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Mechanism of FHIT-Induced Apoptosis in Lung Cancer Cell Lines

Jung Sun Yoo, Cheol Hyeon Kim, M.D.
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Korea Cancer Center Hospital

Background : The FHIT (fragile histidine triad) gene is a frequent target of deletions associated
with abnormal RNA and protein expression in lung cancer. Previous studies have shown FHIT gene
transfer into lung cancer cell line lacking FHIT protein expression resulted in inhibition of tumor cell
growth attributable to the induction of apoptosis and reversion of tumorigenecity. However, the
mechanism of the tumor suppressor activity of the FHIT gene and the cellular pathways associated
with its function are not completely understood.

Methods : To gain insight into the biological function of FHIT, we compared the NCI-H358 cell line
with its stable FHIT transfectants after treatment with cisplatin or paclitaxel. We investigated the
effects of FHIT gene expression on cell proliferation, apoptosis, and activation of caspase system and
Bel-2 family. The induction of apoptosis was evaluated by using DAPI staining and flow cytometry.
Activation of caspases and Bcl-2 members was evaluated by Western blot analysis.

Results : A significantly increased cell death was observed in FHIT transfectants after cisplatin or
paclitaxel treatment and this was attributable to the induction of apoptosis. Remarkable changes in
caspases and Bcl-2 family were observed in the transfected cells as compared with the control cells
after treatment with paclitaxel. Activation of caspase-3 and caspase-7 was markedly increased in cells
expressing FHIT. Expression level of Bcl-2 and Bel-xL protein was significantly decreased and that of

Bax and Bad protein was significantly increased in the transfected cells.
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— Mechanism of FHIT-induced apoptosis in lung cancer cell lines —

Conclusion : FHIT gene delivery into lung cancer cells results in enhanced apoptosis induced by

treatment with cisplatin or paclitaxel. The data suggest that apoptosis in FHIT-expressing cells could

be related to activation of caspase pathway and Bcl-2 family. (Tuberculosis and Respiratory Diseases

2004, 56:450-464)
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Amersham Biosciences (Piscataway, NJ, USA)9]
A Eo19 31, Lipofectamine™ Reagent™= Invitro-
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Fig. 1. Cisplatin  and paclitaxel decrease cell
survival in lung cancer cells. (A) Dose-
dependent effect of cisplatin on the cell
survival. NCI-H358 cells were incubated
with 0, 0.3, 1, 3, 10, 30 pg/ml of cisplatin
for 72 hours. (B) Dose-dependent effect of
paclitaxel on the cell survival. NCI-H358
cells were incubated with 0, 0.0005, 0.005,
005, 05 5 pg/ml of paclitaxel for 48
hours. Cell viability was assayed by MTT
assay. Data are shown as mean percentage
of control *+ standard deviation.
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AAL dA FAE Wke T rabbit poly-
clonal anti-FHIT A7} 1:500, mouse polyclonal
anti-PARP &7} 1:1000, rabbit polyclonal anti-
cleaved caspase-3 (Aspl75) 347} 1:1000, rabbit
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Fig. 2. Expression of FHIT increases during cell
death induced by cisplatin or paclitaxel.
(A) NCI-HI573 and A549 cells were
treated with cisplatin (3 pg/ml) for the
indicated times. (B) NCI-HI573 and A549
cells were incubated with paclitaxel (0.1 n
g/ml) for the indicated times. Total cellular
extracts were separated by 10% SDS-
PAGE and FHIT was detected by Western
blot analysis.
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Clefmo| el 57}
YeAE Folalele o vehbs AE A 2
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Z49 NCI-H15733 A49 MEFo] A S
Fol3la FHIT W3S Western blotting . 2 22

1 2 3
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Fig. 3. Western blot analysis showing FHIT ex-
pression in stably transfected NCI-H358
cells. Signals due to anti-FHIT, anti-f3
—actin antibody used as a protein loading
control are indicated. Lanes 1, untran-
sfeced; 2, transfected with pRc/CMV pla-
smid; 3, transfected with recombinant pRc/

CMV-FHIT.

S tHFig. 2). WA cisplatin 3 pg/ml< k3
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sfection A1 #HE W, transfectionS Al7]1A] & Al
Xy FHIT F3AE AdskA &2 plasmidS!
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A ¥ FHIT S A9 IdS gl & 4
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Fig. 4. The effects of pRc/CMV-FHIT stable tran
sfection on the growth of NCI-H358 cells.
The stable transfection of pRc/CMV-FHIT
shows no significant effect on the cell gro-
wth in NCI-H358 cells, as compared with
untransfected and pRc/CMV  transfected
cells.
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Fig. 5. Transfection of FHIT gene increases the
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cell death induced by cisplatin and pa-
clitaxel. (A) Cells were treated with 0, 0.3,
1, 3, 10, 30 pg/ml of cisplatin for 72 hours.
In NCI-H358, pRc¢/CMV-FHIT tranfection
enhanced the decrease of cell survival as
compared with control cells. (B) Cells were
incubated with 0, 0.0005, 0.005, 0.05, 0.5, 5
pg/ml of paclitaxel for 48 hours. In
NCI-H358, pRc/CMV-FHIT tranfection en-
hanced the decrease of cell survival as
compared with control cells. Cell viability
was assayed by MTT assay. Data are
shown as mean percentage of control+
standard deviation. *: p<0.05 compared to
control.
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Fig. 6. Cisplatin and paclitaxel induce markedly increased apoptosis in cells transfected with FHIT
gene. H358-pRc/CMV and H358-pRc/CMV-FHIT cells were treated with 3 pg/ml of cisplatin
for 48 hours (A) or with 0.1 pg/ml of paclitaxel for 24 hours (B). Apoptosis was analysed by
DAPI staining and FACS analysis by using both annexin V and propidium iodide. Comparison
of fluorescent staining profiles of H358-pRc/CMV with that of H358-pRc/CMV-FHIT cells
indicated a higher percentage of apoptotic H358-pRc/CMV-FHIT with condensed and
fragmented nuclei. The apoptotic rate of H358-pRc/CMV-FHIT and H358-pRc/CMV cells was
23.4% and 12.7% respectively after cisplatin treatment, and 58.1% and 7.8% respectively after

paclitaxel treatment.

T 58%9 AEES HQl WA, H358-pRe/CMV-
FHIT A¥E 43%2 AEgo] Falo] v ‘JrE]r
wt) o]gd A4 paclitaxel S Fo35t9S Wl
6L HFglo] yepdtl Paclitaxel %= 0.05 ug/
mlol Al Z+Zb H3582  67%, H358-pRe/CMVE
64%, H358-pRc/CMV-FHIT AXE 35%9] A&
&5 B3, ICohe H358¢] 1.7 ng/ml, H358-pRe/
CMV7} 1.4 pg/ml, H358-pRe/CMV-FHIT7} @A
3] & 0.002 ng/ml HrH(Fig. 5). ol g AxE A
E&° Z27F apoptosisell 71913 ANAE 2l
371 $18 H358-pRc/CMV A9} H358-pRe/
CMV-FHIT Ao 3SAE Fog = DAFPI
staining®} FACS X< Aldstith. Cisplatine
Fojaka 48AIZF & #AESS W, H358-pRe/
CMV-FHIT M ¥% H358-pRc/CMV Aol H]3)
DAPI staining’d apoptosis?t r¢]stAl Z7}5 o]

Aem FACS ZAZA %= apoptosis & o] S7F
5
=

o] S eI g AJTE (A 234%, 12.7%).
Paclitaxel S Fola}a 4UA7F 3o B3RS w=

S #ES F Ad%=d FACS 4%
apoptosis 82 7}7} 581%9} 7.8% = WS & 2
o]Z HTHFig. 6). 3, apoptosise] 547 24
¢l poly (ADP-ribose) polymerase (PARP)&] 3l
2 A7t Z 3ol wre} Western blotting &2 ZAL8)
Rkt H358-pRe/CMV St H358-pRe/CMV-FHIT
AEe] 3 pg/mle cisplatin & 01 pg/mle
paclitaxels FoJstal 484171714 PARPS] H3&
#&5H5S o], PARPS] #3jA] YERE 86 kDa

2 48N A UEl=dl band2l density S
vl BkS W H358-pRe/CMV-FHIT A 3o
A AR Felo] yebde] gl al(Fig. 7), o=
MTT assay A3o} 2 FAlolgtal a & 9t}
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Fig. 7. Cisplatin and paclitaxel induce markedly
increased  poly(ADP-ribose) polymerase
(PARP) cleavage in cells transfected with
FHIT gene. H358-pRc/CMV (Lanes 1, 2,
and 3) and H358-pRc/CMV-FHIT cells
(Lanes 4, 5, and 6) were treated with 3 1
g/ml of cisplatin for 0, 24, and 48 hours
(A) or with 0.1 pg/ml of paclitaxel for 0,
24, and 48 hours (B). Total cellular
extracts were separated by 10% SDS-
PAGE and PARP was detected by
Western blot analysis.
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taxel = 3l % caspase-3, -7, -8, 99| A
Western blot A0 & =28t tHFig. 8). 32
kDa?] caspase-3& 12 kDa 42 Ha|so] &4
stgo] &#A oth 0.1 pg/mle) paclitaxel S Fo
SkaL 0, 24, 48, 72 A1+ 3o cleaved caspase-32
A& “H H358-pRc/CMV, H358-pRe/CMV-
FHIT A3 EFA 48X 7HA o] cleaved ca-
spase-39] 2d ] e oY H358-pRe/CMV-
FHITAA AR ZstA L3 =t} Cleaved car
spase=7 (20 kDa)oll $loiM® 22 A& ##d
F Adrk A caspase-8, 9o YolAE F
A7t AolE #AT = §lATh Yolrt o]t
caspase—3. -7 A3t F717F apoptosis®] 7}
oF A #;HFol JEAE FAsr] $Isk,
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Fig. 8. Modulation of caspases in cells transfected with pRc/CMV-FHIT. Restored FHIT ex- pression
induces markedly increased acti- vation of caspase-3 and -7. On the con- trary, caspase-8 and
-9 expression is not significantly affected by exogenous FHIT expression. H358-pRc/CMV
(Lanes 1, 2, 3, and 4) and H358-pRc/CMV-FHIT cells (Lanes 5, 6, 7, and 8) were treated
with 0.1 pg/ml of paclitaxel for 0, 24, 48, and 72 hours. Total cellular extracts were sepa-
rated by 10% SDS-PAGE and caspases were detected by Western blot analysis.
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Fig. 9. Z-VAD-FMK prevents enhanced apoptosis induced by paclitaxel in FHIT-transfected cells.
(A) H358-pRc/CMV (Lanes 1, 2, 3, and 4) and H358-pRc/CMV-FHIT cells (Lanes 5, 6, 7,
and 8) were treated with 0.1 pg/ml of paclitaxel for 48 hours with or without Z-VAD-FMK
preincubation (10 uM). Total cellular extracts were separated by 10% SDS-PAGE and PARP
was detected by Western blot analysis. (B) Cells were incubated with 0, 0.0005, 0.005, 0.05,
05, 5 pg/ml of paclitaxel for 48 hours with or without Z-VAD-FMK preincubation (10 pM).
7Z-VAD-FMK significantly inhibited paclitaxel-induced cell death in both H358-pRc/CMV and
H358-pRc/CMV-FHIT cells and prevented enhanced apoptosis in FHIT-transfected cells. Cell
viability was assayed by MTT assay. Data are shown as mean percentage of control *
standard deviation.
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Fig. 10. Activation of proapoptotic proteins and
inactivation of anti-apoptotic proteins of
Bel-2 family in cells transfected with
pRc/CMV-FHIT. H358-pRe¢/CMV  (‘FHIT
(<)) and H358-pRc/CMV-FHIT cells
(‘FHIT (+)') were treated with 0.1 pg/ml
of paclitaxel for 0 (‘paclitaxel (-)") and 48
hours (‘paclitaxel (+))). Total cellular ex-
tracts were separated by 10% SDS-
PAGE and caspases were detected by
Western blot analysis.
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