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Efifect of JIP on The Proliferation and Apoptosis
of Nasopharyngeal Carcinoma Cells Through
Interaction With JNK Mediated Pathway”
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ZHAO Yan, ZENG Liang, LUO Fei-Jun, CAO Ya*™

(Cancer Research Institute, Xiangvya School of Medicine, Ceniral South University, Changsha 410078, China)

Abstract Activator protein 1 (AP-1) is known (o be constitulively activated by the Epstein-Barr latent membrane
protein 1 in nasopharyngeal carcinoma cells. Increasing evidence indicated that CHun N-terminal kinase (JNK3, the
key upstream kinase of AP-1 mediated signal transduction pathway, plays a key role in the carcinogenesis and
progression ol nasopharyngeal carcinoma. JINK interacting protein 1 (JIP-1) was newly identilied as a potent
inhibitor of JNK. The ellect of JIP on the prolileration ol nasopharyngeal carcinoma cells through interaction with
the AP-1 signaling pathway was delected using immunofluroscence, reporter gene, MTT, colony [ormation and
[low cylometric analysis. In nasopharyngeal carcinoma cells, data suggested that JIP downrregulated AP-1 activily
through the inhibition of the translocation ol phospho-JNK [rom the eyloplasm {o the nuecleus. Furthermore, JIP
inhibited the rates ol cell survival and colony [ormation. The number of cells in 3 phase decreased and the number of
cells in G1/GO phase increased alter the [low cylometric analysis, suggesting that JIP induced growth arrest ol Tet-
on-LIMP1-HNEZ cells in G1/S phase of the cell cycle. The results, therelore, demonstrated that JIP, by inhibiting
AP-1-mediated signal transduction pathway, interfered the cell cycle and may act as an important negative regulator
ol the prolileration of nascpharyngeal carcinoma cells. Also, it was detecled by [low cylometry analysis and laser

scanning conlocal microscope that JIP triggered the apoplosis ol NPC cells. In conclusion, JIP represents a

promising new therapeutic molecule [or nasopharyngeal carcinoma.
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Nasopharyngeal carcinoma (INPC) is a kind ol
cell carcinoma common in South China, South-East
Asia and North Alrica. The etiological study of
NPC has shown that Epstein-Barr virus (EBV) is
closely associated with the carcinogenesis ol
nasopharyngeal epthelium™ . The latent membrane
protein 1(1L.MP1) encoded by EBV is involved in the

@ The signaling

translormation of B lymphocyte
pathway mediated by LMP1 played important roles in
the cell proliferation, translormation and apoptosis'™
Recent studies showed that EBV encoded LMPI,
which is similar to CD40™% | was involved in the
activation ol C-jun N-terminal kinase (JNK) and its
target molecule activator protein-1{AP-1 which is key
modulators of cell growth and also relevant to several
tumorst

AP-1 is a superfamily which containg o Jun,
JunB, clos, ATF2 and so on. The phosphorylation
level of c-Jun controls the transcription and DNA

binding of AP-1. As the key upstream kinase of AP-1,

nasopharyngeal carcinoma, activalor protein 1 (AP-1), c¢jun N-lerminal kinase, JNK interacling

JNK phosphorates its subunits, cJun and JunB.
Therelore JNK is the most important upstream
regulator of AP-1 activity'™ . Dickens®™ [ound that
JNK interacting protein 1 (JIP-1) was a potent
cytoplasmic inhibitor of JNK. In addition, JIP-1
suppressed the JNK signaling pathway on cellular
prolileration, including translormation by the Ber-Abl
oncogene. Previous studies have shown that in NPC
cells LMP1 activates the JNK pathway through its
C terminus via a mechanism involving TRADD and
TRAF, growth of NPC
B3] Furthermore, in this study, we analyzed
whether JIP could inhibit AP-1 signaling pathway

and promotes the
cells
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mediated by JNK and what would be the ellect ol
NPC cells treated by JIP.

1 Materials and Methods

1.1 Plasmids

The AP-1 lucilerase reporter plasmid was a
gift [rom Dr. LT (NCI, Frederich, USA». A
sequence of the collagenase promoter region (—73
to + 67) containing one AP-1 binding site was
excised [rom the collagenase AP-1 CAT construct
and inserted into a lucilerase reporter construct
pGL2-basic as reported®™ . peDNA3. 1-Flag-JBD
(JIP-1) was a gilt [rom Dr. Mirallest¥
1.2 Cell culture

The EBV negative low dillerentiated naso-
pharyngeal squamous carcinoma cell line HNE213
and  the dual-stable LMP1
nasopharyngeal carcinoma cell line Tet-on-LMP1-
HANE20D4 |
EBV will be turned on by tetracycline and its
Doxyline ¢ Dox 3,
established by Cancer Research Institute, Xiangya
School of Medicine. The cells were grown at 37C
in RPMI 1640 (GIBCO BRL), containing 15%
letal call serum (FCS) and 100 U/ml penicillin/
streptomycin. The Tet-on-LMP1-HNE? cells were
cultured in the above medium with 100 mg/L G413
and 50 mg/L hygromycin.

integrated
in which the expression of LMPI in

derivatives such as were

1.3 Transient transfection

1X10° of Tet-on LMP1 HNE? cells in 2 ml of
the appropriate complete growth medium were
plated in each well al a 24-well plate (ar 35mm
dishes [or immunolluorescence assay) for 24 h
belore transfection. When the cells are 50% ~80%
confluent, translections were perlormed hy
lipolectamine according to the manulacturer’s
instruction {Gibcol BRLY. For each translection,
2 ug of AP-1 dependent lucilerase reporter plasmid
was diluted into 80 ul serum-free media in a tube
and 2 ul lipolectamine into 120 pl serum-[ree media
in another tube. The two solutions were mixed
gently and incubated at room temperature [or 30~
45 min. 200 pl of the mixture and 150 ul serum-
[ree media were added into each well. The cells
were incubated at 37C [or 4~5 h, and then the
replaced with [resh

transfection media were

complete growth media.

1.4 TImmunofluorescence assay

Tet-on LMP1 HNEZ2 cells with or without
translection were cultured in 35mm dishes [or 24 h
belore the treatment with Dox. Alter the [ixation
for 15 min in 100% methanol at —20°C, the cells
were washed with ice-cold PBS. The proportion ol
primary antibody to phospho-JNK (New England
Biolabs) was 1:1000 and detected with a
secondary  FITC-conjugated goat  anti-rabbit
antibody at 1 : 100.
1.5 AP-1 dependent reporter gene assay

AP-1 dependent reporter gene activity was
detected by Lucilerase Assay System (Promega,
Inc.). Add 4 volumes of water to 1 volume of 5X
lysis buller. Carelully remove the growth medium
[rom cells to be assaved. Rinse cells with cold 1<
PES buller twice and remove as much of the PBS
rinse as possible. Add 100 ul of 1>(Reporter Lysis
Buller per well to cover the cells. Rock culture
dishes several times and scrape attached cells [rom
the dish. The cell lysate was collected into a
microcentriluge tube on ice. Alter vortex the tube
[or 15 s and centriluge at 12 000 g [or 15 s at room
temperature, the supernatant was translerred to a
new tube. 20 pl of cell extract was mixed with
100 1 of Lucilerase Assay Regent and the
lucilerase activity was measured [or 20 s.
1.6 MTT Assay

To determine the ellect of JIP on cell

prolileration, HNEZ-LMP1 cells were plated at a
concentration ol 1< 10° cells in 48-well plates. At
the indicated time alter incubation, the MTT (1-
[4, 5-dimethylthiazol-2-yl]-3, 5-dephenyllormazan )
assay was perlormed. 40 ul of 5.0 g/L solution of
MTT was added to each well. Alter incubation [or
4 h at 37°C, the supernatant was removed and the
reaction was terminated by 200 pl DMSO, alter
which the ahsorbance at 570 nm was measured.
1.7 Colony formation assay

500 indicated cells were seeded each well of 6-
well plates and allowed to grow [or 14 days.
Remove the growth medium [rom cells and wash
cells with 1 X PBS buller twice. The colonies were
lixed with 100% methanol for 15 min and stained
with 0.4% crystal violet. Colonies ol =250 cells
The platting
elficiency was determined by the [ormulation:

were counted under microscope.

platting elliciency (PE) = (the number of colonies/
the total seeded cells) X 100% .
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1. 8  Cell cycle analysis

Cell cycle phase distribution was analyzed by
cyvlometry using PI staining. Brielly, control [or
ireated cells was harvested by tiryvpsinizalion,
washed with 1 X PBS, then [lixed in 70% ethanol,
and then treated with 50 mg/L RNase A [or 30 min
at 4°C. Resulling DNA distributions were analyzed
on a FACSort (Beclon Dickinson, San Jose, CADY
with Cell-Quest soltware (wversion 3.3) [or the
proportions of cells in GO-G1, S phase and G2-M
phases of the cell cvele,
1.9 Apoplosis analysis with flow cylomelry and
confocal

Apoplosis was delermined by sub-Gl content, as
indicated by [ow cylometry. Brielly, adherent cells
were harvesled by lrypsinizalion, counled, and washed
with PBS, Cells were then [ixed in the cold 70%
ethanol at a concentration of 1> 10°/ml with samples
not exceeding 3> 10° cells, Cells were lixed [or al least
1 h belore adding of 0.5 ml of 18 mg/L PI containing
40 mg/L RNase A.

2  Results

2.1 Retention of phospho-JNK in the cyloplasma
of NPC cells with JIP

To demonstrate the mechanism involved in JNK
interacting with JIP , we invesligaled the subcellular

ihs

Fig.1 JIP inhibiled the translecation of phospho-JNK

Alter Teton LMP1 IINEZ translection with JIP [or 24 h,
subcellular phosphe INK was
immunollucrescence analysis of cell culture with TNK ( Thrlgs/
Tyrl85) antihody and a FITC eomjugated gral amli rabhil second
antibody. (a)Tel on LMP1 IINEZ cells not induced by Dox; (b) Tet
on LMP1 1INEZ cells induced by Dox; (¢) Tet en LVPL 1INEZ
cells iranslected with JIP plasmid; (d)Tel on LMP1 IINEZ cells
counterstained with PL.

location  of delermined by

localization of phospho-JNK mmunollucrescence assay
inn the NPC cells. An antibody specilic 1o the phospho-
INK ¢ Thrl183/ Tyr185) detected high immuncactivity
ol INK in the nucleus of Tel-orn-LIMPI-TINEZ cells
induced by Dox (¢ Figure.1by and relalive low
immuncactivity without Dox  { Figure, 1a).  Alter
treatment with JIP, the phospho-JNK was detecled
mainly in the cyloplasmic of NPC cells (Figure. 1¢).
These showed thal the phosphoJNK aggregated
mainly in the nucleus and JIP caused the retention of
phospho-INK in the cyloplasmic of NPC cells.
2.2 Down-regulation of JIP o AP-1 aclivily

JIP caused cvioplasmic retention ol phospho-
JNK that may lead 1o the inhibition of JNK-
regulated gene expression and aclivity. To
delermine whether the AP-1 aclivily was changed
aller JIP introduclion, we approached il through
transient translection with AP-1 lucilerase reporter
gene and dillerent quantities ol JIP plasmid(0, 5~
4 pg). Really high AP-1 aclivity was detecled in
Tel-on-LMPI-IINEZ cells. Aller trealmenl with
JIP, the transactivity of AP-1 triggered by LMF1
was signilicantly down-regulated by JIP in a dose -
dependent manner. This data showed that JIP
could obviously down-regulate the AP-1 activity
induced by LMP1 in NPC cells (Figure, 23,
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Fig.2 Down-regulation of the aclivily of the AP-1by different

quantities of JIP expression plasmid in nasopharyngeal
carcinoma cell

Tel on LMP1 IINEZ cell were colranslecled with 2 pg of AP 1 luc

and dillerent dese of JIP. The graphs represeni the means and

standard devialions of three parallel wells [rom three individual

eXperiments.

2.3 Inhibition of the proliferation of NPC cells by
JIP
To [urther determine the ellect of JIP on the
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prolileration of Tet-on LMP1 IINEZ2 cells, we used
the MTT assay and coloeny [ormation assay. Data
showed that cells signilicantly
inhibited in a dose - and time-dependent manner
aller lransleclion with JIP (Figure. 3). The rate ol
colony [ormatlion decreased sharply 14 days alter
the translection ol the JIP expression plasmid inio
Tel-on-LMP1 IINEZ cells (Figure. 4).
2.4 Induction G1/8S arrest of NPC cells by JIP
We applied the [ow cylomelry analvsis 1o

demonsirate the mechanism involved in the inhibition
of the prolileration of NPC cells by JIP. Flow
cylomelric analysis of the cells [or DNA content
showed thal compared with untreated cells, the
number of cells in S phase decreased and the number of
cells in G1/GO phase increased, suggesting that JIP
induced cell eycle arrest of Tet-orr LMP1 1INE; cells in
G1/S boundary (Figure. 5).
2.5 Enhancemenl of the apoplosis of NPC cells by
JIP

Our study showed that JIP arrest the G1/S
phase ol the cell cycle may contributle tc one of the
of the imhibition o NPC cells.
Furthermore, we detecled the apoplosis ol
nascpharyngeal carcinoma cells alter iransient
translection with JIP plasmid by [low cylometlry
and laser conlocal microscope. Dala showed thal
the apoplosis rates of NPC cells increased [rom
1.25% 10 8.25% at 24 h and [rom 1.04% to
31.45% at 48 h aller translection with JIP plasmid
(Figure. 6. The conlocal assay showed that the
morphelogy ol nucleus changed in NPC cells
(Figure. 7. All suggested that JIP triggered the
apoplosis of NPC cells.
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Fig. 3 Eifecl of JIP on survival rate of Tet-on LMP1 IINE2
cells al differend lime
Tet on LMP1 1INEZ cells were plated at 1X10° cells each well in the
48 well plate, and MTT assay was perlormed on day 1, 2, 3 alter
imduction with Dox. The survival rate of cells decreased in the 48 h
aller translection with JIP.
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Fig. 4  Colony formation assay of Tel-on LMP1 IINE2 cells
Cells were seeded in 8 well plates at 500 cells each well and allowed
o grow [or 14 days. The colomies were [ixed with 100% methanol
and stained with 0. 4% crystal violet. Colonies of 2250 cells were
counted. I :Uniranslection; £:Confrol (iranslection with ssDINA) ;

3 :Translestion with JIP.
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FFig. 5  Cell eycle distribution of Tet-on LMP1 IINE2 cells induced by Dox afier trealment wilh JIP
Alter translection with JIP an additional 2 days, the cells were [ixed with 70% ethnol, stained with propidium iodide and analyzed by (low
cytometry [or INA content. The [raction of cells with G1/8 and G2/M DNA content are shown. (a)Tet on LMP1 1INEZ cells induced with
Dox; (b)Tet on LMP1 1INE2 cells 1ranslected by JIP with induetion of Dox.
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Fig. 6  Apoptosis rate of Tet-on LMP1 HNE2 cells at diflerent time alter treatment with JIP
After transfection with JIP at 24 h in Tet-on LMP1 HNEZ cells, the ratic of apoptosis increased from 1. 25% to 8. 25% as

compared with the cells treatment with Dox. Also the apoptosis ratio increased from 1. 04% to 31. 45% at 48 h after
treatment with JIP.
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Fig. 7 Varialion of nucleus of nasopharyngeal carcinema cells observed with laser scanning conflocal microscope
{ay Tet-orr LMF1L HNEZ cells induced by Dox; (b Tet-on-LMPL HNEZ cells translected by JIF with induction of Dox; (c)contral
(translected with ssDINAS .

3 Discussion

The cyloplasmic protein JIP 1 binds
selectively 1o the MAP kinase JNK but not 1o other
MAPK. JIP 1
cytoplasmic retention of JNK and thereby inhibits

Overexpression ol cauiges
gene expression mediated by the JNK signaling
pathway "9, Our previous study has shown that
LMPL activates AP 1 mediated by JNK signaling
pathway in NPC cells. Results suggested that JIP
down regulated the activity of AP 1 through
inhibition ol the translocation o phosphe JNK
[rom the cyloplasm 1o the nucleus, which implied
that the inhibition of JNK pathway by expressing
JIP may cause the biclogical ellect of NPC cells.
We detected the ellect of JTP on the prolileration of
uging MTT,
colony [ormation, and Ilow cylomelric analysis.

nasopharyngeal carcinoma cells
MTT assay showed that cell proliferation was
signilicantly inhibited in a dose  and time
dependent manner. The rate ol colony [ormation
was decreased 14 days alter the transfection of JIP
expression plasmid into Tet on LMP1 IINE, cells.
Our results showed that the number of cells in 8§
phase was decreased and the number of cells in G1/
(G0 phase increased as determined by the [low
cylometric analysis, suggesting that JIP induced
growth arrest of Tet on LMPL IINE; cells in G1/3
phase of the cell cycle. Therelore, data demonstrated
that JIP, by inhibiting AP 1 mediated signaling
transduction pathway, interfered the cell cycle and may
acl as an imporlant negative regulator of prolileration
of nasopharyngeal carcinoma cells.

Tumor cells may activale survival pathways
that [unction dominantly with respect 1o the JNK
pro apoplotic pathway. Alternatively, the targets
ol pro apoptotic JNK pathway may be altered to

suppress JNK dependent apoptosis. Finally, it is
possible that, in the context of tumor cell, JNK
may be inlerpreted as an anti apoplolic or growth
signal™ | Bost ezl [ound that antisense of JNK
oligonucleatides inhibited the growth of tumor cells
and may induce apoplosis.

In summary, our siudy indicated that in
nasopharyngeal carcinoma cells, JIP
completely inhibit the JNK  signal pathway
activated by EBV LMPl. The expression of JIP
inhibit the
proliferation of nasopharyngeal carcinoma cells,
which might be involved in the G1/8 phase cell
cycle arrest and the process of apoplosis. These

could

could in vitro growlh and the

gtudies imply that JIP represents a new promising
therapeutic targel lor nasopharyngeal carcinoma.
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