fas antibody,
apoptosis rate induced by the former was much higher
and caspase-3 activity was stronger, while the cells viabil-
ity was lower. It is clear that hammerhead ribozyme can
irreversibly cut the target site using its conservative ham-
merhead structure to inhibit gene expression, which is in-
stead of a simple antisense blocking [24–26]. Compared
with antisense RNA, ribozyme has two virtues at least:
one is sequence specificity, the other is high efficiency
and can be used repeatedly [27–29].

In short, anti-Fas ribozyme not only efficiently cleaves
fas mRNA in vitro, but also inhibits Fas expression and
Fas-mediated apoptosis to improve cells’ survival rates in
vivo. Because of widespread distribution of Fas in tissues
[30,31], it is imagined that anti-Fas ribozyme can improve
the survival rates of grafts and successful rates of organs

transplantations through inhibiting the apoptosis of grafts
in the future.

Acknowledgements

We thank Mr. Nong-An CHEN for assistance with the
designing of the ribozymes and Dr. Xin-Juan KONG for
support in technology.

 by guest on A
pril 12, 2016

http://abbs.oxfordjournals.org/
D

ow
nloaded from

 

http://abbs.oxfordjournals.org/


Mar., 2004                                   Min ZHANG et al.: Inhibition of Fas-mediated Apoptosis in Yac-1 Cell via Anti-Fas Ribozyme                                     205

853–861
Greil R, Anether G, Johrer K, Tinhofer I. Tracking death dealing by Fas and
TRAIL in lymphatic neoplastic disorders: Pathways, targets, and therapeutic
tools. J Leukoc Biol, 2003 , 74(3): 311–330
Kanno T, Fujita H, Muranaka S, Yano H, Utsumi T, Yoshioka T, Inoue M
et al. Mitochondrial swelling and cytochrome c release: Sensitivity to
cyclosporin A and calcium. Physiol Chem Phys Med NMR, 2002, 34(2):
91–102
Zhang JH, Zhang Y, Herman B. Caspases, apoptosis and aging. Ageing Res
Rev, 2003, 2(4): 357–366
Cory S, Huang DC, Adams JM. The Bcl-2 family: Roles in cell survival and
oncogenesis. Oncogene, 2003, 22(53): 8590–8607
di Martino V, Brenot C, Samuel D, Saurini F, Paradis V, Reynes M,
Bismuth H et al. Influence of liver hepatitis C virus RNA and hepatitis C
virus genotype on FAS-mediated apoptosis after liver transplantation for
hepatitis C. Transplantation, 2000,70(9): 1390–1396
Wang J, Li W, Min J, Ou Q, Chen J. Fas siRNA reduces apoptotic cell death
of allogeneic-transplanted hepatocytes in mouse spleen. Transplant Proc,
2003, 35(4): 1594–1595
Klein D, Ricordi C, Pugliese A, Pastori RL. Inhibition of Fas-mediated
apoptosis in mouse insulinoma betaTC-3 cells via an anti-Fas ribozyme.
Hum Gene Ther, 2000, 11(7): 1033–1045
Feng Y, Kong YY, Wang Y, Qi GR. Antiviral activity of a hammerhead
ribozyme against HBV in HepG2.2.15 cells. Acta Biochim Biophys Sin,

17

18

19

20

21

22

23

24

2002 , 34(2): 204–208
Takeda H, Kawasaki H, Taira K. Functional analysis of the pro-apoptotic
factor Bax using hammerhead ribozymes. Nucleic Acids Symp Ser, 2000,
(44): 169–170
Khvorova A, Lescoute A, Westhof E, Jayasena SD. Sequence elements out-
side the hammerhead ribozyme catalytic core enable intracellular activity. Nat
Struct Biol, 2003, 10(9): 708–712
Yeh CT, Lu SC, Tseng IC, Lai HY, Tsao ML, Huang SF, Liaw YF.
Antisense overexpression of BMAL2 enhances cell proliferation. Oncogene,
2003, 22(34): 5306–5314
Qu Y, Liu SQ, Peng WZ, Liu BL. Inhibition of telomerase activity by
ribozyme targeted to human telomerase transcriptase. Acta Biochim Biophys
Sin, 2002, 34(3): 323–328
Oshima K, Kawasaki H, Soda Y, Tani K, Asano S, Taira K. Maxizymes and
small hairpin-type RNAs that are driven by a tRNA promoter specifically
cleave a chimeric gene associated with leukemia in vitro and in vivo. Cancer
Res, 2003, 63(20): 6809–6814
Atasoy P, Bozdogan O, Erekul S, Bozdogan N, Bayram M. Fas-mediated
pathway and apoptosis in normal, hyperplastic, and neoplastic endometrium.
Gynecol Oncol, 2003, 91(2): 309–317
Apenberg S, Freyberg MA, Friedl P. Shear stress induces apoptosis in
vascular smooth muscle cells via an autocrine Fas/FasL pathway. Biochem
Biophys Res Commun, 2003, 310(2): 355–359

25

26

27

28

29

30

31

Edited by
You-Xin JIN

 by guest on A
pril 12, 2016

http://abbs.oxfordjournals.org/
D

ow
nloaded from

 

http://abbs.oxfordjournals.org/

